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ABSTRACT

This Report presents an evaluation of the Phase II Smart Card Demonstration Project.

The goal of the project is to develop a transit fare payment system for commercialization that

will improve transit efficiency and effectiveness. Phase I of the project included a review of

various fare card technologies and an assessment of feasibility of advanced fare payment

systems. The major focus of Phase II is the testing of selected technologies in revenue service.

Two types of fare payment cards were selected: a contactless radio frequency (RF) card and a

contact card. The advanced fare payment system includes passenger transaction units installed

on buses and the associated control and communications system.

The Phase II evaluation covers the following areas: functional performance of hardware

and software components, impacts on transit management, operations and efficiency, transit

passenger responses and perceptions, and institutional and organizational issues related to the

planning and implementation of the Field Operational Test (FOT). The evaluation was

conducted as a joint project with the University of California, Berkeley and the University of

Southern California. The UC Berkeley portion of the evaluation is presented in Volume 1 of the

Final Report. This Volume presents the USC portion of the evaluation.

The Phase II field operational test was an unqualified success. Performance of the

advanced fare payment system was better than anticipated. Card failures and other types of

mechanical problems were extremely rare. Transit passengers enthusiastically endorsed the

cards, and transit managers were very satisfied with the results of the field test. The project

greatly benefitted from the technical skills and commitment of the system designer and from the

management and coordination provided by the Caltrans District 7 California Advanced Public

Transportation System group. The Smart Card advanced fare payment system offers significant

potential for increasing transit productivity and service quality.

Keywords: FOT, Advanced Fare Payment, APTS, Public Transit, Smart Card

. . .
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EXECUTIVE SUMMARY

New transportation technology can potentially increase the efficiency and effectiveness of

public transportation services. One of the most promising areas of new technology is advanced

fare media. The traditional systems of cash, tokens, and passes represent a significant part of

transit operating costs, and make differentiated fare structures difficult to manage. Passes are

subject to theft and fraud, while cash is cumbersome and makes both passengers and bus

operators the potential target of personal crimes. Traditional media also provide limited

information to the transit provider, since revenues are only rough indicators of ridership.

An advanced fare payment system includes the following elements: a fare medium, some

means of recording and processing use, and some means of verification. This research evaluates

the performance of the Smart Card. Essentially a small computer, the Smart Card contains a

micro-processor and memory sufficient for an application program, data storage, and value

storage.

PURPOSE OF RESEARCH

The purpose of this research was to evaluate Phase II of the Federal Transit

Administration’s Advanced Fare Payment Media Research and Development project. Its goal is

to develop a transit fare payment system for commercialization that will improve transit

efficiency and effectiveness. Phase I of the project included a comprehensive review of the

various card technologies and an assessment of feasibility of advanced fare payment systems.

The major focus of Phase II was the field testing of the selected technologies in revenue service.

Two types of Smart Cards were selected for testing: a contactless radio frequency (RF) card and

a contact card. The cards have similar capabilities from a fare card usage perspective.

The Phase II evaluation addresses the following: 1) functional performance of hardware

and software components; 2) impacts on transit operations, management, and efficiency; 3)

transit passenger responses and perceptions; and 4) institutional and organizational issues related

to the planning and implementation of the Field Operational Test (FOT). Evaluation of item 2,
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impacts on transit operations, management and efficiency, was conducted by University of

California, Berkeley. Results are presented in a separate report.

THE FIELD OPERATIONAL TEST

The FOT was a joint effort sponsored by the Federal Transit Administration’s Advanced

Public Transportation Systems (APTS) new technology program. It took place in the I-l 10

(Harbor Freeway) corridor in Los Angeles County. Echelon Industries, Inc. won a contract from

the Federal Small Business Innovation and Research (SBIR) program to develop a commercially

viable advanced fare payment system. Echelon, Inc. was joined by the California Advanced

Public Transportation System (CAPTS) Group at the California Department of Transportation

(Caltrans) District 7, which acted as the oversight and funding pass-through agency. Field

testing required the participation of transit agencies. Gardena Bus Lines, Torrance Transit, and

the Los Angeles Department of Transportation (LADOT) agreed to participate.

The Smart Card System

The system developed by Echelon is termed the Fare Transaction and Vehicle

Management/Monitoring System, or FareTrans VMS. The system developed for the FOT has

the following elements: 1) a Passenger Interface Unit (PIU), which reads the Smart Card and

performs the fare transaction; 2) a Driver Interface Unit (DIU), which allows the driver to control

and communicate with the system; 3) a Control Unit which performs processing, data storage

and input/output for the system; and 4) a Global Positioning Satellite (GPS) receiver which

tracks the geographic location of the vehicle.

The FareTrans VMS has extensive capabilities and applications. The installed hardware

supports printers and voice announcement. The data provided by the system can be used to

monitor schedule adherence, or examine ridership patterns on a stop-by-stop basis. The system

allows for the integration of fare payments across transit agencies, and, in concept, the cards can

be linked to other electronic debit systems. The FOT focussed only on the viability of the system

for fare payment. A subsequent phase will test additional capabilities of the system.
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The Smart Card FOT

The FareTrans VMS was field tested for a six-month period from August 1994 through

January 1995. Two types of cards were tested. A contactless RF Card was tested on the

Torrance and LADOT routes; a contact Smart Card was tested on the Gardena route. A total of

350 Smart Cards and 500 RF Cards were made available for purchase. Over the test period, 541

cards were sold and about 48,000 card transactions were logged.

