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Disclaimer 

The contents of this report reflect the views of the authors, who are responsible for the 

facts and the accuracy of the information presented herein. This document is disseminated 

under the sponsorship of the U.S. Department of Transportationõs University Transportation 

Centers Program, in the interest of information exchange. The U.S. Government assumes 

no liability for the contents or use thereof. 

 

Connected Vehicle/Infrastructure UTC 

The mission statement of the Connected Vehicle/Infrastructure University Transportation 

Center (CVI-UTC) is to conduct research that will advance surface transportation through 

the application of innovative research and using connected-vehicle and infrastructure 

technologies to improve safety, state of good repair, economic competitiveness, livable 

communities, and environmental sustainability.  

The goals of the Connected Vehicle/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 of trained transportation professionals 

¶ Greater adoption of new technology 
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Abstract 

Many transit agencies provide real-time operational information and trip-planning tools through 

phone, Web, and smartphone applications. These services utilize a one-way information flow 

from transit agencies to transit users. Current smartphone technology and connected vehicle 

infrastructure (CVI), however, can allow a two-directional information flow from users to transit 

agencies and back. 

This report provides a literature review on the state of current transit apps; proposes a system 

architecture for a smartphone app that allows for dynamic flexible routing and increased transit 

user safety; and presents the results of a survey conducted on the perception and acceptability of 

the model app.  

Survey results were analyzed in terms of safety, efficiency, and privacy for different 

demographic, travel behavior, and geographic characteristics. Results showed that users did not 

significantly consider the privacy issues (7.1 on a scale from 1 [least acceptable] to 10 [most 

acceptable]) but believed that it could improve nighttime safety (7.3/10.0). Users believed that 

the app could improve nighttime pedestrian safety if it were connected to the police department 

(7.8/10.0). This app was also expected to improve transit efficiency and increase ridership, and is 

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 as a means of reducing congestion. In rural 

areas, public transportation is viewed as a ñlifeline,ò providing access to jobs, stores, and medical 

services in larger, nearby communities. However, approximately 38% of the rural population has 

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

service often operating only from 8 a.m. to 4 p.m., or even fewer hours per day (Intelligent 

Transportation Systems Joint Program Office, RITA, USDOT, 2013). 

Transit and private transportation provide different benefits. The advantage of transit is that its 

users do not need to own and maintain a car, or even need to be able to drive. But transit also has 

disadvantages. Transit is usually operated on a fixed route to a preset schedule, forcing users to be 

at a defined point by a set time, giving them less control over their schedules than owners of private 

vehicles. In addition, transit users sometimes need to transfer (Lee, Analysis and Optimization of 

Transit Network Design with Integrated Routing and Scheduling, 1998), which can result in longer 

travel times. 

In order to minimize the disadvantages of transit service, a great deal of research regarding transit 

planning, operation, and design has been conducted. Intelligent transportation systems (ITS) have 

been actively utilized as a part of those efforts in recent years in the following categories 

(Intelligent Transportation Systems Joint Program Office, RITA, USDOT, 2013). 

Fleet Operations and Management ς To facilitate transit operations and provide input to senior 

management 

Traveler Information ς To provide customer-facing technologies such as trip-planning and real-

time operational information 

Safety and Security ς To improve the safety and security of transit staff and passengers 

Automated Fare Payment ς To provide fare collection and payment technologies 

Maintenance ς To facilitate maintenance activities 

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

The use of ITS in transit operations has increased dramatically in recent years to identify vehicle 

locations using automatic vehicle location (AVL ), manage and dispatch transit vehicles using 

computer-aided dispatch (CAD), and disseminate transit information through a real-time 

information system, such as a transit app and display system. Figure 1 shows the deployment trends 

for some of the most prevalent transit technologies from 1997 to 2010. Four major trends are 

displayed in this figure: the percentage of fixed-route vehicles equipped with AVL, the percentage 

of fixed-route buses with electronic real-time monitoring of system components, the percentage of 

demand responsive vehicles that operate using CAD, and the percentage of transit stops with an 
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electronic display of dynamic traveler information to the public (Intelligent Transportation 

Systems Joint Program Office, RITA, USDOT, 2013).  

 

Figure 1. Deployment trends for some of the most prevalent transit technologies from 1997 to 2010 

(Intelligent Transportation Systems Joint Program Office, RITA, USDOT, 2013). 

 

Figure 2 shows an example of the relationships among various transit ITS technologies at a central 

dispatch location. 
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Figure 2. Relationships among various transit ITS technologies at a central dispatch location (Intelligent 

Transportation Systems Joint Program Office, RITA, USDOT, 2013). 

Most ITS technologies utilize a one-directional information flow from transit agencies to transit 

users. However, the development of connected vehicle (CV) technology in recent years can allow 

a two-directional information flow, which includes information from users to transit agencies 

(Intelligent Transportation Systems Joint Program Office, RITA, USDOT). In addition to 

Dedicated Short Range Communication (DSRC) devices, smartphones are considered a potential 

candidate due to their popularity and powerful and versatile functionality.  

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

market, and these apps increasingly rely on open data (Wikipedia, the free encyclopedia, 2014). 

Many transit apps provide real-time operational information, including routing and scheduling 

through Web, phone, and smartphone applications. They also provide a trip-planning tool for a 

given origin and destination. Table 1 shows major U.S. cities that have transit apps available, the 

total ridership, and the number of transit apps (as of April 2014). 

Despite the obvious benefits of transit, apps some problems have emerged. Many apps have proven 

to be inaccurate in predicting real-time information during congested traffic conditions 

(Wikipedia, the free encyclopedia, 2014; Raschke, Whatôs wrong with the Nextbus API?, 2013; 

Raschke, Transit Agencies Must Improve Service Through Technology, 2013; Bad App Reviews, 

2014; German, 2012; The Marketing People, 2012; Cohan, 2012). Apps can also be potentially 
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harmful and risky for usersô information. The security situation is complicated by the number of 

players in the market. Very few apps are developed by transportation agencies themselves; most 

have been developed by non-agency, third-party developers. And despite the proliferation of the 

technology, there are no standards for monitoring and evaluating the performance of transit apps.  

Table 1. Major  U.S. 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; APTA, 2012; Chicago Transit Authority 

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

City Boston, MA Chicago, IL 
New York, 
NY 

Portland, 
OR 

Seattle, WA 
Washington, 
DC 

Agency MBTA CTA MTA TriMed 
King County 
Metro 

WMATA 

2012 Total 
Ridership 
(000s) 

406,801 1,518,450 4,114,454 113,365 196,621 479,576 

Number of 
Apps 

70 41 199 56 7 42 

First Year of 
Data 
Release 

2008 2009 2010 2007 2009 2009 

 

The majority of transit apps are still one-directional and do not utilize two-way communication. 

Two-way communication, however, could enable a more-flexible, efficient, and safe transit 

system. For example, users could send their origin and destination information to the agency, and 

the agency could use that information for demand-responsive transit routing and scheduling in 

rural transit operation. A smartphoneôs Global Positioning System (GPS) could provide user 

locations to the agency, which could help a flexible-route transit vehicle pick up passengers more 

efficiently (especially when they are not at the transit stop when expected) and save travel time. 

Knowledge of user location could also contribute to passenger safety at nighttime.   

User input could also be beneficial for fixed-route, mass transit operation and passenger safety 

during the nighttime. If a bus driver can identify the locations of passengers who are late to the 

bus stop, the bus driver can wait a short time for passengers, eliminating the chance that they will  

miss the bus and have to wait for the next bus, which may not come until 20ï30 minutes later.    

Research Objectives 

This project developed a rudimentary architectural framework for two connected 

vehicle/infrastructure (CVI) applications: a dynamic routing tool (DRT) and an enhanced traveler 

safety application that allows individuals to notify a transit vehicle that they are within a specified 

distance of the vehicleôs current stop. The architecture is conceptual and designed to generically 

map communications and linkages between the components that make up the two applications.  
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This research consisted of the following tasks. 

1. Conduct an extensive literature review on current cutting-edge smartphone apps for transit 

service. 

2. Develop a framework for a handheld mobile app for users, a mobile app for transit drivers, and a 

management server program with functions such as person-to-infrastructure (P2I), vehicle-to-

infrastructure (V2I), and person-to-vehicle (P2V) connections among transit users, transit 

agency, transit vehicles, and transit stops as follows: 

¶ P2I ς Origin-destination information from passengers to agency, and route information from 

agency to passengers 

¶ V2I ς Routing information and passenger information from agency to vehicle, and vehicle 

location from vehicle to agency 

¶ P2V ς GPS location from passengers to vehicle, and vehicle location information from 

vehicle to passengers 

3. Develop a smartphone application for transit users that supports Task 2. 

4. Develop a database for transit agencies that supports Task 2. 

5. Develop a mobile onboard application for a transit vehicle that supports Task 2. 

6. Conduct a survey to find out user perceptions as to whether this kind of user location-based 

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. 

Literatu re Review 
Transit has seen a growth in usage in recent years. One of the reasons attributed to the increase in 

ridership has been the availability of transit apps that rely on 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, patents, or other mechanisms of control. Transit open data can 

be defined as access to the public internal data of 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 apps based on open data are as follows (Fleet Beat, 2010): 

¶ Free development of mobile applications 

¶ Increased ridership 

¶ Improved customer service 

¶ Time saved by agencies in developing customized applications 

¶ More accurate applications 

¶ Positive image for agencies 

¶ App centers on agenciesΩ webpages 
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The General Transit Feed Specification (GTFS), which defines a common format for public 

transportation schedules and associated geographic information, is the most popular and important 

open data format for transit. GTFS, first conceived by Bibiana McHugh, an IT Manager at 

the TriMet transit agency in the Portland metropolitan area (Oregon), was developed 

by Google and Portland TriMet in 2005, and originally known as the Google Transit Feed 

Specification. A GTFS feed is a collection of CSV files (with extension .txt) that model a public 

transit systemôs schedules, usually contained within a zip file. The files are sufficient to provide 

trip-planning functionality, and to a greater extent power additional applications such as real-time 

information systems and service analysis (Wikipedia, the free encyclopedia, 2014). 

Various regional, national, and global transit apps are available. Several transit apps are available 

for large cities such as New York, Chicago, and Washington, D.C., and there are new apps with 

different formats, data, and prices being prepared. To illustrate the diversity of apps available, 

Table 2 shows currently available transit apps in Maryland (in particular, those for the Baltimore 

metropolitan area). 

Table 2. Transit Apps Covering the State of Maryland 

# App Name App 
Developer 

Covering 
Area in 

MD 

Platform Payment 
Type 

Developer's Website 

1 HopStop HopStop Baltimore 
& BWI 

iPhone & 
Android Apps, 

Website 

Free https://www.hopstop.com/m
obile , 
https://baltimore.hopstop.co
m/  

2 SmartTrans
it 

Microjects Baltimore Android App Free https://play.google.com/stor
e/apps/details?id=com.transi
t.client.main 

3 TripGo Skedgo 
Pty 

Baltimore iPhone & 
Android Apps 

Free https://itunes.apple.com/au/
app/tripgo/id533630842?mt=
8 

4 RailBandit Barry 
Engel 

Baltimore BB, iPhone & 
Android Apps 

Paid 
($7.89) 

http://www.railbandit.com/
mobile-train-schedule.htm 

5 Smart Ride Codemass, 
Inc. 

Baltimore iPhone App Free http://www.smartrideapp.co
m/  

6 Mapiz Mapiz Baltimore iPhone & 
Android Apps 

Free http://home.mapiz.com/ 

7 TransiCast  Joa Baltimore Android App Free http://www.transicast.com/ 

8 AnyStop MTA Baltimore Android App Free http://anystopapp.com/balti
more-transit/  

9 Baltimore 
Transit 

Miguel 
Carrasco 

Enterprise
s 

Baltimore Windows App Free http://apps.microsoft.com/wi
ndows/en-us/app/baltimore-
transit/28a5934d-8d55-46cf-
86f5-66dde330dad2 

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
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# App Name App 
Developer 

Covering 
Area in 

MD 

Platform Payment 
Type 

Developer's Website 

10 Charm City 
Circulator 

Apps Now 
Mobile 
RedBit  

Developm
t 

Baltimore Windows App Paid 
($1.99) 

http://apps.microsoft.com/wi
ndows/en-us/app/charm-
city-circulator/95c07831-
b4f0-4f2f-bae5-
de378e08bb83 

11 ECG MARC MTRC llc Baltimore iPhone App Paid 
($0.99) 

https://itunes.apple.com/us/
app/ecg-
marc/id860193821?mt=8 

12 AnyStop Charm 
City 

Circulator 

Baltimore  iPhone & 
Android Apps, 

Website 

Free http://www.charmcitycirculat
or.com/mobileapps/next-
bus?device=desktop 

13 allSchedule
s 

J.Carvalho, 
L. Certo 

Baltimore, 
MD City 

iPhone App Paid 
($1.99) 

http://www.allschedulesapp.
com/ 

14 Stopango Stopango 
sp. z o.o. 

Cumberla
nd 

 iPhone App, 
Website 

Free http://stopango.com/ 

15 Buzz Stop Designing 
Webs, Inc 

Global iPhone App Paid 
($0.99) 

https://itunes.apple.com/us/
app/buzz-
stop/id415852246?mt=8&ls=
1 

16 Transit App Samuel 
Vermette 

Global iPhone & 
Android Apps 

Free http://www.thetransitapp.co
m/  

17 Moovit TranzMate Global iPhone App, 
Android App 

Free http://ww w.moovitapp.com/ 

18 Google 
Maps 

Google, 
Inc. 

