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Source: US Census, 2010
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million use an assistive aid

Source: US Census, 2010
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The National Council on Disability noted that
there is no comprehensive information on
"the degree to which sidewalks are
accessible” in cities.

National Council on Disability, 2007
The impact of the Americans with Disabilities Act: Assessing
the progress toward achieving the goals of the ADA
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PAST WORK SINCE 2012

Studying the state of street-level accessibility using Google Street View
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Figure 1. Using erowdsourcing and Geogle Street View images, we examined the ¢
toJocate and assess sidewalk accessibility problems: (a) Poinr, (b) Recusngle, and (¢
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We exphore the fesibility of wsing crowd workers from Amwzan believ
Mechnical Turk 1o identify and rank sidewalk sccessibility ssues to b
from a manually curated datshase of 100 Googhe Street View algari
images. We examine the eflect of three different itersctive  SM€W
ibeling imerfsces (Poins, Rectangle, and Outline) on task mech
sccurscy and duration. We clase the paper by discussing and I
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1. INTRODUCTION e
The availsbility and quslity of sidewalks can significantly impsct et
Jow and where peaple travel in urban cnvirnments. Silewalks "
with surfsce cracks, buckled concrete, missing curb ramps, or e
other Bsues can pose consilersble accessibility challenges 1o provt
those with mobility or vision impairmenss [2,3). Traditionally, e
sidewalk quality sssessment has been conducted via in-person

street audits, which is labor mlemsive and costly, or via citizen Once
callin reporss, which are done n 3 reactive basis. As an  four:
alernative, we are investigating the use of crowdsourcing to Path,
locate and assess sidewalk aceessibility problems practively by also i
Iabeling online map imagery vis an interactive 0ol that we built. sidew
In this paper, we specifically explare the feasibility of using :;“‘:"‘
crowd warkers from Amszon Mechanical Turk (muurk com), an i
online lsbar market, to lsbel sccessibility issues found in s ohe
monually cursted datshase of 100 Google Street View (GSV) 1
images. We examine the eflect of three different iteractive ::‘.'_“:‘
babeling interfaces (Figure 1) on tsk accuracy and duration. As O
the finst study of its kind, owr gasks are to, finst, investigate e 00"
vishility of resppropristing online msp imagery % determine

sidewalk sccessibility via crowd sourced workers and, second, to !j‘l‘;":
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Figure 1: In this paper, we propose and investigate the use of crowdsourdng to find, w
Streetview (GSV) imagery. The GSV images and annotations above are from our experin
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other obstacles pose iderabl, ssibility chall 30.6 mill
however, there are cumrently few, if any, mechanisms to affect thei
determine accessible areas of a city @ priovi. In this paper, report usi
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ABSTRACT

Low-vision and blind bus riders often rely an known physical
landmarks to help kocate and verify bus stop losations (e g, by
searching for a shelter, bench, newspaper bin). However, there are
currently few, if any, methads to determine this information o
priovi via computatiomal %als ar services. In this paper, we
inmroduce and evaliate a new scahible method for calkcting bus
stop location and landmark descriptions by combining anline
crowdsourcing and Goaghe Street View (GSV). We canduct and
repart on three studies in particubr: (i) a formative interview
study of 18 peaple with visual impuimenss to lnfom\ the design
of aur d toal; (i) a stud

differences between physical bus stop audit d:u and awdits
conducted virmally with GSV; and (iii) an online stdy of 153
crowd workers on Amazon Mechanical Turk % cxamine the
feasibility of crowdsourcing bus ssop awdits using our custom tool
with GSV. Our findings reemphasize the importaince of bindmarks
in non-visual mvigation, demonstrate that GSV is a viable bus
stop audit dataset, and show that minimally trained crowd warkers
can find and Mentify bus stop landmarks with 825% accuracy
across 150 bus ssop locations (§73% with simple quality control )
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problem with 81% accuracy. With simple quality control ,idm‘“m:‘
methods, this number increases to 93%. Our work Tt
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acquiring knowledge about sidewalk accessibility. [’;l o
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1. INTRODUCTION

For peapk who e blind ar kow-vision, public fanspartation is
vital for independent travel [1,7.25,32]—particularly beause their
visual impairment ofien prevenss driving. b previows formative
wark, we mterviewed six blind adukts about accessibility
challenges in using public transpartation [2]. We found that whike
buses were frequently a preferred mode of transit, determining the
exact hcation of a bus stop was a major challenge [ifid, p. 2249]
Strategies for finding bus stops included asking other pedestrians
for infarmation (if available) or Jocating known landmarks such as
bus stop signs, shekers, or other physical objects (e.g, benches).
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Figure 1: In this paper. we present Toluwe, 2 scalable system for semi-automaticall
imagery using computer vision, machine learning, and crowdsourdng. The images