EVALUATION RESULTS

Functional Performance

Functional performance of the FareTrans VMS is considered to be very good. First, we

examine transaction errors. A type I error occurs when the intended transaction does not take

place. A type II error occurs when unintended transactions (usually multiple transactions) take

place. Since multiple transactions are more a matter of system management than technology,

they are not a critical determinant of technical performance. Type I errors were so rare that little

analysis could be performed. A total of 3 1 type I errors in 24,564 transactions were recorded for

the contact Smart Cards, yielding a success rate of 99.9%. The RF Card performance was even

better, with just two type I errors in 23,416 transactions, resulting in a success rate of 99.99%.

There were no cases of type II errors (multiple transactions) for the Smart Card and 10 cases for

the RF Card.

Second, we consider the performance of other system hardware and software elements.

The FareTrans VMS is a relatively inexpensive system constructed of components manufactured

to commercial standards rather than to industrial standards. A key question is whether

commercial components could perform acceptably in the environment of a public bus. While

system performance was very good during the field test, six months is not long enough to assess

lifecycle costs of the system.

The system’s design and performance are consistent with the standards provided by the

scientific literature to the extent permitted by the bounds of the test. We also note that system

performance improves over time, as passengers and bus drivers have more experience with the
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system. While both cards performed very well relative to market standards for technologies such

as magnetic stripe cards, the Smart Card had a failure rate that is likely to be unacceptable in a

transit context. Bus drivers process so many transactions that any fare payment system must be

extremely reliable to add value to the operation. On the other hand, performance of the RF Card

suggests it has significant promise for large-scale deployment.

User Response

If Smart Card technology is to be widely adopted, it must be found acceptable by transit

patrons. The purpose of the user response evaluation is to examine the following issues: 1)

willingness to purchase and use the Smart Card; 2) experiences using the card, including

problems encountered; 3) overall satisfaction with the card; 4) possible differences between the

two card technologies; and 5) relationships between social and demographic characteristics and

response to the fare cards.

We conducted an on-board survey of passengers on the three routes in November and

early December 1994. Of the 784 valid responses received, 150 respondents had purchased a

Smart Card. Passenger characteristics are quite different across the three routes. The LADOT

line is a long-distance express commuter service; most patrons are employed full-time, have

access to a private vehicle, and report household incomes above the 1990 County median. The

Torrance line provides local service within Torrance as well as express service to downtown Los

Angeles. Torrance respondents include many young persons. Household incomes are moderate,

and many passengers are transit dependent. Like Torrance, the Gardena line is a combination

local and express service. Gardena respondents consist mainly of the working poor: they report

the lowest household income, the largest households, and the greatest degree of transit

dependency. Surveys were offered in both English and Spanish, and about 40 percent of the

responses were in Spanish.

Response to the Smart Card was overwhelmingly positive. Nearly all users reported

being satisfied or very satisfied overall with their Smart Card. There were no differences across

card types, suggesting that there are no major problems associated with using either type of card.

Smart Card users reported few problems with using the cards; these problems apparently did not
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affect satisfaction. These positive results are likely a function of how problems were handled;

users were allowed to ride free when card problems were encountered.

While satisfaction with the cards does not vary with respondent characteristics, the

likelihood of having purchased a card does vary. Spanish-speaking respondents were far less

likely to have heard about or purchased a card. Purchase of a card is associated with higher

household income and full-time employment, as would be expected.

We conclude from our survey results that transit patrons find the advanced fare card a

convenient and reliable fare medium. On the demand side, there are no apparent barriers to

widespread use of such media.

Institutional Issues

New technology demonstrations often require a level of coordination and cooperation

among public agencies and private companies far beyond that required for regular day-to-day

operations. In addition, the risk and uncertainty associated with tests of new technology may

require mid-course changes in plans, quick responses to unforeseen problems, and adjustment of

time schedules as a result of unanticipated delays.

New technology tests therefore require effective management, flexibility, and good

working relationships among participants if they are to succeed. All of these requirements were

met. Over the course of the project, early apprehensions of the participating transit agencies

faded, and the FOT was deemed an unqualified success by all parties. We attribute the success

of the FOT to the following: project ownership, both on the part of Echelon and Caltrans

CAPTS-District 7; effective project management; and the limited scale and scope of the FOT.

The system developer, Echelon Industries, Inc., created a product that is sensitive to the needs of

transit operators, and conducted the equipment installation, driver training, and monitoring and

maintenance in a manner responsive to the concerns of transit management. The CAPTS

oversight team actively participated in the project by solving problems and building consensus

among participants. Finally, the restriction of the FOT to three small transit agencies and to the

performance of the fare media made it possible to conduct a detailed and thorough field test,

given management and budget constraints.

. . .
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CONCLUSIONS

The Smart Card FOT demonstrated the feasibility of using advanced fare payment media

in public transit. Testing of two different card types made comparative evaluation possible, and

showed that the contactless RF Card was the more reliable technology for widespread

implementation. Response to the Smart Card by transit patrons is overwhelmingly positive, and

leads to the conclusion that from the transit demand side, use of Smart Cards would be

enthusiastically endorsed. Transit managers were also very satisfied with the results of the FOT;

most stated a willingness to participate in future tests, and an interest in seriously considering

permanent adoption of the cards. This FOT is only a first step in demonstrating the benefits and

capabilities of Smart Cards.
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CHAPTER ONE

INTRODUCTION

1.1 Project Overview

New transportation technology holds promise for increasing the throughput and capacity

of our existing transportation system, for providing better integration between alternative

transport modes, for more effective pricing and marketing of transportation alternatives, and for

more efficient provision of transport services. New technology applied to public transportation

systems can increase productivity and efficiency and make transit a more attractive alternative

mode. Effective use of new technology requires extensive experimentation and field testing.

The pace of development is rapid, and many competing products are being marketed to transit

operators and funding agencies.