Global  iPhone & 
Android Apps, 

Website 

Free https://maps.google.com 

19 RocketMan 
Transit 

Avisinna Global iPhone, 
Android  & BB 

Apps 

Free http://rocketmanapp.com/ 

20 TransitTim+ 
Trip 

Planner 

Zervaas 
Enterprise

s 

Global iPhone App, 
Android App 

Paid 
($2.99) 

http://transittimesapp.com/b
altimore-public-transit-
app.html 

 

As mentioned in the Background section, some problems have emerged with the proliferation of 

apps. Many apps have proven to be inaccurate in predicting real-time information during congested 

traffic conditions (Wikipedia, the free encyclopedia, 2014; Raschke, Whatôs wrong with the 

Nextbus API?, 2013; Raschke, Transit Agencies Must Improve Service Through Technology, 

2013; Bad App Reviews, 2014; German, 2012; The Marketing People, 2012; Cohan, 2012). Apps 

can also be potentially harmful and risky for usersô information. Due to such risks, the majority of 

transit agencies have added notes and disclaimers on their app centers (examples are shown in 

Table 3). 

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
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Table 3. Notes/Disclaimers of App Centers/Galleries of Major U.S. 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)  

Cities Note/Disclaimer 

Boston, MA 
(MBTA) 

App Disclaimer 
These apps are not made by MBTA, and MBTA does not sell or license the apps. They 
are written by third parties unless otherwise noted. MBTA shall not be held responsible 
for the content of third party websites or any issue arising from the use of third party 
applications. MBTA neither endorses any third party products listed here nor makes any 
guarantees or representations as to accuracy or reliability. Proceed with care and 
understand any usage charges that may apply to you. MBTA reserves the right to 
remove/add applications listings without notice. 

Chicago, IL 
(CTA) 

Important note 
These apps (unless otherwise noted) are not made by CTA, and CTA does not sell or 
license the apps. They are written by third parties. 
CTA shall not be held responsible for the 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 accuracy or 
reliability. Proceed with care and understand any usage charges that may apply to you. 
CTA reserves the right to remove/add applications listings without notice. 

New York, 
NY (MTA) 

Beginning in a few weeks, all MTA data feeds will become accessible only through 
issuance of an API key. App developers must agree to the terms and conditions of this 
access and complete and submit an Online Registration Form. Once that form is 
reviewed and accepted, the developer will be issued a Developer's API key. The key will 
enable the developer to access the MTA's data feeds. 

Portland, 
OR (TriMed) 

Transit tools for the web and mobile devices 
Below are some of the free and commercial applications that are available from third-
party developers using TriMet's open data. 

Seattle, WA 
(King 

County 
Metro) 

King County provides links to third-party applications and sites that use King County data 
for informational purposes to the general public. King County does not warrant or 
support these applications or sites. King County does not endorse or sponsor these sites. 
King County is not affiliated with or associated with these organizations. The content 
ŀƴŘ ǾƛŜǿǎ ŜȄǇǊŜǎǎŜŘ ƻƴ ǘƘŜǎŜ ǎƛǘŜǎ ŀǊŜ ƴƻǘ ǘƘƻǎŜ ƻŦ YƛƴƎ /ƻǳƴǘȅΩǎΦ ¸ƻǳ ŀŎŎŜǎǎ ǘƘŜǎŜ 
links and applications at your own risk, and neither King County nor any of its employees 
or agents shall be liable for your use of these links and applications nor shall be liable 
for the accuracy of the information or any actions taken as a result. 

Washington, 
D.C. 

(WMATA) 

Note: WMATA provides these links as a convenience and cannot be held responsible for 
the content of third party websites. This listing is provided "as is" without express or 
implied warranty. WMATA makes no representations as to accuracy, reliability or 
completeness. 

User complaints about accuracy and critical security issues point to the need to monitor and 

evaluate the performance of the numerous apps available in the marketplace. Figure 3 shows 

efforts to develop data and file standards for transit public and open data, but there are not any 

similar efforts for monitoring and evaluating the apps that use transit open data. 
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Figure 3. Transit open data standards (Kaufman, 2012). 

Catalog of CV Applications 

There are many CV applications, at either the concept or development stage, covering a variety of 

transportation components. Nearly 100 different CV applications have been identified by 

Connected Vehicle Reference Implementation Architecture (CVRIA), as shown in Table 4. There 

are four main application types: Environmental, Mobility, Safety, and Support, which are further 

subdivided into 18 groups. Mobility has 36 applications (37.1%) in 11 groups, followed by Safety 

with 30 applications (30.9%) in 3 groups, and 22 Environmental applications (22.7%) in 2 groups.  

Table 4. Connected Vehicle Applications 

Type Group # % # % 

Environmental 
AERIS/ Sustainable Travel 16 16.5% 

22 22.7% 
Road Weather 6 6.2% 

Mobility 

Border 1 1.0% 

36 37.1% 

Commercial Vehicle Fleet Operations 5 5.2% 

Commercial Vehicle Roadside Operations 2 2.1% 

Electronic Payment 2 2.1% 

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% 

Safety 

Transit Safety 3 3.1% 

30 30.9% V2I Safety 13 13.4% 

V2V Safety 14 14.4% 

Support 
Core Services 8 8.2% 

9 9.3% 
Security 1 1.0% 

Total 97 100.0% 97 100.0% 

Source: (Iteris, Inc., 2016) 

There are also currently nine applications in the Support category that were designed and 

developed for internal purposes and facilitating other applications, such as: 

¶ Core authorization 

¶ Data distribution 

¶ Infrastructure management 

¶ Location and time 

¶ Map management 

¶ Object registration and discovery 

¶ Privacy protection 

¶ System monitoring 

¶ Security and credentials management 

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

Two application groups in Table 4 are explicitly identified as being related to transit: the Transit 

group under Mobility and the Transit Safety group under Safety. No groups directly refer to 

bicycles and pedestrians, but there are a few applications targeting these road users that will be 

reviewed in the following sections. 

Transit  

Table 5 summarizes transit-related CV applications. There are 14 transit-related applications that 

account for 14.4% of all CV applications. The majority of transit applications are categorized under 

Mobility (10 out of 14; more than 70%), while there are three Transit Safety applications (around 

21%) and, finally, one Environmental application. 

The definitions of the following transit applications are provided in Table 5. 
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Table 5. Transit-Related CV Applications 

Type Group Application # % # % 

Environmental 
AERIS/ Sustainable 

Travel 
Eco-Transit Signal Priority 1 1.0% 1 1.0% 

Mobility 

Traffic Signals Transit Signal Priority 1 1.0% 

10 10.3% 
Transit 

Dynamic Ridesharing 

8 8.2% 

Dynamic Transit Operations 

Integrated Multi-Modal Electronic 
Payment 

Intermittent Bus Lanes 

Route ID for the Visually Impaired 

Smart Park and Ride System 

Transit Connection Protection 

Transit Stop Request 

Traveler 
Information 

Advanced Traveler Information 
Systems 

1 1.0% 

Safety Transit Safety 

Transit Pedestrian Indication 

3 3.1% 3 3.1% 
Transit Vehicle at Station/Stop 
Warnings 

Vehicle Turning Right in Front of a 
Transit Vehicle 

Subtotal (Transit Applications) 14 14.4% 14 14.4% 

Total (All CV Applications) 97 100.0% 97 100.0% 

Source: (Iteris, Inc., 2016) 

Bicycles 

Table 6 summarizes bicycle-related CV applications. There are only four bicycle-related 

applications, accounting for only 4.1% of all CV applications. Some of the identified applications 

are shared among bicyclists and pedestrians (i.e., pedestrian mobility applies to bicyclists as well). 

The study team also assumes that some applications for other vehicles (like motorcycles and slow 

vehicles) may also be applicable for bicycles, either directly or with some modifications.  

The definitions of the following bicycle applications are provided in Table 6. 

Table 6. Bicycle-Related CV Applications 

Type Group Application # % # % 

Mobility 

Traffic Signals Pedestrian Mobility 1 1.0% 

2 2.1% Traveler 
Information 

Advanced Traveler Information 
Systems 

1 1.0% 

Safety V2V Safety 
Motorcycle Approaching Indication  

2 2.1% 2 2.1% 
Slow Vehicle Warning  

Subtotal (Bicycle Applications) 4 4.1% 4 4.1% 

Total (All CV Applications) 97 100.0% 97 100.0% 

Source: (Iteris, Inc., 2016) 
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Pedestrians  

Table 7 summarizes pedestrian-related CV applications. There are six pedestrian-related 

applications, accounting for 6.2% of all CV applications. The main application type is Mobility (3 

out of 6; 50%), followed by Safety (2 out of 6; 33.3%).  

The definitions of the following pedestrian applications are provided in Table 7. 

Table 7. Pedestrian-Related CV Applications 

Type Group Application # % # % 

Environmental 
AERIS/ Sustainable 

Travel 
Eco-Traffic Signal Timing 1 1.0% 1 1.0% 

Mobility 

Traffic Signals 
Intelligent Traffic Signal System 

2 2.1% 

3 3.1% 
Pedestrian Mobility 

Traveler 
Information 

Advanced Traveler Information 
Systems 

1 1.0% 

Safety 

Transit Safety Transit Pedestrian Indication 1 1.0% 

2 2.1% 
V2I Safety 

Pedestrian in Signalized Crosswalk 
Warning 

1 1.0% 

Subtotal (Pedestrian Applications) 6 6.2% 6 6.2% 

Total (All CV Applications) 97 100.0% 97 100.0% 

Source: (Iteris, Inc., 2016) 

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, patents, or other mechanisms of 

control.  

Figure 4 shows the open data movement since 2006. Notable application programming interfaces 

(APIs) associated with the open data movement are Google 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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Figure 4. The open data movement (Source: (Visually, 2011)). 

Although open data is free, there are costs for the application and provision, including (a) 

converting data to mainstream formats, (b) Web service for hosting data, (c) personnel time to 

update and maintain data as needed, and (d) personnel time to liaise with data users (Kaufman, 

2012). 

Transit Open Data  

Transit open data is the availability of access to the public internal data made available by a 

transportation organization. Transit open data is a usable format for both interested individuals, 

professionals (application programmers), and experts (for analysis) (Kaufman, 2012). 

The ñmust-haveò data items are schedules, routes, and infrastructure locations (stations, roadways 

and landmarks, and networks) (Kaufman, 2012). Desirable data items are real-time data, budgetary 

data, performance data, ridership data, and origin-destination data (Kaufman, 2012). The desirable 

data can enhance operating and planning processes for a transit agency. 