ABSTRACT

Building on recent prior work that combines Google Street
View (GSV) and crowdsourcing to remotely collect
information on physical world accessibility, we present the
first “smart” system, Tolune, that combines machine
leaming, computer vision (CV), and custom crowd
interfaces to find curb ramps remotely in GSV scenes.
Tohme consists of two workflows, a human labeling
pipeline and a CV pipeline with human verification, which
are scheduled dynamically based on predicted performance.
Using 1,086 GSV scenes (street intersections) from four
North American cities and data from 403 crowd workers,
we show that Tohme performs similarly in detecting curb
ramps compared to a manual labeling approach alone (F-
measure: 84% 1y, 86% bascline) but at a 13% reduction in
time cost. Our work contributes the first CV-based curb
ramp detection system, a custom machine-leaming based
workflow controller, a validation of GSV as a viable curb
ramp data source, and a detailed examination of why curb
ramp detection is a hard problem along with steps forward.
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Low-vision and blind bus riders often rely on known physical landmarks to help locate and verify bus stop
locations (e.g., by searching for an expected shelter, bench, or newspaper bin). However, there are currently
few, if any, nh*lhud« to determine this information a priori via computational tools or ser In this
article, we introduce and evaluate a new scalable method for collecting bus stop location and landmark
descriptions by combining online crowdsourcing and Google Street View (G d report on
three studies: (i) a formative interview study of 18 people with visual impairments to inform the design
of our crowdsourcing tool, (i) a compa study examining differences between physical bus stop audit
data and audits conducted virtually with GSV, and (iii) an online study of 153 crowd workers on Amazon
Mechanical Turk to examine the feasibility of crowdsourcing bus stop audits using our custom tool with GSV.
Our findings reemphasize the importance of landmarks in nonvisual navigation, demonstrate that GSV is
a viable bus stop audit dataset, and show that minimally trained crowd workers can find and identify bus
stop landmarks with 82.5% accuracy across 150 bus stop locations (87.3% with simple quality control).
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Figure 1. Using erowdsourcing and Geogle Street View images, we examined the ¢
toJocate and assess sidewalk accessibility problems: (a) Poinr, (b) Recusngle, and (¢

ABSTRACT

We exphore the fesibility of wing crowd workers from Amazan
Mechanical Turk to identify and rank sdewalk sccessibility ssues
from a manually curated database of 100 Google Street View
images. We examine the eflect of three different interactive
bbeling interfaces (Point, Rectangle, and Ouiline) on task
sccurscy and duration. We clase the paper by discussing
limitations and opportunities for future work.
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K42 [Computer and Society): Social Issues-Asiitive
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1. INTRODUCTION

The availsbility and quslity of sidewalks can significantly impsct
how and where peaple travel in urban enviranments. Skdewalks
with surfsce cracks, buckled concrete, missing curb ramps, or
other Bsues can pose consilersble accessibility challenges 1o
those with mobility or vision impairmenss [2,3). Traditionally,
sidewalk quslity sssessment has been conducted via in-person
street audits, which is labor mlemsive and costly, or via citizen
callin reports, which are done an & resclive basis. As an
alernative, we are investigating the use of crowdsourcing to
locate and assess sidewalk accessibility problems practively by
Iabeling online map imagery vis an intersctive 0ol that we built.

In this paper, we specifically explare the feasibility of using
crowd warkers from Amzon Mechanical Turk (murk com), an
online lsbar market, to lsbel sceessibility issucs found in &
manually cursted datshase of 100 Google Street View (GSV)
images. We examine the eflect of three different interactive
Iabeling interfaces (Figure 1) an tsk sccuracy and duration. As
the first study of its kind, our gask are to, first, investigate the
vishility of resppropristing online mep imapery %o determine
sidewalk asccessibility vis crowd sourced workers and, second, to
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Streetview (GS
ABSTRACT

Poorly maintained sidewalks, missing curb ramps, and
other obstacles pose iderab ibility chall
however, there are cumrently few, if any, mechanisms to
determine accessible areas of a city @ priovi. In this paper,
we investigate the feasibility of using untrained crowd
workers from Amazon Mechanical Turk (turkers) to find,
label, and assess sidewalk accessibility problems in Google
Street View imagery. We report on two studies: Study |
examines the feasibility of this labeling task with six
dedicated labelers including three wheelchair users; Study 2
investigates the comparative performance of turkers. Inall,
we collected 13,379 labels and 19,189 verification labels
from a total of 402 turkers. We show that turkers are

e Sm

this paper, we propase and imvestigate the use of crowdsourding to find, b
V) imagery. The GSV images and annotations above are from our experin