One of the most promising areas of new technology is advanced fare media. The

traditional systems of cash, tokens, and passes are relatively inefficient and ineffective. They

represent a significant part of transit operating costs: fare boxes and equipment must be

maintained and revenues must be counted. Traditional media make differentiated fare structures

difficult to manage, and thus contribute to poor revenue performance. Passes are subject to theft

and fraud, while cash is cumbersome and makes both passengers and bus operators the potential

target of personal crimes. Traditional media also provide very limited information to the transit

provider, since revenues are only rough indicators of ridership. Advanced technology has the

potential for addressing many of these problems.

An advanced fare payment system includes the following elements: a fare medium, some

means of reading and altering the medium to reflect payment and system use, and some means of

verification (Hansen, Qureshi, and Rydzewski, 1994, p. 10). Magnetic stripe cards are currently

the most widely used advanced fare medium; they are in use in BART, Washington METRO,

MBTA (Boston), and other metropolitan rail systems. Magnetic stripe cards are most commonly

a form of debit card: customers purchase a card with a fixed cash or trip value and use the card

until the value is depleted. The magnetic stripe cards have a limited capacity to store



information, although data can be both read from and read to the card. Magnetic stripe cards are

relatively easy to duplicate, thereby encouraging fraudulent use.

The Smart Card is essentially a small computer; it contains a micro-processor and

memory sufficient for an application program, data storage, and value storage (Echelon, 1992, p.

8). Communication of electronic information can occur either through some form of physical

contact with external devices, or some form of radio transceiver frequency via an antenna

embedded within the card. The Smart Card can store hundreds to thousands of characters, and is

extremely difficult to duplicate. Smart Cards are also far more reliable than magnetic stripe

cards; the Smart Card failure rate is 1 per 1,000 to 15,000 transactions, compared to 3-15 per 100

transactions for the magnetic stripe card.

The purpose of this research was to evaluate Phase II of the Federal Transit

Administration’s Advanced Fare Payment Media Research and Development project. The goal

of the project is to develop a transit fare payment system for commercialization that will improve

transit efficiency and effectiveness. Phase I of the project included a comprehensive review of

various fare card technologies and an assessment of feasibility of advanced fare payment

systems. Phase II included an extensive evaluation of various hardware/software configurations.

The major focus of Phase II was the testing of the selected technologies in revenue service. Two

types of Smart Cards were selected for testing: a contactless radio frequency (RF) card, and a

contact card. Both cards have similar capabilities from a fare card usage perspective. In addition

to the Smart Cards, the advanced fare system included passenger transaction units (PTU)

installed on buses that performed Smart Card communications functions and were linked to a

Global Positioning System (GPS), as well as hardware and software communications with a

central control center. (See Chapter Two for a full description of the PTU system).

Phase II is the Field Operational Test (FOT) portion of the project. Its goal was to

demonstrate key aspects of a prototype system in actual operating environments. The final phase

will demonstrate all aspects of the commercial version of the system in a multi-agency

environment.



The Phase II independent evaluation presents a comprehensive analysis of the FOT. It

covers the following areas:

1. functional performance of hardware and software components;

2. impacts on transit operations, management, and efficiency;

3. transit passenger responses and perceptions; and

4. institutional and organizational issues related to the planning and

implementation of the FOT.

1.2 Description and purpose of the demonstration

The fare payment system that emerged from Phase I was far more than a new type of fare

collection system. The Smart Card technology makes it possible to collect ridership information

by vehicle location and time of day. When GPS is incorporated in the system, it is possible to

automatically (no driver action) charge distance-based fares, and to evaluate in-service vehicle

performance. Thus the system adds greatly to transit management’s ability to monitor and

analyze service operations and passenger demand. However, the Phase II FOT was focussed

specifically on the testing and performance of the Smart Cards.’

The original FOT plan included participation of transit agencies and at least two large

employers. Participating employers were to link other services to the cards (for example transit

pass discounts or parking charges) and to perform clearinghouse functions for the cards.

Employers could use the information provided by the cards as part of their trip reduction

program compliance activities. The original FOT plan also anticipated a significantly larger

demonstration in terms of both cards and vehicle equipment. Changes in the FOT objectives are

summarized in Table l-l. These changes shifted the emphasis of the FOT to functional and

technical performance.

‘Per Echelon, we understand that the field tests also included limited tests of printers,
processing and storage systems, power supply and protection, and display and key pad systems.
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TABLE l-l SUMMARY OF PROJECT CHANGES

DEMONSTRATION OBJECTIVES

Equip 25-35 buses with card reader/writers

Supply up to 3,000 cards

Program cards and readers

Link cards, reader/writers, pass distribution,
and documentation

Conduct demonstration on existing, real-time
bus routes

Test effectiveness and utility of Smart Cards

Extract data regularly from bus readers for
analysis and reporting

Assess reliability of Smart Cards on buses

Test data collection and reporting value with
regard to Reg. XV

Operation of Transit Centers for pass
distribution

Conduct corporate test site for collection of
Reg. XV data

Survey users for opinions of cards and
system

Demonstrate the function and uses of a
‘clearinghouse

CHANGES

Equip 21 buses, with total of 25 units
available

Supply up to 800 cards

No change

No change

No change

Test both RF and Smart Cards

No change

Test both RF and Smart Cards

Not applicable; no corporate site included in
FOT

Cards distributed at transit agencies and at
Caltrans; Caltrans performs Transit Center
function

No corporate site included in FOT

User survey to assess both RF and Smart
Cards

No ‘clearinghouse’ function included in FOT



The actual FOT included three transit agencies using two different card technologies. The

contact-based Smart Card was tested on Route 1 of Gardena Bus Lines. The contactless RF

Card was tested on Route 448 of Los Angeles Department of Transportation (LADOT) and

Route 2 of Torrance Transit. All three routes operate in the I- 110 (Harbor Freeway) corridor area

of Los Angeles County. Table 1-2 gives number of buses equipped and cards sold for each

transit agency/route.