The standards for transit open data are shown in Figure 3, presented earlier in this report.  

GTFS 

The GTFS is a common format for public transportation schedules and associated geographic 

information that was developed by Google. GTFS is an open data format for public transportation 

schedules and associated geographic information. GTFS uses a .txt file format. The required data 

items are agency.txt, stops.txt, routes.txt, trips.txt, stop_times.txt, and calendar.txt. Optional data 

items are calendar_dates.txt, fare_attributes.txt, fare_rules.txt, shapes.txt, frequencies.txt, 

transfers.txt, and feed_info.txt (Google Developers, 2016). 

GTFS Realtime  

GTFS realtime is a feed specification that allows 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 Buffers (Google Developers, 2016). 

The current supported information includes (Google Developers, 2016): 

¶ Trip updates ς Delays, cancellations, and changed routes 
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o Example: άBus X is delayed by 5 minutes.έ 

¶ Service alerts ς Stop moved, unforeseen events affecting a station, route, or the entire network 

o Example: άStation Y is closed due to construction.έ 

¶ Vehicle positions ς Information about the vehicles, including location and congestion level 

o Example: άThis bus is at position X at time Y.έ 

Notable U.S. transit agencies employing open data are shown in Table 1. The following 

summarizes New Yorkôs and Chicagoôs status. 

New York City ï Metropolitan Transportation Authority (M TA): Currently (summer 2016) 

there are 247 apps cited on the MTA website (iPhone/iPod: 91; iPad: 56; Android: 57; Blackberry: 

7; Windows: 10; Mobile/Web: 19; SMS/email: 4; telephone: 3). Most of these apps are free, and 

some are officially licensed by MTA (Metropolitan Transportation Authority (MTA), 2016). 

 

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

2016)). 

Chicago ï Chicago Transit Authority (CTA) : Currently (summer 2016) there are 50 apps cited 

on the CTA website (Web/computer apps: 7; Android: 18; iPhone & iPad: 22; Windows phone: 2; 
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dial-in applications: 1). Most of the apps are free, and one of them is made officially by CTA 

(Chicago Transit Authority (CTA), 2016). 

 

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

Benefits and Impact of Open Data  

The main transportation-related benefits of open data are the following (Kaufman, 2012): 

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

Greater understanding of finance and administration (possibly promoting improved funding) 

Crowd-sourced analysis capabilities (potentially helping detect schedule improvements or errors 

in stop locations or names, for instance) 

The typical transportation-related benefits of open data are summarized in Figure 7.  
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Figure 7. Typical Transportation Benefits of Open Data 

Source: (Kaufman, 2012) 

The transit benefits of open data are (The Fleet Beat, 2010) 

¶ Free development of mobile applications; 

¶ Increased ridership; 

¶ Improved customer service; 

¶ Time saved by agencies in developing customized applications; 

¶ More-accurate applications; 

¶ Positive image for agencies. 

Studies have investigated the possible impacts of open data on transit ridership. A Seattle study 

(Rutherford, Wang, Watkins, & Malinovskiy, 2012) on real and perceived wait times revealed that 

users of real-time apps had 2.4-minute shorter perceived wait times and 2-minute shorter actual 

wait times. A study by the University of Iowa (Visser, 2012) showed that real-time bus info 

displays increased ridership by 5%. A City of Chicago real-time bus data impact study (Tang & 

Thakuriah, 2012) showed a 1.8% to 2.2% ridership increase attributed to real-time data over the 

study period (2002ï2010). 

Current Transit Apps  

A few examples of existing transit apps are provided in the following figures. 
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Figure 8. Point-to-point trip planning : Google Maps (Source: (Google Inc., 2016)). 

 

 

Figure 9. Real-time schedule app: One Bus Away (Source: (Ferris, One Bus Away, 2016)). 
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Figure 10. Seoul: Above the streets: ñSeoul Busò app with real-time info (Source: (Kakao Corporation, 

2016)). 

 

 

Figure 11. Seoul: Below the streets: ñJihachulò (Subway) app (Source: (Malang Studio Co. Ltd., 2016)). 
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Figure 12.  (Norikae Annai) for Tokyo (Source: (Jorudan Co., Ltd., 2016)). 

Four broad categories of apps concern transportation. These categories can be categorized by the 

appsô primary function (Shaheen, Cohen, Zohdy, & Kock, Smartphone Applications to Influence 

Travel Choices: Practices and Policies, 2016): 

1. Mobility apps 

2. Vehicle connectivity apps 

3. Smart parking apps 

4. Courier network services (CNS) apps 

The mobility apps that are of interest to this study are those with the primary function of assisting 

users in planning and understanding their transportation choices and those that may enhance access 

to alternative modes. They can be categorized in the following eight sub-categories (Shaheen, 

Cohen, Zohdy, & Kock, Smartphone Applications to Influence Travel Choices: Practices and 

Policies, 2016): 

¶ Business-to-consumer (B2C) sharing  

¶ Mobility trackers  

¶ Peer-to-peer (P2P) sharing  

¶ Public transit  

¶ Real-time information  

¶ Ridesourcing/transportation network companies (TNCs)  

¶ Taxi e-hailing  

¶ Trip aggregators  

The majority of these apps are free.  
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Other important applications of transit apps are for operation, performance, planning, and so on. 

The Florida Department of Transportation considered and studied an expansion to the Google 

transit data to support operations and planning. They found that GTFS data could be employed in 

service planning efforts. In addition, they ñidentified opportunities to supplement the GTFS with 

performanceπrelated information and developed a prototype application that integrated GTFS data 

with an automatic passenger counter (APC). (Catalá, Downing, & Hayward, 2011) 

 

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

2011)). 

Evaluation of Impact of Transit Apps on Ridership  

To assess the impact of open data and transit apps, data analysis was performed on the available 

transit (2002ï2012) data from the American Public Transportation Association (APTA) 

(American Public Transportation Association (APTA), 2013) . The following analyses were 

performed and are shown in Figure 14 through Figure 21:  

¶ Ridership impact on six U.S. cities with open data (Boston, Chicago, New York and Newark, 

Portland, Seattle, and Washington, DC) 

¶ Ridership impact with open data on the New York rail system 

¶ Ridership of six U.S. cities without open data (Charlotte, Jacksonville, Memphis, New Orleans, 

Oklahoma City, and Phoenix)  

¶ U.S. transit data (2002ς2012) 

¶ U.S. transit vs. six U.S. cities with open data 

¶ The effect of open data release (total of six U.S. cities with open data [based on open data 

release year]) 
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Figure 14. Ridership impact with open data on six U.S. cities. 

 

 

Figure 15. Ridership impact with open data on New York rail system. 
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Figure 16. Ridership impact with open data on six U.S. cities. 

 

 

Figure 17. Ridership of six U.S. cities without open data. 
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Figure 18. Ridership of six U.S. cities without open data. 

 

Figure 19. U.S. transit data (2002ï2012). 
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Figure 20. U.S. transit vs. six U.S. cities with open data. 

 

 

Figure 21. The effect of open data release. 
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Ridership Evaluation Results  

Various factors may affect transit ridership, such as gasoline prices, unemployment levels, and 

local weather conditions in addition to transit open data and transit information apps. 

Cities with open data have many more transit apps. Currently, however, 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 have complained that a few transit apps do not work correctly. Apps may function 

poorly due to the effect of traffic, not using real-time information, and perhaps bugs and errors in 

the coding. Moreover, transit apps can be potentially harmful and risky for usersô information. 

Consequently, as mentioned earlier, some means of evaluating apps is essential. 

One solution to this problem is City-Go-Round, a website with the mission ñto help make public 

transit more convenientò (City-Go-Round, 2016). City-Go-Round provides usersô ratings for 

different apps. Two examples are shown in Figure 22. 

 

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

App Development Competition  

The MTA and AT&T have collaborated to hold an ongoing series of ñApp Questò competitions 

for individuals, teams, and organizations to develop applications utilizing MTAôs publicly 

available data and APIs. The goal of these competitions is to use ñglobal competition to solicit 
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development of new mobile solutions designed to help improve commutes for millions of subway, 

bus and rail ridersé.ò This type of competition, as well as the judging criteria, (MTA & AT&T, 

2013) as follows, could be used in developing apps for other transit systems: 

¶ Quality of idea ς Creativity and originality of the idea, and potential to improve the travel 

experience for MTA riders. 

¶ Implementation of idea ς How well the idea was executed by the developer and how well the 

app integrates with the MTA public data and APIs. 

¶ Potential impact ς The extent to which the submission will impact MTA customers and their 

travel experience. 

The best overall winner in 2013 was Citymapper App, which offers point-to-point journey 

planning with real-time information for subways, buses, and bikes for New York City and London. 

 

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

Transit Apps Review  Summary  

Based on the findings and analysis, the opportunities and needs for future efforts include: 

¶ Next target: Real-time transit open data for all cities 

¶ Developing a methodology to evaluate transit appsΩ accuracy, security, and currency 

¶ Establishing a committee (maybe in each related agency or independently) regarding a transit 

apps database 
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¶ Creating a comprehensive website for transit apps (current implementations are not 

comprehensive) 

¶ 9ƴƘŀƴŎƛƴƎ ǘǊŀƴǎƛǘ ŀƎŜƴŎƛŜǎΩ ǇƭŀƴƴƛƴƎΣ ƻǇŜǊŀǘƛƻƴΣ ŀƴŘ ǇŜǊŦƻǊƳŀƴŎŜ ƭevels by using transit apps 

(tǊŀƴǎƛǘ ŀǇǇǎ Ŏŀƴ ǎŜƴŘ ōŀŎƪ ƻǊ ŎƻƭƭŜŎǘ ǳǎŜǊǎΩ ǇǊŜŦŜǊŜƴŎŜǎ ŀƴŘ ǎŜǊǾƛŎŜ-related information.) 

Flexible Routing and User Location -based Transit Apps  

A review of relevant U.S. patents revealed information regarding the emergence, acceptance, and 

usage of the technologies and systems underlying flexible routing and user location-based systems. 

Table 8 summarizes some of these U.S. patents. 

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

¶ Communication network and systems 

¶ Improvements for real-time mapping and navigation 

¶ Location information services 

¶ User location driven services 

¶ Improvements for fixed-route transport 

¶ Introduction of flexible-route transport 

¶ Decentralized transportation 

Competitors in the industry include AT&T , the Institute for Information Industry, Uber (founded 

as UberCab in 2009), Curb, Didi Chuxing, Flywheel, Grab, Hailo, Kabbee, Lyft, Ola Cabs, and 

Shuddle (Parnell, 2016; Johnson, 2016). 
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Table 8. Summary of Selected U.S. Patents Related to Flexible Routing and User Location-Based Transportation 

# Patent Number Inventor Original Assignee Title Publication Date Description 

1 US4350969 A 
William H. 

Greer 
Greer William H 

Vehicle 
identification 
and position 

signalling 
system in a 

public 
transportation 

system 

September 21, 1982 

Each vehicle of a transportation system is 
provided with a radio transmitter providing 
electable and different sequences of signals, 
one part of the signal identifying the vehicle, 
and another changing sequence of signals, 
either under operator control or automatically 
by attachment to the odometer, to indicate 
the present position of the vehicle on a 
scheduled route. The home of a passenger 
desirous of meeting a particular vehicle at a 
particular pickup point is provided with a 
radio receiver with selectable detectors which 
can be set to detect the signals from a 
particular vehicle transmitter, and provide a 
visual or audible indication of the present 
position of the vehicle on the scheduled 
route. Pre-specified settings of the receiver, 
and corresponding detectable signals, inform 
a passenger of no service or delayed service. 