Improving Public Transit Accessib
Crowdsourcing Bus Stop Landmark Loca

Kotaro Hara', Shiri

enkot’, Megan Campbell

Sean Pannella’, Robert Moore', Kelly Minckler?, |

'Makeability Lab | HCIL
Department of Computer S,
Univessity of Maryland, College Park

{kotaro, jonf @ cs umd.edu

ABSTRACT

Low-vision and blind bus ri ¢ an knawn physical
landmarks to help kocate and verify bus stop losations (e g, by
searching for a shelter, bench, newspaper bin). However, there are
currently few, if any, methads to determine this information o
priori via computatioml %als ar services. In this paper, we
inmroduce and evaliate a new scahible method for calkcting bus
stop location and landmark descriptions by combining anline
crowdsowrcing and Google Street V
repart on three studies in particubr: (i) a formative interview
study of 18 peaple with visual impuimenss to .nfom the design
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1. INTRODUCTION

For peaplk who are blind ar bow-vision, public transpartation is
vital for independent travel [1,7.25,32]—particularly beause their
visual impairment ofien prevenss driving. b previows formative
wark, we mterviewed six blind adukts about accessibility
challenges in using public transpartation [2]. We found that whike
buses were frequently a preferred mode of transit, determining the
exact hcation of a bus stop was a major challenge [ifid, p. 2249]
Strategies for finding bus stops included asking other pedestrians
for infarmation (if available) or Jocating known landmarks such as
bus stap signs, shekers, ar ather physical abjects (e, benches).
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Figure 1: In this paper. we present Toluwe, 2 scalable system for semi-automaticall
imagery using computer visbon. machine Iearning, and crewdsourding. The images

ABSTRACT

Building on recent prior work that combines Google Street
View (GSV) and crowdsourcing to remotely collect
information on physical world accessibility, we present the
first “smart” system, Tolune, that combines machine
leaming, computer vision (CV), and custom crowd
interfaces to find curb ramps remotely in GSV scenes.
Tohme consists of two workflows, a human labeling
pipeline and a CV pipeline with human verification, which
are scheduled dynamically based on predicted performance.
Using 1,086 GSV scenes (street intersections) from four
North American cities and data from 403 crowd workers,
we show that Tohme performs similarly in detecting curb
ramps compared to a manual labeling approach alone (F-
measure: 84% 1y, 86% bascline) but at a 13% reduction in
time cost. Our work contributes the first CV-based curb
ramp detection system, a custom machine-leaming based
workflow controller, a validation of GSV as a viable curb
ramp data source, and a detailed examination of why curb
ramp detection is a hard problem along with steps forward.
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Low-vision and blind bus riders often rely on known physical landmarks to help locate and verify bus stop
locations (e.g., by searching for an expected shelter, bench, or newspaper bin). However, there are currently
few, if any, nh*lhud« to determine this in A mmpunmuml tools or & s. In this
article, we introduce and evaluate a new s and landmark
descriptions by combining online crowdsourcing and Google Street \’i«xw ( d report on
three studies: (i) a formative interview study of 18 people with visual impairments to inform the design
of our crowdsourcing tool, (i) a compa study examining differences between physical bus stop audit
nd audits conducted virtually with GSV, and (iii) an online study of 153 crowd workers on Amazon
amine the feasibility of crowdsourcing bus stop audits using our custom tool with GSV.
Our findings reemphasize the importance of landmarks in nonvisual navigation, demonstrate that GSV is
a viable bus stop audit dataset, and show that minimally trained crowd workers can find and identify bus
stop landmarks with 82.5% accuracy across 150 bus stop locations (87.3% with simple quality control).
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OUR PAST WORK

Combining Crowdsourcing and C

A Feasibility Study of Crowdsot
View to Determine Sidew
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Figure 1. Using erowdsourcing and Geogle Street View images, we examined the ¢
toJocate and assess sidewalk accessibility problems: (a) Poinr, (b) Recusngle, and (¢

ABSTRACT

We exphore the fesibility of wing crowd workers from Amazan
Mechanical Turk to identify and rank sdewalk sccessibility ssues
from a manually curated database of 100 Google Street View
images. We examine the eflect of three different interactive
bbeling interfaces (Point, Rectangle, and Ouiline) on task
sccurscy and duration. We clase the paper by discussing
limitations and opportunities for future work.