TABLE l-2 EQUIPMENT AND CARDS TESTED BY AGENCY/ROUTE

1 GARDENARTE 1 1 LADOT/RTE 448 1 TORRANCERTE 2

Route type local/commuter commuter express local/commuter

# buses assigned to
peak service 8 4 3

# buses equipped I 10 ~~ I ~~ ~~6 I 5

Card type I Smart Card - I - - -RF Card 1- RF Card

# cards issued I 281 I 149 -1 ~111

Various discounts were offered with the initial purchase of cards to assure that a

sufficient number of cards for the analysis would be sold. The discounting eliminated any

possibility of examining the effect of the cards on transit demand. These changes substantially

altered the Phase II evaluation plan and led to development of a revised plan approved by

Caltrans in August 1994.

1.3 Description and purpose of the evaluation

The purpose of the Phase II evaluation is to provide an overall assessment of the FOT that

will help to inform further technology development and investment. The evaluation covers the

four general areas briefly described below.



1.3.1 Functional performance of hardware and software components

The primary purpose of the Phase II FOT was to demonstrate operational feasibility of

the advanced fare payment system. Thus, functional performance is a key part of the evaluation.

Functional performance includes examination of capabilities and performance expectations,

review of the technical developer’s testing program and results, and analysis of in-use

performance. In-use performance must be compared against the benchmarks of expected

performance characteristics and industrial performance standards. System malfunctions, card

failures, and other problems must be described and explained. The functional performance

evaluation provides information on the overall reliability and function of the test system.

1.3.2 Impacts on transit operations, management, and efficiency

The potential impact of the advanced fare payment system on the transit agency is

significant. As noted earlier, the system can provide significant efficiency benefits. However,

implementation of the system involves some costs: training drivers in the use of the new

equipment, changing fare collection procedures, and establishing policies for dealing with

equipment or card malfunctions. Once the implementation is accomplished, efficiency benefits

should be observed. A critical part of the FOT is to compare operations with the new system to

conventional operations to determine whether the anticipated benefits of the system are in fact

realized.

1.3.3 Transit passenger responses and perceptions

Widespread use of advanced fare media depends on their acceptance by individual

travelers. The user response evaluation examines the extent to which transit passengers are

willing to try the cards, and the characteristics of those willing to try them. Experiences with the

cards -- including how they are purchased and renewed and how well they work -- must be

monitored and examined in the context of the user’s perception of the card. Card use and

attitudes about the cards are evaluated across passenger socioeconomic and demographic

segments to assess the feasibility of introducing Smart Cards on a broad scale.
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1.3.4 Organizational and institutional issues

The demonstration and implementation of new technology require interaction between

project sponsors, system developers, and participating transit agencies. The FOT also requires an

ability to respond to unforeseen changes and problems that are part of any test of new

technology. The public/private aspect of this FOT places the sponsors in a unique and

challenging position that cuts across organizational boundaries. How this role is developed and

refined is important to understanding how such partnerships may be fostered. The perceptions of

agency participants are also important. Success in proving the feasibility of using new

technology elements is a necessary but not sufficient condition for widespread implementation;

rather, general implementation depends on agency assessments of the use and effectiveness of

the product and its overall impact on the organization. Monitoring the process of interagency

negotiations and interactions can provide valuable insight on how FOTs are effectively

accomplished.

1.4 Contents of Volume 1 and Volume 2

The Phase II evaluation was conducted as a joint project with UC Berkeley and USC.

The UC Berkeley team conducted the project literature review and the evaluation of impacts on

transit operations, management, and efficiency. The USC team conducted the evaluations of

functional performance, user response, and institutional impacts, and also collected transaction

data to support the UC Berkeley analysis. Finally, both research teams performed an overall

assessment of the FOT with respect to their respective research tasks. UC Berkeley research

results are presented in Volume 1 of the Final Report, and USC team research results are

presented in Volume 2 of the Final Report.

1.5 Organization of Volume 2

The remainder of this Final Report is organized as follows. Chapter Two presents a

general overview of the project and describes the FOT. The functional analysis is presented in

Chapter Three. User response is discussed in Chapter Four, and Chapter Five contains the
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institutional analysis. Chapter Six presents conclusions of the evaluation and discusses the

potential of Smart Card technology to improve transit productivity and effectiveness.



CHAPTER TWO

PROJECT DESCRIPTION

2.1 History of Project Development

The Federal Transit Administration sponsors the Advanced Public Transportation

Systems (APTS) new technology program to encourage the development and adoption of

technology improvements for the transit industry. The FTA issued a request for proposals under

the APTS program to promote research on applications of Smart Card technology in public

transit. The funding in this case was from the Federal Small Business Innovation and Research

(SBIR) program. As such, the main objective of the program is to develop a viable commercial

product for the industry. Echelon Industries, Inc. won the contract and began work on Phase I of

the Advanced Fare Payment Media Feasibility Program in 1992.

The purpose of the Phase I work was to demonstrate the feasibility of advanced fare

payment technologies. Phase I activities included the following:

1. Review of prior studies and demonstrations of advanced fare media

2. Evaluation of alternative technologies and systems

3. Survey of needs, practices and priorities related to fare collection and potential

advanced technology applications within the transit industry

4. Development of potential applications

5. Design of a test program

This work was performed independently by Echelon, Inc. Completion of the first three

activities led to the decision to orient potential applications around problems that transit agencies

wanted to solve, which in turn led to the concept of a “passenger transaction system” (Echelon,

1992). Table 2- 1 summarizes the characteristics and functions of the passenger transaction

system.