2 US4360875 A 
Robert W. 

Behnke 
Behnke Robert W 

Automated, 
door-to-door, 

demand-
responsive 

public 
transportation 

system 

November 23, 1982 

A flexible-route transportation system, 
primarily utilizing privately-owned vehicles to 
provide ridesharing transportation for the 
public, is described. Interactive 
communications terminals are provided 
through which drivers of the vehicles may 
rapidly transmit ride offers via a 
telecommunications network to a central 
operations coordinating station, equipped 
with a general-purpose programmable 
computer. Rider interactive communications 
terminals, located at public and private 
facilities, are also connected by the 
telecommunications network with the central 
coordinating station, permitting eligible 
members of the public to quickly request rides 
from one location to another. The central 
coordinating station matches the ride 
requests with the ride offers, on a trip-by-trip 
basis, comparing the driver's indicated origin, 
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# Patent Number Inventor Original Assignee Title Publication Date Description 
destination, seating requirements and time 
with the rider's requested origin, destination, 
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 description 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 unauthorized 
access to the system by either drivers or 
riders, accounting features for properly billing 
riders and reimbursing vehicle owners for 
transportation services, and special terminals 
for entering trip information quickly and 
accurately. 

3 US5168451 A John G. Bolger  Bolger John G 
User 

responsive 
transit system 

December 1, 1992 

A transit system includes a number of service 
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 terminals 
to transmit a service request to a central 
dispatch controller that receives the request 
and automatically dispatches the most 
efficient vehicle to service the request. The 
central computer determines the most 
efficient vehicle by calculating the total added 
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 travel 
distance. The dispatched vehicle has a 
terminal that receives the dispatch command 
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# Patent Number Inventor Original Assignee Title Publication Date Description 
that was transmitted by the central dispatch 
controller and enters it on a graphical display 
of a map of the local area for convenient 
viewing by the vehicle operator. The order in 
which dispatches are serviced and the path 
traveled by the vehicle between dispatch 
locations is determined by the vehicle 
operator, so as to allow continuous 
modification in response to new dispatches, 
prevailing traffic conditions, etc. 

4 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 in 
individual transit cells, and the transit cells are 
connected by intracell vehicles which travel 
between cell terminals located within the 
respective transit cells. The intracell vehicles 
are automatically dispatched by a dispatching 
system (12) which assigns each transit request 
to an intracell vehicle servicing a matching 
transit route or soft route comprising a 
geographical area and a route travel direction. 
The dispatching system (12) uses a process for 
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 it is assigned. Transit 
requests are preferably communicated to the 
dispatching system via a local telephone 
system and locations within the transit cell are 
defined by telephone numbers or other 
suitable identifiers. 
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# Patent Number Inventor Original Assignee Title Publication Date Description 

5 US6756913 B1 
Mourad Ben 

Ayed 
Mourad Ben 

Ayed 

System for 
automatically 
dispatching 

taxis to client 
locations  

June 29, 2004 

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 
location information to the dispatch center. 
The taxi dispatch center keeps track of 
available taxis and their locations and stores 
them in a database. After determining the 
client location data, a processor searches the 
available taxis database for a taxi whose 
location matches the client's location. The 
client location data is converted to an address 
and sent to the assigned taxi. The address is 
displayed on a mobile data terminal in the 
taxi. 

6 US20060217885 A1 
Mark Crady et 

al. 
Mark Crady et al. 

User location 
driven 

identification 
of service 
vehicles 

September 28, 2006 

A vehicle position aggregation system receives 
position information for service vehicles from 
various fleet management systems, and 
maintains the current location of the vehicles 
in a database, including information 
identifying each vehicle's associated fleet and 
related contact information. End users can 
query the vehicle position aggregation system 
to obtain information about service vehicles in 
the vicinity of the user's input location. 

7 US7181225 B1 
 Robert T. 

Moton, Jr. et 
al. 

Bellsouth 
Intellectual 
Property 

Corporation 

System and 
method for 
surveying 
wireless 

device users 
by location  

February 20, 2007 

The present invention is a system and method 
for conducting survey using wireless devices. 
The system architecture of the present 
invention comprises a location server and a 
location system. The location server can 
receive a survey request from a subscriber, 
delineate a survey area for the survey, 
broadcast a query containing the survey to a 
plurality of wireless devices, process 
responses received from the wireless devices, 
and delivers a result of the survey to the 
subscriber. The location system can generate 
location information for each of the wireless 
devices that received the query. The location 
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# Patent Number Inventor Original Assignee Title Publication Date Description 
system may be a network-based unit or a 
portable unit provisioned at each of the 
wireless devices. In the preferred 
embodiment, the location system is a GPS 
receiver that generates the longitude and the 
latitude of the wireless device at which it is 
provisioned. 

8  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 action 
in response to a request for a service using 
location information in conjunction with 
service-specific parameters. A user may 
request a provider of a specified service (e.g., 
taxi, plumber, pharmacist, etc.). In evaluating 
the request, providers may be evaluated 
based on the location information in addition 
to service-specific parameters. An action in 
response may include merely displaying 
selected service provider(s) in response to the 
request, or acting on behalf of the user by 
communicating with a selected service 
provider. 

9 US7391341 B2 
Ian Keaveny, 
Brad Heide 

Trapeze Software 
Inc. 

System and 
method of 

optimizing a 
fixed-route 

transit 
network 

June 24, 2008 

According to an aspect of the invention there 
is provided 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 deviations 
from the fixed route based on passenger 
requests; b) tracking the deviations and 
number of passenger requests corresponding 
to each deviation; c) submitting information 
from tracking step b) into a decision-making 
algorithm; and d) modifying the fixed route to 
include new stops based on results from the 
decision-making algorithm, as well as a system 
for implementing this method. 

10 US20090192851 A1 Paul L. Bishop Bishop Paul L 
Location-

Based 
July 30, 2009 

Various implementations of a location based 
transportation management system and 
methods are disclosed, including a device for 
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# Patent Number Inventor Original Assignee Title Publication Date Description 

Transportation 
Management  

visually communicating with drivers in a 
variety of environments. 

11 US20120123894 A1 
 Frank Chee-
Da Tsai et al. 

Institute For 
Information 

Industry 

Decentralized 
Transportation 

Dispatching 
System and 
Method for 

Decentralized 
Transportation 

Dispatching  

May 17, 2012 

A method for decentralized transportation 
dispatching is disclosed. The method bypasses 
utilizing a centralized dispatch call center and 
includes announcing a transportation 
requirement via broadcasting directly by at 
least one user, and replying to the 
transportation requirement with a plurality of 
competitive bidding information directly from 
a plurality of transportation providers who are 
capable of providing a passenger-carrying 
service or providing a goods-carrying service. 
The method further includes selecting one 
transportation provider from the 
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. 

12 US20130132246 A1 
 Shalin Amin 

et al. 

Uber 
Technologies, 

Inc. 

Providing a 
summary or 

receipt for on-
demand 
services 

through use of 
portable 

computing 
devices  

May 23, 2013 

A method for providing a service summary or 
receipt on a computing device is provided. 
One or more processors determine 
information for a service rendered for a user. 
The information includes a cost for the 
service, a type of service performed, and a 
person who performed the service. A 
summary receipt panel is provided on a 
display of the computing device and includes 
the information for the service rendered. The 
one or more processors provide, on the 
summary receipt panel, a map that identifies 
a location relevant to the service rendered 
and a feedback feature that enables the user 
to rate the service received. 
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# Patent Number Inventor Original Assignee Title Publication Date Description 

13 US20130132140 A1 
Shalin Amin, 

Mina 
Radhakrishnan 

Uber 
Technologies, 

Inc. 

Determining a 
location 

related to on-
demand 
services 

through use of 
portable 

computing 
devices 

May 23, 2013 

A method for determining a location relating 
to an on-demand service on a computing 
device is provided. One or more processors 
receiving a transport request from a user. The 
transport request specifies at least one of a 
pick-up region or a drop-off region. One or 
more locations of interests within the at least 
one of the pick-up region or the drop-off 
region are determined. Based on the at least 
one of the pick-up region or the drop-off 
region, one or more historical locations 
related to the user is determined. A likely 
location is determined based on the 
determined one or more locations of interest 
and the one or more historical locations. 

14 US20140244412 A1 
Jesse H. Davis 

et al. 

Creative Mobile 
Technologies, 

LLC 

Passenger 
information 

module  
August 28, 2014 

A method and system utilizes an interface for 
the blind and low vision passengers in a touch 
screen passenger information module (PIM). 
The PIM is enabled to operate in at least two 
modes. A low vision mode provides different 
user input framework on the touch screen as 
well as appropriate audio prompting. The 
interface enables a blind or low vision person 
to interact with the PIM easily, including using 
the PIM to pay for the fare. The low vision 
mode can be initiated by the passenger. 

15 US20150161564 A1 
Matthew 

Sweeney et al. 

Uber 
Technologies, 

Inc. 

System and 
method for 
optimizing 
selection of 
drivers for 
transport 
requests 

June 11, 2015 

A computing system operates to process 
multiple transport requests at one time, each 
of the multiple transport request specifying a 
pickup location that is within a geographic 
region. During a given interval when each of 
the multiple transport request are open, a 
pool of candidate drivers is determined within 
the geographic region that can fulfill one or 
more of the transport requests within a 
threshold duration of time. A driver is 
selected for each of the multiple transport 
requests. In selecting the driver, the computer 
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 Description 
at least one of the multiple transport 
requests. 

16 US9082144 B2 
Russell Jones 

et al. 
Cargo Chief 

Transportation 
service 

matching with 
arrival 

estimation 
adjusted for 

external 
factors  

July 14, 2015 

Matches for load or transportation services 
with transportation service providers (TSPs) 
are established, and estimated arrival times 
are provided. A transportation service request 
is provided and a received bid is received. An 
estimate of time of arrival is made based on 
an estimation of a time for performing a 
delivery of the load or provide the 
transportation service, and the time of arrival 
estimate is adjusted by at least one external 
factor expected to affect transit time. An 
anticipated turn-around time for availability of 
the TSP is made for a subsequent leg or 
backhaul and the adjusted time of arrival 
estimate and the anticipated turn-around 
time are used to estimate a time of availability 
of the TSP for the subsequent leg or backhaul. 
An accepted bid for the subsequent leg or 
backhaul is made based on an estimated time 
of availability. 

17 WO2015175030 A1 
Travis Kalanick 

et al. 

Uber 
Technologies, 

Inc. 

User-
configurable 
indication 

device for use 
with an on-

demand 
service 

November 19, 2015 

A system and method for configuring an 
indication device is described. An on-demand 
service system arranges a transport service for 
a user to be provided by a driver. The system 
determines whether the user has specified an 
output configuration for an indication device 
in an account of the user. In response to 
determining that the user has specified an 
output configuration for the indication device, 
the system identifies data corresponding to 
the output configuration and transmits the 
data to a driver device of the driver to enable 
the driver device to control the indication 
device of the driver based on the data. 
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# Patent Number Inventor Original Assignee Title Publication Date Description 

18 US9230292 B2 
Shalin Amin et 

al. 

Uber 
Technologies, 

Inc. 

Providing on-
demand 
services 

through use of 
portable 

computing 
devices  

January 5, 2016 

A method for requesting an on-demand 
service on a computing device is provided. 
One or more processors determine the 
current location of the computing device. A 
multistate selection feature of a plurality of 
service options for providing the on-demand 
service is presented on the display of the 
computing device. The multistate selection 
feature enables a user to select a service 
option that is available within a region that 
includes the current location to provide the 
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 provide region-
specific information about the on-demand 
service based on the selected service option. 

Source: (Google Inc., 2016) 
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Location -Aware Transportation Tools  

Many transportation tools work based on the known location information of the involved parties. 

The following section reviews some of these location-aware apps. 

OneBusAway (http://onebusaway.org) (Ferris, One Bus Away, 2016), a suite of transit traveler 

information tools that was developed at the University of Washington, provides real-time arrival 

information, a trip planner, a schedule and route browser, and a transit-friendly destination finder 

for the Seattle area (early effort) and other major urban areas like Atlanta, Tampa, and New York 

City. The app uses the userôs location to provide information about nearby buses and schedules; 

moreover, it can help the user to plan a trip. Figure 24 shows the appôs interface. 

