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The mission statement of the Connected Vehicle/Infrastructure University Transportation
Center (CMUTC) is to conduct research that will advance surface transportationrough
the application of innovative research and using connectedehicle and infrastructure
technologies to improve safety, state of good repair, economic competitiveness, livable

communities, and environmental sustainability.

The goals of the Connected/ehicle/Infrastructure University Transportation Center (CVI
UTC) are:

Increased understanding and awareness of transportation issues
Improved body of knowledge
Improved processes, techniques and skills in addressing transportation issues

Enlarged pool oftrained transportation professionals

= =2 4 4 -2
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Abstract

Many transit agencies provide reahe operational informatioandtrip-planning toolghrough
phone Web, and smartphone applicatiolmbese servicestilize aoneway information flow
from transit agencies to transit usezZarrent smartphone technology and connected vehicle
infrastructure (CVI) howevergcan allow a twedirectioral information flow from users to transit
agencies andack

This report provides a literatureview on the state of current transit apps; proposes a system
architecturdor a smartphoa appthat allows for dynamic flexible routing and increased transit
user safety; and presents the results of a survey conductedpmrdbption and acceptabiliof
themodelapp

Survey results were analyz@tdterms ofsafety, efficiencyand privacy for different
demographic, travel behavi@nd geographic characteristi€esults showethat users did not
significantly consider the privacy issues (@ria sale from 1least acceptable] thO [most
acceptablg]butbelieved thatt couldimprove nighttime safety (7.3/10.Q)sersbelieved that

the appcouldimprove nighttime pedestrian safetytiftvereconnected to the police department
(7.8/10.0). This appvas also expected to improve transit efficiency and increase ridexshifs
eventually recommendable (7.3/10.0). The least expected improvement was daytime safety
(6.4/10.0), which is reasonable and expectable.
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Introduction

Background

In urban areas, public transportation is often viewed asanmof reducing congestidn. rural

areas, publictranspr t ati on i s viewed as a Alifeline, 0 pr
services in larger, nearby communities. However, approximately 38% of the rural population has

no access to public transportation. Existing service is sometimes restriotezkdays, with

service often operatingnly from 8 a.m. to 4 p.m., or even fewer hours per @atelligent
Transportation Systems Joint Program Office, RITA, USDOT, 2013)

Transitand private transportatioprovide different knefits The advantage ofdnsitis that its

users daot need to own anchaintainacar, or evenneed b be able talrive. But transitalsohas
disadvantaged.ransit is usually operated on a fixed route to a preset schedule, forcing users to be
at a deihed point by a set time, giving themdeontrol over their schedules than owners ofgte
vehicles. In addition, transit users sommets need to transf¢kee, Analysis and Optimization of
Transit Network Design with Integrated Routing and Scheduling, 18883h can result in longer
travel times.

In order to minimize the disadvantages of transit sereicgeat deal afesearch regarding transit
planning, operation, and desigasbeenconductedintelligent transportatin systemsITS) have
been actively utilizedas a part of those efforts in recent yearstha following categories
(Intelligent Transportation Systems Joint Program Office, RITA, USDOT, 2013)

Fleet Operations and Managemenfo facilitate transit operations and provide input to senior
management

Traveler Informatiorg To providecustomerfacing technologiesuch agrip-planning and real

time operational information

Safety and Security To mprovethe safety and security of trasit staff and passengers
Automated Fare PaymentTo provide &re collection and payment technologies

Maintenanceg To facilitate maintenance activities

Other¢ Other technologies and systems, such as data management and the use of open data

The use of TS in transit operationsasincreasediramaticallyin recent years to identify vehicle
locations usingautomatic vehicle locationAVL ), manage and dispatch transit vehicles using
computeraided dispatch CAD), and disseminate transit information throughreakttime
information system, such asransit app and display systeRigurel shows the deployment trends

for some of the most prevalent transit technologies from 1997 to 2010. Four major trends are
displayedn this figure:the percenageof fixed-route vehicles equipped with AVihepercenage

of fixed-route buses with electronic re@he monitoring of system componentse percenageof
demand responsive vehicles that operate using CADtheqzercenageof transit stops with an



electronic display of dynamic traveler information to the pulflitelligent Transportation
Systems Joint Program Office, RITA, USDOT, 2Q013)
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Figure 1. Deploymenttrends for some of the most prevalent transitéchnologies from 1997 to 2010
(Intelligent Transportation Systems Joint Program Office, RITA, USDOT, 2013)

Figure2 shows an example of the relationships amomgpua transit ITS technologies at a central
dispatch location.
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Figure 2. Relationships among various transit ITS technologies at a central dispatcbdation (Intelligent
Transportation Systems Joint Program Office, RITA, USDOT, 2013)

MostITS technologiesitilize a onedirectioral information flow from tansit agencies to transit
usersHowever, the development of connected vehiC¢) technology in recent yearsan allow

a twodirectioral information flow, which includes information from users to transit agencies

(Intelligent Transportation Systems Joint Program Office, RITA, USDOM)addition to
Dedicated Short Range Communication (DSRC) devices, smartpam@eonsidered potential
candidatedue to theipopulaity and powerful and versatifenctionality.

Numerous smartphone applications (apps) related to transportation and transit are coming to the

market and theeappsincreasingly relyon open datdWikipedia, the free encyclopedia, 2014)

Many transit apps provide ret@ine operational information, including routing and scheduling

throughWeb, phone, and smartphone applications. They also provide-@anping tool for a

given origin ad destinationTable1 shows major LS. citiesthat have transit apps available, the

total ridership, and theumber oftransitapps (as of April 2014).

Despite the obvious benefits of transit, apps some proliiauesemerged. Bhy appsaveproven
to be inaccurate in predicting reahe information during congested traffic conditions

(Wikipedia, the free encyclopedia, 20Ra s c h k e,
Raschke, Transit Agencies Must Improve Service Through Technology, R&d Zpp Reviews,
2014;German, 2012The Marketing People, 20120han, 2012)Apps camalso be potentially

3
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har mf ul and r irnstoy. Thé securityusguatiorsi$ comphcated by the number of
players in themarket Very few apps are developed trgnsportatioragencies themselvesost

have been developed Impnagency third-party developersAnd despite the proliferation of the
technologythereare nostandards for monitoring and evaluating the performance of transit apps.

Table 1. Major U.S. Cities with Transit Apps (Massachusetts Bay Transportation Authority, 2014Tri -

County Metropolitan Transportation District of Oregon , 2014; King County Metro, 2014; Washington

Metropolitan Area Transit Authority (Washington DC), 2014; APTA, 2012; Chicago Transit Authority
(CTA), 2014; Metropolitan Transportation Authority (MTA), 2014)

. . New York, Portland, Washington,
City Boston, MA Chicago, IL NY OR Seattle, WA DC
Agency MBTA CTA MTA TriMed I\K/I'ngcc’””ty WMATA
2012 Total
Ridership 406,801 1,518,450 4,114,454 113,365 196,62 479,576
(000s)

Number of 7, 41 199 56 7 42
Apps

First Year of

Data 2008 2009 2010 2007 2009 2009
Release

The majoriy of transit apps are still ordirectional and do not utilize twaay communication.

Two-way communication, however, could enable a niteeble, efficient, and safe transit
systemFor exampleusers ould send their origin and destination information to the agency, and

the agency @uld use that information for demasmdsponsive transit routing and scheduling

rural transit operationA smart phonedés Gl obalGPFauddptovideuserng Sy s
locatiors to the agencywhichcouldhelp a flexibleroute transit vehicle pick up passengers more
efficiently (especially when they are ratt the transit stop when expedtemhd save travelrie.

Knowledge ofuser location auld alsocontribute topassenger safegt nighttime.

User inputcould alsobe beneficial fofixed-route, mass transit operation and passenger safety
during the nighttime. & bus driver can identify the locations ofgsangers who are late to the
bus stop, the bus driver can wait a short time for passengers, eliminating thetbhtihes will

miss the bus anldave towait for the next buswhichmaynotcomeuntil 20i 30 minutes later.

Research Objectives

This propct developd a rudimentary architectural framework for twaeonnected
vehicle/infrastructure@VI) applicationsa dynamiaouting tool (DRT) andn enhanced traveler

safety application that allows individuals to notify a transit vehicle that they ane aitipecified

distanceof t he vehicl eds c uiscoreeptual and degigned Tolgeneriaallyc h i t «
map communications and linkages betwgeactomponentshat make up thewvo applications



This research consexd of the following tasks.

1. Corduct an tensive literature revieven current cuttingedge smartphone apps for transit
service

2. Develop a framework for Bandheld mobile app for usera mobile app for transit drivers, and a

management server programith functions such apersonto-infrastructure (P2l)yehicleto-

infrastructure ¥/2I), and persorto-vehicle (P2V) connections among transit users, transit

agency, transit vehicles, and transit stops as follows:

1 P2I¢ Origin-destinationinformation from passengers to agen@ndroute information from
agency to passengers

1 V2I¢ Routing informatiorand passenger informatidinom agency to vehicleand \ehicle
location from vehicle to agency

1 P2V¢ GPS location from passengéo vehicle and \ehicle location information from
vehicle to passeregs

Develop a smartphone application for tisihusers that supports Task 2

Develop a database for transit agendilkat supports Task.2

Develop a mobile onboard application for a transit vehibkg supports Task.2

Conduct a survey tbind out user peceptionsas towhether this kind of user locatiehased

transit mobile app can improve ridership and safety (especially during the nighttime)

7. Document potential improvements to transit efficiency and safety using smartphone and CVI
technologies.

oo hsw

Literatu re Review

Transit has seen a growth in usage in recent y&aues of the reasoradtributed tahe increasin
ridershiphas beenhe availability of transiapps that rely on open da@pen data is based on the
idea that certain data should be freelyilade to everyone to use and republish as they wish,
without restrictions from copyright, patents other mechanisms of control. Transit open data

be definedasaccesgo the public internal dataf a transit agency. Transit open data is a usable
format for both interested individuals, professionals (application programmers), and experts (for
analysis).

The main benefits of providing transit afgessed on open datae as follows (Fleet Beat, 2010)

Free development of while applications

Increased ridership

Improved customer service

Time saved by agencies in developing customized applications
More accurate applications

Positive image for agencies

App centers oragencieSvebpages
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TheGeneral Transit Feed Specificati@®TFS), which defines a common format farblic
transportation schedulesd associated geographic information, is the most popular and important
open ditaformat for transit. GTFS, first conceived by Bibiana McHugh, an IT Manager at
theTriMet transit agency in thePortland metropolitan arg®regon), was developed

by Googleand Portland TriMet in 2005, and originally known as the Google Transit Feed
Specification. A GTFS fed is a collection of CSV files (with extension .txt) that model a public
transit systerts schedules, usually contained within a zip file. The files are sufficient to provide
trip-planning functionality, and to a greater extent power additional applisaiorh as redime
information systems and service analy¥iskipedia, the free encyclopedia, 2014)

Various regional, national, and global transit agggsavailable. Several transit apps are available
for large cities such adew York, Chicago, and Washington, D.@nd there are new apps with
different formats, dataand price being preparedTo illustrate the diversity of apps available,
Table2 shows currently available transit apps in Marylamdp@rticular, those for the Baltimore
metropolitan area).

Table 2. Transit Apps Covering the State of Maryland

#  App Name App Covering Platform Payment Developer's Website
Developer Areain Type
MD
1 HopStop  HopStop Baltimore iPhone & Free  https://www.hopstop.com/m
& BWI Android Apps, obile,
Website https://baltimore.hopstop.co
m/
2 SmartTrans Microjects Baltimore  Android App Free  https://play.google.com/stor
it e/apps/details?id=com.transi
3 TripGo Skedgo Baltimore iPhone & Free  https://itunes.apple.©om/au/
Pty Android Apps app/tripgo/id533630842?mt=
8
4 RailBandit Barry Baltimore BB, iPhone & Paid http://www.railbandit.com/
Engel Android Apps  ($7.89) mobile-train-schedule.htm
5 Smart Ride Codemass Baltimore iPhone App Free  http://www.smartrideapp.co
Inc. m/
6 Mapiz Mapiz Baltimore iPhone & Free  http://home.mapiz.com/
Android Apps
7  TransiCast Joa Baltimore  AndroidApp Free  http://www.transicast.com/
8 AnyStop MTA Baltimore  Android App Free  http://anystopapp.com/balti
more-transi/
9  Baltimore Miguel Baltimore Windows App Free  http://apps.microsoft.com/wi
Transit Carrasco ndows/enus/app/baltimore
Enterprise transit/28a5934d8d5546¢cf
S 86f5-66dde330dad?2



http://en.wikipedia.org/wiki/Public_transport_timetable
http://en.wikipedia.org/wiki/Public_transport_timetable
http://en.wikipedia.org/wiki/TriMet
http://en.wikipedia.org/wiki/Portland_metropolitan_area
http://en.wikipedia.org/wiki/Google
https://www.hopstop.com/mobile
https://www.hopstop.com/mobile
https://www.hopstop.com/mobile
https://www.hopstop.com/mobile
https://play.google.com/store/apps/details?id=com.transit.client.main
https://play.google.com/store/apps/details?id=com.transit.client.main
https://play.google.com/store/apps/details?id=com.transit.client.main
https://itunes.apple.com/au/app/tripgo/id533630842?mt=8
https://itunes.apple.com/au/app/tripgo/id533630842?mt=8
https://itunes.apple.com/au/app/tripgo/id533630842?mt=8
http://www.railbandit.com/mobile-train-schedule.htm
http://www.railbandit.com/mobile-train-schedule.htm
http://www.smartrideapp.com/
http://www.smartrideapp.com/
http://home.mapiz.com/
http://www.transicast.com/
https://play.google.com/store/apps/details?id=org.busbrothers.anystop.maryland
https://play.google.com/store/apps/details?id=org.busbrothers.anystop.maryland
http://apps.microsoft.com/windows/en-us/app/baltimore-transit/28a5934d-8d55-46cf-86f5-66dde330dad2
http://apps.microsoft.com/windows/en-us/app/baltimore-transit/28a5934d-8d55-46cf-86f5-66dde330dad2
http://apps.microsoft.com/windows/en-us/app/baltimore-transit/28a5934d-8d55-46cf-86f5-66dde330dad2
http://apps.microsoft.com/windows/en-us/app/baltimore-transit/28a5934d-8d55-46cf-86f5-66dde330dad2

#  App Name App Covering Platform Payment Developer's Website
Developer Areain Type
MD
10 Charm City Apps Now Baltimore Windows App Paid http://apps.microsoft.com/wi
Circulator Mobile ($1.99) ndows/enus/app/charnt
RedBit city-circulator/95¢c07831
Developm b4f0-4f2f-baes
t de378e08bb83
11 ECG MARC MTRCIllc Baltimore iPhone App Paid https://itunes.apple.comus/
($0.99) app/eca
marc/id8601938217?mt=8
12 AnyStop Charm  Baltimore iPhone & Free  http://www.charmcitycirculat
City Android Apps, or.com/mobileapps/next
Circulator Website bus?evice=desktop
13 allSchedule J.Carvalho. Baltimore, iPhone App Paid http://www.allschedulesapp.
s L. Certo  MD City ($1.99) com/
14 Stopango Stopango Cumberla iPhone App, Free  http://stopango.com/
sp. z 0.0. nd Website
15 Buzz Stop Designing  Global iPhone App Paid  https://itunes.apple.com/us/
Webs, Inc ($0.99) app/buzz
stop/id415852246?7mt=8&k
1
16 Transit App Samuel Global iPhone & Free  http://www.thetransitapp.co
Vermette Android Apps m/
17 Moovit TranzMate  Global iPhone App, Free  http://ww w.moovitapp.com/
Android App
18 Google Google, Global iPhone & Free  https://maps.google.com
Maps Inc. Android Apps,
Website
19 RocketMan Avisinna Global iPhone, Free http://rocketmanapp.com/
Transit Android & BB
Apps
20 TransitTim+ Zervaas Global iPhone App, Paid http://transittimesapp.com/b
Trip Enterprise Android App  ($2.99) altimore-publictransit-
Planner S app.html

As mentioned in the Background section, some problems have emerged with the proliferation of
apps. Many appsaveprovento be inaccurate in predicting reahe information during congested

traffic conditions(Wikipedia, the free encyclopedia, 201R;a s ¢ h k e ,

What 6s

wWr on

Nextbus API?, 2013Raschke, Transit Agencies Must Improve Service Through Technology,
2013;Bad App Reviews, 20145erman, 2012The Marketing People, 201€ohan, 2012)Apps
canalsobepotentiallyh a r mf u |
transit agencies have added notes and disclaimers on their app cexdenplés are shown in
Table3).

and

r i s k yDué tosuchrisks, ehengjorityioln f o r ma


http://apps.microsoft.com/windows/en-us/app/charm-city-circulator/95c07831-b4f0-4f2f-bae5-de378e08bb83
http://apps.microsoft.com/windows/en-us/app/charm-city-circulator/95c07831-b4f0-4f2f-bae5-de378e08bb83
http://apps.microsoft.com/windows/en-us/app/charm-city-circulator/95c07831-b4f0-4f2f-bae5-de378e08bb83
http://apps.microsoft.com/windows/en-us/app/charm-city-circulator/95c07831-b4f0-4f2f-bae5-de378e08bb83
http://apps.microsoft.com/windows/en-us/app/charm-city-circulator/95c07831-b4f0-4f2f-bae5-de378e08bb83
https://itunes.apple.com/us/app/ecg-marc/id860193821?mt=8
https://itunes.apple.com/us/app/ecg-marc/id860193821?mt=8
https://itunes.apple.com/us/app/ecg-marc/id860193821?mt=8
http://www.charmcitycirculator.com/mobileapps/next-bus?device=desktop
http://www.charmcitycirculator.com/mobileapps/next-bus?device=desktop
http://www.charmcitycirculator.com/mobileapps/next-bus?device=desktop
http://www.allschedulesapp.com/
http://www.allschedulesapp.com/
http://stopango.com/
https://itunes.apple.com/us/app/buzz-stop/id415852246?mt=8&ls=1
https://itunes.apple.com/us/app/buzz-stop/id415852246?mt=8&ls=1
https://itunes.apple.com/us/app/buzz-stop/id415852246?mt=8&ls=1
https://itunes.apple.com/us/app/buzz-stop/id415852246?mt=8&ls=1
http://www.thetransitapp.com/
http://www.thetransitapp.com/
http://www.moovitapp.com/
https://maps.google.com/
http://rocketmanapp.com/
http://transittimesapp.com/baltimore-public-transit-app.html
http://transittimesapp.com/baltimore-public-transit-app.html
http://transittimesapp.com/baltimore-public-transit-app.html

Table 3. Notes/Disclaimers of App Centers/Galleries of Major UB. Cities with Transit Apps (Massachusetts
Bay Transportation Authority, 2014; Tri -County Metropolitan Transportation District of Oregon , 2014;
King County Metro, 2014; Washington Metropolitan Area Transit Authority (Washington DC), 2014;

Chicago Transit Authority (CTA), 2014; Metropolitan Transportation Authority (MTA), 2014)

Cties Note/Disclaimer
App Disclaimer
These apps are not made by MBTA, and MBTA does not sell or license the app
are written by third parties unless otherwise noted. MBTA shall not be held respor
Boston, MA for the content of third partywebsites or any issue arising from the use of third pe
(MBTA)  applications. MBTA neither endorses any third party products listed here nor make
guarantees or representations as to accuracy or reliability. Proceed with care
understand any usage chargédsat may apply to you. MBTA reserves the right
remove/add applications listings without notice.
Important note
These apps (unless otherwise noted) are not made by CTA, and CTA does no
license the apps. They are written byrthparties.
Chicago, IL CTA shall not be held responsible for the content of third party websites or any
(CTA) arising from the use of third party applications. CTA neither endorses any third
products listed here nor makes any guarantees or representations asduracy ot
reliability. Proceed with care and understand any usage charges that may apply t
CTA reserves the right to remove/add applications listings without notice.
Beginning in a few weeks, all MTA data feeds will becomesadae only througt
issuance of an API key. App developers must agree to the terms and conditions

NN?(W(A\;?_% access and complete and submit an Online Registration Form. Once that fc
reviewed and accepted, the developer will be issued a Developer'sspPTlke key wil
enable the developer to access the MTA's data feeds.