9



TABLE 2-l CHARACTERISTICS AND FUNCTION OF THE PASSENGER
TRANSACTION SYSTEM

CHARACTERISTICS FUNCTIONS

A fare card that can be issued and recharged Integrate transit fare payment with other types
by a variety of means (e.g., through the transit of payments and subsidies (e.g., employer-
agency, the employment site, or a provided rideshare credits)
clearinghouse), or via a telephone call

A fare card that can record, debit, credit, and
verify all passenger transactions

A fare transaction unit that is linked with a
vehicle locator system

A passenger boarding/alighting counting
system

A video surveillance system

A bus stop announcement system

A transfer and receipt printing system

Reduce fare-related fraud and theft

Charge distance-based or “needs-based” fares
Monitor schedule adherence

Develop a detailed data base of ridership
characteristics

Improve security

Address ADA requirements

Improve data keeping
Reduce transfer costs

A vehicle monitoring system Improve vehicle utilization

Such a system implies a fare card that can read, write, and store information and that can

be linked to a variety of subsystems. Hence the Smart Card (fare card with microprocessor) was

selected for the FOT. Finally, because the ultimate goal of the program is a commercial product,

system production and operations costs are also a major consideration.

10



2.2 The Phase II Project

2.2.1 Participants and Roles

The Phase II FOT required the participation of transit agencies so that the demonstration

equipment could be installed on buses and tested in a real operating environment. In the search

for volunteer agencies, Echelon turned to Caltrans. Caltrans had an interest in the project,

because federally-funded new technology research and development is by state law subject to

Caltrans oversight. In addition, the evaluation component of Phase II qualified as part of the

California PATH (Partners for Advanced Transit and Highways) program. Thus Caltrans

functioned as both the oversight and funding pass-through agency for Phase II. Oversight took

place within the California Advanced Public Transportation System (CAPTS) Group at Caltrans-

District 7, while the pass-through function and monitoring of the evaluation research took place

within the CAPTS Group at Caltrans Headquarters. Day-to-day project management was

performed by a subcontractor, TRANSCON (See Figure 2-l).

Knowing that Echelon would go ahead with the Phase II of the project, Caltrans

submitted a proposal to the Federal Transit Administration for the project with Echelon as a

partner. Their efforts started in April 1993, when the contract for technical managers with

Caltrans was finalized. At this time, the Volpe Center approved the inter-agency agreement and

Caltrans transferred funds to the Center. Transit agencies had already been approached and

MOUs (Memorandums of Agreement) were being reviewed by the agencies at this time. The

Smart Card Phase II technical contract was finally approved and signed by the Volpe Center in

late July 1993. FTA’s responsibility amounted to the provision of a percentage of the

administrative costs of the project. The contract officially started on August 1, 1993, with

Echelon as the technical contractor for the project. The project kick-off meeting was held on

August 19 and included representatives from Caltrans Headquarters, representatives from transit

properties, and others.
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Through the joint efforts of Echelon and Caltrans, three transit agencies agreed to

participate in the demonstration:

Gardena Bus Lines, a small municipal operator serving the City of Gardena. Gardena

provides mostly local service, but also offers commuter service to and from downtown

Los Angeles.

Torrance Transit, a small municipal operator serving the City of Torrance. Like Gardena,

Torrance also operates a commuter service to and from downtown Los Angeles.

Los Angeles Denartment of Transnortation. The City of Los Angeles operates commuter

service between downtown Los Angeles and several suburban communities.

2.2.2 Location of the POT

The FOT was located within the I- 110 (Harbor Freeway) corridor. The I- 110 extends

south approximately 25 miles from downtown Los Angeles to the Los Angeles Port area. Each

transit agency selected one route within the corridor for the demonstration, as shown in Figure 2-

2. Gardena Route 1 provides local service through the City of Gardena, accesses the I-l 10 at El

Segundo Blvd., exits I-l 10 at Martin Luther King Boulevard, and provides local service around

downtown. Torrance Route 2 provides local service through Torrance and Gardena, and then

provides parallel service to Gardena Route 1. LADOT Route 448 is a peak-only route that serves

commuters in the Palos Verdes and South Torrance residential areas. It accesses the I-l 10 at

Pacific Coast Highway and also exits at Martin Luther King Boulevard, serving limited stops

within downtown. Figure 2-2 also shows the stops along each route and the portion of the I-l 10

used by all routes. Table l-2 in Chapter One gives the number of buses equipped and type of

card tested for each route.
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2.3 The Smart Card System

The system developed by Echelon is termed the Fare Transaction and Vehicle

Management/Monitoring System, or FareTrans VMS. Since a key objective was to design a

system that could be sold profitably to transit agencies for less than $10,000 per bus, it was

necessary to use readily accessible “off the shelf’ hardware and software components

manufactured to commercial specifications. The operating environment of a public transit bus

may be more rugged than commercial components are designed for. Thus the reliability of

commercial components in such a quasi-industrial environment is a fundamental issue to be

addressed in the FOT.

To address specific transit agency needs, Echelon chose a modular system design that

could be expanded or changed over time. The hardware components to be installed on the buses

had to be designed to address safety, environmental, and maintenance needs, as well as to be

conveniently accessible to both the driver and boarding passengers. The FareTrans VMS

developed for the FOT has the following elements:

1. Passenger Interface Unit: This card reading unit performs the fare transaction.

The unit reads a specific type of card, and is designed to allow for reading of

magnetic stripe, Smart, or RF Cards. It is also designed to accommodate visual

displays and speech messages. The Passenger Interface Unit was installed near

the passenger side of the farebox, with the actual location varying by type and

layout of the vehicle.