 

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

The sharing economy has also had an effect on transportation tools. According to Shaheen et al., 

ñAdvancements in social networking, location-based services, the Internet, and mobile 

technologies have contributed to a sharing economy (also referred to as peer-to-peer sharing, the 

mesh economy, and collaborative consumption) (Shaheen, Cohen, Zohdy, & Kock, Smartphone 

Applications to Influence Travel Choices: Practices and Policies, 2016).ò  

In recent years, many sharing models have emerged, such as P2P marketplaces (e.g., Airbnb), 

crowdfunding (e.g., Kickstarter), and shared mobility (e.g., Getaround) (Shaheen, Cohen, Zohdy, 

& Kock, Smartphone Applications to Influence Travel Choices: Practices and Policies, 2016): 

http://onebusaway.org/
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¶ In April 2011, Zipcar, a car-sharing company providing short-term (e.g., hourly) vehicle rentals, 

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. 

¶ By December 2014, Uber, the ride-sourcing platform that provides door-to-door, for-hire vehicle 

services, was valued at $41.2 billion. Between mid-2012 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 transportation network 

companies or TNCs), such as Lyft and Uber; ride-splitting (e.g., UberPOOL and Lyft Line) in 

which passengers split a fare and ride; and e-Hail (app-enabled taxis) (Shaheen, Cohen, Zohdy, & 

Kock, Smartphone Applications to Influence Travel Choices: Practices and Policies, 2016). Figure 

25 shows existing, developing, and future shared mobility services. 

 

Figure 25. Shared mobility service models (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 studies indicate that people are either unaware of what private information they are 

exposing or they do not understand what information they are consenting to share (Shaheen, 
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Cohen, Zohdy, & Kock, Smartphone Applications to Influence Travel Choices: Practices and 

Policies, 2016). 

Literature Review Summary  

In recent yearsðdue to concurrent developments in communication network and systems 

(including CV technology and smartphones), improvements for real-time mapping and navigation, 

and location information servicesðmany different transportation-related apps have been 

developed for different purposes and users.  

The introduction of open data, which was followed by Big Data, revolutionized practices. Aided 

by new methods of computation and analysis, new systems emerged, such as user location-driven 

services, improvements for fixed-route transport, the introduction of flexible-route transport, and 

decentralized transportation. 

Utilizing GPS-enabled mobile devices, many social network services, including Facebook, 

provide some kind of user location-based services, such as finding friends or locations. Shared 

mobility services, such as Uber and Lyft, also use location-based service to make their services 

more convenient. App services such as Waze utilize user locations to share traffic information. 

Location-based services are now familiar to many users, and there is a clear need for user location-

based services for public transportation. Yet, to the best of the authorsô knowledge, currently there 

is no user location-based app for public transit service. 

System Architecture  
Task 2 of the research objectives calls for the development of a framework for a handheld mobile 

app for transit users, a mobile app for transit drivers, and a management server program. This 

architecture takes advantage of two-way 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, magnetometer, and other sensors in a 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 from 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 motion changes. 

Sensor signal processing will enhance accuracy and precise measurements. The filters will include 

both low-pass and high-pass filters. The low-pass filters will consist of weighted smoothing, 

moving average, moving median, and others. Band and high-pass filters are also explored. Kalman 

filtering is of particular interest. Group travel modes are inferred from collaborative data. Sensor 

sharing will also provide collaboration between applications. Developers may write tools that 

consume sensor data to incorporate information into their applications.  
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The mobile and Web interface will allow users to send their origin and destination information to 

the transit agency application server. Then, the agency software will use that information for 

demand-responsive 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 will eliminate chances for 

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

Sensor and GPS sharing can also create a social network for collaboration. The tracking system is 

capable of tracking the location of ñtravel friends.ò A travel friend connection is established via a 

ñfriend request.ò Once a friend connection is established, all corresponding mobile device 

locations become available. Sharing GPS coordinates would allow a cluster of mobile devices to 

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

The connected sensor tracking system consists of mobile devices, Internet servers, and data storage 

systems. Each device has a mobile application for transmitting GPS coordinates 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 a database management application. The database management 

system consists of entities which relate the mobile device with the associated tracking data. The 

DBS can be used to log sensor data, track history, and provide real-time location. 

The programming technologies include standard programming languages such as Java, Javascript, 

and other Internet tools. The database engine is scripted with Structured Query Language (SQL). 

SQL defines a common language for database access. The framework is composed of a network 

of mobile devices, Internet 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 of the sensors and GPS receiver. The technical 

challenges will include memory requirements, concurrent devices, bandwidth, data storage space, 

and real-time 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 Use r  Location -Based Transit App System 

The roles of the transit user, the transit agencyôs server, and driverôs tablet are as follows: 

1. Functions of a mobile user  

¶ Sending a travel request (origin, destination, preferred departure time or arrival time) 

¶ Receiving a potential travel route, modified by the agency 

¶ Confirming the modified route acceptance (yes or no) 

¶ Reviewing provided map of the travel route, including stop locations, bus location, driver 

information, etc. 
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2. Functions of an agencyΩs server  

¶ Collecting usersΩ travel requests 

¶ Making groups with similar travel requests 

¶ Creating travel routes from the modified travel requests (stops, stop sequences, departure 

and arrival times, driver information) 

¶ Sending the modified travel requests to users 

¶ Receiving final travel confirmations from the users 

¶ Finalizing travel routes  

¶ Creating a travel route map 

3. Functions of a driverΩs tablet device 

¶ Viewing a route map with stop locations, user locations, user information, vehicle locations, 

stop sequence, departure and arrival times for each stop 

¶ Possibly communicating with a passenger when the passenger is not at the stop on time 

The usual process envisioned for this architecture would proceed in the following sequence: 

1. User submits the travel request. 

2. Agency collects the travel requests. 

3. Agency groups the travel requests. 

4. Agency creates a route with potentially modified travel requests. 

5. Agency disseminates the route information with modified travel requests. 

6. User confirms acceptance of the travel route. 

7. Agency finalizes the travel routes. 

8. Agency submits the route information to users and the driver. 

9. The driver uses a travel map to drive and collect passengers. 

10. In case a passenger is not at the bus stop, the driver can communicate with the passenger. 

The user location-based transit app consists of three elements: server database, the userôs mobile 

app, and the driverôs app.  

1. User mobile app ς The basic functions of the user mobile app are to send the ǳǎŜǊΩǎ travel 

requests and receive travel information. Users can also view real-time transit operational 

information, including the busΩǎ location and arrival times at origins and destinations. Figure 1 

shows a tentative user interface for the mobile application. 
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Figure 26. Example of user interface of the smartphone application for transit users. 

 

2. Server database ς The transit agency receives multiple travel requests from mobile app users 

and stores those requests 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 are then sent back to users for confirmation.   
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Figure 27. Example of a database for transit agenciesô servers. 

Once flexible routes are generated at the database, the mapðwhich indicates the route information, 

bus stop information, and passenger informationðis automatically created as shown in Figure 28 

to Figure 31. 

3. App for the driver ς The ŘǊƛǾŜǊΩǎ app will provide bus stop information, arrival and departure 

times, and real-time passenger location as shown in Figure 6. However, personal passenger 

information will not be provided to the driver due to privacy concerns. 

 

Figure 28. Passenger locations and potential bus stops created at the database. 

 



 

 

44 

 

Figure 29. Passengerôs original travel request and modified travel information. 

  

 

Figure 30. Potential bus stop information created at the database. 
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Figure 31. Example of a bus driver information app. 

Expected Benefits  

Some of the benefits expected from this system architecture are as follows: 

1. More efficient shuttle bus operation (especially, during low-demand nighttime hours). 

2. Accurate information for the shuttle service through the mobile app. 

3. Improved passenger safety during nighttime by ensuring pickup. 

4. Pedestrian safety at night (pedestrians can provide their location to the police department). 

HTTP protocol is utilized to transmit parameters from mobile devices. The application server 

receives these parameters, and then submits values to the database management system. The 

transmission intervals are approximately 120 seconds. A slower rate is required as the number of 

mobile devices increases due to constraints within the application and database server. A 

transmission interval of 300 seconds is recommended. The application server limits the HTTP 

request/response rate, and the database management system limits the maximum 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: 

ω z acceleration: zacclrtn = 6.2114563 
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ω x acceleration: xacclrtn = 1.5124054 

ω y acceleration: yacclrtn = 6.9717865 

ω z axis rotation: zrotation = ҍ0.26365373 

ω y axis rotation: yrotation = ҍ0.23883891 

ω x rotation: xrotation = ҍ0.8286834 

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

ω longitude: longitude = ҍ76.60806427 

ω latitude: latitude = 39.47141771 

ω user logon ID: userlogonid = 103 

An additional column will  indicate travel mode. The real-time data will be displayed on a map. 

Devices within the same social network will have the privilege of viewing each otherôs locations.  

Survey 
An online survey was designed and distributed to capture public opinion about user app described 

in the system architecture. This chapter summarizes survey data collection and analysis. The 

survey was titled, ñSurvey for the User Location-based Transit Mobile App,ò and a copy is 

provided in Appendix C.  

Data Collection  

The survey was open online from April 25, 2016, to July 8, 2016, and 92 usable responses were 

collected. The survey mainly recruited in Baltimore, Maryland, and southern Virginia. Advertising 

on some online websites like Craigslist was also among the methods of survey recruitment. Table 

9 to Table 11 summarize demographics, travel behavior, and geographic characteristics, 

respectively. The demographics table includes gender, age, marital status, household annual 

income, race/ethnicity, education, and occupation. There were more male participants than 

females, 56.5% to 43.5%. Two age categories, 25ï34 (34.8%) and 45ï64 (31.5%), covered more 

than 65% of participants. The majority of participants, more than 60%, were married or in a 

domestic partnership. Almost half of participants had an annual income between $50,000 and 

$100,000. Due to survey recruitment, the majority of participants were White, followed by Black 

or African-American. Similar reasons caused the level of education to be a little bit skewed, and 

75% of participants had at least a bachelorôs degree. Finally, about 75% of participants were 

employed, and the rest were students (undergraduate and graduate). 

The majority of participants drive regularly (80%); however, almost 30% of participants use transit 

to commute at least once per week. More than half of the participants either commute less than 20 

minutes or live in walking distance; however, around 20% of participants had commuting times of 

more than 40 minutes. The maximum number of transfer points when commuting by transit was 

two (for 7.6% of participants). Using transit to commute requires extra time for the majority of 

participants; however, 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) and have used at least one in the past. 

Due to the survey recruitment, the majority of participants lived in suburban areas (81%), mainly 

from Virginia (53%) and Maryland (37%), with a few participants from Connecticut, New Jersey, 

Pennsylvania, and Washington, D.C. (all together about 10%). The main type of commute for 

participants was suburban to suburban (more than 66%), followed by suburban to city (15%). The 

full list of the cities/urban areas where participants live and work/study is provided in Appendix 

D. 
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Table 9. Summary of Participantsô Demographic Characteristics 

Demographic Characteristics Count % 

Gender 
Male 52 56.5% 

Female 40 43.5% 

Age 

18-24 12 13.0% 

25-34 32 34.8% 

35-44 18 19.6% 

45-64 29 31.5% 

65 and over 1 1.1% 

Marital Status 

Single 36 39.6% 

In domestic partnership 3 3.3% 

Married 52 57.1% 

Annual Income 

Less than $25,000 12 13.2% 

$25,000 ς $50,000 7 7.7% 

$50,000 ς $75,000 23 25.3% 

$75,000 ς $100,000 20 22.0% 

$100,000 ς $200,000 18 19.8% 

More than $200,000 4 4.4% 

Prefer not to answer 7 7.7% 

Race/Ethnicity 

White (non-Hispanic) 51 55.4% 

Hispanic 4 4.3% 

Black or African-American 23 25.0% 

Asian 11 12.0% 

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% 

Education 

Some high school 1 1.1% 

High school diploma or GED 9 9.8% 

Associate's degree 13 14.1% 

Bachelor's degree 23 25.0% 

Master's degree 31 33.7% 

Doctoral or higher 15 16.3% 

Occupation 

Undergraduate student 11 12.1% 

Graduate student 9 9.9% 

Employed 69 75.8% 

Not Employed 1 1.1% 

Other 1 1.1% 

N = 92 
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Table 10. Summary of Participantsô Travel Behavior Characteristics 

Travel Behavior Characteristics Count % 

Driving Pattern (Regularly) 
Yes 72 79.1% 

No 19 20.9% 

Transit Use Frequency 

None 64 69.6% 

1-3 12 13.0% 

4-6 6 6.5% 

7 and more 10 10.9% 

Commute 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% 

# Transfer(s) 

I do not use transit to commute 52 56.5% 

No transfer required 13 14.1% 

1 transfer 14 15.2% 

2 transfers 7 7.6% 

3 or more transfers 0 0.0% 

I do not know 6 6.5% 

Transit Extra Time 

Almost the same 8 9.2% 

Less than 20 minutes more 18 20.7% 

Less than 40 minutes more 8 9.2% 

Less than an hour more 5 5.7% 

More than an hour more 15 17.2% 

I do not know 33 37.9% 

Transit App Familiarity 
Yes 48 52.7% 

No 43 47.3% 

Transit App Use 
Yes 46 50.0% 

No 46 50.0% 

N = 92 

Data Analysis 

Prior to the analysis, some variable recoding efforts were performed because, based on Table 9 to 

Table 11, some of the participant characteristic cohorts had an insufficient number of participants 

(e.g., age 65 and over with just one participant, or marital status in domestic partnership with only 

three participants). After variable recoding, questions from the online survey associated with the 

proposed transit app were analyzed with regard to participant characteristics.  