Categories and Subject Descriptors
K42 [Computer and Society): Social Issues-Asiitive
kechnokigies for persans with dsabilities

Keywords
Crowdsowrcing accessibility, Google Street View, sccessible
urhan navigation, Mechanical Turk

1. INTRODUCTION

The availsbility and quslity of sidewalks can significantly impsct
how and where peaple wravel in urban enviranments. Sklewalks
with surfsce cracks, buckled concrete, missing curb ramps, or
other Bsues can pose consilersble accesibility challnges %o
those with mobility or vision impairmenss [2,3). Traditionally,
sidewalk quslity sssessment has been conducted via in-person
street audits, which is labor mlemsive and costly, or via citizen
callin reports, which are done an & resclive basis. As an
alernative, we are investigating the use of crowdsourcing to
locate and assess sidewalk accessibility problems practively by
Iabeling online map imagery vis an intersctive 0ol that we built.

In this paper, we specifically explare the feasibility of using
crowd warkers from Amzon Mechanical Turk (murk com), an
online lsbar market, to lsbel sceessibility issucs found in &
manually cursied datsbase of 100 Google Street View (GSV)
images. We examine the eflect of three different interactive
Iabeling interfaces (Figure 1) an tsk sccuracy and duration. As
the first study of its kind, our gask are to, first, investigate the
vishility of resppropristing online mep imapery %o determine
sidewalk asccessibility vis crowd sourced workers and, second, to
Copyright s held by the authoromneris)
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Strectview (GS
ABSTRACT

Poorly maintained sidewalks, missing curb ramps, and
other obstacles pose iderab ibility chall
however, there are cumrently few, if any, mechanisms to
determine accessible areas of a city @ priovi. In this paper,
we investigate the feasibility of using untrained crowd
workers from Amazon Mechanical Turk (turkers) to find,
label, and assess sidewalk accessibility problems in Google
Street View imagery. We report on two studies: Study |
examines the feasibility of this labeling task with six
dedicated labelers including three wheelchair users; Study 2
investigates the comparative performance of turkers. Inall,
we collected 13,379 labels and 19,189 verification labels
from a total of 402 turkers. We show that turkers are

this paper, we propase and imvestigate the use of crowdsourding to find, w
V) imagery. The GSV images and annotations above are from our experin
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Crowdsourcing Bus Stop Landmark Loca
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'Makeability Lab | HCIL
Department of Computer Sci
Univessity of Maryland, College Park

{kotaro, jonf @ cs umd.edu

ABSTRACT

Low-vision and blind bus riders often rely an known physical
landmarks to help kocate and verify bus stop losations (e g, by
searching for a shelter, bench, newspaper bin). However, there are
currently few, if any, methads to determine this information o
priovi via computatiomal %als ar services. In this paper, we
inmroduce and evaliate a new scahible method for calkcting bus
stop location and landmark descriptions by combining anline
crowdsourcing and Goaghe Street View (GSV). We canduct and
repart on three studies in particubr: (i) a formative interview
study of 18 peaple with visual impuimenss to lnfom\ the design
of aur d toal; (i) a stud

differences between physical bus stop audit d:u and awdits
conducted virmally with GSV; and (iii) an online study of 153
crowd workers on Amazon Mechanical Turk % cxamine the

INTRODU feasibility of crowdsourcing bus ssop awdits using our custom tool
According with GSV. Our findings reemphasize the importance of hadmarks
30.6 mill in non-visual mvigation, demonstrate that GSV is a viable bus
affect thei stop audit dataset, and show that minimally trained crowd warkers
report usi can find and dentify bus stop landmarks with $25% accuracy
million) o across 150 bus ssop locations (§73% with simple quality control )
Despite a [® ies and Subject Descrip
with dNb 115 [Information Interfaces and Prﬂe'mlﬂnn] User Interfaces;
and busin K 4.2 [Social Issues]: Assistive tech for persans with disabilities
The prob ("enenl Terms
. esign, Human Facsors
but also th Keywords

ssibk e ility; accessible bus stops; Google Street

i 12 ire Nati
capable of determining the presence of an accessibility '['::] :’:’:"
problem with 81% accuracy. With simple quality control amm,—r

. - sidew:
methods, this number increases to 93%. Ouwr work Y
o : . sidewalk
demonstrates a promising new, highly scalable method for
Y ., street aud
acquiring knowledge about sidewalk accessibility. 25, or v
Mmor Keynad. reactive b
ible urban
Googlc Street View: Mcdunlml Turk; image labeling problems
ACM Classification Keywords (GSV) imu
H.5.m. Information interfaces and presentation {¢.g., HCI) We report
Permission s make digita] or hard copies of all or part of dhis wodk r (Study 1)
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1. INTRODUCTION