2. Driver Interface Unit: This unit is used by the driver to control and communicate

with the system. It allows the driver to control the visual and sound displays of

all units, to access various types of information (e.g., passenger counts, bus speed

and location), and to process fare card actions. The Driver Interface Unit was

mounted between the farebox and the steering wheel, with actual location

depending on the vehicle layout.

3. Control Unit: This unit performs processing, data storage and input/output for

the FareTrans VMS. The basic components include a standard 486/40 MHZ

processor on a standard 8/l 6 bit ISA bus. It accommodates the fare transaction,

15



4.

vehicle location, speech messages, etc. The Control Unit was placed where space

was available, usually in the radio compartment or behind the driver seat.

GPS Receiver: The Global Positioning Satellite receiver tracks the geographic

location of the vehicle.

Figure 2-3 shows the FareTrans VMS block diagram of system elements

comprehensively tested in the FOT. The system has additional capabilities, such as voice

announcement, but these were not part of the FOT (see Chapter Three for a full description of

VMS capabilities). Figures 2-4a and b are photographs of the PIU and DIU as they were

installed on the bus.

As noted earlier, the FOT incorporated two types of fare cards. The RF (radio frequency)

card operates by passing it within a few inches of the Passenger Interface Unit. These cards were

used on Torrance Transit and LADOT. The Smart Card operates by inserting it into the

Passenger Interface Unit. Power is delivered through the contacts in the PIU. The Smart Card

was tested on the Gardena route.*

2.4 The Smart Card Demonstration

The demonstration involved a six-month field test of the Smart Card fare cards and

equipment. Several activities are required to conduct such a test:

1. The manufacturer constructs and laboratory tests prototypes of the various system

components.

2. The project participants review the test system.

3. The transit agencies and Caltrans develop and implement a plan for marketing,

issuing, and renewing cards.

4. The transit agencies and Echelon develop and implement a plan for equipment

installation and driver training.

*An attempt was made by Echelon to include an advanced mag-stripe card in the FOT
program. The new card was supposed to be more reliable and fraud-resistant. However, the
manufacturers were unable to deliver the reader printers in time for the FOT.
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FIGURE 2-4a DRIVER INTERFACE UNIT
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FIGURE 2-4 INSTALLED SYSTEMS COMPONENTS
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The project officially started on August 1, 1993. Although the demonstration sites had

been selected at this time, the MOUs for the transit properties were still under review.

Experimentation with the various technologies started immediately in a laboratory environment

under the auspices of Echelon. Echelon provided table-top demonstration of the Smart Card and

RF Card technologies to the project team in October 1993. In November 1993, Echelon

provided a demonstration of its “mock-up” technology testing facilities to the project group.

Echelon continued tests with different technologies in the subsequent months. Monthly

meetings continued to be held to acquaint the project team of Echelon’s progress. In April 1994,

plans were made for installation of equipment on the buses belonging to the three transit

agencies. Most of the equipment components were ready for installation at this time. On-board

installation of all equipment began in May, and installation of all hardware was completed in

July. Solicitation for cards began in July, and over 240 passengers signed up during that month.

On August 1, 1994, cards were activated for use and the actual on-board test started. By

September, all the Smart Cards assigned to Gardena were sold out. LADOT and Torrance

continued to issue new RF Cards at this time. By the third week of September, as many as 508

cards had been issued by the three agencies. By November, a total of 36,000 fare transactions

were completed with the card technology. During this month, the evaluation team from

University of Southern California conducted an on-board passenger survey. The demonstration

ended in January 1995 with the withdrawal of the card technology from the vehicles. By this

time, as many as 541 cards had been issued and over 48,000 transactions were completed. A

simple FOT chronology is shown in Figure 2-5.
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2.4.1 Card Distribution

A key issue in the planning of the FOT was how many cards should be tested. The

number of cards tested of course depends upon the willingness of transit users to purchase and

use the card. Since no previous tests of this type had been performed, there was no information

available on the probable share of passengers that would purchase the cards. The total number of

cards obtained for the test was therefore determined by the minimum number needed for

comprehensive functional performance testing, and by assuming that about half of the eligible

passengers (those using the test routes) would elect to try the cards. Thus 350 Smart Cards and

500 RF Cards were made available for purchase.

Since the most critical aspect of Phase II was functional performance testing, project

participants decided that discounts would be offered to provide an incentive for purchase and use

of the card. Caltrans funded the discounts in conjunction with the I-l 10 TMP/TDM

(Transportation Management Program/Transportation Demand Management) Incentive Program.

These arrangements were up to the discretion of the transit agency, and consequently each

agency offered a different discount package. All three agencies offered initial discounts; after

August 15 Gardena and Torrance reduced the discount, and LADOT cards were priced at the

regular fare. Table 2-2 summarizes the card prices for each transit agency. Discounts are

relative to regular fares.

TABLE 2-2 SMART CARD PRICES BY AGENCY AND TIME PERIOD

1 BEFORE 8/15/94 1 AFTER 8/15/94

Gardena

Torrance

LADOT

Price Discount (%)

$20/80 trips 75%

$20/80 trips 75%

$58146 trips 26%

Price

$40/80 trips

$40/80 trips

$78146 trips

Discount (%)

50%

50%

none
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Transit agencies also established the process for purchase and renewal of cards. Caltrans

District 7 served as the clearinghouse for card purchase. Application forms and checks for the

cards were sent to Caltrans. Purchasers could either have the card sent to their home address or

pick up the card at Caltrans during designated days and times -- generally two days per week

from 8:00 AM to 4:30 PM. Caltrans also sold cards during these periods to those who had not

received applications. Card renewals were performed on board the LADOT buses. Gardena and

Torrance patrons were not able to renew cards on the bus; Gardena patrons had to renew the card

at Caltrans. About halfway through the FOT, Torrance began offering card purchase and renewal

at the transit agency office. However, only a few card purchases took place at the Torrance

office, and most Torrance renewals were also done at Caltrans.