Transit tools for the web and mobile devices
Portland, Below are some of the free and commercial applications that are available from -
OR (TriMed)

party developers using TriMet'spen data.

King County provides links to thiparty applications and sites that use King County ¢
for informational purposes to the general public. King County does not warral
Seattle, WA support these applications or sites. fi@ounty does not endorse or sponsor these si

(King King County is not affiliated with or associated with these organizations. The cc
County YR @ASga SELINBaaSR 2y GKSasS ardasa |
Metro) links and applications at your owisk, and neither King County nor any of its employ

or agents shall be liable for your use of these links and applications nor shall be
for the accuracy of the information or any actions taken as a result.

Note: WMATA povides these links as a convenience and cannot be held responsit
the content of third party websites. This listing is provided "as is" without expre:
implied warranty. WMATA makes no representations as to accuracy, reliabili
completeness.

Washington,
D.C.
(WMATA)

User complaintsaboutaccuracy and critical security issupsint to theneed to monitor and
evaluate the performance tife numerousppsavailable in the marketplac&igure 3 shows
efforts to developdata and fi¢ standards for transit public and open data, but taereot any
similar effortsfor monitoring and evaluatg the appsthat use transit open data



More
information

Where it’s
used

Applicable

data sets
Data Standards

Schedule data

Champion Examples

Google Worldwide Train line https://developers.go

schedule ogle.com/transit/gtfs
"Google Select US & Real-time “Train https://developers.go
European data arriving in 3 ogle.com /transit/gifs
cities min” -realtime/
European European Real-time “Train http://bustime.mta.i
Committee cities data arriving in 3 nfo/wiki/Developers/
for min” SIRIIntro
Standardiza
tion
INELEN G UK Gov UK Buses Bus schedules | Bus route http://www.dft.gov.u
hange & data schedule | k/transxchange/
DATEX European European Traffic data & Delays on http://www.datex2.e
) Commission Cities Management Route 4 u/content/datex-

background

File Formats

Many Worldwide Data tables Historic on- http://www.ehow.co
time data m/how 5091077 us
- e-csv-files.html
Many ‘Worldwide Text Textual http://en.wikipedia.o
information | rg/wiki/Text file
Many Worldwide Geographic Subway http://en.wikipedia.o
mapping station rg/wiki/GIS file for
| . - entrances mats
Google Worldwide Google Maps GIS road https://developers.go
& Earth outlines ogle.com/kml/docum
entation/
Many Worldwide Large data Traffic http: //www.w3school
sets numbers s.com/xml/xml what

is.asp

Figure 3. Transit opendata standards (Kaufman, 2012)
Catalog of CV Applications

There are many CV applicatigrat eitherthe concept odevelopment stageovering avariety of
transportation componentdearly 100 differentCV applications have beenidentified by
Connected Vehicle Reference Implenainn Architecture (CVRIA)as shown iTable4. There
are four main application typeBnvironmentalMobility, Safety, andSupport which arefurther
subdivided into 18 groups. Mobility has 36 applications (37.itP41 groupsfollowed bySafety
with 30 applications (30.9%) in 3 groypsd 22Environmental applications (22.7%) in 2 groups.

Table 4. Connected Vehicle Applications

Type Group # % # %
. AERIS/ Sustainable Travel 16 16.5%
Environmental 22 22.7%
Road Weather 6 6.2% °
Border 1 1.0%
Commercial Vehicle Fleet Operations 5 5.2%
. Commercial Vehicle Roadside Operations 2 2.1% 0
Mobility Electronic Payment 2 2.1% 36 37.1%
Freight Advanced Traveler Information Systems 2 2.1%
Planning and Performance Monitoring 1 1.0%
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Type Group # % # %
Public Safety 4 4.1%
Traffic Network 4 4.1%
Traffic Signals 5 5.2%
Transit 8 8.2%
Traveler Information 2 2.1%
Transit Safety 3 3.1%
Safety V2| Safety 13 13.4% 30 30.9%
V2V Safety 14 14.4%
Core Services 8 8.2%
SUPPOTt e curity 1 1.0% o 9-3%
Total 97 100.0% 97 100.0%

Source(lteris, Inc., 2016)

There are also currently nine applicationsthe Support categorythat wee designed and
developd for internal purposes and facilitating other applicatisnsh as:

Core authorization

Data distribution

Infrastructure management
Location and time

Map management

Object registration and discovery
Privacy protection

System monitoring

Security and creddials management

= =4 =4 4 -8 -4 -4 -8 A

Current Research and Practices for Transit, Bicycles, and Pedestrians Using CVI

Two application groups imable4 areexplicitly identified as being related teansit:the Transit
group underMobility and the Transit Safety group undeBafety. No grougs directly refer to
bicycles and pedestriansutthere area few applications targeting these road ugbeg will be
reviewed inthefollowing sections.

Transit

Table5 summarizes transielatedCV applications. There ark4 transitrelated applicationthat
account for 14.4% of all CV applications. The majority of transit applications are categorized under
Mobility (10 out of 14; more than 70%yhile thereare thre€elransitSafety applications (around
21%) andfinally, oneEnvironmental application.

The definitions othefollowing transit applications aggrovided inTable5.

1C



Table 5. Transit-Related CV Applications

Type Group Application # % # %
AERIS/ Sustainabl EcoeTransit Signal Priority 1 1.0% 1 1.0%
Travel
Traffic Signals | Transit Signal Priority 1 1.0%
Dynamic Ridesharing
Dynamic Transit Operatins
Integrated MultiModal Electronic
Payment
Transit Intermittent Bus Lanes 8 8.2%
Route ID for the Visually Impaired
Smart Park and Ride System
Transit Connection Protection
Transit Stop Request
Traveler Advarced Traveler Information
Information Systems
Transit Pedestrian Indication
Transit Vehicle at Station/Stop
Safety Transit Safety | Warnings 3 3.1% | 3 3.1%
Vehicle Turning Right in Front of a
Transit Vehicle
Subtotal (Transit Applications) 14| 1486 | 14| 14.4%
Total (All CV Applications) 97 | 100.0% | 97 | 100.0%

Source(lteris, Inc., 2016)

Environmental

10 | 10.3%

Mobility

1 1.0%

Bicycles

Table 6 summarizes bicycleelated CV applications. There are only four bicyaieated
applicationsaccouning for only 4.1% of all CV applicationsSome oftheidentified applications

are shared among bicyclists and pedestrians (i.e., pedestrian mobility applies to bicyclists as well)
Thestudy team also assumbatsome application for other vehicles (like motorcycles and slow
vehicles) may also be applicable for bicyckather directly or with some modifications.

The definitions othefollowing bicycle applications are providedTiable®6.

Table 6. Bicycle-Related CV Applications

Type Group Application # % # %
Traffic Signals | Pedestrian Mobility 1 1.0%
Mobility Traveler Advanced Traveler Information 2 2.1%
) 1 1.0%
Information Systems
Motorcycle Approachingndication 0 0
Safety V2V Safety Slow Vehicle Waming 2 21% | 2 2.1%
Subtotal (Bicycle Applications) 4 41% | 4 4.1%
Total (All CV Applications) 97 | 100.0% | 97 | 100.0%

Source{lteris, Inc., 2016)
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Pedestrians

Table 7 summarizes pedestriarlated CV applications. There are six pedestriatated
applicationsaccouning for 6.2% of all CV applications. The main application typ®lsbility (3
out of 6; 50%)followed bySafety (2 out of 6; 33%).

The definitions othefollowing pedestrian applications are provided able?.

Table 7. PedestrianRelated CV Applications

Type Group Application # % # %
Environmental AERIi/rj\;Jesltamabl EcoTrafic Signal Timing 1 1.0% 1 1.0%
Traffic Signals InteIhgem Trafﬂg_SlgnaI System 5 219
. Pedestrian Mobility
Mobility - 3 3.1%
Traveler Advanced Traveler Information
) 1 1.0%
Information Systems
Transit Safety | Transit Pedestrian Indication 1 1.0%
— . 0
Safety V2l Safety Pedegtnan in Signalized Crosswalk 1 1.0% 2 2.1%
Warning
Subtotal (Pedestrian Applications) 6 6.2% | 6 6.2%

Total (All CV Applications)
Source(lteris, Inc., 2016)

©
~

100.0% | 97 | 100.0%

Transit Apps
Most transit apps rely on open data in standardized formats.

Introduction to Open Data

Open data is based on the idea that certain data should be freely available to everyone to use and
republish as they wish, without restrictions from copyright, patenrt®ther mechanisms of

control.

Figure4 shows the open data movement since 208@@ableapplicationprogrammingnterfacs
(APIs) associated with the open data movemamtGoogle Maps, Wikipedia, Facebook, and
Twitter (introduced in 2006)YouTube and Yelp(2007) N.Y. Times (2008) and Netflix and
Linkedin (2009)
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THE OPEN DATA THE EVOLUTION OF APIs WHAT IS AN API? .

Increasingly, companies are making their data and inner workings An applcation programming Intertace is a set of Instructions that allow:

publicly avallable through the release of APIs, which are used by software programs to interact with each other. ProgrammableWeb
MOVEMENT developers in bullding new tools—iike TweetDeck, based on Twitter's tracks AP1s and “mashups” (new combinations of existing AP1s).
APL. Since 2005, more than 3,700 APls have been launched.

NEW APIs TCTAL APls

3,000
3,000 APIs

I|I I-.-.,m

Although open data is free, thease costs forthe application and provisignincluding (a)
converting data to mainstream formats, (&b service for hosting data, (c) personnel time to
update and maintain data as needed, and (d) personnel time to liaise with dafgaugeran,
2012)

RELEASE DATES: | @t ¢ & \f
&5 s»

2,000 APIs
APts ADDED TO DRECTORY

& + o A 1,000 APls
S & &
S &S N

> o4 & 5 & 4 " -
; I |II|I| II|
|I||-IIIIIIII UBmeamal I

Figure 4. The opendata movement (Source(Visually, 2011)).

Transit Open Data

Transit open data is the availability of access to the public internal data rasd#ableby a
transportation organizatiofransitopendata is a sable format for both interested individuals,
professionalgapplication programmers), and experts (for analy&iaufman, 2012)

T h enusih av e 0 d a tseheduleésgerautes, and iefrastructure locations (stations, roadways
and landmarks, and networKgaufman, 2012)Desirable data items areattime data, budgetary
data, performance data, ridership data, and edgstination datéKaufman, 2012)The desirable

data can enhance operating and planning processes fosia aigency.

The standards fdransitopendata are shown iRigure3, presentecarlierin thisreport.

GTFS

The GTFS is a common format for public transportation schedules and associated geographic
informationthat wasdevelod by GoogleGTFSis an open data format for public transportation
schedules and associated geographic informaBadiS uses axt file format The required data

items are agency.txt, stops.txt, routes.txt, trips.txt, stop_times.txt, and calen@gutihal data

items are calendar_dates.txt, fare attributes.txt, fare rules.txt, shapes.txt, frequencies.txt,
transfers.txtandfeed_info.txt(Google Developers, 2016)

GTFSRealtime

GTFSrealtime is a feed specification thatows public transportation agencies to provide-real
time updates about their fleet to application developers. It is an extension to GTFS. The GTFS
realtime data exchange format is based on Protocol Biersgle Developers, 2016)

The current supported informatiamcludes(Google Developers, 2016)
9 Trip updateg; Delays, cancellations, and changed routes
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0o ExampletBus X is delayed by 5 minutes

1 Service alertg Sop moved, unforeseen eventdfecting a station, routeor the entire network
0o ExamplenStation Y is closed due to construction

1 Vehicle positiong Information about the vehiclesncluding location and congestion level
o ExamplenThis bus is at position X at tim& Y

Notable US. transit agenciesemploying open data are shown infable 1. The following
summarize®New Yorkd and Chicagb statts.

New York City T Metropolitan Transportation Authority (M TA): Currenty (summer 2016)
there are 2dapps cited othe MTA website (iPhone/iPod1; iPad:56; Android: 57, Blackberry:
7; Windows:10; Mobile/Web: B; SMS/email: 4telephone: 3)Most of thseappsarefreg and
some are officially licensed by MT@Metropolitan Transportation Authority (MTA), 2016)

D

y Accessibility ) Text-only » Customer Self-Service , Employment , FAQs/Contact Us

search

m Schedules Fares & Tolls Planned Service Changes m Doing Business With Us

Home = Apps = App Gallery

App Gallery

yiPhoneliPod touch iPad

91 iPhane App(s) Found

» Developer Resources

»Android ) Blackberry »Windows ,Mobile/Web , SMS/Email , Telephone

All Aboard NYC
Real-time bus armval information for Staten Island

Cost: Free

Platform : Mobile Web, iPhone, iPed touch
Developers : Andy Monat

MTA Services : Bus

QFFICIALLT
LICENSED

alischedules Free
All transport medes in more than 100 cities, including New York and New Jersey

Cost : Free

Platform : iPhene, iPod touch, iPad
Developers : allSchedules, Jose Carvalho
MTA Services : Subway, Bus, LIRR, MNR

Art by Subway NYC
A pocket reference for discovering commissioned artworks within the subway system

Cost: 5199

Platform : iPhone, iPod touch

Developers : MvMA, Matt Vincent Mobile Apps
MTA Services : Arts & Design

Figure 5. New York MTA App Center website (Source{Metropolitan Transportation Authority (MTA),

2016).

Chicagoi ChicagoTransit Authority (CTA) : Currenty (summer 2016}here are 5@pps cited
onthe CTA website(Web/computer apps; Android: 18; iPhone& iPad:22, Windows phone2;
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dial-in applications: 1)Most of theappsarefreg and one of them is made officially by CTA
(Chicago Transit Authority (CTA), 2016)

App Center

This page showcases a selection of just some of the apps—for

@ 'mportant note

computers, smartphones and other. various devices—made These apps (unless otherwise noted) are
using data published by CTA. Check your device's app store for | not made by CTA. and CTA does not
even morel sell or license the apps. They are written

by third parties.
Developers: Have you made an app you'd like us to consider ETA Sl pot s ek responsibic for 1o

listing? E-mail us. content of third party websites or any issue
arising from the use of third party
applications. CTA neither endorses any third
party products listed here nor makes any
guarantees or representations as to

On this page: accuracy or reliability. Proceed with care
and understand any usage charges that
» Web/computer apps may apply to you. CTA reserves the right to
: : remove/add appiications listings without
« Phone/mobile device apps ot
o Android

o iPhone & iPad
o Windows Phone

« Dial-in applications

Figure 6. Chicago CTA App Centerwebsite(Source:(Chicago Transit Authority (CTA), 2016)).

Benefits and Impact of Open Data
The main transportatierelated begfits of open data atbe following(Kaufman, 2012)

More-efficient travel (with an enhanced ability to find optimal routes while on the go)

Greater understanding of finan@ndadministration (possibly promatgimproved fundng)
Crowdsourced analysis capabilities (potentially helping detect schedule improvements or errors
in stop location®r names, for instance)

The tpical transportatiomelated benefits of open data atenmarized irFigure?.
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Driver stuck Checks traffic maps Uses app to re-route

Benefit to users

in traffic on phone
Benefit to (ﬁie; 3:;’& Sees in-store sign Orders more coffee

businesses pfor P with departures while waiting

Improved public Budget ; S Readers demand

understanding of analyzed by Pubh;l;::;ﬁ:&ggs m increased state
funding professional pape funding
A i specialists Recommend Agency develops
> analyze schedule data improved internal &

tedledin adjustments external data

Figure 7. Typical Transportation Benefits of Open Data
Source(Kaufman, 2012)

The tansit benefits of open data dilehe Fleet Beat, 2010)

Free developmenodf mobile applications

Increased ridership

Improved customer servigce

Time saved by agencies in developing customized applications
More-accurate applications

1 Positive image for agencies

=A =4 =4 -4 -4

Studieshaveinvestigaéd the possible impacts of open data mansit ridershipA Seattle study
(Rutherford, Wang, Watkins, & Malinovskiy, 201@) real and perceived wait times/ealed that
users of reatime apps had 2-fhinute shorter perceived wait times andihute shorter actual
wait times.A study bythe University of lowa(Visser, 2012)showed thatreaktime bus info
displays increased ridershify 5% A City of Chicago eaktime bus data impact studyang &
Thakuriah, 2012showed al.8% to 2.2% ridershipincrease attributed to reime data over the
study period (20022010).