For peapk who e blind ar kow-vision, public fanspartation is
vital for independent travel [1,7.25,32]—particularly beause their
visual impairment ofien prevenss driving. b previows formative
wark, we mterviewed six blind adukts about accessibility
challenges in using public transpartation [2]. We found that whike
buses were frequently a preferred mode of transit, determining the
exact hcation of a bus stop was a major challenge [ifid, p. 2249]
Strategies for finding bus stops included asking other pedestrians
for infarmation (if available) or Jocating known landmarks such as
bus stop signs, shekers, or other physical objects (e.g, benches).
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Figure 1: In this paper. we present Toluwe, 2 scalable system for semi-automaticall
imagery using computer vision, machine learning, and crowdsourdng. The images

ABSTRACT

Building on recent prior work that combines Google Street
View (GSV) and crowdsourcing to remotely collect
information on physical world accessibility, we present the
first “smart” system, Tolune, that combines machine
leaming, computer vision (CV), and custom crowd
interfaces to find curb ramps remotely in GSV scenes.
Tohme consists of two workflows, a human labeling
pipeline and a CV pipeline with human verification, which
are scheduled dynamically based on predicted performance.
Using 1,086 GSV scenes (street intersections) from four
North American cities and data from 403 crowd workers,
we show that Tohme performs similarly in detecting curb
ramps compared to a manual labeling approach alone (F-
measure: 84% 1y, 86% bascline) but at a 13% reduction in
time cost. Our work contributes the first CV-based curb
ramp detection system, a custom machine-leaming based
workflow controller, a validation of GSV as a viable curb
ramp data source, and a detailed examination of why curb
ramp detection is a hard problem along with steps forward.
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Improving Public Transit Accessibility for Blind Riders
by Crowdsourcing Bus Stop Landmark Locations with
Google Street View: An Extended Analysis
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Low-vision and blind bus riders often rely on known physical landmarks to help locate and verify bus stop
locations (e.g., by searching for an expected shelter, bench, or newspaper bin). However, there are currently
few, if any, nh*lhud« to determine this information a priori via computational tools or ser In this
article, we introduce and evaluate a new scalable method for collecting bus stop location and landmark
descriptions by combining online crowdsourcing and Google Street View (G d report on
three studies: (i) a formative interview study of 18 people with visual impairments to inform the design
of our crowdsourcing tool, (i) a compa study examining differences between physical bus stop audit
data and audits conducted virtually with GSV, and (iii) an online study of 153 crowd workers on Amazon
Mechanical Turk to examine the feasibility of crowdsourcing bus stop audits using our custom tool with GSV.
Our findings reemphasize the importance of landmarks in nonvisual navigation, demonstrate that GSV is
a viable bus stop audit dataset, and show that minimally trained crowd workers can find and identify bus
stop landmarks with 82.5% accuracy across 150 bus stop locations (87.3% with simple quality control).
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How do we enable and sustain large-scale data
collection of sidewalk accessibility
across diverse users?



PROJECT SIDEWALK DEPLOYMENT STUDY

KEY RESEARGH QUESTIONS

User Behavior
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KEY RESEARGH QUESTIONS

User Behavior
What are the behavioral differences between paid crowd
workers and volunteers?

Data Accuracy

Data Utility
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KEY RESEARGH QUESTIONS

User Behavior

Data Accuracy
What are the labeling quality differences between paid crowd
workers and volunteers and the common mistakes made?

Data Utility



PROJECT SIDEWALK DEPLOYMENT STUDY

KEY RESEARGH QUESTIONS

User Behavior

Data Accuracy

Data Utility

What are the perceptions of utility of crowdsourced accessibility
data and concerns of key stakeholder groups?
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. g‘INIEDCTE WALK Start Exploring Start Validating How to Label See Results manaswisaha ~

Let's create a path
for everyone

. /f;\ Start Exploring Seattle

We are also ingidéwberg, OR Washington, DC



TOOL WALKTHROUGH

Audit 1000ft of Fort Stanton

/
&y &/ &f S

Your mission is to audit 1000ft of Fort Stanton and find all the accessibility features that
affect mobility impaired travelers!




TOOL WALKTHROUGH

A

Explore

Audit the streets and find all ghe

Find and label the following

/
&/ & s &6 &/ &+

Curb Ramp Missing Obstacle in Surface Other Q Q

Curb Ramp Path Problem Zoom In Zoom Out

accessibility attributes

11 *

)

e

Undo Redo

Do you see any unlabeled problems? If not,
Turn slightly towards right

© 2017 Google

Terms of Use

Report a problem

Current Neighborhood
Fort McNair, D.C.
" 0.0 miles &+ 0labels

Current Mission
Audit 1000ft of this neighborhood

5 o0

2 curb ramps

by 6t oo

0 missing curb ramp 2 obstacles
&1 & -

0 surface problem 0 other

Follow the red line

o %

Map data ©2017 Google Terms of Use



TOOL WALKTHROUGH

GSV exploration and
labeling pane

Do you see any unlabeled problems? If not,
r Turn slightly towards right

© 2017 Google Terms of Use Report a problem




TOOL WALKTHROUGH

Al 60 & &t &1 6&-

Explore Curb Ramp Missing Obstacle in Surface Other
Curb Ramp Path Problem

Labeling button menu bar



TOOL WALKTHROUGH

& © 0006 @

Passable Not Passable

Description (e.g., light pole blocking sidewalk)

