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Public transportation is a major key to

for people who are blind or
severely visually impaired.

The American Foundation for the Blind
Accessible Mass Transit



Locating bus stops is a significant access
barrier often because the bus stops are not
clearly marked with non-visual indicators or
are placed inconsistently off roadways.

The American Foundation for the Blind
Accessible Mass Transit



In a survey of 55 persons with visual
impairments, 85% reported difficulties in
finding public transit pick-up points such as bus
Stops

R.G. Golledge et al
Attitudes of Visually Impaired Persons Toward the Use of Public Transportation

J. of Vision Impaired & Blind, 1997
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1) Determine bus route
2) Find appropriate stop
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3) Get on correct bus
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Get off at correct stop



_ -

_T
M i = _ | .
,w.t. ,

AP
%

Navigating to a Bus Stop |
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Roles of Technology

Mobile auditory guide
with GPS

08

€© Online public transit
@& trip planner




Roles of Technologies

Mobile auditory guide

Require to build upon

®© Online public transit
® & trip planner



Data Sources Roles of Technologies
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® Google Maps

Can we use Google Street View to find bus stops and
identify surrounding bus stop landmarks?

Can crowd workers find bus stops and landmarks?
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King County

Always at yowr sarvice

Metro Online Home

Trip Planner

Tips for using Trip Planner

Commuter Trip Plan (Print ¢
PDA)

Point to Point Schedules
(Print or PDA)

Dept. of Transportation
Metro Transit Division

King Street Center
201 S Jackson St
Saattle, WA 98104

| Home | news | services | orrectory | contacEEEEEEE
[ ]
Metro Transit N\ LT

Online Trip Planner
You are in: Metro Online > Trip Planner

Find S5chedule

Plan Trip Find Routes Find 5tops

Stop Information for
E Thomas St & 16th Ave E

The stop is on the first street at or near the second street or
landmark. See below for more details about Tunnel Stations and
Bays.

Stop Id 29274

Area Seattle
Direction and Position Eastbound / After the cross street or landmark
Yes

Shelter

Routes serving stop MT 43-N, MT 8-E

Accessibility

Fully accessible

Online Trip Planner
King County Metro Transit

s Din = % Ans I o five
stations with four or more lettered stops, called Bays. The stations
are International District Station, Pioneer Square Station, University
Street Station, Westlake Station, and Convention Place Station. See



Direction and Position Eastbound / After the cross street or landmark

Shelter

Routes serving stop MT 43-MN, MT 8-E

F —_—- = =

Accessibility Fully accessible

Comment stop is South side, far




Direction and Position Eastbound / After the cross street or landmark

Shelter

FRoutes serving stop MT 43-N, MT B-E

Accessibility Fully ac

Comment stop is South side, far




| Home | news | services | prectory | contac

. Metro Transit

Ahways a your service Online Trip Planner
You are in: Metro Online > Trip Planner
Metro Online Home Plan Trip Find 5chedule | Find Routes Find 5tops

Trip Planner

Direction and Position Eastbound / After the cross street or landmark
Shelter Yes

Routes seuwling sco@ (| ida 2aeal; 00 8

Accessibility Fully accessible

Comment stop is South side, far

Comment stop is South side, far

Not nsit organizations provide such information

Tunnel Stations: The Downtown Seattle Transit Tunnel has five
stations with four or more lettered stops, called Bays. The stations
are International District Station, Pioneer Square Station, University
Street Station, Westlake Station, and Convention Place Station. See




Mobile Crowdsourcing

GoBraille [Azenkot 2011]; StopFinder [Prasain 2011]

-l Carrier = 10:21 PM

il Carrier = 10:21 PM

=

Instructions: Selecting an answer will | il Which direction is the bus stop from the inters
take you to the next question. If you ‘
need to change the answer, hit the 'l North

——— = back button.

'STEVENS WAY & BENTONLN North-East

S bound - Routes: 25, 31, 32, 65, 67, 68, 75,...
Where is the busstop?

East
UNIVERSITY WAY NE

NE 41ST ST

South-East
South

not sure South-West
West

North-West




Mobile Crowdsourcing
GoBraille [Azenkot 2011]; StopFinder [Prasain 2011]

Users can provide bus stop
information while they are
waiting for the bus

The system requires users
to be
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Crowdsourcing & Google Street View
Hara K., Le V,, and Froehlich J.E. [ASSETS2012, CHI2013]
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Amazon Mechanical Turk is an online labor market
where you can hire workers to complete small tasks



2 Amazon Mechanical Turk % \_

€« > C | Xhers)/ /www.mturk.com/mturk/welcome

amazon mechamcal turk

Artificial Ar

** Apps & F|Highlights [ Facebook ™M Gmail [ Google Calendar & Google Drive ] Google Scholar 8 YouTube | EZProxify terps) & Spo‘nfy Web Playtr

Lz @ FR =
(] Other bookmarks

Your Account |

ellig £k l‘

Qualifications

Already have an account?
Sign in-as a8 Worker | Requester

Mechanical Turk is a marketplace for work.
We give businesses and developers access to an on-demand, scalable workforce.
Workers select from thousands of tasks and work whenever it's convenient.