Current Transit Apps
A few examples oéxisting tansitapps are provided in the following figures.
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Figure 8. Point-to-point trip planning : Google Maps (Source(Google Inc., 2016).

% @ il Verizon & 10:03 PM B =

Back

Updated: 10:02 PM

Stop Updated: 10:03 PM

3RD AVE & SENECA ST

Route

54

358E

125

120

21

358E

Stop # 468 - SE bound

Destination
WHITE CENTER ALASKA JUN...
10:04 PM - 2 min delay
DOWNTOWN SEATTLE VIA AU...
10:05 PM - on time
SHOREWOOD S SEATTLE CC
10:20 PM - 2 min delay
BURIEN TC WHITE CENTER
10:21 PM - 13 min delay
ARBOR HEIGHTS VIA 35TH...
10:23 PM - 5 min delay
DOWNTOWN SEATTLE VIA AU...
10:30 PM - 2 min early
WHITE CENTER ALASKA JUN...

Recent

Minutes
NOW >
2 >
18 >
18 2
20 >
27 >

DOWNTOWN SEATTLE VIA AURO...

358E 10:30 PM - 2 min early 27

Trip Details:

Show as map >
Show as list >
Actions:

Service Alerts >

Report a problem for this trip >

Vehicle Info >

Recent

Figure 9. Reakttime scheduleapp: One Bus Away (Source(Ferris, One Bus Away, 2016))
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2016).

Figure11. Seoul : Bel ow t h e(Subwas) app (Ssurce:(Wdland Studih Qol Ldd., 2016).
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Figure 12. (Norikae Annai) for Tokyo (Source:(Jorudan Co., Ltd., 2016).

Four broad categories of appsncerntransportation. These categors be categorizealy the
apps6 pr i nigghahgenfCoherg Zohdy, & Kock, Smartphone Applications to Influence
Travel Choices: Practices and Policies, 2016)

Mobility apps

Vehicle connectivity apps

Snart parking apps

Qourier network services (CNS) apps

PwbdPR

The nobility appsthatare of interesto this study & thosewith the primary functionof assising

users in planningndunderstanding their transportation choicestande thamay enhance access

to alternative modesTheycan be categorized itne following eight subcategoriegShaheen,
Cohen, Zohdy, & Kock, Smartphone Applications to Influence Travel Choices: Practices and
Policies, 2016)

Businesgo-consumer (B2Csharing

Mobility trackers

Peerto-peer (P2P¥haring

Publictransit

Realtime information

Ridesourcingfansportation network companieg NG)
Taxi ehailing

Tripaggregatos

= =4 =4 4 -4 4 A -9

The majority oftheseapps are free
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Other important applications of trangfips are for operation, performance, plannaigd so on.

The Florida Department of Transportatioonsdered and studiedn expansion to the Google
transit data to support operations and planniingy found thaGTFS datacouldbeemployed in
service planni ng adertfed dportunitieso suaplethent the GMES withh e y
performancaelaed information and developed a prototype application that integrated GTFS data
with an automatic passenger counter (ARCatal4, Downing, & Hayward, 2011)

T g oppuoss3

Ml Boardings Miss-pn Hills

200 ) % | Ve == r
Ml Alightings a“ | q‘a Islenair Lemon
100 1 Grove
W) N Oak Park
) et {3 > Broadway
) = = I I I I l LB . Balboa Park P Heights
)
-100 Care:Colgmbia WAt Lithgr o fa w_“@o”’o
San Diego ¥ ot
5 10 5

) we;,
Al e a €
Activity by Hour oy Py ’[ M ImW@
IL Hill o
1

2200
East Vitage Grant Hill Lomita

1Nas @ Skyine O
20 ‘ield 'ﬁ;’

Ton Stans Cos gz %

B Wap data ©2011 Google, INEGI - Terms of Usd

Figure 13. Route-level activity by hour & trip -level boarding activity (Source: (Catal4, Downing, & Hayward,
2011).

Evaluation of Impact of Transit Apps on Ridership

To assess the impact of open data and transit dpfs analysis was performed on the available
trarsit (2002 2012) data fromthe American Public Transportation AssociatioAPTA)
(American Public Transportation Association (APTA), 2013)he following analysesvere
performed and are shown kilgure14 throughFigure21:

1 Ridershigmpact on sixU.S cities withopendata (Boston, Chicago, New Yarkd Newark,
Portland, Seattle, and Washington, DC)

1 Ridershipmpact withopendata onthe New Yorkrail system

1 Ridership okixU.S cities withoutopendata (Charlotte, Jacksonville, Memphis, New Orleans,
Oklahoma City, and Phoenix)

1 U.Stransitdata (20022012)

1 U.Stransit vssixU.S cities withopendata

1 The effect obpendata releasetptal of sixU.S cities with opendata[based onopendata
releaseyear])
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Figure 14. Ridership impact with opendata on six U.S. cities.
New York & Newark (Rail Only), NY
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6 US Cities with Transit Open Data
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Figure 16. Ridership impact with opendata onsix U.S. cities.
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Figure 17. Ridership of six U.S. cities without open data.
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6 US Cities Without Transit Open Data
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Figure 18. Ridership of six U.S. cities without open data.
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6 Cities with Transit Open Data vs. US

Annual Ridership [Passenger)
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Figure 20. U.S. transit vs. six U.S. cities with open data.
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Ridership Evaluation Results
Various factors may affec¢tansit ridershipsuch as asoline pricesunemployment leve|sand
local weather conditionia addition to tansitopendata and transit information apps

Cities with opendata have many morgansit apps. Currentljnowever,there is not a strong
relationship between ridership and transit apps. However, it is too premature to conclude that
transit apps will have no impact on ridership.

Comprehensive Evaluation of Transit Apps

Some users haveomplaired that a few transit @psdo not work corredyy. Apps may function

poorly due tothe effect of traffic not usingrealtime information and perhapbugs and errors in

the coding Moreover, tansit gps canbep ot ent i al |y har mf ul and ri sl
Consequentlyas mentioned earliespme meanef evaluatingapps is essential

One solution to this problem Gity-Go-Round a website witthemi s s to beip méke public
transit more convenieat(City-Go-Round, 2016) City-Go-Round providesu s e mats@ for
differert apps.Two examples are shown kigure22.

Mapiz

By Mapiz

i"*i"* (5 ratings)
Real time bus arrival
information for 16 college campuses
Platforms: iPhone App

» o e—sseen . SLOPANQO

e s oy B By Stopango sp. Z 0.0.
Beoe: RAAKR (7t
. convenient, personalized
timetables Platforms: iPhone App, Website

B
(Desktop/Laptop)

Figure 22. Two examples of app rating in City-Go-Round (Source:(City -Go-Round, 2016).

App Development Competition

The MTA andAT&T have collaborated to hold an ongoisgyies ofi Ap p  @anepstitiots

for individuals, teams, and organizatiots developapplicationsutilizing MTA6s publ i cl
available data and API3.he goal of t hes eglaba copmetitiontd sobict s i st
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development of new mobile solutions designed to help improve commutes for millions of subway,
bus and rail rideis .0 This type of competition, as well as thelging criteria (MTA & AT&T,
2013)as follows could be sed in developing apps for other transit systems

1 Quality ofideag Qreativity and originality of the idea, and potential to improve the travel
experience for MTA riders.

1 Implementation ofidea¢ How well the idea was executed by the developer and how thell
app integrates with the MTA public data and APls.

1 Potentialimpact¢ The extent to which the submission will impact MTA customers and their
travel experience.

The best overall winnem 2013 was Citymapper Appwhich offers pointto-point journey
plaming with realtime informationfor subways, buseand bikes for New York City and London.

9:44 PM ~ 9:13 PM v =) Carrier & 9:05 PM

Subway Stations Results m Citymapper

P

Canal St, 10002 Wiloughby Ave,  NOW

11206
Pk pNC awnd Set Arrival Time

\

Myrtle Ave o

3 E
MY{"“ Ave -"4_ 88°F - Partly Cloudy at destination 5 =
) a 0 8 gmf i i :
Fort Greeng P.xk & 57
2 -~ . -
23 3 A 69 fab ~23Q & 16 ua
Qo . g
2 > _@h @ 283 cal 102 cal $13-17 SubwayMop  Line Status
@it

Q Get Me Somewhere

32

39 ft Get Me Home

& Get Me To Work
Clinton - Washington Avs
@ 9 minw

Classon Av =~ B39 - .« B46 - . B57
B 1: walk

Figure 23. Citymapper: MTA AT&T App Quest winner preview (Source:(MTA & AT&T, 2013) ).

Transit Apps Review Summary
Based on the findingandanalysis, th@pportunities and needs fiuture effortsinclude

1 Next target:Reaktime transitopendata for all cities
1 Developing a methodology to evaluate transit a@pscuracy, security, ancrrency

9 Establishing aommittee (maybe in each related agency or independently) regamairansit
apps database
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1 Creating a comprehensive website for transit apps (curimpiementationsare not
comprehensive)

T 9y KFEYyOAYy3 GNIXyard I 3SyOASaQ eval bbyyighg tyamsk apgsLIS NI i A 2
tNF yaAd LA OFy &aASYyR ol Ol 2laod®iifointatdn) dza SNBE Q LI

Flexible Routing and User Location -based Transit Apps

A review of relevant 5. patents reveatinformation regardinghe emergence, aeptanceand
usage ofhetechnologies and systemsderlyingflexible routing and user locatidmased systems.
Table8 summarizes some of theseSUpatents.

The features that can be traced via reviewing thetemisacan be categorized as follows:

Communication network and systems
Improvements for reatime mapping and navigation
Location information services

User location driven services

Improvements for fixedoute transport

Introduction of flexibleroute trangort
Decentralized transportation

= =4 =4 4 -4 -4 4

Competitors in the industry includ€T&T , the Institute for Information IndustryJber (founded
as UberCab in 2009Curb, Didi Chuxing, Flywheel, Grab, Hailo, Kabbee, Lyft, Ola Cabs, and
Shuddle(Parnell, 2016Johnson, 2016)
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Table 8. Summary of Selected UB. Patents Related to Flexible Routing and User LocatieBased Transportation

Patent Number Inventor Original Assignee Title Publication Date Descriptian
Each vehicle of a transportation system is
provided with a radio transmitter providing
electable anl different sequences of signals,
one part of the signal identifying the vehicle,
. and another changing sequence of signals,
Vehicle either under operator control or automaticall
identification by attachment to the odometer, to indicate
and position the present position of the vehicle on a
ot ; ; scheduled route. The home of a passenger
US4350969 A William H. Greer William H S|gnaII|.ng September 21, 198] desirous of meeting a particular vehicle at a
Greer SyStem_ ina particular pickup point is provided with a
public radio receiver with selectable detectors whig
transportation can be set to detect the signals from a
system particular vehicle transmitter, and prale a
visual or audible indication of the present
position of the vehicle on the scheduled
route. Prespecified settings of the receiver,
and corresponding detectable signals, inforn
a passenger of no service or delayed service
A flexibleroute transportation system,
primarily utilizing privatehowned vehicles to
provide ridesharing transportation for the
public, is desribed. Interactive
communications terminals are provided
through which drivers of the vehicles may
Automated, rapidly transmit ride offers via a
door-to-door, telecommunications network to a central
Robert W demand operations coordinating station, equipped
ober . . A with a generaburpose programmable
US4360875 A Behnke Behnke Robert W responsive November 23, 1987 computer. Rider interactive communications
public terminals, located at public and private
transportation facilities, are also connected by the
system telecommunications network with the centra

coordinating station, permitting eligible
members of the public to quickly request ridg
from one location to another. The central
coordinating station matches the ride
requests with the ride offers, on a trpy-trip
basis, comparing the driver's indicated origir]
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Patent Number

Inventor

Original Assignee

Title

Publication Date

Descriptin

destination, seating requirements and time
with the rider's requested origin, desttion,
seat availability and time. If a ride offer and
ride request can be matched within
reasonable limits of space and time, the
central coordinating station transmits to the
driver the rider's identity and location and
transmits to the rider the desgstion and
identity of the vehicle, so that the driver can
pick up and drop off the rider en route to his
or her destination. The system includes
security features for preventing unauthorize(
access to the system by either drivers or
riders, accounting featres for properly billing
riders and reimbursing vehicle owners for
transportation services, and special terminal
for entering trip information quickly and
accurately.

US5168451 A

John G. Bolge

Bolger John G

User
responsive
transit system

December 11992

A transit system includes a number of servic
request terminals located at frequent
placement intervals in local areas served by
the transit system. Transit vehicles flow
throughout the local service area without
predetermined routes or schedules.
Movement of the vehicles is determined
solely by the dispatches assigned to them in
real time in response to service request.
Passengers use the service request terminal
to transmit a service request to a central
dispatch controller that receives the reques
and automatically dispatches the most
efficient vehicle to service the request. The
central computer determines the most
efficient vehicle by calculating the total adde
travel distance to service the request and
destination in relation to the dispatches
previously assigned to each vehicle. The
service request is dispatched to the vehicle
which would have the minimum added trave
distance. The dispatched vehicle has a
terminal that receives the dispatch comman
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Patent Number

Inventor

Original Assignee

Title

Publication Date

Descriptin

that was transmitted by the central dispatch
controller and enters it on a graphical displa:
of a map of the local area for convenient
viewing by the vehicle operator. The order ir|
which dispatches are serviced and the path
traveled by the vehicle between dispatch
locations is determined by the veihe
operator, so as to allow continuous
modification in response to new dispatches,
prevailing traffic conditions, etc.

US5799263 A

Russell D.
Culbertson

Bct Systems

Public transit
system and
apparatus and
method for
dispatching
public transit
vehicles

August 25, 1998

A public transit system uses a plurality of
intracell vehicles to service transit requests i
individual transit cells, and the transit cells a
connected by intracell vehicles which travel
between cell terminals located within the
respectve transit cells. The intracell vehicles
are automatically dispatched by a dispatchin
system (12) which assigns each transit requ
to an intracell vehicle servicing a matching
transit route or soft route comprising a
geographical area and a route trd\drection.
The dispatching system (12) uses a process
selecting the most appropriate vehicle to
handle a transit request where no prior route
matches the request. This initial transit
request then defines a new soft route for the
vehicle to which its assigned. Transit
requests are preferably communicated to thg
dispatching system via a local telephone
system and locations within the transit cell
defined by telephone numbers or other
suitable identifiers.
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Patent Number Inventor Original Assignee Title Publication Date Descriptian
A system and method for dispatcher free
vehicle allocation. A client requesting taxi
service calls a taxi dispatch center using a
cellular phone equipped with a location
identification device. The location
identification device provides the current
StySteT fol: location information to the dispatch center.
automatcally The taxi dispatch center keeps track of
US6756913 B1 Mourad Ben Mourad Ben dispatching June 29, 2004 | available taxis and their locations and storeg
Ayed Ayed taxis to client them in a database. After determining the
locations client location data, a processor searches th

available taxis database for a taxi whose
location matches the client's location. The
client location data is converted to an addres
and sent to the assigned taxi. The address i
displayed on a mobile data ternahin the
taxi.

User location

A vehicle position aggregation system recei
position information for service vehicles from
various fleet nanagement systems, and

driven maintains the current location of the vehicles
Mark Crady et . e in a database, including information
US20060217885 A al Mark Crady et al |dent|f|ca_t|on September 28, 200¢ identifying each vehicle's associated fleet ar
of SQrVICe related contact information. End users can
vehicles query the vehicle position aggregation syste
to obtain irformation about service vehicles i
the vicinity of the user's input location.
Thepresent invention is a system and methg
for conducting survey using wireless deviceg
The system architecture of the present
System and invention comprises a location server and a
location system. The location server can
Robert T Bellsouth method for receive a survey request from a subscriber,
) Intellectual surveying delineate a survey area for the survey,
US7181225 B1 | Moton, Jr. et Property wireless February 20, 2007 broadcast a query containing the survey to
al. Corporation device users plurality of wireless devices, process
by location responses received from the wireless device

and delivers a result of the survey to the

subscriber. The location system can general
location information for each of the wireless
devices that received the query. The locatio
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Patent Number

Inventor

Original Assignee

Title

Publication Date

Descriptin

system may be a netwosiased unit or a
portable unit provisioned at each of the
wireless devices. In the preferred
embodiment, the location system is a GPS
receier that generates the longitude and the
latitude of the wireless device at which it is
provisioned.

US7245925 B2

Samuel N.
Zellner

At&T Intellectual
Property, Inc.

System and
method for
using location
information to
execute an
action

July 17, 2007

Provided are methods for executing an actio
in response to a request for a service using
location information in conjunction with
servicespecific parameters. A user may
request a provider of a specified service (e.g
taxi, plumber, pharmacist, etc.). Inauating
the request, providers may be evaluated
based on the location information in addition
to servicespecific parameters. An action in
response may include merely displaying
selected service provider(s) in response to t
request, or acting on behatff the user by
communicating with a selected service
provider.

US7391341 B2

lan Keaveny,
Brad Heide

Trapeze Softwarg
Inc.

System and
method of
optimizing a
fixed-route
transit
network

June 24, 2008

According to an aspect of the invention therg¢
is proviced a method of optimizing a fixed
route on a transit network, comprising the
steps of: a) permitting a vehicle providing
service on the fixed route to make deviation
from the fixed route based on passenger
requests; b) tracking the deviations and
number d passenger requests correspondin
to each deviation; ¢) submitting information
from tracking step b) into a decisianaking
algorithm; and d) modifying the fixed route tq
include new stops based on results from the|
decisionmaking algorithm, as well assgstem
for implementing this method.