O Temporary (e.g., construction, trash)

see any unlabeled problems? If not,
Turn slightly towards right

© 2017 Google Terms of Use Report a problem



TOOL WALKTHROUGH

Context Menu

®

Not Passable

&,

Passable

20999

Severity Rating |

Description



TOOL WALKTHROUGH

Progress bar

Contributions

Mission Progress Pane

Current Neighborhood
Fort McNair, D.C.

" 0.0 miles &+ 0 labels

Current Mission
Audit 1000ft of this neighborhood

2 curb ramps

by 6t oo

0 missing curb ramp 2 obstacles
&1 & -

0 surface problem 0 other




TOOL WALKTHROUGH

Follow the red line

Do you see any unlabeled problems? If not,
Turn slightly towards right

Turn-by-turn directions

© 2017 Google Terms of Use Report a problem




PROJECT SIDEWALK SYSTEM

INTERACTIVE TUTORIAL

Find and label the following

2 /
& /
Al &e| & &% &4
Explore Curb Ramp Missing Obstacle in Surface
Curb Ramp Path Problem

In this Street View image, we
have drawn an arrow to a curb
ramp. Let's label it. Click the
flashing "Curb Ramp" button

n
e R
No Sidewalk

@

Zoom In

| Terms of Use |

Q

Zoom Out

Report a problem ‘




PROJECT SIDEWALK SYSTEM

INTERACTIVE TUTORIAL

Find and label the following

[ / °
PY m *
Al &0 & & &L ke &
Explore Curb Ramp Missing Obstacle in Surface No Sidewalk Other Q Q
Curb Ramp Path Problem Zoom In Zoom Out

Now, you can rate the quality of
i the curb ramp where 1 is
passable and 5 is not passable
for a wheelchair user. Let’s rate
sable.

Passable 5  Not Passable
Description (e.g., narrow curb ramp)

Temporary (e.g., construction, trash)

}| ©2019 Google | Terms of Use




PROJECT SIDEWALK SYSTEM

INTERACTIVE TUTORIAL

Find and label the following
° / Ii1
) &y Sy &t || &b || & || &2

| Explore Curb Ramp Missing Obstacle in Surface No Sidewalk Other Q Q
Curb Ramp Path Problem

Zoom In Zoom Out

Great! Let's adjust the view to
look at another corner of the
intersection. Grab and drag
the Street View image to look




PROJECT SIDEWALK SYSTEM

INTERACTIVE TUTORIAL

Find and label the following

[ / °
) m *
Rl &0 & &% 6L ka 6
Explore Curb Ramp Missing Obstacle in Surface No Sidewalk Other
Curb Ramp Path Problem

Ordinarily, you would label the areas under
. the flashing arrows with a Missing Curb
Ramp @ However, we want to get you

§ started on actual missions, so let's finish

this tutorial!

Current Neighborhood
Golden Triangle, D.C.

Q Q

Zoom Out

" 0.0 miles & * 7 labels

g Current Mission
> Complete the onboarding tutoriall

89% complete

&J L] b‘m‘!
5 curb ramps 0 surface problem
& . La.
1 missing curb ramp 1 no sidewalk

/

& &«
0 obstacle 0 other

Do you see any unlabeled problems? If not,

© 2019 Google | Terms of Use | Report a problem

U turn

Map data ©2019 Google Terms of Use



PROJECT SIDEWALK SYSTEM

DEPLOYMENT STUDY

Washington DC

N L

—

18-month deployment ~ Fall 2016 - Spring 2018



DEPLOYMENT STUDY

DATA COLLECTED

Fall 2016 - Spring 2018

@
PROJECT

¥ SIDEWALK

HTTP://PROJECTSIDEWALK.IO

USERS

4 N\

Volunteers Turkers

Town of Chevy Sil! rSpring Befwyn Heights

Chase

Bethesda

Langley Park
College Park

oma Park

(ah‘ﬂj()hn LEWISDALE

Glen Echo University Park New C
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Brentwood
Bladensburg
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Arlington ;
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Walker
Seven Corners

ALCOVA HEIGHTS.