390,514 HITs available. View them now.

Make Money
by working on HITs

HITs - Human Inteiigence Tasks - are individual tasks that
you work on. Fi TS now.

As a Mechanical Turk Worker you:

« Can work from home
+ Choose your own work hours
« Get paid for doing good work

Find an
interesting task

or learn more about being 3 Worker

FAQ | Cont

act Us | Caresrs at Amazon

Get Results
from Mechanical Turk Workers

Ask workers to complete HITs - Human Intelligence Tasks - and
get results using Mechanical Turk, Register Now

As a Mechanical Turk Requester you:
+ Have access to a global, on-demand, 24 x 7 workforce
+ Get thousands of HITs completed in minutas
« Pay only when you're satisfied with the results

Load your Get
tasks results

Fund your

| Developers | Press | Polices | Bleg

#£2005-2013 Amazen.com, Inc, or its Affiliates

ks

An amazoncom. company




RQ1: What landmarks are useful for finding bus stops?

RQ2: Can weuse Google Street View to find bus stops and landmarks?

Riggs PL NW Carlyle .

C. > ¥
% Decatur PI NW < v ™
= x, @ . Suites
% 5. Embassy Circle X = -
(€ > Qufg Guest House PL =2 S
K\«_’/ o) ® 2 Y-."”\
. 3
& Z &
\ . = <
o] _J Sheridan <
v’ =7 Circle Park K
1 2 N7
lﬁi 2 z Dupont (ry <&
w = = 0 St NW 0 St NW
h =] = = < SUNW Ga’ﬁ:fé::m Circle Metro U LSUNW.__, > - Dupont East
+ 'Jﬁ v o B Condominium
=2 z A ST NV Y o
714? > z Q StNW 4 ) Church of =
= Kew 4 the Pilgrims oot (,/,»/. 0
E Gardens S Q\)\\ z
< =
3 =] ) .
Qrchatll LN S P StNW P StNW S Dupont P.StNW
S RosePark ¢ Hotel Palomar = Circle

e

RQ3 Can crowd workers find bus stops and landmarks?
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STUDY ONE:
FORMATIVE INTERVIEW STUDY







Study 1: Formative Interview

Study Method

Phone-based semi-structured interviews

We recruited 18 people with visual impairments.
Of these, 7 had no functional vision

Age ranged from 24 to 67

Fach session took ~40 minutes



Study 1: Formative Interview

We asked...
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Challenges experienced



Coping strategies
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Study 1: Formative Interview

Formative Study Findings

To find bus stops, participants mentioned using
walking directions from transit trip planners

Once participants reached the vicinity of the stop,
they commonly searched for landmarks



Study 1: Formative Interview

There's really no rhyme or reason for where they
out bus stops. And there's no way to...tell where a
bus stop [is], 'cause you don't ever know where

the pole is, or how it's marked, or... anything
like that.

\ \ Participant 3
Age: 63, Blind



Study 1: Formative Interview

| look for landmarks... like a bus shelter at a
certain place... or if there's a hedge, like bushes
in front of a certain place and right by those
bushes there's a newspaper rack or something
ike that then | know that it's my stop.

’\ \ Participant 14
Age: 55, Blind
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Study 1: Formative Interview

Information about landmark is useful, but



601 13th StNW.
Washington, DC 20005 - approximate addres:




Can we collect these data from Google Street View?

T B ——

How well does the Street View data reflect
the current state of physical world?
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Washington, DC 20005 - approximate address |\




STUDY ONE: STUDY TwWO: STUDY THREE:
FORMATIVE INTERVIEW STUDY | BUS STOP AUDITING MECHANICAL TURK STUDY




Study 2. Bus Stop Audit

Study Method

1. Collecting bus stop pictures

Two groups of our research team visited and took

pictures of bus stops across 4 areas A\
Physical audit pictures

2. Coding bus stop landmarks

We counted number of bus stop landmarks in
Street View images and physical audit pictures

Fvaluated the concordance between Street View images
and physical audit using Spearman rank correlation
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Collecting bus stop pictures




To investigate the robustness of the Google Street View data,
we visited bus stops across 4 areas in 2 cities
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Areas
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Four Audit
Areas