10

US20090192851 A

Paul L. Bishog

Bishop Paul L

Location
Based

July 30, 2009

Various implementations of a location based
transportation management system and
methods are disclosed, includilagdevice for
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# Patent Number Inventor Original Assignee Title Publication Date Descriptin
Transportation visually communicating with drivers in a
Management variety of environments.
A method for decentralized transportation
dispatching is disclosed. The method bypas
utilizing a centralized dispatch call center an|
includes announcing a transportation
Decentralized requirement via broadcasting directly by at
Transportation least one use and r_eplylng to_ the _
. . transportation requirement with a plurality of
Erank Ch Institute For [S)'SF:atCh'n% competitive bidding information directly from
ran ee . ystem an a plurality of transportation providers who ar
11| US20120123894 A Da Tsai et al. Information Method for May 17, 2012 capable of providing a passengearrying
Industry Decentralized service or providing a goodsarrying service.
. Themethod further includes selecting one
TrajnSport"?‘tlon transportation provider from the
Dispatching transportation providers according to a
request from the user, in which the selecting
is performed through referencing the bidding
information replied to by the transportation
providers.
A method for providing a service summary o
receipt on a computing device isqvided.
Providing a One or more processors determine
summary or information for a service rendered for a user|
it The information includes a cost for the
receipt for ort service, a type of service performed, and a
Shalin Amin Uber _ demgnd person who performed the service. A
12 | US20130132246 A Technologies, services May 23, 2013 summary receipt panel is provided on a
etal Inc. through use of displayof the computing device and includes|
portable the information for the service rendered. The
. one or more processors provide, on the
computing summary receipt panel, a map that identifies
devices a location relevant to the service rendered

and a feedback feature that enables the use
to rate the service received.
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A method for determining a location relat
to an ondemand service on a computing
Determining a device is provided. One or more processors
location receiving a transport request from a user. Th
transport request specifies at least one of a
. . related to on pick-up region or a droff region. One or
Shalin Amin, Uber demand more locations of interests withithe at least
13| US20130132140 A Mina Technologies, services May 23, 2013 one of the pickup region or the drogoff
Radhakrishnar Inc. through use of region are determined. Based on the at leas
portable one of the pickup region or the drog_fo
. region, one or more historical locations
computing related to the user is determined. A likely
devices location is determined baskon the
determined one or more locations of interest
and the one or more historical locations.
A method and system utilizes an infizce for
the blind and low vision passengers in a tou
screen passenger information module (PIM)
i . The PIM is enabled to operate in at least twq
Jesse H. Davil Creative qulle _Passen_ger modes. A low vision mode provides different
14 | US20140244412 A Technologies, information August 28, 2014 | user input framework on the touch screen as
etal. LLC module well as appropriate aud prompting. The
interface enables a blind or low vision perso
to interact with the PIM easily, including usin
the PIM to pay for the fare. The low vision
mode can be initiated by the passenger.
A computing system operates to process
multiple transport requests at one time, eacl
of the multiple transport request specifying g
System and pickup location that isvithin a geographic
method for region. During a given interval when each of
Matthew Uber optimizing the Iml;ltipledt.rdanspdo_rt rquezt are o_pe(rjl, a "
. . pool of candidate drivers is determined withi
15| US20150161564 A Sweeney et al Technologes, seliectlon of June 11, 2015 the geographic region that can fulfll one or
Inc. drivers for more of the transport requests within a
transport threshold durdion of time. A driver is
requests selected for each of the multiple transport

requests. In selecting the driver, the comput
system implements an optimization process
to minimize an estimated time to pick up for
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# Patent Number Inventor Original Assignee Title Publication Date Descriptin
at least one of the multiple transport
requests.
Matches for load or transportation services
with transportation service providers (TSPs)
are established, rad estimated arrival times
are provided. A transportation service reque
is provided and a received bid is received. A
Transportation estimate of time of arrival is made based on
service an gstlmatlon of a time for performlng a
. . delivery of the load or provide the
R 13 matchl_nglwnh transportation service, and the time of arriva
ussell Jones . arriva estimate is adjusted by at least one external
16 US9082144 B2 et al. Cargo Chief estimation July 14, 2015 factor expected to affect transit time. An
adjusted for anticipatgd turraround time for availability of
| the TSP is made for a subsequent leg or
externa backhaul and the adjusted time of arrival
factors estimate and the anticipated turaround
time are used to estimate a time of availabili
of the TSP for the subsequent leg or backha
An accepted bid for the subsequent leg or
backhaul is made based on an estimated tin
of availability.
A system and method for configuring an
indication device is described. An-demand
service system arranges a transpservice for
User a user to be provided by a driver. The syster
configurable determines whether the user has specified 3
indicati output configuration for an indication device
17 | WO201517503@\1 Travis Kalanicl T rl]JbeIr , d Indlcaftlon N ber 19. 2015 N an account of the user. In response to
et al. echnologies, e\_llce oruse| November 19, 1 determining that the user has specified an
Inc. with an on output configurationfor the indication device,
demand the system identifies data corresponding to
service the output configuration and transmits the

data to a driver device of the driver to enablg
the driver device to control the indication
device of the driver based on the data.
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A method for requesting an edemand
service on a computing device is provided.
One or more processors determine the
current location of the computing device. A
Providing on multistate selection feature of a plurality of
d d service options for providing the esremand
em_an service is presented on the display of the
Shalin Amin et Uber services computing device. The multistate selection
18 US928292 B2 I Technologies, | through use off January 5, 2016 | feature enables a user to selecsarvice
al. Inc. portable option that is available within a region that
computing includes the current location to provide the
devices on-demand service. In response to the user

selecting one of the plurality of service
options, a summary user interface is
presented on the display to providegion
specific information about the ecdemand
service based on the selected service optior

Source(Google Inc., 2016)
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Location -Aware Transportation Tools
Many transportation tools work basedthe known location information oftheinvolved parties.

The following section reviews some of these locat@rare apps

OneBusAway littp://onebusaway.ojdFerris, One Bus Away, 2016 suite of transit traveler
information toolsthatwas developed at the University of Washington, providestiraal arrival
information, a trip planner, a schedule and route browser, and a-frarsily destination finder

for the Seattle area (early effort) and other major urlaaas like Alantg Tampa,andNew York

City. The app uses the udebcation to provide information about nearby buses and schedules;
moreover, it can help the user to plan a fRigure24 shows the app siterface.

University Stevens Way & Benton Ln
District Stop # 75403

Sking ‘ Ln 9 5 8

Stevens Way & Benton Ln University District

Routes: 65, 67, 68, 75, 205, 272, 277, 372, 373 75 -4
. 1:51 PM - departed on time
i Seattle, University District
; = 372E OO 54 6
: University of 2:02 PM - 2 min delay
Washington i i iatri
65 University D|§trlct 17
2:14 PM - on time
University District
75 B~ 29
2:26 PM - 6 min delay
Seattle, University District
v 372E 4 34
2:31 PM - on time
Options >

Figure 24. The OneBusAway iPhone applicatior(Source: (Ferris, One Bus Away, 2016)

The sharing economy has also had an effect on transportation tools. According to Shaheen et al.,
ffAdvancementsin social networking, locatichased services, the Internet, and mobile
technologies have contributed to a sharing economy (also referred to -4s-peer sharing, the

mesh economy, and collaborative consumpt{@aheen, Cohen, Zohdy, & Kock, Smartphone
Applications to Influence Travel Choices: Practices and Policies, 201.6)

In recent years, mansharing modelfiaveemerged, such as P2P marketplaces (e.g., Airbnb),
crowdfunding (e.g., Kickstarter), and shared mobilitg(eGetaroundjShaheen, Cohen, Zohdy,
& Kock, Smartphone Applications to Influence Travel Choices: Practices and Policies, 2016)
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http://onebusaway.org/

91 In April 2011, Zipcar, a caharing company providing shetedrm (e.g., hourly) vehicle rens
raised $174 million in its initial public offering, giving it a valuation of $1.2 billion. The Avis
Budget Group acquired Zipcar for $500 million in January 2013.

1 By December 2014, Uber, the rideurcing platform that provides dodo-door, for-hire vehicle
services, was valued at $41.2 billion. Between-20d2 through 2014, the company grew to
more than 160,000 drivers. Just one year later, Uber was valued at $70 billion.

Shared mobility includes ride-sourcing (sometimes referred to as transportatetwork
companies or TNCs), such as Lyft and Uber;-8gétting (e.g., UberPOOL and Lyft Line) in
which passengers split a fare and ride; afthi (appenabled taxisjShaheen, Cohen, Zohdy, &
Kock, Smartphone Applications to Influence Travel Choices: Practices and Policies R200@
25 shows existing, developing, and future shared mobility services.

» Bikesharing
» Carsharing

» Car Rental

A » Courier Network Services
» Liveries/Limos c l S ecHad
» Paratransit »(Larpoo _
»PaC R »Vanpool ::dll'gcirloz':(l::; i(llompany Shuttles
» Public Transit P Casud .
Carpool »P2P Bikesharing
» Shuttles : .
> Taxis »P2P Vehicle Sharing
»Ridesourcing/TNCs

»Scooter Sharing

Core & Incumbent g Innovative
Services Services

Figure 25. Sharedmobility service modek (Source:(Shaheen, Cohen, Zohdy, & Kock, Smartphone
Applications to Influence Travel Choices: Practices and Policies, 2016)

While both the number and usage of transit apps using user location information are rising,
numerous studiesdicate that people are either unaware of what private information they are
exposing or they do not understand what information they are consenting to(Shaneen,
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Cohen, Zohdy, & Kock, Smartphone Applications to Influence Travel Choices: Practices and
Policies, 2016)

Literature Review Summary

In recent yeas due to concurrentdevelopments in communication network and systems
(including CV technology and smartphones), improvements fotirmalmapping and navigation,
and location information servicdsmany different transportatierelated appshave been
developedor different purposes and users

The ntroduction ofopendata which was followed byBig Data revolutionized practicef\ided
by new methods of computationcanalysisnew systems emergeglich as ser locatiordriven
servicesimprovements for fixedoute transporttheintroduction of flexibleroute transportand
decentralized transportation

Utilizing GPSenabled mobile devices, many social network sesvitcluding Faceboak

provide some kind of user locatirased services, such as finding friends or locatiShared

mobility servicessuch as Uber and Lyfalso use locaticihased service to make their services

more convenientApp servics such as Vdze utilize user locations to share traffic information.
Locationbased servicgarenow familiarto many usersnd theres a clearneedfor user location

based services for public transportatiget,t o t he best of  tcurrentlythed hor s 6
is no user locatioiased app for public transit service.

System Architecture

Task 2 of the research objectives calls for the developmentramework for a handheld mobile

app fortransitusers a mobile app for transit drivers, and a managemenes@gmogram This
architecture takes advantage of tway connectivity to enable dynamic routing and improved
safety.The connectivity is managed by stored persistence of unique mobile identification numbers.
Continuous sampling of GPS, accelerometer, magmeter, and other sensansa mobile device

such as a smartphone is used to infer accurate locations. Velocity, acceleration, and orientation
data from the mobile device can then be used to correlate modes of travel. Transportation modes
are computed fim GPS coordinates and sensor data. The system is appropriate for a variety of
transportation applications, including autonomous navigation, routing, and tracking.

The research evaluates algorithms to filter noisy sensor measurements and detect motsn chang
Sensor signal processing will enhance accuracy and precise measurements. The filters will include
both lowpass and higipass filters. The lowpass filters will consist of weighted smoothing,
moving average, moving median, and others. Band anddaigifilters are also explored. Kalman
filtering is of particularinterest. Group travel modes are inferred from collaborative data. Sensor
sharing will also provide collaboration between applications. Developers may write tools that
consume sensor data taanporate information into their applications.
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The mobile andVeb interface will allow users to send their origin and destination information to
the transit agency application servéhen the agency software will use that information for
demandresponsie transit routing and scheduling. The GPS location of the mobile device will
provide the tracking information corresponding to the mobile users, which can facilitate transit
software to pick up passengers more efficiently. The transit application wilhatie chances for

a passenger to miss the transit vehiatel therefore increase efficiency and effectiveness.

Sensor and GPS sharingnalso create a social network for collaboratidhe tracking system is
capabl e of trackimgndsbhaA toaewel ohroéndtcanmeéect
Afriendd rCGnqcueesda friend connection is establi
locations become available. Sharing GPS coordinates would allow a cluster of mobile devices to

be tracked.flthe request is accepted, then the corresponding identification is added to the list.

The connected sensor tracksygtem consistsf mobile devicednternet servers, and data storage
systems. Each device has a mobile application for transmitting Git@irtates and sensor data

to the application server. The application servers are capable of HTTP, UDP, Datagrams, and other
TCP/IP protocols. The application server accepts the multiple connections from the mobile
devices. The data storage system is dda@management application. The database management
system consistef entities which relate the mobile device with the associated tracking data. The
DBS can be used to log sensor data, track history, and provieamedbcation.

The programming techiagies include standard programming languages such as Java, Javascript,
and othednternet tools. The database engine is scripted Strinctured Query Languag8QL).

SQL defines a common language for database access. The framework is composed oka networ
of mobile devices]nternet application, and database management system. SQL is based on
relational algebra and therefore provides effective means to select, join, and manipulate data. The
database entities are defined to reflect the attributes ofriserseand GPS receiver. The technical
challenges will include memory requirements, concurrent devices, bandwidth, data storage space,
andreaktime security.

The connected sensor network is a management tool for optimization in transportation. The
traveling buddy social network is applied to the design of a flexible route.

Composition of the User Location -Based Transit App System

The roles of the transit user, thartsitaga c y 6 s ser ver, and driverds t

1. Functions of anobileuser
1 Sendng a travel requestofigin, destination, preferred departure time or arrival time)
1 Receiving a potential travel route, modified by the agency
1 Confirmingthe modified route acceptance (yes or no)
1 Reviewing provided ap of the travel routeincluding stodocations, bus location, driver
information, etc.
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2.

3.

Functions of an agen@yserver

1 Collecting use@ravel requests

1 Making groups with similar travel requests

91 Creating travel routeffom the modified travel requests (stops, stop sequences, departure

and arival times, driver information)

Sendinghe modified travel requests to users

Receiving final travel confirmations from the users

Finalizing travel routes

1 Creating a travel route map

Functions of a drive tablet device

1 Viewing a route map with stop ¢ations, user locations, user information, vehicle locations,
stop sequence, departure and arrival times for each stop

1 Possiby communicathgwith a passenger when the passenger is not at the stop on time

= =4 =4

The usual procesmvisioned for this architecturmeould proceed in the following sequence

© o N O LDRE

User submisthe travel request

Agency collects the travel requests

Agency groups the travel requests

Agency creates a route with potentially madid travel requests

Agency disseminates the route informatiorthivmodified travel requests
User confirms acceptana# the travel route.

Agency finalizethe travel routes

Agency submétthe route information to users anthe driver.

Thedriver uses a travel map to drive and collect passengers

10. In case a passengernot at the bus stogthe driver can communicate witthe passenger

The user locatiobased transit app consists of three elemeetyver databas#e used mobile
appandt he dapp.ver 6s

1.

User mobile apg The basic functions of the user mobilepagre to send thelza StidiRla
requests and receive travel informatiodserscanalsoview reattime transit operational
information, including the bu® la@cationandarrival times at origins and destinations. Figure 1
showsatentative user interfacéor the mobile application.
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Teavel Date and Time

{\ ;
(@) plan arrival

() plan departure

Origin

Destination

Planned amival time

Compute route

2013-04-01 09:24:18

. S— —
bl L I L o 2 Tevdveed eoYEay g AT

% /

Figure 26. Example ofuserinterface of thesmartphone application for transit users

2. Server database The transit agency receives multiple travel requests from mobile app users
and stores those requets in the server database as shown in Figure 2. Those requests can be
modified in terms of origin and destination locations and departure and arrival times at the
database They arehen sent back to users for confirmation.
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& 127.00.1:

6/admin/groupinfo/GroupTravelList jsp’redirectpage=GroupTravelList,jsp

B8 ¥ &4 &

-~ m-%- 0 O

[planned_departure [v | [2014-01-01 00:00:00

[] MSUMC 115 5 false
[] MSU-SE 116 5 false
[] Route4 1135 5 falze
[J MSU-MC 118 5 false
[] MSU-SE 145 3 false
[] Route4 166 1 false
[] Routed4 168 1 false
] Routed 170 1 true
[] Routed 171 1 true
<

[2014-12-21 00:00:00
groupname fraveldataid userlogonid req_complete res_complete real_depariure

false

false

false

true

false

mull

2014-06-10
08:00:00
2013-06-08
10:00:01
2014-06-10
08:00:00
2013-06-08
10:00:01

0000-00-00
08:00:00

mull

null

mull

mull

real_arrival
2014-06-10
08:00:00
2013-06-08
10:00:01
2014-06-10
08:00:00
2014-06-10
08:00:00
2014-06-10
08:00:00
2014-06-10
08:00:00
2014-06-10
08:00:00
2014-06-10
08:00:00
2014-06-10
08:00:00

range select | latitude_dest longitude_dest

lat_orig_route lon_orig_route

39.3435122

null

39.3435122

393435122

393435122

38.984652

394014955

39.4014955

39.0992752

-76.584584599999971 392858482

null mull

-76.584584509999971 392858482

-76.584584599999971 392561164

-76.584584599999971 39.1774042

-77.094709200000011 39.2037144

-76.601912500000026 39.0348317

-76.601912500000026 38.9896967

-76.8483061 392603848

v ||39.328522,-76.597906 | [50 data search

lat_dest_route lon_dest route

origin_route
- N Morgan State Universi
-76.6131105 MD
mull null
R Morgan State Universi
-1 3
6.613110: D
767107494 Morgan State Universii

MD

-76.668392199999971 morgan state university

-76.861046199999976 Bethesda, MD

-76.907473900000014 Towson, MD
-76.937760000000026 Towson, MD

-76.612189300000011 Laurel, MD

Figure 27. Example of adatabase fortransit ag e n c sereess.6

Once flexible routes are generated at the database, tidewiagh indicates the route information,
bus stop information, and passenger inform&tigautomatically created as shownFigure28

to Figure31

3. App for the driverg TheR NJA @ish Mal @rovide bus stop information, arrival and departure
times,and reaitime passenger location as shown in Figure @véler,personalpassenger
information will not be provided to the driver due fwivacy concerns

LOGON | REGISTRATION | PROFILE | CREATE ROUTE | INITIATE REQ. | COMPLETE REQ. | RES. DATA | REQ. RES. DATA | RES. MAP | INSERT DATA | TRACK | TRAJECTORY

groupname % | MSU-MC

Randallstown

Map  Satellite
Eldersburg
) (@)
Sykesville
Marriottsville
) @ z

Woodstock

:R\

Westem
Friendship

Daniels

d (32

Benson

Glenelg

Dayton

@
Clarksville

108!

'planned_depanure

o

Milford Mill

.

Garrison

2014-01-01 00:00:!