Variable Recoding  

The following tables (Table 15 ï Table 25) summarize the recoding efforts for age, marital status, 

annual income, race/ethnicity, education, occupation, transit use frequency, commute time, 

number of transfers, transit extra times, and commute type, respectively. The recoding procedure 

was carried out to make sure the modified cohorts included a reasonable number of participants 

that would not bias the analyses. 
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Table 11. Summary of Participantsô Geographic Characteristics 

Geographic Characteristics Count % 

Home Location Category 
City (>=50,000) 17 18.9% 

Suburban (<50,000) 73 81.1% 

State (Home) 

CT 1 1.1% 

DC 1 1.1% 

MD 33 36.7% 

NJ 1 1.1% 

PA 6 6.7% 

VA 48 53.3% 

Work/Study Location Category 
City (>=50,000) 23 27.7% 

Suburban (<50,000) 60 72.3% 

State (Work/Study) 

CT 1 1.2% 

DC 1 1.2% 

MD 30 36.1% 

NJ 0 0.0% 

PA 7 8.4% 

VA 44 53.0% 

Commute Category (4 groups) 

City-City 11 13.3% 

City-Suburban 5 6.0% 

Suburban-City 12 14.5% 

Suburban-Suburban 55 66.3% 

N = 92 

Table 12. Recoding Age 

Age # % 

Age (original) 

18-24 12 13.0% 

25-34 32 34.8% 

35-44 18 19.6% 

45-64 29 31.5% 

65 and over 1 1.1% 

Total 92 100.0% 

Age (3 groups) 

18-34 44 47.8% 

35-44 18 19.6% 

45 and over 30 32.6% 

Total 92 100.0% 

Age (2 groups) 

18-34 44 47.8% 

35 and over 48 52.2% 

Total 92 100.0% 
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Table 13. Recoding Marital Status 

Marital Status # % 

Marital Status (original) 

Single 36 39.1% 

In domestic partnership 3 3.3% 

Married 52 56.5% 

Subtotal 91 98.9% 

Missing 1 1.1% 

Total 92 100.0% 

Marital Status (2 groups) 

Single 36 39.1% 

Married or in domestic partnership 55 59.8% 

Subtotal 91 98.9% 

Missing 1 1.1% 

Total 92 100.0% 

 

 

Table 14. Recoding Annual Income 

Annual Income # % 

Annual Income (original) 

Less than $25,000 12 13.0% 

$25,000 ς $50,000 7 7.6% 

$50,000 ς $75,000 23 25.0% 

$75,000 ς $100,000 20 21.7% 

$100,000 ς $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% 

Annual Income (3 groups) 

Less than $50,000 19 20.7% 

$50,000 ς $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: άPrefer not to answerέ was excluded in recoding. 
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Table 15. Recoding Race/Ethnicity 

Race/Ethnicity # % 

Race/Ethnicity (original) 

White (non-Hispanic) 51 55.4% 

Hispanic 4 4.3% 

Black or African-American 23 25.0% 

Asian 11 12.0% 

Other 2 2.2% 

Prefer not to answer 1 1.1% 

Total 92 100.0% 

Race/Ethnicity (3 groups) 

White (non-Hispanic) 51 55.4% 

Black or African-American 23 25.0% 

Other 17 18.5% 

Subtotal 91 98.9% 

Missing 1 1.1% 

Total 92 100.0% 

 

Table 16. Recoding Education 

Education # % 

Education (original) 

Some high school 1 1.1% 

High school diploma or GED 9 9.8% 

AssociateΩs degree 13 14.1% 

BachelorΩs degree 23 25.0% 

MasterΩs degree 31 33.7% 

Doctoral or higher 15 16.3% 

Total 92 100.0% 

Education (3 groups) 

AssociateΩǎ degree or lower 23 25.0% 

BachelorΩǎ degree 23 25.0% 

MasterΩǎ degree or higher 46 50.0% 

Total 92 100.0% 

 

Table 17. Recoding Occupation 

Occupation # % 

Occupation (original) 

Undergraduate student 11 12.0% 

Graduate student 9 9.8% 

Employed 69 75.0% 

Not Employed 1 1.1% 

Other 1 1.1% 

Subtotal 91 98.9% 

Missing 1 1.1% 

Total 92 100.0% 

Occupation (2 groups) Student or not employed or other 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 # % 

Transit Use Frequency (original) 

None 64 69.6% 

1-3 12 13.0% 

4-6 6 6.5% 

7 and more 10 10.9% 

Total 92 100.0% 

Transit Use Frequency (3 groups) 

None 64 69.6% 

Few 12 13.0% 

Many 16 17.4% 

Total 92 100.0% 

Transit Use Frequency (2 groups) 

No 64 69.6% 

Yes 28 30.4% 

Total 92 100.0% 

 

Table 19. Recoding Commute Time 

Commute Time # % 

Commute Time (original) 

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% 

Commute Time (2 groups) 

Less than 20 minutes 53 57.6% 

More than 20 minutes 39 42.4% 

Total 92 100.0% 

 

Table 20. Recoding Number of Transfers 

# Transfer(s) # % 

# Transfer(s) (original) 

I do not use transit to commute 52 56.5% 

No transfer required 13 14.1% 

1 transfer 14 15.2% 

2 transfers 7 7.6% 

I do not know 6 6.5% 

Total 92 100.0% 

Transfer 

Yes 21 22.8% 

No 13 14.1% 

Subtotal 34 37.0% 

Missing 58 63.0% 

Total 92 100.0% 

Note: άI do not use transit to commuteέ and άI do not knowέ were excluded in recoding. 
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Table 21. Recoding Transit Extra Time 

Transit Extra Time # % 

Transit Extra Time (original) 

Almost the same 8 8.7% 

Less than 20 minutes more 18 19.6% 

Less than 40 minutes more 8 8.7% 

Less than an hour more 5 5.4% 

More than an hour more 15 16.3% 

I do not know 33 35.9% 

Subtotal 87 94.6% 

Missing 5 5.4% 

Total 92 100.0% 

Transit Extra Time (3 groups) 

Less than 20 minutes 26 28.3% 

More than 20 minutes 28 30.4% 

I 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 # % 

Commute Category (4 groups) 

City-City 11 12.0% 

City-Suburban 5 5.4% 

Suburban-City 12 13.0% 

Suburban-Suburban 55 59.8% 

Subtotal 83 90.2% 

Missing 9 9.8% 

Total 92 100.0% 

Commute Category (3 groups) 

City-City 11 12.0% 

City-Suburban or Suburban-City 17 18.5% 

Suburban-Suburban 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 survey consisted of nine rating questions referring to the ñUser-based 

Two-way Mobile Appò that was proposed and developed in this study. Figure 32 shows these 

questions. Participants were asked to rate each of these questions on a scale of 1 (least agree) to 

10 (most agree). This section provides a review of responses of each of these questions. 
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Figure 32. Rating questions of ñUser-based Two-way Mobile Appò online survey. 

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

The average rating for this question was 6.370, which was the lowest among all nine questions. 

The average ratings range from 5.604 (for participants whose commute time was ñLess than 20 

minutesò) to 7.410 (of participants whose commute time was ñMore than 20 minutesò). Cohorts 

with significantly higher average ratings were as follows: 

¶ wŀŎŜκ9ǘƘƴƛŎƛǘȅΥ άBlack or African-Americansέ with an average rating of 7.130 (p < 0.1) 

¶ hŎŎǳǇŀǘƛƻƴΥ άStudent or Not employed or Otherέ with an average rating of 7.227 (p < 0.05) 

¶ Commute timeΥ άaƻre than 20 minutesέ with an average rating of 7.410 (p < 0.01) 

Figure 33 shows the distribution (in percent) of the ratings for this question. Figure 34 and Figure 

35 depict the average ratings by participant characteristic cohorts. 
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Figure 33. Distribution of ratings for  ñQ19. Do you think this transit app makes for a safer transit experience 

during the daytime?ò 
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Figure 34. Average rating by participant  characteristic for ñQ19. Do you think this transit app makes for a safer transit experience during the 

daytime?ò (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 35. Average rating by participant characteristic for ñQ19. Do you think this transit app makes for a safer transit experience during the 

daytime?ò (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two different bar colors are for easier distinction between variables only. 
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Q20. Do you think this transit app makes for a safer transit experience at night?  

The average rating for this question was 7.250. Figure 36 shows the distribution (in percent) of the 

ratings for this question. The average ratings range from 6.767 (for participants whose age was 

ñ45 and overò) to 8.750 (for participants whose car ownership was ñNoò). Cohorts with 

significantly higher average ratings were as follows: 

¶ /ŀǊ ƻǿƴŜǊǎƘƛǇΥ άbƻέ with an average rating of 8.750 (p < 0.05) 

¶ Commute timeΥ άaore than 20 minutesέ with an average rating of 7.897 (p < 0.01) 

Figure 37 and Figure 38 depict average ratings by participant characteristic cohorts. 

 
Figure 36. Distribution of ratings for ñQ20. Do you think this transit app makes for a safer transit experience 

at night?ò
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Figure 37. Average rating by participant  characteristic for ñQ20. Do you think this transit app makes for a safer transit experience at night?ò (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 38. Average rating by participant characteristic  for ñQ20. Do you think this transit app makes for a safer transit experience at night?ò (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two different bar colors are for easier distinction between variables only. 
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Q21. Do you think this transit app can improve safety on the university campus?  

The average score for this question was 6.978. Figure 39 shows the distribution (in percent) of the 

ratings for this question. The average scores range from 6.413 (for participants whose education 

was ñMasterôs degree or higherò) to 8.125 (for participants whose car ownership was ñNoò). There 

were five cohorts with significantly higher average ratings for this question, which put it on top of 

the list with ñQ26. Are you willing to use the app and flexible transit service, if it can meet your 

need?ò The cohorts were as follows: 

¶ 9ŘǳŎŀǘƛƻƴΥ ά!ǎǎƻŎƛŀǘŜΩǎ ŘŜƎǊŜŜ ƻǊ ƭƻǿŜǊέ ǿƛǘƘ an average rating of 7.696 (p < 0.05) 

¶ Driving pattern (regularly)Υ άbƻέ ǿƛǘƘ an average rating of 7.842 (p < 0.1) 

¶ ¢Ǌŀƴǎƛǘ ǳǎŜΥ ά¸Ŝǎέ ǿƛǘƘ an average rating of 7.571 (p < 0.1) 

¶ Commute timeΥ άaore than 20 minutesέ with an average rating of 7.462 (p < 0.1) 

¶ ¢Ǌŀƴǎƛǘ ǘǊŀƴǎŦŜǊΥ άbƻέ ǿƛǘƘ an average rating of 8 (p < 0.1) 

Figure 40 and Figure 41 depict average ratings by participant characteristic cohorts. 