. Study 2: Bus Stop Audit
Fou r Aud |t Collecting Bus Stop Pictures

Areas

Linear distance: 42.2 km
Number of Bus Stops: 179






Bus Stop 1

Bus Stop 2

Bus Stop 3

Bus Stop 179




Study 2: Bus Stop Audit

Study Method

1. Collecting bus stop pictures



Study 2: Bus Stop Audit

Study Method

2. Coding bus stop landmarks
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Study 2: Bus Stop Audit. Concordance between Google Street View and Physical Audit Data
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Concordance between physical and GSV data

0.612 0.877 0.875
Bus Stop Sign Bus Stop Shelter Bench
0.715 0.776 0.811

Trash Can Newspaper Box Traffic Sign



Study 2: Bus Stop Audit. Concordance between Google Street View and Physical Audit Data

High concordance between
physical and Street View data

\

Key point: Google Street View is a viable data
source for up-to-date bus stop landmark info

Rundle et al., Using Google Street View to audit neightbornood environments. Amer. J. of Preventive Medicine 40, 1 (2011)



We will use landmarks counted by researchers
in Google Street View as ground truth for
Study 3: Mechanical Turk Study



STUDY TWO: STUDY THREE:

STUDY ONE:

MECHANICAL TURK STUDY

BUS STOP AUDITING

FORMATIVE INTERVIEW STUDY




Study 3: Mechanical Turk Study

Labeling Tool and Tasks

We asked turkers to complete 14-16 labeling
tasks in one HIT

We paid $0.75 for each HIT

We navigated first time worker to go through
four-stage interactive tutorial
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Strest View Walker: 1stpr x

& C ) busstop.local

Tutorial 2/4: Explore the Street View Scene!

i Apps & f|Highlights [7 Facescok M Gmail [fJ Google Calendar & Google Drive | Google Schol Sometimes, you have to walk to find a bus stop. In this scene, you cannot initially see any bus stop. Let's

work on the tutorial and find where the bus stop is.
Tutorial 1/4: Labeling Bus Stops

Your mission is to find and label bus stop landmarks in Gl - S Ex o - i
collected labels prior to their travel and know what bus si :

sign. They can use such information to locate the exact p
You need to find and label the following bus stop [:
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Street View Walken fstpr % |
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Tutorial 3/4: Identify a Missing Bus Stop Tutorial 4/4: Labeling Bus Stop Landmarks
Sometimes, bus stops are missing in Street View images because of inaccurate data. In this tutorial, In this final tutorial, you will learn all categories of landmarks that you have to find and label.
you will learn how to report the missing bus stops in Street View images.
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Study 3: Mechanical Turk Study

Study Method
We used 150 out of 1/9 bus stops we visited

We used ground truth labels that we generated
in the Study 2 to assess quality of turkers’ labels

We evaluated turker labels based on presence
and absence of label types



Study 3: Mechanical Turk Study
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Study 3: Mechanical Turk Study

Results

153 distinct turkers completed 3,534 labeling tasks
Each bus stop was labeled by at least 21 distinct turkers
The median labeling time per task was 44.7s

The average number of labels per task was 3.15

When compared with our ground truth dataset,
overall turker accuracy was 82.5%
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Study 3: Mechanical Turk Study

Turker Majority Vote Group

Group of 1 turker w
Group of 3 turkers w w w

Group of 5 turkers NN

Group of 7 turkers EEENNN

Hara K., Le V,, and Froehlich J.E. [CHI2013]



Average Accuracy (%)
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Study 3: Mechanical Turk Study

Overall Accuracy

85.90% 86.60% 87.30%

82.50% I I

1 Turker 3 Turkers 5 Turkers 7 Turkers

f i iy

Number of Turkers in a Group
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Study 3: Mechanical Turk Study

Overall Accuracy

85.90% 86.60% 87.30%
82.50% — — R

Accuracy increases with the
number of turkers in the group

1 Turker 3 Turkers 5 Turkers 7 Turkers
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Number of Turkers in a Group
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Study 3: Mechanical Turk Study

A single turker can provide bus stop
landmark data with 82.5% accuracy

With majority vote, it goes up to 87.3%
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Summary

Bus stop landmarks such as bus stop shelters help
people with visual impairment to locate bus stops

Turkers can find bus stop landmarks with
82.5% accuracy from Google Street View
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Bus Stop # Bus Stop Signs in # Bus Stop Signs in

Physical Audit Data GSV Images

R R2 R3 R R2 R3

Krippendorff’s o= 0.937 o = 0.761

Alpha below 0.8 is not satisfactory
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Study 2: Bus Stop Audit. Inter-rater agreement

Result

We obtained high quality landmark
count data for both GSV and
physical audit data (o > .8606)