Lochearn

'oodlawn

2016-02-02 08:55:.

latitude_dest,longitude_dest 5

Lutherville-Timonium

Glen Burnie |
e .

Edgemere.
ﬁ

Sparrows Point

39.328522 -76.597906 100
(O]
JOPPA
(152 Edgewood
White Marsh
Nottingham
Chase
® T
Middle River Sl 3
owleys F
' Quarters, %
Essex
b
Hart-Miller
Dundalk i Island.

Figure 28. Passengefocations and potential bus stops created at the database
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Fo

R

Bel Air

Traveler Information
Spark

25 Glence UgerID =1
Butler Travel ID =212
Requested Origin = Morgan State University
Requested Destination = Hood College, Frederick, MD 21701
Travel Origin : Morgan State University Fallston
Travel Destination : Hood College, Frederick, MD 21701
Planned departure time = 2015-07-30 09:03:18
Planned arrival time = null
\ Real departure time = 09:03:18
Real arrival time = )

Pedestrian Information

rngsville
UserID:5
Date and Time : 2015-06-05 06:13:23 J
I Latitude : 39.347402
22 & -
Longitude : -76.586733 !
K=
kesville : - - T R
(39 Nottingham
99, Overlea
ROBAND PARK
(a3)
Lochearn ®
Middle River o
0\
oodlawn ‘ AR L . Qu

Figure 29. P a s s arigirpld@ravél eequest and modified travel information.

tyguﬂe\; ...... \ g = P ( . 3
Sparks HUNT VALLEY Vel
AL 9 N bockeysville t Hydes
X Falisin Reisterstown . Q.Egch Raven
& i Ca vt
Boarding fa 'y
. .
Route : MSU-MC WA - Alighting 5
Travel ID: 118 Fork
Departure Time: 2013-06-08 10:00:01 ¢ { 3 X t
Location : Morgan State University, Baltimore, MD D Kingsville K .F;%lf;eel ‘I BAS# SM c E
Gart Arrival Time: 2014-06-10 08:00:00 I
: ‘ Location : John Hopkins University, Baltimore, MD Ere

Boarding . N——— —

| e Tie Parkville

I
Route : MSU-MC | Randallstown
Travel ID: 115 |
Departure Time: 2014-06-10 08:00:00 1 Mafsh '3@ Milford Mill
Location : Morgan State University, Baltimore, MD &t @3 Tochaarn

|

oodlawn N

Catonsvil

tus:

Catonsvill@

Figure 30. Potential bus stop information created at the database
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Baldwin
wksburg (7a0) (30) | Y frac\ Hudac @
152

Reiste
Driver Information

Claytol
Date and Time : 2014-11-26 00:31:43

Driver ID: 1111111
Latitude : 39.328356

(D) Longitude : -76.610806
FlexRoute, also referred to as Flexible Bus Route, caters to the needs of the travelers and pedestrians
im | ion m lightl
Times and location may vary slightly ol
ttsville Milford Mill | {605
@ Lochearn
@ Middle River s
Woodstock (26 owleys
oodlawn 702 (159) Quarters

@) Dbl Rosedale (702)

Essex
702

Oy ¥
(655 Bies
licott City Catonsd 6954
Dundalk Hart-Miller
. undaiki.s7) Island
2 Edgemere

(103

Figure 31. Example of abus driver information app.

Expected Benefits

Sone of the benefits expected from this system architecturasaialows:

More efficient shuttle bus operation (especialiyringlow-demand nighttimehours).
Accurate information for the shuttle service through the mobile app

Improved passenger safety diog nighttime by ensuring pickup

Pedestrian safetat night (pedestrias can provide their location to the police department)

rwONPRE

HTTP protocolis utilized to transmit parameters from mobile devices. The application server
receives these parametessid then submis values to the database management system. The
transmission intervalareapproximately 120 seconds. A slower rate is required as the number of
mobile devices increases due to constraints withm application and database server. A
transmissionnterval of 300secondsis recommended. The application server limits the HTTP
request/response ratand the database management system lithesmaximum number of
simultaneous connections. The application and database congestion is alleviated with the
utilization of additional network protocols and storage systems.

The following is a sample of the transmitted parameters:

w z acceleration:; zacclrtr6.2114563
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x acceleration: xacclrtn 1.5124054

y acceleration: yacclrtn 6.9717865

Z axis rotation: zrotatin =£0.26365373

y axis rotation: yrotatiorr £0.23883891

X rotation: xrotation=10.8286834

date and time: datetime=2016-04-09+07%3A47%3A56
longitude: longitude=£76.60806427

latitude: latitude =39.47141771

user logon ID: userlogon#l103

g ege€egeeeee

An additional olumnwill indicate travel mode. The retne data will be displayed on a map.
Devices within the same social network will have the priviepgewinge a ¢ h  totatioast 6 s

Survey

An online survey was designed and distributed to capture public ombmutuser applescribed

in the system architecturdhis chapter summarizes survey data collection and analysis. The
survey was titledfiSurvey for the User Locatigbased Transit Mobile App and a copy
provided inAppendix C

Data Collection

The survey wasopenonline from April 25 2016 to July 8 2016 and92 usable responses were
collected.The survey mainly recruited in Baltimore, Marylaadd southern VirginigAdvertising
on some online websites like Craigslist veéso among the methods of survey recruitm€&ahle

9 to Table 11 summarize demographics travel behavior, and geographaharacteristics
respectively. The demographkitable includesgender, age, marital stafusousehold annual
income, racel/ethnicity, education, and occupatibnere were more ate participants than
females56.5% to 43.5%. Two age categorigSi 34 (34.8%) and 4%4 (31.5%) covered more
than 65% of pdicipants. The majority of participantsmore than 60%ywere married or in a
domestic partnershipAlmost half of participants had an ramal income between $50,000 and
$100,000. Due to survey recruitmetite majority of participants wer@/hite, followed by Black

or African-American. Similar reas@taused the level of educatiembe a little bit skewedand
75% of participants had at | east a bachel orod
employed and the rest were students (undergraduateyeadiiate).

The majority of participants drive regularly (80%); however, almost 30% of participants use transit
to commute at least once per week. More than halfegsarticipants either commute less than 20
minutes or live in walking distance; howevamgand 20% of participants had comnmgttimes of

more than 40 minutes. The maximum number of transfer paimé® commuting by transitas

two (for 7.6% of participants). Using transit to commrggquiresextra time for the majority of
participants; howewve 38% of participants did not know since they have probably never tried
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transit to commute in the past. Almost half of the participants were familiar with transit apps (in
general) andhaveused at least one in the past.

Due to the survey recruitment, th@jority of participants lived in suburban areas (81%ginly
from Virginia (53%) and Maryland (37%ith a few participants from Connecticut, New Jersey,
Pennsylvania, and Washington, D.C. (all together about 10%). Thetyp&irof commutefor
participants was suburban to suburban (more than g&gwed by suburban to city (15%). The

full list of the cities/urban areas wheaparticipantdive and work/studys provided inAppendix
D.
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Table 9. Summary of P a r t i c Demagraphg Gharacteristics

Demographic Characteristics Count %

Gender Male 52 56.5%
Female 40 43.5%

1824 12 13.0%

2534 32 34.8%

Age 3544 18 19.6%
4564 29 31.5%

65 and over 1 1.1%

Single 36 39.6%

Marital Status In domestic partnership 3 3.3%
Married 52 57.1%

Less than $25,000 12 13.2%

$25,000¢ $50,000 7 7.7%

$50,000¢ $75,000 23 25.3%

Annual Income $75,000¢ $100,000 20 22.0%
$100,000¢ $200,000 18 19.8%

More than $20,000 4 4.4%

Prefer not to answer 7 7.7%

White (nonHispanic) 51 55.4%

Hispanic 4 4.3%

Black or AfricasAmerican 23 25.0%

. Asian 11 12.0%
Race/Ethnicity American Indian or Alaska Native 0 0.0%
Native Hawaiian or other Pacific Islander 0 0.0%

Other 2 2.2%

Prefer not to answer 1 1.1%

Some high school 1 1.1%

High school diploma or GED 9 9.8%

Education Associate's degree 13 14.1%
Bachelor's degree 23 25.0%

Master's degree 31 33.7%

Doctoral or higher 15 16.3%

Undergraduatestudent 11 12.1%

Graduate student 9 9.9%

Occupation Employed 69 75.8%
Not Employed 1 1.1%

Other 1 1.1%

N =92
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Tablel0.Summary of Participantsd Travel Behavior
Travel Behavior Characteristics Count %
L Yes 72 79.1%
DrivingPattern (Regularl
Ving (Regularly No 19 20.9%
None 64 69.6%
. 1-3 12 13.0%
T t F
ransit Use Frequency 26 6 6.5%
7 and more 10 10.9%
Walking distance 6 6.5%
Less than 20 minutes 47 51.1%
Commute Time Less than 40 minutes 19 20.7%
Less than an hour 11 12.0%
More than an hour 9 9.8%
| do not use transit to commute 52 56.5%
No transfer required 13 14.1%
1 transfer 14 15.2%
# Transfer(s
) 2 transfers 7 7.6%
3 or more transfers 0 0.0%
| do not know 6 6.5%
Almost the same 8 9.2%
Less than 20 minutes more 18 20.7%
Transit Extra Time Less than 40 minutes more 8 9.2%
Less than an hour more 5 5.7%
More than an hour more 15 17.2%
| do not know 33 37.9%
Yes 48 52.7%
T it App Familiari
ransit App Familiarity No 23 27 3%
. Yes 46 50.0%
Transit App Use
L APP No 46 50.0%

N =92

Data Analysis

Prior to the analysis, some variable recoding efforts werformedbecausgbased o able9 to
Tablell, some of the participant characteristic cohbetdan insufficient number of participants
(e.g.,age65 and over with just one participant,marital statusin domestic partnershigith only
three participants)After variable recodingguestions from the online survagsociated with the

proposed transapp were analyzed with regard tarficipantcharacteristics

Variable Recoding

The following tables (Table I5Table 25) summariziherecoding efforts for age, marital status,
annual income, race/ethnicity, education, occupation, transit use frequamnute time,
number of transfers, transit extra times, and commute type, respectively. The recoding procedure
was carried out to make sure the modified cohorts indladeeasonable number of participants

thatwould notbiasthe analyses.
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TablelLSummary of Participantsd Geographic Char

Geographic Characteristics | Count %
. City (>=50,000) 17 18.9%
Home Location Category Suburban (<50,000) 73| 811%
CT 1 1.1%
DC 1 1.1%
MD 33 36.7%
State (Home) NJ 1 11%
PA 6 6.7%
VA 48 53.3%
. City (>=50,000) 23 27.7%
Work/Study Location Category Suburban (<50,000) 60 75 3%
CT 1 1.2%
DC 1 1.2%
MD 30 36.1%
State (Work/Study) NJ 0 0.0%
PA 7 8.4%
VA 44 53.0%
City-City 11 13.3%
City-Sububan 5 6.0%
Commute Category (4 groups) SuburbarCity 12 14.5%
SuburbarSuburban 55 66.3%

N =92

Table 12. Recoding Age

Age # %
1824 12| 13.0%
2534 32| 34.8%
Age (original) 3544 18| 19.6%
4564 29| 31.5%
65 and over| 1 1.1%
Total 92 | 100.0%
1834 44 | 47.8%
3544 18| 19.6%
Age (3groups) 45 and over| 30 | 32.6%
Total 92 | 100.0%
1834 44 | 47.8%
Age (2 groups) 35 and over| 48| 52.2%
Total 92 | 100.0%
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Table 13. Recoding Marital Status

Marital Status # %
Single 36| 39.1%
. . In domestic partnership 3 3.3%
Marital Status (orignal) Married 52| 56.5%
Subtotal 91| 98.9%
Missing 1 1.1%
Total 92 | 100.0%
Single 36| 39.1%
Marital Status (2 groups) Married or in domestic partnershijf 55| 59.8%
Subtotal 91| 98.9%
Missing 1 1.1%
Total 92 | 100.0%
Table 14. Recoding Annual Income
Annual Income # %

Less than $25,000 | 12| 13.0%

$25,000¢ $50,000 7 7.6%

$50,000¢ $75,000 | 23| 25.0%

Annual Income (original) $75,000¢ $100,000 | 20| 21.7%

$100,000¢ $200,000| 18 | 19.6%

More than $200,000| 4 4.3%

Prefer not to answer| 7 7.6%

Subtotal 91| 98.9%

Missing 1 1.1%

Total 92 | 100.0%

Less than $50,000 | 19| 20.7%

Annual Income (3 groups $50,000¢ $100,000 | 43 | 46.7%

More than $100,000| 22 | 23.9%

Subtotal 84| 91.3%

Missing 8 8.7%

Total 92 | 100.0%

Note: &Prefer not to answearwasexcluded in recoding.
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Table 15. Recoding Race/Ethnicity

Race/Ethnicity # %
White (nontHispanic) 51| 55.4%
Hispanic 4 4.3%
Black or AfricasAmerican | 23 | 25.0%
Race/Ethnicity (original) | Asian 11| 12.0%
Other 2 2.2%
Prefer not to answer 1 1.1%
Total 92 | 100.0%
White (nonHispanic) 51| 55.4%
- | Black or AfricatAmerican| 23 | 25.0%
Race/Ethnicity (3 groups] Other 17| 18.5%
Subtotal 91| 98.9%
Missing 1 1.1%
Total 92 | 100.0%
Table 16. Recoding Education
Education # %
Some high school 1 1.1%
High school diploma or GE| 9 9.8%
Associat@ degree 13| 14.1%
Education (original) | Bachelo® degree 23| 25.0%
Master@ degree 31| 33.7%
Doctoral or ligher 15| 16.3%
Total 92 | 100.0%
Associat@ degree or lower| 23 | 25.0%
Education (3 groups) Bachelof) degree 23| 25.0%
1 MasterQ @egree or higher | 46 | 50.0%
Total 92 | 100.0%
Table 17. Recoding Occupation
Occupation # %
Undergraduate student 11| 12.0%
Graduate student 9 9.8%
. - Employed 69| 75.0%
Occupaton (original) Not Employed 1 11%
Other 1 1.1%
Subtotal 91| 98.9%
Missing 1 1.1%
Total 92 | 100.0%
Occupation (2 groups] Student or not employed or othe| 22 | 23.9%
Employed 69| 75.0%
Subtotal 91| 98.9%
Missing 1 1.1%
Total 92 | 100.0%
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Table 18. Recoding Transit Use Frequency

Transit Use Frequency # %

None 64| 69.6%

1-3 12| 13.0%

Transit Use Frequency (original) 4-6 6 6.5%
7 and more| 10 | 10.9%

Total 92 | 100.0%

None 64| 69.6%

. Few 12| 13.0%
Transit Use Frequency (3 group Many 161 17.4%
Total 92 | 100.0%

No 64| 69.6%

Transit Use Frequency (2 group| Yes 28| 30.4%
Total 92 | 100.0%

Table 19. Recoding Commute Time

Commue Time # %

Walking distance 6 6.5%
Less than 20 minutes| 47 | 51.1%
Less than 40 minutes| 19| 20.7%
Less than an hour 11| 12.0%
More than an hour 9 9.8%
Total 92 | 100.0%
Less than 20 minutes| 53 | 57.6%
Commute Time (2 groups| More than 20 minuteg 39 | 42.4%
Total 92 | 100.0%

Commute Time (original)

Table 20. RecodingNumber of Transfers

# Transfer(s) # %

| do not use transit to commute 52 56.5%

No transfer required 13 14.1%

. 1 transfer 14 15.2%

# Transfer(s) (original) > ransfers 7 = 6%
| do not know 6 6.5%

Total 92 100.0%

Yes 21 22.8%

Transfer No 13 14.1%
Subtotal 34 37.0%

Missing 58 63.0%
Total 92 100.0%

Note: d do not use transit to commuteandd do not knove were excluded in recoding
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Table 21. Recoding Transit Extra Time

Transit Extra Time # %

Almost the same 8 8.7%
Less than 20 minutes mor| 18 | 19.6%
Less than 40 minutes mor, 8 8.7%
Transit Extra Time (original)| Less than an hour more 5 5.4%
More than an hour more | 15| 16.3%

| do not know 33| 35.9%
Subtotal 87| 94.6%
Missing 5 5.4%
Total 92 | 100.0%

Less than 20 minutes 26 | 28.3%
More than 20 minutes 28| 30.4%

Transit Extra Time (3 groups

| do not know. 33| 35.9%
Subtotal 87| 94.6%
Missing 5 5.4%
Total 92 | 100.0%

Table 22. Recoding Commute Type

Commute Type # %
City-City 11| 12.0%
City-Suburban 5 5.4%
Commute Category (4 groupy SuburbarCity 12| 13.0%
SuburbarSuburban 55| 59.8%
Subtotal 83| 90.2%
Missing 9 9.8%
Total 92 | 100.0%
City-City 11| 12.0%
City-Suburban or Suburba@ity | 17 | 18.5%
Commute Category (3 groups SuburbarSuburban 55| 59.8%
Subtotal 83| 90.2%
Missing 9 9.8%
Total 92 | 100.0%

Analysis of App -related Questions

The last section of the online suneynsistedf nine rating questions referringtee iUserbased
Two-way Mobile Apm thatwas proposed and developed in this stuegure 32 shows these
guestionsParticipants were asked to rate each of these questionscateat1 (least agree) to
10 (most agree)his section provides a review of responses of each of these questions.
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Please rate the following questions from 1 (least agree) to 10 (most agree
Following questions are referring to the "User-based Two-way Mobile App” that has been developed as
part of this research project. In the previous pages, there were few sample screen shots of the mobile app
for transit passengers, bus drivers and transit agencies. Please look at them to understand the app and go
through the following survey questions.

Q19. Do vou think this transit app makes for a safer transit experience during the daytime?

( )
020, Do vou think this transit app makes for a safer transit experience at mght7 ( )
Q21. Do vou think this transit app can improve safety on the university campus? ( )

Q22  If this transit app is connected with the police department. can it be used to improve
nmighttime walking safety?( h]

023, Do vou think this transit app can be used for school bus operation? ( )

Q24.  Are vou comfortable with letting a transit agency lenow your location, if this transit app 1s
only used for the transit operation? ( )

025, Can vou recommend this type of mobile app for transit users7( )

Q26. Are vou willing to use the app and flexible transit service, if it can meet vour need?