Finally, it was necessary to establish policies for card malfunctions and other problems.

For card malfunctions, passengers were asked to surrender the card to the bus driver and were

allowed to ride free. The card was then returned to Echelon for diagnosis. If a card was reported

as lost or stolen, a new card was issued. If a card was no longer valid, passengers were asked to

pay the cash fare. Drivers were instructed, however, to avoid conflicts with passengers, and did

not eject passengers who refused to pay.

2.4.2 Marketing

Although a marketing plan was part of the FOT, the marketing element was eliminated

early in Phase II. Thus, only minimal information about Smart Card was distributed. Card

purchase offer packets were developed and produced by Caltrans university student interns in

both English and Spanish. Packets were distributed by high school student interns on board the

buses of the Gardena, Torrance, and LADOT routes. An example of the information packet is

included in Appendix A. Flyers were also posted on the buses. Table 2-3 gives the number of

offer packets distributed for each route. The Table also gives the most recent daily ridership

information (in terms of one-way trips) available to give a rough indication of the proportion of

passengers that received the information. Note the large proportion of Spanish language packets

distributed on the Gardena line.
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TABLE 2-3 DISTRIBUTION OF SMART CARD INFORMATION PACKETS

Gardenab

Torrancec

LADOTd

RIDERSHIP INFORMATION PACKETS DISTRIBUTED

Weekday trips/day” English Spanish Total

2121 596 393 989

1583 320 93 413

156 160 0 160

a Daily one-way trips, excludes evening
b Source: Gardena Bus Lines Line-by-Line Analysis Report 1988, updated
’ Source: Torrance Transit Line-by-Line Analysis Report 1992
d Source: LADOT average daily ridership estimate

2.4.3 Card Purchase and Use

The Smart Cards proved to be far more attractive to passengers than anticipated. By the

August 1 start date, 241 cards had been issued. By September, all the Smart Cards assigned to

Gardena were sold out. Over the six-month period, 541 cards were sold and 48,000 card

transactions were logged. The card purchases were distributed as follows: 28 1 at Gardena, 111

at Torrance, and 149 at LADOT.3

3A total of 594 cards were actually issued. The difference between cards sold and issued
reflects re-issues of lost or stolen cards as well as test cards.
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CHAPTER THREE

FUNCTIONAL ANALYSIS

3.1 Purpose of the Functional Analysis

The purpose of functional analysis of Echelon Industries’ Advanced Fare Payment

System is to assess the demonstration system’s technical performance. The goal of the analysis

is to provide insight into the design and appropriate implementation of new technology for public

transit, particularly advanced fare payment and related systems. The assessment addresses the

degree to which the system deployed by the project partners

1. meets the partners’ stated objectives for the system,

2. conforms to the standards suggested in the scientific literature defined

for the system’s technology, and

3. performs in terms of generic measures of system reliability.

The two most important technical questions associated with the field test were:

1. Are the technologies tested appropriate for the application? and

2. Can an advanced fare payment system constructed from components

manufactured to commercial specifications function acceptably in the

quasi-industrial environment of a public bus?

As in any field exercise, other technical questions were revealed during the course of the test.

Two important questions relate to

1. management of transaction speeds, and

2. the effects of static discharge on contact Smart Cards.

The functional assessment identifies these and other findings bearing on constraints,

implementation, innovation, and further work; and describes these results in terms relevant to

1. the program sponsors and participants,

2. potential sponsors and participants,

3. transportation research organizations,

4. technology vendors, and
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5. other public and private entities affected by new transportation

technologies.

The best way to describe the system is to provide a clear mental model of the various interfaces

involved, including

1. human to human,

2. human to machine, and

3. machine to machine interfaces.

Preferred measures of system performance include

1. system reliability under a range of operating conditions;

2. Mean Time To Failure (MTTF) across the system, subsystems, and

components; and

3. a parametric characterization of the Increasing Failure Rate (IFR)

distribution.

Unfortunately, these ideal measures are rarely achieved. This field test is no exception, but the

literature on system reliability provides considerable guidance with respect to how to best

characterize system performance.

3.2 Technical Summary of the Advanced Fare Payment System

Echelon Industries’ Advanced Fare Payment System is an abbreviated version of a larger

scale Fare Transaction Vehicle Management System (FareTrans VMS) (Echelon, 1995). Such a

unit automates fare collection, but also provides transit properties with new classes of

management data and operating alternatives, particularly with respect to pricing. A simplified

block diagram of a Fare Transaction VMS is shown in Figure 3-l.

The system management information provided by such a system includes the identity of

the card, the category of the card holder, the stop where the transit user boards the bus, the bus

number, the route number, the number of riders on board the bus when the new boarding occurs,

the exact location of the bus, the time of the boarding, and other related data. The information

provided to the transit user is equally relevant, including system and stop announcements in the

language associated with the identity of the card, visual announcements, and hard copy such as
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groups. More research on these questions is necessary. Finally, satisfaction with the card is

independent of the type of card or the characteristics of the respondent. Both types of cards

performed equally well from a user perspective, suggesting that transit agencies have some

flexibility in the particular technology they choose to implement once technical performance

standards are met.
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CHAPTER FIVE

INSTITUTIONAL ANALYSIS

New technology demonstrations often require a level of coordination and cooperation

among public agencies and private companies far beyond that required for regular day-to-day

operations. In addition, the risk and uncertainty associated with tests of new technology may

require mid-course changes in plans, quick responses to unforeseen problems, and adjustment of

time schedules as a result of unanticipated delays. Thus new technology tests require effective

management, flexibility, and good working relationships among participants if they are to

succeed.