 

 
Figure 39. Distribution of ratings for  ñQ21. Do you think this transit app can improve safety on the university 

campus?ò 
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Figure 40. Average rating by participant  characteristic for ñQ21. Do you think this transit app can improve safety on the university campus?ò (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 41. Average rating by participant  characteristic for ñQ21. Do you think this transit app can improve safety on the university campus?ò (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two 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 was 7.804, which was the highest among all nine questions. 

Figure 42 shows the distribution (in percent) of the ratings for this question. The average ratings 

range from 6.909 (for participants whose commute type was ñCity-Cityò) to 8.389 (for participants 

whose age was 35ï44). There was only one cohort with a significantly higher average rating, 

Commute time: ñMore than 20 minutes,ò with an average rating of 8.308 (p < 0.05). 

Figure 43 and Figure 44 depict average ratings by participant characteristic cohorts. 

 
Figure 42. Distribution of ratings for ñQ22. If this transit app is connected with the police department, can it 

be used to improve nighttime walking safety?ò 
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Figure 43. Average rating by participant  characteristic for ñQ22. If this transit app is connected with the police department, can it be used to improve 

nighttime walking safety?ò (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 44. Average rating by participant  characteristic for ñQ22. If this transit app is connected with the police department, can it be used to improve 

nighttime walking safety?ò (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two 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 was 7.511. Figure 45 shows the distribution (in percent) of the 

ratings for this question. The average rating ranged from 6.818 (for participants whose commute 

type was ñCity-Cityò) to 8.625 (for participants whose car ownership was ñNoò). Cohorts with 

significantly higher average ratings were as follows: 

¶ /ŀǊ ƻǿƴŜǊǎƘƛǇΥ άbƻέ ǿƛǘƘ an average rating of 8.625 (p < 0.1) 

¶ /ƻƳƳǳǘŜ ǘƛƳŜΥ άaƻǊŜ ǘƘŀƴ нл ƳƛƴǳǘŜǎέ ǿƛǘƘ an average rating of 8.103 (p < 0.05) 

Figure 46 and Figure 47 depict average ratings by participant characteristic cohorts. 

 

Figure 45. Distribution of ratings for  ñQ23. Do you think this transit app can be used for school bus 

operation?ò 
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Figure 46. Average rating by participant  characteristic for ñQ23. Do you think this transit app can be used for school bus operation?ò (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 47. Average rating by participant  characteristic for ñQ23. Do you think this transit app can be used for school bus operation?ò (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two 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 rating for this question was 7.11. Figure 48 shows the distribution (in percent) of the 

ratings for this question. The average ratings range from 5.952 (for participants whose transit 

transfer was ñYesò) to 7.957 (for participants whose work/study location category was ñCity 

(>=50,000)ò). Cohorts with significantly higher average ratings were as follows: 

¶ ¢Ǌŀƴǎƛǘ ǘǊŀƴǎŦŜǊΥ άbƻέ ǿƛǘƘ an average rating of 7.923 (p < 0.05) 

¶ ²ƻǊƪκǎǘǳŘȅ ƭƻŎŀǘƛƻƴ ŎŀǘŜƎƻǊȅΥ άCity (>=50,000)έ ǿƛǘƘ an average rating of 7.957 (p < 0.1) 

Figure 49 and Figure 50 depict average ratings by participant characteristic cohorts. 

 
Figure 48. Distributi on of ratings for ñQ24. Are you comfortable with letting a transit agency know your 

location, if this transit app is only used for the transit operation?ò 
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Figure 49. Average rating by participant  characteristic for ñQ24. Are you comfortable with letting a transit agency know your location, if this transit 

app is only used for the transit operation?ò (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 50. Average rating by participant  characteristic for ñQ24. Are you comfortable with letting a transit agency know your location, if this transit 

app is only used for the transit operation?ò (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two 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 was 6.978. Figure 51 shows the distribution (in percent) of the 

ratings for this question. The average ratings range from 6.095 (for participants whose transit 

transfer was ñYesò) to 8.538 (for participants whose transit transfer was ñNoò). Cohorts with 

significantly higher average ratings were as follows: 

¶ /ƻƳƳǳǘŜ ǘƛƳŜΥ άMore than 20 minutesέ ǿƛǘƘ an average rating of 7.615 (p < 0.05) 

¶ ¢Ǌŀƴǎƛǘ ǘǊŀƴǎŦŜǊΥ άbƻέ ǿƛǘƘ an average rating of 8.538 (p < 0.01) 

Figure 52 and Figure 53 depict average ratings by participant characteristic cohorts. 

 
Figure 51. Distribution of ratings for  ñQ25. Can you recommend this type of mobile app for transit users?ò 
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Figure 52. Average rating by participant  characteristic for ñQ25. Can you recommend this type of mobile app for transit users?ò (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 53. Average rating by participant  characteristic for ñQ25. Can you recommend this type of mobile app for transit users?ò (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two 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 was 7.489. Figure 54 shows the distribution (in percent) of the 

ratings for this question. The average ratings range from 6.909 (for participants whose transit extra 

time was ñI do not knowò) to 8.769 (for participants whose transit transfer was ñNoò). There were 

five cohorts with significantly higher average ratings for this question, which put it on top of the 

list with ñQ21. Do you think this transit app can improve safety on the university campus?ò The 

cohorts were as follows: 

¶ !ƴƴǳŀƭ ƛƴŎƻƳŜΥ άMore than $100,000έ ǿƛǘƘ an average rating of 8.227 (p < 0.1) 

¶ Driving Pattern (Regularly)Υ άbƻέ ǿƛǘƘ an average rating of 8.474 (p < 0.05) 

¶ ¢Ǌŀƴǎƛǘ ǳǎŜΥ ά¸Ŝǎέ ǿƛǘƘ an average rating of 8.143 (p < 0.1) 

¶ ¢Ǌŀƴǎƛǘ ǘǊŀƴǎŦŜǊΥ άbƻέ ǿƛǘƘ an average rating of 8.769 (p < 0.1) 

¶ ¢Ǌŀƴǎƛǘ ŜȄǘǊŀ ǘƛƳŜΥ άLess than 20 minutesέ ǿƛǘƘ an average rating of 8.423 (p < 0.05) 

Figure 55 and Figure 56 depict average ratings by participant characteristic cohorts. 

 
Figure 54. Distribution of ratings for  ñQ26. Are you willing to use the app and flexible transit service, if it can 

meet your need?ò 
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Figure 55. Average rating by participant characteristic for ñQ26. Are you willing to use the app and flexible transit service, if it can meet your need?ò 

(Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 56. Average rating by participant  characteristic for ñQ26. Are you willing to use the app and flexible transit service, if it can meet your need?ò 

(Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two 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 was 7.261. Figure 57 shows the distribution (in percent) of the 

ratings to this question. 

The average ratings range from 6.824 (for participants whose commute category type was ñCity-

Suburban or Suburban-Cityò) to 8 (for participants whose car ownership was ñNoò). There were 

no cohorts with significantly higher average ratings. 

Figure 58 and Figure 59 depict average ratings by participant characteristic cohorts. 

 
Figure 57. Distribution of ratings for  ñQ27. Do you think this transit app can increase transit ridership?ò 
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Figure 58. Average rating by participant  characteristic for ñQ27. Do you think this transit app can increase transit ridership?ò (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 59. Average rating by participant  characteristics for ñQ27. Do you think this transit app can increase transit ridership?ò (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two different bar colors are for easier distinction between variables only. 
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Comparison of App-related Questions 

Table 23 shows the sorted (from maximum to minimum) average ratings for nine different app-

related questions (cohort-based); the table also shows the minimum and maximum average ratings 

by a particular cohort (which vary for different app-related questions). Figure 60 shows a bar chart 

of the values in the table. ñQ22. If this transit app is connected with the police department, can it 

be used to improve nighttime walking safety?ò had the highest average rating (7.804), and ñQ19. 

Do you think this transit app makes for a safer transit experience during the daytime?ò had the 

lowest value (6.370). A t-test revealed that there was a significant difference between the average 

value of Q22 (M = 7.80, SD = 2.007) and the average value of Q19 (M = 6.37, SD = 2.310), t (91) 

= ī6.694, p < 0.001. 

Table 23. Comparison of Cohort-Based Average, Min imum, and Maximum Values of App-Related Questions  

Question 
Average 
(Sorted) 

Min. Max. 

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

7.804 6.909 8.389 

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

7.511 6.818 8.625 

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

7.489 6.909 8.769 

Q27. Do you think this transit app can increase transit ridership? 7.261 6.824 8.000 

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

7.250 6.767 8.750 

Average 7.190 - - 

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

7.109 5.952 7.957 

Q25. Can you recommend this type of mobile app for transit users? 6.978 6.095 8.538 

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

6.978 6.413 8.125 

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

6.370 5.604 7.410 
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Figure 60. Comparison of cohort-based average, min., & max. of app-related questions. 
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Combined Ratings 

The research team decided to combine some of the ratings of the nine app-related questions 

together and categorize them based on their similar attributes under either safety, efficiency, or 

privacy, as shown in Table 24. The unweighted total score was calculated as an average value of 

all app-related ratings. 

Table 24. Combining Rating Scores 

Question 
Category 

Safety Efficiency Privacy Unweighted Total Score 

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 on the 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 you comfortable 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 the combined safety attribute was 7.161. Figure 61 shows the distribution 

(in percent) of the average rating of this attribute. The average rating ranges from 6.728 

(participants whose transit transfer was ñYesò) to 7.982 (participants whose car ownership was 

ñNoò). Cohorts with significantly higher average ratings were as follows: 

¶ /ƻƳƳǳǘŜ ǘƛƳŜΥ άMore than 20 minutesέ ǿƛǘƘ an average rating of 7.652 (p < 0.05) 

¶ ¢Ǌŀƴǎƛǘ ǘǊŀƴǎŦŜǊΥ άbƻέ ǿƛǘƘ an average rating of 7.978 (p < 0.1) 

Figure 62 and Figure 63 depict average ratings by participant characteristic cohorts for the 

combined safety attribute. 

 
Figure 61. Distribution of average ratings for  combined safety attribute . 

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

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 63. Average rating by participant  characteristic for combined safety attribute ( Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two different bar colors are for easier distinction between variables only. 
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Combined Efficiency Attribute  

The average rating for the combined efficiency attribute was 7.310. Figure 64 shows the 

distribution (in percent) of the average ratings for this attribute. The average ratings range from 

6.905 (participants whose transit transfer was ñYesò) to 8.385 (participants whose transit transfer 

was ñNoò). Cohorts with significantly higher average ratings were as follows: 

¶ ¢Ǌŀƴǎƛǘ ǘǊŀƴǎŦŜǊΥ άbƻέ ǿƛǘƘ an average rating of 8.385 (p < 0.05) 

¶ Transit exǘǊŀ ǘƛƳŜΥ ά[Ŝǎǎ ǘƘŀƴ нл ƳƛƴǳǘŜǎέ ǿƛǘƘ an average rating of 7.942 (p < 0.1) 

Figure 65 and Figure 66 depict average ratings by participant characteristic cohorts for this 

attribute. 

 
Figure 64. Distribution of average ratings for  combined efficiency attribute . 
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Figure 65. Average rating by participant  characteristic for combined efficiency attribute (Part 1) . 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 66. Average rating by participant  characteristic for combined efficiency attribute (Part 2) . 

Notes: 

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

Work/study location category - Commute category 

¶ The two different bar colors are for easier distinction between variables only. 
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Combined Privacy Attribute  

The average rating for the combined privacy attribute was 7.290. Figure 67 shows the distribution 

(in percent) of the average ratings for this attribute. The average ratings range from 6.607 

(participants whose transit transfer was ñYesò) to 8.288 (participants whose transit transfer was 

ñNoò). The only cohort with a significantly higher average rating was as follows: 

¶ ¢Ǌŀƴǎƛǘ ǘǊŀƴǎŦŜǊΥ άbƻέ ǿƛǘƘ an average rating of 8.288 (p < 0.05) 

Figure 68 and Figure 69 depict average ratings by participant characteristic cohorts for this 

attribute. 