( )
Q27. Do vou think this transit app can increase transit ridership? | )

Figure 32. Ratingqu e s t i dJeesbased Twéway Mobile Appo online survey.

Q19.Do you think this transit app makes for a safer transit experience during the daytime?

The averageating for this question was 6.87which was the lowest among all nine questions.

The averageratingsrange from 5.604f¢r participantswhosec o mmut e tlLessithan®0a s A
minute® ) 7.410 (of participants wisgc o mmu t e tMorethan\@@rmsinutés) . Cohort s
with significanty higheraverageaatingswere as follows:

T wl OS«k 9 (i BlatkoOAfricadAheridans with anaveragerating of 7.1301§ < 0.1)
1 h O O dzLJ Siutlentybrot @mployed orOtheré with an averagerating of 7.227 < 0.05)
1 Commute tim&  deattan 20 minute§with anaveragerating of 7.410§ < 0.01)

Figure33 shows the distribution (in percent) of the ratifigsthis quesion. Figure34 andFigure
35 depicttheaverageatingsby participant characteristic cohorts.
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Figure 33. Distribution of ratingsfor fiQ19. Do you think this transit app makes for a safer transit experience
during the daytime?0
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[~Driving Regularly No

—Driving Regularly Yes

[—Car Ownership No

[~Car Ownership Yes

_Occupation (2 groups)
Employed

Occupation (2 groups)
—Student or not employed or
other

7.227| |6.087) |6.321| |6.875| |6.389| |6.316

|_Education (3 groups) Master
degree or higher

|_Education (3 groups) Bachelor

degree
|ma=om.=o:.mu groups)
Associate degree or lower

_Racel/Ethnicity (3 groups)
Other

_Racel/Ethnicity (3 groups)
Black or African-American

_Racel/Ethnicity (3 groups)
White ?o:.Inmwvm:mnu

|_Annual Income (3 groups)
More than $100,000

l_Annual Income (3 groups)
$50,000 - $100,000

|_Annual Income

groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

|_Marital Status (2 groups)
Single

[—Age (3 groups) 45 and over

—Age (3 groups) 3544

[~Age (3 groups) 18-34

[—Gender Female

6.404| [6.325 6.278| [6.233| [6.306| [6.345| [7.105| |5.884| [6.455| |5.902] [7.130] [6.824] |6.913| [6.391] |6.087 |

[-Gender Male

sanjep

p-value < 0.1

Figure 34. Averagerating by participant ch ar a c t e r @18.1D0o you think this tiansit app makes for a safer transit experience dung the

p-value < 0.05

p-value < 0.01

(Part 1)

daytime?0

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education- Occupation- Car Ownership- Driving Pattern

(Regularly
1 The wo different bar colors are for easier distinction betweeraksonly.
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|_Commute Category (3 groups)
Suburban-Suburban

Commute Category (3 groups)
|m_n<-m:_o:_.um: or Suburban-
ity

|_Commute Category (3 groups)
City-City

| Work/iStudy Location
Category Suburban (<50,000)

|_Work/Study Location
Category City (>=50,000)

|_Home Location Category
Suburban (<50,000)

| Home Location Category City
(>=50,000)

Transit App Use No

[~Transit App Use Yes

—Transit App Familiarity No

[~ Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time (3 groups)
Less than 20 minutes

[~Transfer No

—Transfer Yes

?41u| 6] | [6.923] [6.154] [6.357] [6.576] [6.479] [6.279] [6.413] [6326] [6.204] [5.438] [6.739] [6.267] | [6] | [r.235] [6.218

_Commute Time (2 groups)
More than 20 minutes

g—
5.604

|_Commute Time (2 groups)
Less than 20 minutes

6.571

[~ Transit Use (2 groups) Yes

6.281

~Transit Use (2 groups) No

sanjep

p-value < 0.1

Figure 35. Average rating by participant characteristicf o Q19fDo you think this transit app makes for a safer transit experience during the

p-value < 0.05

p-value < 0.01

(Part 2)

daytime?0

Notes:

1 From left to right Transit use Commutetime - Transfer- Transit extra time Transit app familiarity Transit app useHome location category

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between variables only.

58



Q20. Do you thinkthis transit app makes for a safer transit experience at night?

The averageatingfor this question wag.25. Figure36 shows the distribution (in percent) of the

ratingsfor this questionThe averageratingsrange from6.767 (for participantswhoseage was

M5 and over ) 81t7%0 (for participantswhose car ownership wasiNoo ) . Cohorts w
significanty higheraverageatings were as follows:

T /I NJ 2 ¢y S NdhttKakh aBrageéatirg) 68.750(p < 005)
1 Commue timeY dareathan 20 minuteswith anaveragerating of 7897 (p < 0.01)

Figure37 andFigure38 depict averageatingsby participant characteristic coharts

257

20
= 15—
c
]
o
|
[
o
10
=]
0 | T | I T | I T ] T T T T I T T T
0 1 2 3 4 5 B 7 8 g 10
Figure 36. Distribution of ratingsfor fiQ20. Do you think this transit app makes for a safer transit experience
at night?0
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—Driving Regularly No

—Driving Regularly Yes

Car Ownership No

—Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not employed or
other

| Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|mn:nm=o:hu groups)
Associate degree or lower

|_Racel/Ethnicity (3 groups)
Other

|_RacelEthnicity (3 groups)
Black or African-American

|_Racel/Ethnicity (3 groups)
White ?o:.Iﬂvm:E

|_Annual Income (3 groups)
More than $100,000

_Annual Income (3 groups)
$50,000 — $100,000

|_Annual Income

groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

|_Marital Status (2 groups)
Single

—Age (3 groups) 45 and over

—Age (3 groups) 3544

—Age (3 groups) 18-34

[—Gender Female

7.096 |T.45J 7.386| |7.722| |6.767| ||7.25 Iﬁl 7.842| |6.953| |7.136| (7.039| [7.130 |§| 7.435| |7.348] |7.109] [7.545| |7.159 ?1l?| 8.75) |7.194| |7.526

—Gender Male

sanjep

p-value < 0.1

Figure 37. Averagerating by participant ch ar a c t e r @26.1Do you think this tfiansit app makes for a safer transit experience at night?

p-value < 0.05

p-value < 0.01

1)

(Part

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education- Occupation Car Ownership- Driving Pattern

(Regularly
1 The wo different bar colorare for easier distinction between variables only.
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| Commute Category (3
groups) Suburban-Suburban

Commute Category (3
—groups) O#_...m:uu:_&m: or
Suburban-City

| Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (>=50,000)

|_Home Location Category
Suburban (<50,000)

|_Home Location Category City
(»=50,000)

[~Transit App Use No

[~Transit App Use Yes

—Transit App Familiarity No

—Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time roups
Less than 20 3_::"% groups)

—Transfer No

~Transfer Yes

0.05

|_Commute Time (2 groups)
More than 20 minutes

_Commute Time (2 groups)
Less than 20 minutes

—Transit Use (2 groups) Yes

~Transit Use (2 groups) No

7.187| [7.393 |sm 7.897) | [1] | [r.462] | [1.5] | [7.214] [6.939] [7.354] [7.116] [7.261] [7.239] [7.412] [r.260] [7.391] [7.217] | [7] | [7.824] [r.145

sanjep

Figure 38. Averagerating by participant characteristic f o Q20fiDo you think this transit app makes for a safer transit experience at night?

p-value < 0.1

p-value < 0.05

p-value < 0.01

2)

(Part

Notes:

1 From left toright: Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location category

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between asaimly.
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Q21. Do you think this transit app can improve safety on the university campus?

The average score for this question w&58. Figure39 shows the distribution (in percent) of the
ratingsfor this quetion. The averagescores range from 6.418( participantswhoseeducation

w a Masited degree or highér) t o for®artici@abtsvifosec ar own er s hThgre wa s
were five ohorts with significarly higheraverageatings for this questionwhich putit on top of

the listwith iQ26. Are you willing to use the app and flexible transit service, if it can meet your
need® The cohortwere as follows:

T 9RdzOI G A2 yORBR $3INES O NJariS2emdaidting oB7A686F < 0.05)
1 Drivingpattern (regularl)Y & b 2 @anaveragérdingof 7.842 p< 0.1)

T ¢NIyaArild dzaSaveragegatthgaf 7.581pik R.1)

1 Commute tim&¢f areathan 20 minuteswith anaverageratingof 7.462(p < 0.1)
T ¢NI yairld NI sn@veRdetingoB®H&0.19 A (i K

Figure40 andFigure41 depict average ratiisdy participant characteristic cohorts.
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Figure 39. Distribution of ratingsfor fiQ21. Do you hink this transit app can improve safety on the university

campus®d
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—Driving Regularly No

—Driving Regularly Yes

[—Car Ownership No

[~Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[—Student or not employed or
other

|_Education (3 groups) Master
degree or higher

0.05

[

|_Education (3 groups)
Bachelor degree

7.391] [6.413) [7.182] [6.899| [6.869] [8.125] [6.764] [7.342]

|_Education (3 groups)
Associate degree or lower

|_Racel/Ethnicity (3 groups)
Other

| RacelEthnicity (3 groups)
Black or African-American

|_Racel/Ethnicity (3 groups)
White (non-Hispanic)

|>:=:m__:oo_....mﬁ_.o=umu
More than a\_oo.oow

|_Annual Income (3 groups)
$50,000 - $100,000

|_Annual Income (3 groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

|_Marital Status (2 groups)
Single

—Age (3 groups) 45 and over

7.056 E‘ 6.806| |7.036| |7.926] |6.744| |6.955| [6.686| (7.922| [7.118| |7.696

—Age (3 groups) 35-44

[1

—Age (3 groups) 18-34

—Gender Female

—Gender Male

6.923| ||7.05]

sanjep

p-value < 0.1

Figure 40. Averagerating by participant ch ar a c t e r @24.1Do you think this tansit app can improve safety on the university campus? ( Par t

p-value < 0.05

p-value < 0.01

1)

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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| 01 ]

| 01 ]

| 01 ]

6.818

|_Commute Category (3
groups) Suburban-Suburban

7412

Commute Category (3
I~ _.ozvmu o_m.« -Suburban or
:c:..rm: i

7.273

| Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (>=50,000)

6.890] [7.217] [6.917

| Home Location Category
Suburban (<50,000)

7.588

| Home Location Category City
{(>=50,000)

~Transit App Use No

6.848] [7.109

—Transit App Use Yes

6.907

[~ Transit App Familiarity No

—Transit App Familiarity Yes

6.818] [7.021

|_Transit Extra Time (3 groups)
| do not know.

6.75

|_Transit Extra Time (3 groups)
More than 20 minutes

73]

|_Transit Extra Time (3 groups)
Less than 20 minutes

8]

6.719] [7.571] l6.623| [7.462] l6.619]

—Transfer No

—Transfer Yes

_Commute Time (2 groups)
More than 20 minutes

_Commute Time (2 groups)
Less than 20 minutes

—Transit Use (2 groups) Yes

—Transit Use (2 groups) No

sanjep

Figure 41. Averagerating by participant ch ar a c t e r Q24.1Do you think this tfansit app can improve safety on the university campus? ( Par t

p-value < 0.1

p-value < 0.05

p-value < 0.01

2)

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location category

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between variables only.
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Q22. If this transit app is connected with the police depa rtment, can it be used to improve
nighttime walking safety?

The average rating for this question wa804, which wasthe highest among all nine questions
Figure42 shows the distribution (in percent) of the rgsifior this questionThe averageatings
range from 6.90%¢r participantsvhosecommute type walCity-Cityo )  38@(forarticipants
whoseagewas 35i 44). Therewas only onecohort witha significanty higher averagerating,
Commut e t i me0 minuldd r wanavhragaating of8.308(p < 0.05).

Figure43 andFigure44 depict average ratiisdpy participant characteristic cohorts.

Percent

104

0 |—|I | | | I

T T J T T T T T T T
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Figure 42. Distribution of ratingsfor fiQ22. If this transit app is connected with the police department, can it
be used to improve nighttime walking safety®
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[~Driving Regularly No

[~Driving Regularly Yes

B.375| |7.722| |8.211

[—Car Ownership No

7.75

[~Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not employed or
other

|_Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|_Education (3 groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

|_Race/Ethnicity (3 groups)
Black or African-American

|_Race/Ethnicity (3 groups)
White (non-Hispanic)

|>:::u__=no=._ma_.o=umu
More than w\_oo.oow

|_Annual Income (3 groups)
$50,000 - $100,000

7.842| |7.651| |8.182| |7.784| |7.652| [8.059| (8.261| [7.478| |7.739| (7.455| [7.913

|_Annual Income (3 groups)
Less than $50,000

Bl

Marital Status (2 groups)
—Married or in domestic

partnership

|_Marital Status (2 groups)
Single

[—Age (3 groups) 45 and over

—Age (3 groups) 35-44

—Age (3 groups) 18-34

[—Gender Female

7.673| |7.975| |7.614| |8.389| |7.733| [7.472

-Gender Male

sanjep

p-value < 0.1

Figure 43. Averagerating by participant ch ar a c t e r @28.1f this trahsit app i§ connected with the police department, can it be used to improve

p-value < 0.05

p-value < 0.01

1)

(Part

nighttime walking safety?

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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|_Commute Category (3
groups) Suburban-Suburban

Oo_._.__._._:nm Category (3
_.ozvmu o_m.« -Suburban or
:c:..rm: i

| Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (>=50,000)

| Home Location Category
Suburban (<50,000)

| Home Location Category City
{(>=50,000)

—Transit App Use No

—Transit App Use Yes

[~ Transit App Familiarity No

—Transit App Familiarity Yes

| _Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time (3 groups)
Less than 20 minutes

[~ Transfer No

—Transfer Yes

_Commute Time (2 groups)
More than 20 minutes

_Commute Time (2 groups)
Less than 20 minutes

[~Transit Use (2 groups) Yes

7.844] 7714 |?434 {8308} | [7] | [8.231] [7.885] [7.464] | [8] | [7.604] [7.977] [7.609] | [8] | [7.353] [7.986] [7.565] | [8] | [6.909 3.1?5 7.982

—Transit Use (2 groups) No

sanjep

Figure 44. Averagerating by participant ch ar a c t e r Q28&.f this trahst app if connected with the police degrtment, can it be used to improve

p-value < 0.1

p-value < 0.05

p-value < 0.01

2)

(Part

nighttime walking safety?

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location category

Work/study location categpr Commute category
1 The wo different bar colors are for easier distinction between variables only.
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Q23. Do you think this transit app can be used for school bus operation?
The average rating for this question Was11. Figure45 shows the distribution (in percent) of the
ratingsfor this questionThe averageating rangd from 6.818 for participantsvhosecommute

type we&d tiy@i)t yorgartBipabt®vboset ar owner ship was HANo0O
significanty higheraverageatings were as follows:

T /I NJ 26y SNE KahaRragaaird) of 8.625§i<0.1)
T /2YYdziS GAYSY aa2 NBanaviraggatimgof80R(ydal®ss a ¢ oA (K

Figure46 andFigure47 depict average ratisdy participant characteristic cohorts.

304

Percent

207

10
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1 3 4 5 5] T a8 Q 10

Figure 45. Distribution of ratingsfor AiQ23. Do you think this transit app can be used for school bus
operation?0
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~Driving Regularly No

~Driving Regularly Yes

—Car Ownership No

—Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not employed or
other

[7.5]| [8.045| [7.348| [7.405] [8.625] [7.431| [7.895

|_Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|mn:omﬂ_o:ﬂmu groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

|_Race/Ethnicity (3 groups)
Black or African-American

|_Racel/Ethnicity (3 groups)
White ?o:.Iﬁvm:E

|_Annual Income (3 groups)
More than $100,000

_Annual Income (3 groups)
$50,000 - $100,000

|_Annual Income

groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

|_Marital Status (2 groups)
Single

[~Age (3 groups) 49 and over

7.167| |7.367| |7.639| (7.382| (7.789| |7.395| |7.682| (7.333| |7.783| |7.588| B.087| |6.957

—Age (3 groups) 35-44

7.713

—Age (3 groups) 18-34

[~Gender Female

7.769| |7.173

—Gender Male

sanjep

p-value < 0.1

Figure 46. Averagerating by participant ch ar a c t e r @28.1Do you think this tfiansit app can be used for school bus operatioa? ( Par t

p-value < 0.05

p-value < 0.01

1)

Notes:

9 From left to right Gender Age - Marital Status Annual Income Race/Ethniciy - Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.

69



0.05

|_Commute Category (3
groups) Suburban-Suburban

Oo_._.__._._:nm Category (3
-.o:vmu o__n..w -Suburban or
:U:_.rmz i

|_Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (>=50,000)

| Home Location Category
Suburban (<50,000)

| Home Location Category City
(>=50,000)

—Transit App Use No

[~ Transit App Use Yes

~Transit App Familiarity No

[~ Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time (3 groups)
Less than 20 minutes

[~Transfer No

[~ Transfer Yes

ll1l3| 7.143| [8.308] [7.962] [7.179] [7.303] [7.708] [7.279] [r.522] |[7.5] | [7.353] |7.630] [7.565] [7.533] |ﬁ.B1B 3.294 7.455

|_Commute Time (2 groups)
More than 20 minutes

p—
7.075

| Commute Time (2 groups)
Less than 20 minutes

7.607

—Transit Use (2 groups) Yes

7.469

—Transit Use (2 groups) No

sanjep

Figure 47. Averagerating by participant ch ar a c t e r @28. Do youthinkthis tnsit app can be used for school bus operatiorn?

p-value < 0.1

p-value < 0.05

p-value < 0.01

2)

(Part

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location category

Work/study location categyp - Commute category
1 The wo different bar colors are for easier distinction between variables only.
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Q24. Are you comfortable with letting a transit agency know your location, if this transit app is
only used for the transit operation?