BARCROFT District He
Bailey's
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Hillcrest
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Lincolnia
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Alexandria Oxon Hill Camp Springs
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MILES
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Is Church
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ALCOVA HEIGHTS
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Bailey's
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Crossroads Suitland Eorey
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Hillcrest
Heights Morningside
Lincolnia ssmanor ¢ 2
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Forest Heights

Alexandria Oxon Hill Camp Springs

205,385
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DEPLOYMENT STUDY

LABEL EXAMPLES

142,835 18,719 21,736 8309
Curb Ramps Missing Curb Ramps Obstacles Surface Problems




DEPLOYMENT STUDY

HOW ACCURATELY DID USERS PERFORM?

~70%

*raw accuracy across all user groups

*Calculated on a subset of the dataset



DEPLOYMENT STUDY

HOW ENGAGED WERE THE USERS?

Only 51% of users finished tutorial
(avg. time: ~5 mins)

Only 30% finished their first mission

100%+
2
@ 75%- Most people who
E complete at least one
£ 50%1 mission, complete at least
- one more.
= 25%-+
3
-

0%




PROJECT SIDEWALK DEPLOYMENT STUDY

KEY RESEARCH QUESTIONS

What are the behavioral differences between paid crowd
workers and volunteers?



PROJECT SIDEWALK DEPLOYMENT STUDY

USER

N

GROUPS

228

Anonymous Users

@
-,

Registered Users

J

Y

Volunteers

amazon
~—

Paid crowdworkers
(Turkers)



RQ1: USER BEHAVIOR RESULTS

DID ALL USER GROUPS BEHAVE THE SAME WAY?

'\

Registered users
completed more missions
contributed more labels ~ than anonymous users

audited faster
spent most time on Project Sidewalk

Turkers did more work and were more persistent than both



PROJECT SIDEWALK DEPLOYMENT STUDY

KEY RESEARCH QUESTIONS

What are the behavioral differences between paid crowd
workers and volunteers?



PROJECT SIDEWALK DEPLOYMENT STUDY

KEY RESEARCH QUESTIONS

What are the labeling quality differences between paid crowd
workers and volunteers and the common mistakes made”



RQ2: DATA VALIDATION STUDY

DID ALL USER GROUPS LABEL THE SAME WAY?

44 miles of ground truth data by 3 researchers
From mix of 50 registered and 16 anonymous user routes
Across four quadrants and different land-use zones of DC

62 of 172 DC neighborhoods

Clustered labels from single user then across users



RQ2: DATA VALIDATION STUDY

DATA VALIDATION STUDY: DATASET
4617 |abel clusters

3212 Curb Ram




RQ2: DATA VALIDATION STUDY

DATA VALIDATION STUDY: METRICS

Precision Measures correctness of an applied label

Recall Measures %age of correctly identified issues

False Positive False Negative



RQ2: DATA VALIDATION STUDY

HOW ACCURATELY DID USERS PERFORM?

100%
80%
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Multiple labelers
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RQ2: DATA VALIDATION STUDY

HOW ACCURATELY DID USERS PERFORM?

100%
80%
60%
40%
20%

0%

O
I 0

All

Anon

68/ 69%

Turk

B Precision B Recall

Turkers found significantly more issues
with similar precision



RQ2: DATA VALIDATION STUDY

WHAT ARE THE HARDEST LABEL TYPES?

- .

Confusion with what justifies as a missing
curb ramp

Missing Curb Ramps
20.5% precision | 69.3% recall



RQ2: DATA VALIDATION STUDY

WHAT ARE THE HARDEST LABEL TYPES?

Hard to find
Requires diligent exploration
Often confused with each other

Surface problems
72.6% precision
27.1% recall

.
lllll
,,,,,

Obstacles in Path
47.5% precision

39.9% recall



RQ2: QUALITATIVE ANALYSIS OF ERRORS

WHAT ARE THE COMMON LABELING MISTAKES?



RQ2: QUALITATIVE ANALYSIS OF ERRORS

WHAT ARE THE COMMON LABELING MISTAKES?

24 PZ] 54

False positives False negatives

N/

432

total error samples analyzed




RQ2: QUALITATIVE ANALYSIS OF ERRORS

WHAT ARE THE COMMON LABELING MISTAKES?

Randomly sampled 54 false positives and 54 false negatives for each label type (432 total error samples analyzed)

Curb Ramps

b 66.7% - driveways

%14.8% random



RQ2

WHAT ARE THE COMMON LABELING MISTAKES?

Randomly sampled 54 false positives and 54 false negatives for each label type (432 total error samples analyzed)

Curb Ramps Missing Curb Ramps

» ~30% extended residential walkways

“14.8% random  24.1% curh  ramp exists | ’



RQ2: QUALITATIVE ANALYSIS OF ERRORS

WHAT ARE THE COMMON LABELING MISTAKES?