 
Figure 67. Distribution of average ratings for  combined privacy attribute . 
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Figure 68. Average rating by participant  characteristic for combined privacy attribute (Part 1) . 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 69. Average rating by participant  characteristics for combined privacy attribute (Part 2) . 

Notes: 

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

Work/study location category - Commute category 

¶ The two different bar colors are for easier distinction between variables only. 
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Unweighted Total Rating  

The average rating for the unweighted total rating was 7.194. Figure 70 shows the distribution (in 

percent) of the average rating for this attribute. The average ratings range from 6.688 (participants 

whose transit transfer was ñYesò) to 8.014 (participants whose car ownership was ñNoò). Cohorts 

with significantly higher average ratings were as follows: 

¶ /ƻƳƳǳǘŜ ǘƛƳŜΥ άaƻǊŜ ǘƘŀƴ нл ƳƛƴǳǘŜǎέ ǿƛǘƘ an average rating of 7.661 (p < 0.05) 

¶ ¢Ǌŀƴǎƛǘ ǘǊŀƴǎŦŜǊΥ άbƻέ ǿƛǘƘ an average rating of 8.009 (p < 0.05) 

Figure 71 and Figure 72 depict average ratings by participant characteristic cohorts for this 

attribute. 

 
Figure 70. Distribution of average ratings for  unweighted total rating.
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Figure 71. Average rating by participant  characteristic for unweighted total rating (Part 1). 

Notes: 

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

(Regularly) 

¶ The two different bar colors are for easier distinction between variables only. 
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Figure 72. Average rating by participant  characteristics for unweighted total rating (Part 2). 

Notes: 

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

Work/study location category - Commute category 

¶ The two different bar colors are for easier distinction between variables only. 
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Analysis of Participant Characteristics  

A series of individual analyses of participant characteristics was performed regarding the average 

ratings. 

By Gender 

Figure 73 and Figure 74 show app-related ratings and combined app-related ratings by gender, 

respectively. There was not a significant difference between males and females. 

 

Figure 73. App-related ratings by gender.  
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Figure 74. Combined app-related ratings by gender. 

By Age 

Figure 75 and Figure 76 show app-related ratings and combined app-related ratings by age, 

respectively. There was not a significant difference between different age cohorts; however, the 

age cohort of 45 and over had the lowest average rating of 6.767 for ñQ20. Do you think this transit 

app makes for a safer transit experience at night?ò The age cohort of 35ï44 had the highest 

average rating of 8.389 for ñQ22. If this transit app is connected with the police department, can 

it be used to improve nighttime walking safety?ò 
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Figure 75. App-related ratings by age.  

 

 

Figure 76. Combined app-related ratings by age. 
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By Marital Status  

Figure 77 and Figure 78 show app-related ratings and combined app-related ratings by marital 

status, respectively. There was not a significant difference between single and married or in 

domestic partnership participants. 

 

Figure 77. App-related ratings by marital status.  
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Figure 78. Combined app-related ratings by marital status. 

By Annual Income 

Figure 79 and Figure 80 show app-related ratings and combined app-related ratings by annual 

income, respectively. While visually some differences can be seen between different annual 

income cohorts, the only significant difference was for ñQ26. Are you willing to use the app and 

flexible transit service, if it can meet your need?ò where participants with $50,000ï$100,000 

annual income rated this question significantly lower (p < 0.1). 
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Figure 79. App-related ratings by annual income.  

 

 

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

Figure 81 and Figure 82 show app-related ratings and combined app-related ratings by 

race/ethnicity, respectively. While visually some differences can be seen between different 

race/ethnicity cohorts, the only significant difference was for ñQ19. Do you think this transit app 

makes for a safer transit experience during the daytime?ò where White (non-Hispanic) participants 

rated this question significantly lower (p < 0.1). 

 

Figure 81. App-related ratings by race/ethnicity .  
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Figure 82. Combined app-related ratings by race/ethnicity . 

By Education 

Figure 83 and Figure 84 show app-related ratings and combined app-related ratings by education, 

respectively. While visually some differences can be seen between different education cohorts, the 

only significant difference was for ñQ21. Do you think this transit app can improve safety on the 

university campus?ò where ratings for participants with a masterôs degree or higher were 

significantly lower (p < 0.05). Moreover, participants with a masterôs degree or higher had the 

lowest average rating of 6.413 for this question in comparison with any other cohort in the study. 
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Figure 83. App-related ratings by education.  

 

 

Figure 84. Combined app-related ratings by education. 
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By Occupation 

Figure 85 and Figure 86 show app-related ratings and combined app-related ratings by occupation, 

respectively. While visually some differences can be seen between different occupation cohorts, 

the only significant difference was for ñQ19. Do you think this transit app makes for a safer transit 

experience during the daytime?ò where ratings by employed participants were significantly lower 

(p < 0.05) in comparison with students, those not employed, and other participants. 

 

Figure 85. App-related ratings by occupation.  

 

0

2

4

6

8

10

App: Safer Transit
Daytime

App: Safer Transit Night

App: Campus Safety

App: Police & Walking
Safety

App: School Bus
App: Location Reveal

Comfortability

App: Recommendation

App: Willingness-to-Use

App: Ridership Impact

Student or not employed or other Employed



 

 

108 

 

Figure 86. Combined app-related ratings by occupation. 

By Car Ownership 

Figure 87 and Figure 88 show app-related ratings and combined app-related ratings by car 

ownership, respectively. While visually some differences can be seen between different car 

ownership cohorts, the only significant difference was for ñQ20. Do you think this transit app 

makes for a safer transit experience at night?ò where ratings from participants without a car were 

significantly higher (p < 0.05) in comparison with participants who owned a car or had access to 

it for commuting. 

However, car ownership was one of the key characteristics; average ratings from participants 

without a car were the highest average for the following app-related questions: 

¶ άQ20. Do you think this transit app makes for a safer transit experience at night?έ (8.750) 

¶ άQ21. Do you think this transit app can improve safety on the university campus?έ (8.125) 

¶ άQ23. Do you think this transit app can be used for school bus operation?έ (8.625) 

¶ άQ27. Do you think this transit app can increase transit ridership?έ (8) 

Participants without a car also provided the highest average ratings for the combined safety (7.982) 

and unweighted total score (8.014) categories. 
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Figure 87. App-related ratings by car ownership.  

 

 

Figure 88. Combined app-related ratings by car ownership. 
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By Driving Pattern ( Regularly ) 

Figure 89 and Figure 90 show app-related ratings and combined app-related ratings by driving 

pattern (regularly), respectively. While visually some differences can be seen between different 

driving pattern (regularly) cohorts, the two following questions were rated significantly higher by 

participants who did not drive regularly: 

¶ άQ21. Do you think this transit app can improve safety on the university campus?έ (p < 0.1) 

¶ άQ26. Are you willing to use the app and flexible transit service, if it can meet your need?έ όp < 

0.05) 

 

Figure 89. App-related ratings by ñDriving Pattern (Regularly).ò  
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Figure 90. Combined app-related ratings by ñDriving Pattern (Regularly).ò 

By Transit Use 

Figure 91 and Figure 92 show app-related ratings and combined app-related ratings by transit use, 

respectively. While visually some differences can be seen between different transit use cohorts, 

participants who use transit rated the following two questions significantly higher: 

¶ άQ21. Do you think this transit app can improve safety on the university campus?έ όp < 0.1) 

¶ άQ26. Are you willing to use the app and flexible transit service, if it can meet your need?έ όp < 

0.05) 
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Figure 91. App-related ratings by transit use.  

 

 

Figure 92. Combined app-related ratings by transit use. 
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By Commute Time 

Figure 93 and Figure 94 show app-related ratings and combined app-related ratings by commute 

time, respectively. While visually some differences can be seen between different commute time 

cohorts, many of them were also statistically significant, which made commute time one of the 

key characteristics. Participants with a commuting time of more than 20 minutes rated the 

following app-related questions significantly higher: 

¶ άQ19. Do you think this transit app makes for a safer transit experience during the daytime?έ όp 

< 0.01) 

¶ άQ20. Do you think this transit app makes for a safer transit experience at night?έ όp < 0.05) 

¶ άQ21. Do you think this transit app can improve safety on the university campus?έ όp < 0.1) 

¶ άQ22. If this transit app is connected with the police department, can it be used to improve 

nighttime walking safety?έ όp < 0.05) 

¶ άQ23. Do you think this transit app can be used for school bus operation?έ όp < 0.05) 

¶ άQ25. Can you recommend this type of mobile app for transit users?έ όp < 0.05) 

Participants with a commuting time of more than 20 minutes also rated the following combined 

app-related scores significantly higher: 

¶ Combined safety (p < 0.05) 

¶ Unweighted total score (p < 0.05) 

Also, participants with a commuting time of more than 20 minutes provided the highest average 

rating for ñQ19. Do you think this transit app makes for a safer transit experience during the 

daytime?ò (7.410), while participants with a commuting time of less than 20 minutes provided the 

lowest average rating (5.604) for this question. 
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Figure 93. App-related ratings by commute time.  

 

 

Figure 94. Combined app-related ratings by commute time. 
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By Transit Transfer  

Figure 95 and Figure 96 show app-related ratings and combined app-related ratings by transit 

transfer, respectively. While visually some differences can be seen between different transit 

transfer cohorts, many of them were also statistically significant, which made transit transfer one 

of the key characteristics. The following app-related questions were rated significantly higher by 

participants without transit transfer: 

¶ άQ21. Do you think this transit app can improve safety on the university campus?έ όp < 0.1) 

¶ άQ24. Are you comfortable with letting a transit agency know your location, if this transit app is 

only used for the transit operation?έ όp < 0.05) 

¶ άQ25. Can you recommend this type of mobile app for transit users?έ όp < 0.01) 

¶ άQ26. Are you willing to use the app and flexible transit service, if it can meet your need?έ όp < 

0.1) 

Participants without transit transfer also rated all the combined app-related attributes significantly 

higher: 

¶ Combined safety (p < 0.1) 

¶ Combined privacy (p < 0.05) 

¶ Combined efficiency (p < 0.05) 

¶ Unweighted total score (p < 0.05) 

Moreover, different cohorts had the lowest and highest average ratings for the following app-

related questions: 

¶ άQ24. Are you comfortable with letting a transit agency know your location, if this transit app is 

only used for the transit operation?έ όlowest for participants with transit transfer, 5.952) 

¶ άQ25. Can you recommend this type of mobile app for transit users?έ όƭƻǿŜǎǘ ŦƻǊ ǇŀǊǘƛŎƛǇŀƴǘǎ 

with transit transfer, 6.095; highest for participants without transit transfer, 8.538) 

¶ άQ26. Are you willing to use the app and flexible transit service, if it can meet your need?έ 

(highest for participants with transit transfer, 8.769) 

Different cohorts had the lowest and highest average ratings for all combined app-related scores: 

¶ Combined safety (lowest for participants with transit transfer, 6.728) 

¶ Combined privacy (lowest for participants with transit transfer, 6.607; highest for participants 

without transit transfer, 8.288) 

¶ Combined efficiency (lowest for participants with transit transfer, 6.905; highest for participants 

without transit transfer, 8.385) 

¶ Unweighted total score (lowest for participants with transit transfer, 6.688) 
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Figure 95. App-related ratings by ñTransfer.ò  

 

 

Figure 96. Combined app-related ratings by ñTransfer.ò 
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By Transit Extra Time  

Figure 97 and Figure 98 show app-related ratings and combined app-related ratings by transit extra 

time, respectively. While visually some differences can be seen between different transit extra time 

cohorts, there is only one statistically significant difference. Participants who had less than 20 

minutes extra transit time to commute rated the following question higher in comparison with the 

other two cohorts: 

¶ άQ26. Are you willing to use the app and flexible transit service, if it can meet your need?έ όp < 

0.05) 

The combined efficiency app-related score was also statistically significant (p < 0.1) 

Participants who did not know their transit extra time (i.e., they selected ñI do not knowò) had the 

lowest average rating of 6.909 for ñQ26. Are you willing to use the app and flexible transit service, 

if it can meet your need?ò 

 

 

Figure 97. App-related ratings by ñTransit Extra Time .ò  
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