The average ratqhfor this question wag.11 Figure48 shows the distribution (in percent) of the
ratingsfor this questionThe averageratings range from 5.952f@r participantswhosetransit
transfer was fdr geetisipantswhosew @r. /55t dy | ocaCity on c at
(>=50,000® ) . Cohor t s lyhigherdverag@agngsiwére as mllows:

T ¢NF¥yairid (NI gnaveddetingob72023g¢R05)K
f 22N)] kaiddzRe f 2 Gty (PA52,008) O lgah vBraghdtivg ofd7.957§ < 0.1)

Figure49 andFigure50 depict average ratisdy participant characteristic coharts

257

159

Percent

10
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1 2 3 4 g [ 7 g 9 10

Figure 48. Distributi on of ratings for iQ24. Are you comfortable with letting a transit agency know your
location, if this transit app is only used for the transit operation®
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—Driving Regularly No

[Driving Regularly Yes

—Car Ownership No

[~Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not m:..L.oﬁa or
other

| Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|_Education (3 groups)
Associate degree or lower

|_Racel/Ethnicity (3 groups)
Other

| RacelEthnicity (3 groups)
Black or African-American

|_RacelEthnicity (3 groups)
White (non-Hispanic)

|>=:=m__:ooam_..w_.o:vmu
More than a\_oo.oo&

|_Annual Income

roups)
$50,000 - $100, oom

|_Annual Income (3 groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

| Marital Status (2 groups)
Single

[~Age (3 groups) 45 and over

—Age (3 groups) 35-44

—Age (3 groups) 18-34

—Gender Female

7.135| |7.075| |7.227| |7.167 lﬁ‘ 7.139| [7.073| |7.579| |6.744| |7.682| [7.039| |6.826| |7.647| (7.348| (6.435| [7.326| |7.455| |6.986| (7.060| |7.625| |6.986| |7.632

[~Gender Male

sanjep

p-value < 0.1

Figure 49. Averagerating by participant ch ar a c t e r @24. tArie you domfortakfie with letting a transit agency know your location, if this transit

p-value < 0.05

p-value < 0.01

1)

(Part

app is only used for the transit operation®

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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|_Commute Category (3
groups) Suburban-Suburban

Oo_._.__._._:nm Category (3
_.ozvmu o_m.« -Suburban or
:c:..rm: i

| Commute Category (3
groups) City-City

_Work/Study Location
Category Suburban (<50,000)

_Work/Study Location
Category City (>=50,000)

| Home Location Category
Suburban (<50,000)

| Home Location Category City
{(>=50,000)

~Transit App Use No

—Transit App Use Yes

[~ Transit App Familiarity No

—Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time (3 groups)
Less than 20 minutes

—Transfer No

—Transfer Yes

| Commute Time (2 groups)
More than 20 minutes

|_Commute Time (2 groups)
Less than 20 minutes

[~Transit Use (2 groups) Yes

7.094] [7.143] [6.981] [7.282] |5.952| 7.923)| | [7.5] | [6.393] [7.121] [7.208] [6.977] [7.087] [7.130] [7.235] [7.164] [7.957] [6.783] [7.818 ?.529 6.836

—Transit Use (2 groups) No

sanjep

Figure 50. Averagerating by participant ch ar a c t e r @24.tArie gou ¢omfortakiie with letting a transit agency know your location, if this transit

p-value < 0.1

p-value < 0.05

p-value < 0.01

2)

(Part

app is only used for the transit operation®

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location categy -

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between variables only.
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Q25. Can you recommend this type of mobile app for transit users?

The average rating for this question Wa%/8. Figure51 shows the distribution (in percent) of the
ratingsfor this question.The averageratings range from 6.095f@r participantswhosetransit
transfer was fdraetisipantswhosetradsit thaBséer wva@ A No 0 ) . Cohort
significanty higheraverageatings were as follows:

1 / 2 YYdzi S Mdreitha® 20 minutes  gah divéragerating of 7.615§ < 0.05)
T ¢NI}yaAlG (NI snaveddaitingobssss s hoi)K

Figure52 andFigure53 depict average ratisdy participant characteristic cohsrt

207

15

Percent

104

5
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Figure 51. Distribution of ratingsfor fiQ25. Can you recommend this type of mobile app for &nsit usersd
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[~Driving Regularly No

[~Driving Regularly Yes

—Car Ownership No

[—Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not m:..L.oﬁa or
other

| Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|_Education (3 groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

|_Race/Ethnicity (3 groups)
Black or African-American

|_Race/Ethnicity (3 groups)
White (non-Hispanic)

|b::=m__:no=._mﬁ_.o:_emu
More than m\__oo.oomu

|_Annual Income

roups)
$50,000 - $100, oom

|_Annual Income (3 groups)
Less than $50,000

Marital Status (2 groups)
—Married or in domestic

partnership

| Marital Status (2 groups)
Single

—Age (3 groups) 45 and over

—Age (3 groups) 35-44

—Age (3 groups) 18-34

7.199| |6.611| |6.933| [7.056| |6.927| |7.737| |6.558| |7.455| |6.569| |7.522| |7.412| [7.565| (6.692| [6.848| |7.727| |6.725| |6.940| |7.375| |6.889| |7.368

6.95

[~Gender Female

]

—Gender Male

sanjep

p-value < 0.1

Figure 52. Averagerating by participant ch ar a c t e r @25. {Cangoufreoommend this type of mobile app for transit userg?

p-value < 0.05

p-value < 0.01

1)

(Part

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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| 0.01 ]

6.095| |8538 71577 |6.607 |6.?2T 7.208) |6.744 |T.I]65 6.391| 6.941] |7.041 ?.522| 6.73|| |[7.182| |7.412] [6.782

| 0.05 ]

| Commute Category (3
groups) Suburban-Suburban

Commute Category (3
—groups) O#_...m:uu:_&m: or
Suburban-City

| Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (>=50,000)

|_Home Location Category
Suburban (<50,000)

|_Home Location Category City
(»=50,000)

[~Transit App Use No

[~Transit App Use Yes

—Transit App Familiarity No

—Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time roups
Less than 20 3_::"% groups)

—Transfer No

—Transfer Yes

|_Commute Time (2 groups)
More than 20 minutes

_Commute Time (2 groups)
Less than 20 minutes

—Transit Use (2 groups) Yes

6.828( [7.321 |6.5I]9 7.6150 ||

~Transit Use (2 groups) No

Figure 53. Averagerating by participant characteristic fo r Q26. Can you recommend this type of mobile app for transit userg?

p-value < 0.1

p-value < 0.05

p-value < 0.01

2)

(Part

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location category

Work/study locatio category Commute category
1 The wo different bar colors are for easier distinction between variables only.
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Q26. Are you willing to use the app and flexible transit service, if it can meet your need?

The average rating for this question Wa489. Figure54 shows the distribution (in percent) of the

ratingsfor this questionTheaverageatingsrange from 6.90%¢r participantsvhosetransit extra

timew a d doimot know ) t o forgarticipadtsvliosetrarsittransfewas A No0oO) . Ther
five cohorts with significamy higheraverageratings for this questionwhich putit on top of the

list with iQ21. Do you think this transit app can improve safety on the university catiplus?

cohorts were as follows:

T ! yydz f Mefeizay®& 00,080 anévéragerating of8.227(p< 0.1)

1 Driving Pattern (Regularly) & b 2 @navéragérdting of8.474(p < 005)

T ¢NIyaAirild dzaSaveragegating éf8.143¥pik R.1)

T ¢NI yairld NI gnaveddaitingoiBFE9(p A1 K

T ¢NIyaArild Sdsdihah 20 mihuteS Yoandviragerating of8.423(p < 0.05)

Figure55 andFigure56 depict average ratiisdgpy participamn characteristic cohorts.

Percent

207

104

. 1]
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Figure 54. Distribution of ratingsfor iQ26. Are you willing to use the app and flexible transit service, if it can
meet your need®
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—Driving Regularly No

Driving Regularly Yes

[—Car Ownership No

[~Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
(~Student or not employed or
other

|_Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|_Education (3 groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

|_Race/Ethnicity (3 groups)
Black or African-American

|_Race/Ethnicity (3 groups)
White (non-Hispanic)

|>=::u__=noama_.o=umu
More than maoo.oow

_Annual Income (3 groups)
$50,000 - $100,000

_Annual Income (3 groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

|_Marital Status (2 groups)
Single

[—Age (3 groups) 45 and over

—Age (3 groups) 35-44

—Age (3 groups) 18-34

[—Gender Female

7.538| [7.425| [1.505] [7.722] [7.267| [7.472| [7.455] [8.158] [7.116] [8.227] [7.353] [7.348] | [8] | [7.130] [7.435] [7.696] | [8] | [7.319] [7.405] [8.375] [|7.25 |lm|

-Gender Male

sanjep

p-value < 0.1

Figure 55. Averagerating by participantch ar a c t e r @26.tAiie gou Wilbng to fise the app and flexible transit service, if it can meet your need?

p-value < 0.05

p-value < 0.01

(Part 1).

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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| Commute Category (3
groups) Suburban-Suburban

Commute Category (3
[-groups) O_E-m:wa:_.uw: or
Suburban-City

|_Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (»=50,000)

| Home Location Category
Suburban (<50,000)

| Home Location Category City
(>=50,000)

~Transit App Use No

[~ Transit App Use Yes

[~Transit App Familiarity No

—Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time (3 groups)
Less than 20 minutes

—Transfer No

—Transfer Yes

|_Commute Time (2 groups)
More than 20 minutes

|_Commute Time (2 groups)
Less than 20 minutes

—Transit Use (2 groups) Yes

—Transit Use (2 groups) No

sanjep

Figure 56. Averagerating by participant ch ar a ¢ t e r @26. tArie gou Wilbing to Gise the app and flexible @nsit service, if it can meet your need?

p-value < 0.1

p-value < 0.05

p-value < 0.01

(Part 2).

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location category

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between variables only.
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Q27. Do you think this transit app can increase transit ridership?
The average rating for this question Wa26l. Figure57 showsthe distribution (in percent) of the
ratings to this question.

Theaverageaatings range from 6.824f¢r participantsvhosec o mmut e cat e@Qiyry typ
Suburban or Suburba@ityo )  tfoo parficipdntsvhosec ar o wner s hThere weees fi NO ¢
no whats with significanty higheraverageatings.

Figure58 andFigure 59 depict average ratiisdy participant characteristic cohorts.

257

157

Percent

104

[ 1
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Figure 57. Distribution of ratingsfor fiQ27. Do you think this transit app can increase transit ridership®
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& [~Driving Regularly No

[7097]| |

[Driving Regularly Yes

5]

—Car Ownership No

[—Car Ownership Yes

| Occupation (2 groups)
Employed

Occupation (2 m__.o:ﬂ-mu
—Student or not employed or
other

| Education (3 groups) Master
degree or higher

7.304]| [7.638] |[7.159] [[7.190]

| Education (3 groups)
Bachelor degree

i

|_Education (3 groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

7647 [[7.435]

|_RacelEthnicity (3 groups)
Black or African-American

|_RacelEthnicity (3 groups)
White ?o:-I_w..u.cm:mnu

|_Annual Income (3 groups)
More than $100,000

Lu.:::m__:no_._._o om_.o:vmu
$50,000 - $100,00

|_Annual Income (3 groups)
Less than $50,000

Marital Status (2 groups)
—Married or in domestic

partnership

|_Marital Status (2 groups)
Single

7.a08| [7273] |75e] [Fos3)| [7rar] [7ove] [7aw]

—Age (3 groups) 45 and over

|7 333]

7 AGT

~Age (3 groups) 3544

7.25

—Age (3 groups) 18-34

745

[~Gender Female

[~Gender Male

[7115]

sanjep

p-value < 0.1

Figure 58. Averagerating by participant ch ar a ct e r @23.1Do you thirdk this tfansit app can increase transit ridership® P4rt 1).

p-value < 0.05

p-value < 0.01

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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[Driving Regularly No

[7.007) [7247]

[Driving Regularly Yes

[3]

—Car Ownership No

[—Car Ownership Yes

| Occupation (2 groups)
Employed

Occupation (2 a_.o:_amw
—Student or not employed or
other

| Education (3 groups) Master
degree or higher

7.304]| |7838] |[7158]| |[7.190]

|_Education (3 groups)
Bachelor degree

i

|_Education (3 groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

7.647) |7 .435]

|_Racel/Ethnicity (3 groups)
Black or African-American

|_Racel/Ethnicity (3 groups)
White ?o:-_.__.w_ew:_nu

|_Annual Income (3 groups)
More than $100,000

Lp:::m__:oo_..._m om..o:vmu
$50,000 - $100,00

|_Annual Income (3 groups)
Less than $50,000

Marital Status (2 groups)
—Married or in domestic

partnership

|_Marital Status (2 groups)
Single

7308 [[7273] [7s7a| (7o) [r727] [7ovsl| [7.a3w]

~Age (3 groups) 45 and over

|7 333

7167

FAge (3 groups) 35-44

7.25

—Age (3 groups) 18-34

745

—Gender Female

[~Gender Male

[7.115]

sanjep

p-value < 0.1

Figure 59. Averagerating by participant ch ar a c t e r Q27t Do yasl thihkahis trénsit app can increase transit ridership®

p-value < 0.05

p-value < 0.01

2)

(Part

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Trarsit app familiarity- Transit app useHome location category

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between variables only.
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Comparison of App-related Questions

Table23 shows the sorted (from maximum to minimuaverageratings for nine different app
related question&ohortbased)the table alsshows theninimumand maximum average ratsg
by a particular cohort (which wafor different apprelated questionslrigure60 showsabar chart

of the values in the tahl@Q22. If this transit app is connected with the police department, can it

be used to improve nighttime walking safety?h a d

t hveraglatimgl{7e8@)ta n Q19
Do you think this transit app makes for a safer transit experience during the daytimb?a d
lowest value (6.30). A t-test revealed that there was a significant difference bettheemerage
value of Q22 (M = 7.80, SD 2.007) andheaveragevalue of Q19 (M = 6.37, SD = 2.31@)91)

=16.694,p < 0.001.
Table 23. Comparison of Cohort-BasedAverage, Minimum, and Maximum Values of App-Related Questions
Question ,(A\S\I/)?tr:g)e Min. Max.
QZZ. If this tr_ansn app is cqnnected _W|th the police department, 7 804 6.909 8.389
it be used to improve nighttime walking safety?
Q23. D_o you think this transit app can be used for school bus 7511 6.818 8625
operation?
Q26. Are you willing to use the app and flexible transit service, if 7 489 6.900 8.769
can meet your need?
Q27. Do you think this transit app can increase transit ridership? 7.261 6.824 8.000
Q20. !Do you th|_nk this transit app makes for a safer transit 7 250 6.767 8.750
experience at night?
Average 7.190 - -
Q24._Are_yoq comfo_rtable Wlth letting eansit agency know your 7109 5 952 7 957
location, if this transit app is only used for the transit operation?
Q25. Can you recommend this type of mobile app for transit use 6.978 6.095 8.538
Q2_1. Dp you think this transit app can improve safetyhmn t 6.978 6.413 8195
university campus?
Q19. Do you think this transit app makes for a safer transit 6.370 5 604 7 410

experience during the daytime?
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10

Min.
Average

6.370

7.250

Max.
Average

7.804

— Min.

7.489
6.978

I Max. — Average

Figure 60. Comparison of cohort-based aerage,min., & max. of app-related questions
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Combined Ratings

The researchteam decided to combine soroé the ratings of the nine appelated question
together and categorize them based on their similar attribntkereither safety efficiency, or
privacy, as shown ifrable24. The unweighted total score was calculaseshn average value of
all apprelated ratings.

Table 24. Combining Rating Scores

Category
Safety | Efficiency | Privacy Unweighted Total Sore

Question

Q19. Do you think this transit app makes
for a safer transit experience during the
daytime?

Q20. Do you think this transit app makes
for a safer transit experience at night?

Q21. Do you think this transit app can
improve safety onhie university campus?

Q22. If this transit app is connected with
the police department, can it be used to
improve nighttime walking safety?

Q23. Do you think this transit app can be
used for school bus operation?

Q24. Are youamfortable with letting a
transit agency know your location, if this
transit app is only used for the transit
operation?

Q25. Can you recommend this type of
mobile app for transit users?

Q26. Are you willing to use the app and
flexible transit service, if it can meet your
need?

Q27. Do you think this transit app can
increase transit ridership?
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Combined Safety Attribute

The average rating for ¢ficombinedsafety attributavas7.161 Figure61 shows the distribution
(in percent) of theaveragerating of this attribute The average rating rangdrom 6.728

(participantswhoset r ansi t t r an <.882 (particigastswhioseeas avhershipyas

ANoO) . Cohor ttlghigher avdrageratigguerefas falamvs:

1 / 2 YYdzi S Mdreitha® 20 minutes  gah divérage rating of 7% (p < 0.05)
1 ¢NI} yaAlG (NI snavedderating &7 878 (p 61§ K

Figure 62 and Figure 63 depict average ratisgby participant characteristic cohortsr the
combined safetgttribute

104

a1

Percent
]
]
|
]

4

NEITLTRATRELARAY] UL

I | I | I 1 1 I LI [N |
1.00 286 414 471 514 257 586 614 657 7.00 729 757 786 814 543 871 900 943 971
Figure 61. Distribution of averageratingsfor combined safety attribute .
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—Driving Regularly No

—Driving Regularly Yes

[—Car Ownership No

[—Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not employed or
other

| Education (3 groups) Master
degree or higher

7.099| |7.028| |7.539] |7.037| |7.083| |7.982| [7.044| (7.669

|_Education (3 groups)
Bachelor degree

|mn:omn_o:nmu groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

|_RacelEthnicity (3 groups)
Black or African-American

|_Race/Ethnicity (3 groups)
White A:o:.Inwmvm:E

|_Annual Income (3 groups)
More than $100,000

_Annual Income (3 groups)
$50,000 - $100,000

|_Annual Income

groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

|_Marital Status (2 groups)
Single

—Age (3 groups) 45 and over

—Age (3 groups) 3544

—Age (3 groups) 18-34

[—Gender Female

7.107| |7.232| |7.208| |7.278| (7.024| (7.095| |7.177| |7.684| |6.857| |7.448| 6.916| |7.385| |7.580| |7.491

—Gender Male

sanjep

p-value < 0.1

p-value < 0.05

p-value < 0.01

Figure 62. Averagerating by participant characteristic for combined safety attribute (Part 1).