Randomly sampled 54 false positives and 54 false negatives for each label type (432 total error samples analyzed)

Curb Ramps Missing Curb Ramps Obstacles Surface Problems

~50% not on
strian route

}14.8% random ’ 11% normal sidewalk ﬁling

Y
~9% wrong label type



RQ2: QUALITATIVE ANALYSIS OF ERRORS

WHAT ARE THE COMMON LABELING MISTAKES?

Randomly sampled 54 false positives and 54 false negatives for each label type (432 total error samples analyzed)

Easy to correct




PROJECT SIDEWALK DEPLOYMENT STUDY

KEY RESEARCH QUESTIONS

What are the labeling quality differences between paid crowd
workers and volunteers and the common mistakes made”



PROJECT SIDEWALK DEPLOYMENT STUDY

KEY RESEARCH QUESTIONS

What are the perceptions of utility of crowdsourced accessibility data
and concerns of key stakeholder groups”



RQ3: INTERVIEW STUDY

WHAT ARE THE STAKEHOLDERS' PERGEPTIONS AND CONCERNS?

N=14 across 3 stakeholder groups: MI, CVG, GOV
Perceived Value

Usability

Design Suggestions

concerns



RQ3: INTERVIEW STUDY

WHAT ARE THE STAKEHOLDERS' PERGEPTIONS AND CONCERNS?

N=14 across 3 stakeholder groups

Perceived Value

Concerns



RQ3: INTERVIEW STUDY

WHAT ARE THE STAKEHOLDERS' PERGEPTIONS AND CONCERNS?

Perceived Value

Fnabled rapid data collection

Gathered diverse perspectives about accessibility

Helped engage citizens in thinking about urban design



RQ3: INTERVIEW STUDY

WHAT ARE THE STAKEHOLDERS' PERGEPTIONS AND CONCERNS?

Perceived Value

1

It's really good for a starting point. This is a
first observation, and when you send somebody
out (n the field, they can see those observations
and pick up more information. It’s just neat!

~))



RQ3: INTERVIEW STUDY

WHAT ARE THE STAKEHOLDERS' PERGEPTIONS AND CONCERNS?

Concerns
Data age i.e., outdated GSV imagery or labels
Data reliability

Conflicted data



RQ3: INTERVIEW STUDY

WHAT ARE THE STAKEHOLDERS' PERGEPTIONS AND CONCERNS?

Concerns

1

| would have more confidence if different
people did it, did the same street.

)



RQ3: INTERVIEW STUDY

WHAT ARE THE STAKEHOLDERS' PERGEPTIONS AND CONCERNS?

Concerns

1

My concern as a user [is that] someone said this
was accessible and | got there and it wasn't
accessible, because everyone has different

opinions on accesstblility.
-MI1 , ,



What next?



ONGOING AND FUTURE WORK

Newberg, OR

MORE CITIES!

= -
SN
e —

43

i

miles covered

Newberg mapped



ONGOING AND FUTURE WORK

MORE CITIES! Seattle, WA

28% 515 57,317

Seattle mapped miles covered labels



ONGOING AND FUTURE WORK

MODELING ACCESSIBILITY

nnnnn

VS

o = '«
WASHINGTON D.C. SEATTLE

How do we compare accessibility across cities?
What are the correlates to accessibility?



ONGOING AND FUTURE WORK

VISUALIZING ACCESSIBILITY

Silver Spring e i Silver Spring Unisersiy
o py Maryland ' " Maryland Langley Park
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~NO SIDEWALK

21584

- OBSTACLES

What are the (in)accessible areas of the city?

New Ca



ONGOING AND FUTURE WORK

AUTOMATING DATA COLLECTION USING COMPUTER VISION




Is this a Curb Ramp?

—o- 4 | W |

AW




Is this an Obstacle in Path?

© 2019 Google | Terms of Use Report a problem'



ONGOING AND FUTURE WORK

VALIDATION INTERFAGES

= Is this an Obstacle in Path?

Hide Label

Current Mission
Validate 10 labels

60% complete

Obstacle in Path

Feedback

* © 2019 Google | Terms of Use Report a problem‘

/ Agree > Disagree “? Not sure
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Help make the world more accessible for everyone!
Join us. Contact ) manaswi@cs.uwedu @ manaswisaha

C) https://qgithub.com/ProjectSidewalk http://projectsidewalk.io/api

PROJECT

SIDEWALK

HTTP://PROJECTSIDEWALK.IO

Any Questions?

QEP‘SITJ,

20 DUB W RULGALENSCHOOL s &

YL


https://github.com/ProjectSidewalk
http://projectsidewalk.io/api
mailto:manaswi@cs.uw.edu
https://twitter.com/manaswisaha