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Patten

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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| 01 ]

?652| [6.728] [7.978] [7.549] [6.944] [6.987] |7.262] [7.037] [7.186] [7.137] [7.303] |7.186] [7.354] |7.090] |?.132 ?.462 7.068

[ 0.05 ]

|_Commute Category (3
groups) Suburban-Suburban

Oo_._.__._._:nm Category (3
_.o:u_mu o__n..w -Suburban or
:_u:-.rm: i

|_Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (>=50,000)

| Home Location Category
Suburban (<50,000)

| Home Location Category City
(>=50,000)

—Transit App Use No

[~ Transit App Use Yes

—Transit App Familiarity No

[~ Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time (3 groups)
Less than 20 minutes

—Transfer No

—Transfer Yes

|_Commute Time (2 groups)
More than 20 minutes

7.469] 116.801

| Commute Time (2 groups)
Less than 20 minutes

[~ Transit Use (2 groups) Yes

7.027

—Transit Use (2 groups) No

sanjep

p-value < 0.1

p-value < 0.05

p-value < 0.01

Figure 63. Averagerating by participant characteristic for combined safety attribute ( Part 2).

Notes:

1 From left to right Transt use- Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location category

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between variables only.
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Cambined Efficiency Attribute

The average rating for ¢hcombined efficiency attributewas 7.310. Figure 64 shows the
distribution (in percent) of the average rasrigr this attribute.The average ratirsyange fran

6.905 (participantsvhoset r ansi t transf er wa swhis#tmrsidtiansfero 8 . 3 &
was fANoo) . Co h dyhigser aweragehratisyverg asifdllaws: a n t

T ¢NIF yairild NI gn@verdadeating of 8.38% @& R05)K
 Transitex NI GAYSY d&[ Saa aaakdrage ratimg of704p¢0.H3 ¢ o6 A (K

Figure 65 and Figure 66 depict average ratirsgby participant characterist cohorts for this
attribute.
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~Driving Regularly No

~Driving Regularly Yes

[—Car Ownership No

[—Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not employed or
other

|_Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|mn:omﬂ_o:ﬂmu groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

|_Race/Ethnicity (3 groups)
Black or African-American

|_Racel/Ethnicity (3 groups)
White ?o:.Iﬁvm:E

|_Annual Income (3 groups)
More than $100,000

_Annual Income (3 groups)
$50,000 - $100,000

|_Annual Income

groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

|_Marital Status (2 groups)
Single

[~Age (3 groups) 49 and over

—Age (3 groups) 35-44

—Age (3 groups) 18-34

[~Gender Female

7.356 |T.25J 7.426| |7.167| |7.225| |7.368| (7.259| |7.B16| |7.041| (7.773| 7.083| |7.511| |7.662| (7.554| |7.011| |7.337| |71.852| |7.138| |7.235| [8.094| [7.167| (7.921

—Gender Male

sanjep

p-value < 0.1

p-value < 0.05

p-value < 0.01

Figure 65. Averagerating by participant characteristic for combined efficiency attribute (Part 1) .

Notes:

9 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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| Commute Category (3
groups) Suburban-Suburban

Commute Category (3
[—groups) o_E-mcwaE&w: or
Suburban-City

| Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (»=50,000)

| Home Location Category
Suburban (<50,000)

| Home Location Category City
(>=50,000)

—Transit App Use No

[~ Transit App Use Yes

[~Transit App Familiarity No

—Transit App Familiarity Yes

8385| 7.942 m [6.9?0' 7.521) |7.064) |7.424] (7.196] |7.456) |7.339 |7.533 |T.192 7477 7471 [7.191

_Transit Extra Time (3 groups)
| do not know.

_Transit Extra Time (3 groups)
More than 20 minutes

_Transit Extra Time (3 groups)
Less than 20 minutes

—Transfer No

6.905

—Transfer Yes

|_Commute Time (2 groups)
More than 20 minutes

7.061] [7.647

| Commute Time (2 groups)
Less than 20 minutes

7.661

[~Transit Use (2 groups) Yes

7.156

—Transit Use (2 groups) No

sanjep

p-value < 0.1

p-value < 0.05

p-value < 0.01

Figure 66. Averagerating by participant characteristic for combined efficiency attribute (Part 2).

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app useHome location categy -

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between variables only.
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Combined Privacy Attribute
The average rating foréhcombined privacy attributgas7.29Q Figure67 shows the distribution
(in percent) of the average ratsfpr this attribute.The average ratirsgrange from 6.607

(participantswhoset r ansit transf er was whoséteassd fransteowa8 . 2 8 8
ANooO) . T lrewitbhasignficastyhigher average rating was as follows:

T ¢NIF yairild NI gn@verdadeating of 8.28% @ R05)K

Figure 68 and Figure 69 depict average ratgs by participant characterist cohorts for this
attribute.
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—Driving Regularly No

—Driving Regularly Yes

[—Car Ownership No

[—Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not employed or
other

| Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|mn:omn_o:nmu groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

|_RacelEthnicity (3 groups)
Black or African-American

|_Race/Ethnicity (3 groups)
White A:o:.Inwmvm:E

|_Annual Income (3 groups)
More than $100,000

_Annual Income (3 groups)
$50,000 - $100,000

|_Annual Income

groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic

partnership

|_Marital Status (2 groups)
Single

—Age (3 groups) 45 and over

—Age (3 groups) 3544

—Age (3 groups) 18-34

[—Gender Female

7.197| |7.225| |7.295| (7.167| (7.108| (7.243| |7.182| |7.763| |6.878| |7.773| |7.010| |7.272| |7.676| |7.370| |6.880| |7.293| |[7.705| (7.047| |7.149| |7.844| |7.056| [7.835

—Gender Male

sanjep

p-value < 0.1

p-value < 0.05

p-value < 0.01

Figure 68. Averagerating by participant characteristic for combined privacy attribute (Part 1) .

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction kestw variables only.
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|_Commute Category (3
groups) Suburban-Suburban

Oo_...__._._cnm Category (3
_.o:cmu o_m.« -Suburban or
_.:E_.aw: i

| Commute Category (3
groups) City-City

|_Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (>=50,000)

| Home Location Category
Suburban (<50,000)

| Home Location Category City
(»=50,000)

~Transit App Use No

—Transit App Use Yes

[~ Transit App Familiarity No

—Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

|_Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time (3 groups)
Less than 20 minutes

—Transfer No

—Transfer Yes

| Commute Time (2 groups)
More than 20 minutes

|_Commute Time (2 groups)
Less than 20 minutes

[~ Transit Use (2 groups) Yes

7.063] [7.545] [7.038] [7.442] |ﬁ.ﬁl]?| I3.288)| |7.827| [6.804] [6.924] [7.396] [6.988] |7.315] [7.103] |7.426] [7.223] [7.630] [7.004] [7.727 ?.2?9 7.036

~Transit Use (2 groups) No

sanjep

p-value < 0.1

p-value < 0.05

p-value < 0.01

Figure 69. Averagerating by participant characteristics for combined privacy attribute (Part 2).

Notes:

1 From left to right Transit use Commute time Transfer- Transit extra time Transit app familidity - Transit app useHome location category

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinction between variables only.
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Unweighted Total Rating

The average rating for the unweighted total ratuag7.194 Figure70 shows the distribution (in

percent) of the average ratifay this attribute The average ratirsgange from 6.688 (participants

whoset ransit transfer waswhassces odwher ShOpa4dwé pai N
with significanty higher average ratiisgvere as follows:

 /2YYdziS GAYSY a&a2 NBanéavikragy ratingiof ABBFIaDD A ¢ 6 A G K
T ¢N} yaAlG (NI snavedderating bf 8.609 @ 05)K

Figure 71 and Figure 72 depict average ratirsgby participant characterist cohorts for this
attribute.
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Figure 70. Distribution of averageratingsfor unweightedtotal rating.
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~Driving Regularly No

~Driving Regularly Yes

—Car Ownership No

[—Car Ownership Yes

|_Occupation (2 groups)
Employed

Occupation (2 groups)
[~Student or not employed or
other

|_Education (3 groups) Master
degree or higher

|_Education (3 groups)
Bachelor degree

|mn:omﬂ_o:ﬂmu groups)
Associate degree or lower

|_Race/Ethnicity (3 groups)
Other

|_Race/Ethnicity (3 groups)
Black or African-American

|_Racel/Ethnicity (3 groups)
White ?o:.Iﬁvm:E

[ﬁ' 6.976| |7.367| |7.588| [7.541| |7.010| |7.114| |7.586| |7.066| |7.116] |8.014| [7.08B0| (7.690

|_Annual Income (3 groups)
More than $100,000

_Annual Income (3 groups)
$50,000 - $100,000

|_Annual Income (3 groups)
Less than $50,000

Marital Status (2 groups)
[~Married or in domestic
partnership

|_Marital Status (2 groups)
Single

[~Age (3 groups) 49 and over

—Age (3 groups) 35-44

—Age (3 groups) 18-34

[~Gender Female

—Gender Male

7.184| |7.208| |7.270| |7.253| (7.048| [7.160| |7.188| |7.684| |6.904

sanjep

p-value < 0.1

p-value < 0.05

p-value < 0.01

Figure 71. Averagerating by participant characteristic for unweightedtotal rating (Part 1).

Notes:

1 From left to right Gender Age - Marital Status Annual Income Race/Ethnicity Education Occupation Car Ownership- Driving Pattern

(Regularly)
1 The wo different bar colors are for easier distinction between variables only.
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| 0.05 ]

| 0.05 ]

7.083) |7.448 6.351||?.ﬁﬁ1 ﬁ.ﬁll| B.I]l9| |?.59I] 6.909| |7.037 (7.306] |7.057| |7.213] |7.176] (7.301) |7.233| |7.444 |?.1I]E 7.212| |7.562) [7.085

| Commute Category (3
groups) Suburban-Suburban

Commute Category (3
[—groups) o_Q-m%a:-.um: or
Suburban-City

|_Commute Category (3
groups) City-City

| Work/Study Location
Category Suburban (<50,000)

| Work/Study Location
Category City (>=50,000)

| Home Location Category
Suburban (<50,000)

| Home Location Category City
(>=50,000)

—Transit App Use No

[~ Transit App Use Yes

[~ Transit App Familiarity No

[~ Transit App Familiarity Yes

|_Transit Extra Time (3 groups)
| do not know.

| Transit Extra Time (3 groups)
More than 20 minutes

|_Transit Extra Time (3 groups)
Less than 20 minutes

—Transfer No

—Transfer Yes

. Commute Time (2 groups)
More than 20 minutes

| Commute Time (2 groups)
Less than 20 minutes

[~ Transit Use (2 groups) Yes

~Transit Use (2 groups) No

sanjep

2

Y

p-value < 0.1

p-value < 0.05

p-value < 0.01

Figure 72. Averagerating by participant characteristics for unweightedtotal rating (Part 2).

Notes:

9 From left to right Transit use Commute time Transfer- Transit extra time Transit app familiarity Transit app use Home location category

Work/study location categoryCommute category
1 The wo different bar colors are for easier distinctiondmstn variables only.
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Analysis of Participant Characteristics

A series of individual analgs of participant characteristicsagperformed regarding the average
ratings

By Gender

Figure 73 and Figure 74 show apprelated rating and combined appelatedratings by gender,
respectivelyTherewas not a significant difference between males and females.

App: Safer Transit

Daytime
10
App: Ridership Impact 8 App: Safer Transit Night
M.\.
/ 4 \
App: Willingness-to-Use & 2 \ App: Campus Safety
0
e ® . .
App: Recommendation \ App: Posll;?ef;/Walklng
ogo.
App: Location Reveal .
Comfortability App: School Bus

=o==|ale =e=Female

Figure 73. App-relatedratings by gender.

98



Transit App Safety Score
10

8
O

Transit App Unweighted

Total Score 0 C Transit App Privacy Score

Transit App Efficiency
Score
=o=|ale =e=Female

Figure 74. Combined app-related ratings by gender.

By Age

Figure 75 and Figure 76 show apprelated ratings and combined apgatedratings byage
respectivelyThere was not a significant difference between different age cohorts; however,

age cohort of 45 and over haQRO. DdiyeutHink thietrarisit av er &
app makes for a safer transit experience at nighite age cohort of 3644 had the highest
average r at iQRz Ifthis trarssit &p@i® corerted with the police department, can

it be used to improve nighttime walking saféty?
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App: Safer Transit

Daytime
10
App: Ridership Impact 8 App: Safer Transit Night
.J/.
4
App: Willingness-to-Use 2 App: Campus Safety

w

O
()
)]
k.‘ /.A. . .
App: Recommendation App: Police & Walking
. ~ Safety
»<‘

App: Location Reveal

Comfortability App: School Bus

=@=]8-34 eme=35-44 =o==45 and over

Figure 75. App-related ratings by age

Transit App Safety Score
10

8
o,

Transit App Unweighted

Total Score 0 ®) Transit App Privacy Score

(O

Transit App Efficiency

Score
=@m]8-34 e=e=35-44 =e0==45 and over

Figure 76. Combined app-related ratings by age
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By Marital Status
Figure 77 and Figure 78 show apgrelated rating and combined appelatedratings by marital
status respectively.There was not a significant difference between single and married or in

domestic partnership participants.

App: Safer Transit

Daytime
10
App: Ridership Impact 8 App: Safer Transit Night
0/5_.\0
L\
App: Willingness-to-Use & 2 S App: Campus Safety
0

() . .
App: Recommendation \ / App: Poggfeiﬂ/ Walking
¢ e

~

App: Location Reveal

Comfortability App: School Bus

=0=Single =e@==Married or in domestic partnership

Figure 77. App-related ratings by marital status.
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Transit App Safety Score
10

8
)

Transit App Unweighted
Total Score

Transit App Efficiency
Score
=0=Single =e@==Married or in domestic partnership

Transit App Privacy Score

Figure 78. Combined app-related ratings by marital status.

By Annual Income
Figure 79 and Figure 80 show apprelated ratings and combined apgtatedratings byannual
income respectrely. While visually some differencesan be seetmetween different annual

flexible transit service, if it can meet your ne@d? wh er e

annual incomeated this questiosignificantly lower(p < 0.1)
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App: Safer Transit

Daytime
10
App: Ridership Impact 8 App: Safer Transit Night
°
o
o.ﬁo%\.o
/ 4 \
App: Willingness-to-Use /' 4 2 A App: Campus Safety
\ 0

9 '. i . .
App: Recommendation \\ / App: Pog;feef;Walkmg
:=’.

App: Location Reveal

Comfortability App: School Bus

=o==| ess than $50,000 =e=$50,000c $100,000 ==o==More than $100,000

Figure 79. App-related ratings by annual income

Transit App Safety Score
10

8!\
0
O

4

2
Transit App Unweighted &

Total Score | / o
@
()

Transit App Efficiency

Score
=o==| ess than $50,000 =e=$50,000¢ $100,000 ==eo==More than $100,000

Transit App Privacy Score

Figure 80. Combined app-related ratings by annual income
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By Race/Ethnicity

Figure 81 and Figure 82 show apprelated ratings and combined amgbated ratings by
race/ethnicity respectively.While visually some differencesan be seerbetween diférent
race/ ethnicity cohorts, t Q&9. Doryduthinkthisgransittappc a nt
makes for a safer transit experience during the daytime® H\ite ¢norHispanic) participants
ratedthis question significantliower (p < 0.1).

App: Safer Transit
Daytime
10

App: Ridership Impact 8 App: Safer Transit Night

)
App: Willingness-to-Use {4 2 \, App: Campus Safety
he,

App: Recommendation \
(J

S —

=9

App: Police & Walking
Safety

\

App: Location Reveal

Comfortability App: School Bus

=o==\\Vhite (non-Hispanic) =e==Black or African-American Other

Figure 81 App-related ratings by raceéthnicity .
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Transit App Safety Score
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Figure 82. Combined app-related ratings by racekthnicity .

By Education

Figure83 andFigure84 show apprelated ratings and combined aggatedratings byeducation
respectivelyWhile visually some differencesn be seebetween different education cohorts, the
only signifi canQ21l. Do ybu tlenkhes trangt app aas improve safiety on the
uni ver si t wherematngs U padicipants witha masted slegree or highewere
significantly lower p < 0.05). Moreover, participants with masted slegree or higher had the
lowest average rating of 6.8 Tor this question in comparison with any other cohort in the study.
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Figure 83. App-related ratings by education.
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=0==Associate degree or lower ==e=Bachelor degree ==e=Master degree or higher

Figure 84. Combined app-related ratings by education.
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By Occupation
Figure85andFigure86 show apgrelated ratings and combined apgatedratings byoccupation
respectivelyWhile visually some differencesan be seebetween different occupation catm

t he

onl

y

signi f i @l8.MDo youthirfk this tralesit ape makea for a saber transit

experience during the daytime@Whereratings byemployed participantweresignificantly lower
(p < 0.05) in comparison with studentspsenot empoyed and other participants.

App: Safer Transit

Daytime
10
App: Ridership Impact 8 . App: Safer Transit Night
.,4-§,~
/ i\
App: Willingness-to-Use /4 2 \ App: Campus Safety

\ 0

) () . . .
App: Recommendation \ / App: Pogg;aef;Walklng

App: Location Reveal

Comfortability App: School Bus

=e0==Student or not employed or other =e=Employed

Figure 85. App-related ratings by occupation.
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Transit App Efficiency
Score
=@==Student or not employed or other =e=Employed

Transit App Unweighted

Total Score Transit App Privacy Score

Figure 86. Combined app-related ratings by occupation.

By Car Ownership

Figure 87 and Figure 88 show apprelated ratings and combined amgbated ratings bycar
ownership respectively.While visually some differencesan be seemetween different car
ownership cohorts, the only significantfdie r e n ¢ e Q20al0 ydu ehink tfis transit app
makes for a safer transit experience at nighithereratings fromparticipants withoua carwere
significantly higher g < 0.05) in comparison with participants who owrgethr or had access to
it for commuting.

However, car ownership was one of the key characterisgtiexage ratings frorparticipants
without a carwerethehighest average fahefollowing apprelated questions:

0Q20. Do you think this transit app makes for a safer transit experanight? (8.750)
0Q21. Do you think this transit app can improve safety on the university cagnBus25)
0Q23. Do you think this transit app can be used for school bus opea{&625)

0Q27. Do you think this transit app can increase transit ridg?sii8)

=A =4 =4 =4

Participants without a catsoprovidedthe highest average ratings tbecombinedsafety(7.982)
and wnweightedotal score(8.014)categories.
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Figure 87. App-related ratings by car ownership.
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Figure 88. Combined app-related ratings by car ownership.
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By Driving Pattern (Regularly)

Figure 89 and Figure 90 show apprelated ratings and combined apgbatedratings bydriving
pattern (egularly), respectivelyWhile visua