5.1 Data Sources

This chapterreviews the roles of participating organizations and examines the Smart Card

FOT process. This discussion is based on three sources of information: attendance at various

monthly project meetings, review of Echelon and TRANSCON monthly project reports, and

interviews with the key project participants after the conclusion of the FOT. Unfortunately,

however, our information about the earlier months of the FOT is limited. The evaluation

contract was not funded until several months after the FOT began, and therefore the research

team did not attend many of the early meetings. Thus, description of events and attitudes about

the FOT are based on retrospective information collected during the interviews and from the

printed monthly reports.

5.2 Organization Roles

5.2.1 Echelon Industries, Inc.

Echelon Industries was the leading force in the Smart Card FOT. As noted earlier,

Echelon had won an SBIR grant to develop the Smart Card system technology. To conduct the

FOT, Echelon had to recruit transit agencies to participate in the test. This Phase II test was

critical to the eventual commercialization and for-profit sale and deployment of the product,
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which of course is Echelon’s primary goal. Echelon therefore had every incentive to locate

willing participants and to conduct a successful test.

Recruiting transit agencies was difficult. .First, .Echelon was an unknown entity.in the

transit industry. New technology development has taken place primarily within large

corporations, many with strong ties to the Federal Government (e.g., Westinghouse, Rockwell

Corp.). Working with Echelon thus required transit agencies to take a risk on Echelon’s

capabilities and reliability. The perceived risk was increased by the fact that most fare

transaction hardware for buses is manufactured by just one company (GFI); working with

Echelon meant not working with the dominant company in the industry. Second, there were no

successful prior tests of similar card technologies. The disappointing Smart Card tests conducted

at the LACMTA (Los Angeles County Metropolitan Transportation Authority) were common

knowledge among operators in the region, and the fare card demonstrations in other parts of the

U.S. either had not yet reached the field test stage, or were not yet releasing information on

results. It was therefore critical for Echelon that the Caltrans District 7 CAPTS Group took a

lead role in soliciting transit agency participants.

Echelon is headed by Mr. Ray Rebeiro. He has extensive transit industry experience and

excellent technical and communication skills. This combination makes it possible for him to

both understand the needs of the transit industry and develop the technology to address those

needs. It is not surprising that the system Echelon developed can potentially serve a variety of

functions, from managing fare transactions to data collection to monitoring revenue vehicle

operation. The importance of Rebeiro’s transit experience became evident as the FOT

proceeded. Positioning of the hardware units was determined by vehicle and driver needs, the

installation was completed in time for several dry runs before the FOT’s August 1 start date, and

training of drivers and other personnel was tailored to each transit agency. His understanding

and responsiveness are reflected in the very positive assessments of the FOT (and specifically

Rebeiro) given by all three transit agencies.
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5.2.2 CALTRANS District 7 - CAPTS Branch

The reason given by CAPTS Branch personnel for participating in the FOT was

legislative: California State Legislature Bill AB 963 (1991) gave Caltrans responsibility for

research and development of the California Pass, a universal fare.medium for all types of public

transportation services.

The leadership role taken on by CAPTS exceeded any legislative requirements. Had

Caltrans not solicited the transit agencies, acted as the central coordinator of the FOT, and

become a participant itself, this FOT might not have been undertaken. The CAPTS group

exhibited a strong commitment to the technology test. CAPTS was able to take a lead role in the

FOT because it qualified as part of the I-l 10 Traffic Management Plan (TMP). The TMP was

designed to reduce traffic during the I-l 10 Transitway construction project. Since the ultimate

goal of advanced technology is to increase transit use by improving productivity and

convenience, and since the three routes operated on the I- 110, the project qualified as an I- 110 I

TMP component.

Interviews with the CAPTS group and TRANSCON, its subcontractor, revealed that they

understood the challenges of persuading transit agencies to take the risk of testing the fare

system. They had worked with the transit agencies serving the I-l 10 corridor on other TMP

activities and had established cordial working relationships. The standing of Caltrans added a

measure of security to the project that was likely helpful in persuading the three transit agencies

to join in the test. The CAPTS group also understood that the test should include small rather

than large agencies. Small agencies have fewer layers of management, can make decisions more

rapidly, and typically have more flexible work rules -- all important considerations in a field test.

CAPTS and TRANSCON acted as both project managers and interagency mediators.

Perhaps more importantly, they were problem solvers. When a private company could not be

found to perform the clearinghouse activities, CAPTS took on the responsibility. When

marketing funds were withheld from the project, CAPTS developed and produced some basic

materials and mobilized a group of summer high school interns to distribute them. The project

was kept on schedule through frequent meetings between CAPTS, TRANSCON, the transit
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agencies, Echelon Industries, Caltrans Headquarters, and the evaluation team, and active

monitoring of all activities.

5.2.3 Transit Agencies

/. ,

The incentive for transit agency participation was the opportunity to experiment with the

Smart Card without having to purchase the equipment. However, the lack of a precedent for

successful tests made transit management reticent. There were other reasons for a less than

enthusiastic response by transit agencies. First, though the test would involve no financial cost,

it would certainly involve labor costs in the form of project monitoring, training, etc. Second, it

would impose an additional burden on drivers (dealing with two kinds of fares) who had no stake

in the demonstration. The demonstration project could be viewed as very problematic by drivers,

who might perceive the possibility of a card or system malfunction as a source of possible

conflict with patrons, or who might resent the technology’s potential for monitoring vehicle and

route performance. Third, problems with the Smart Cards could alienate passengers. Finally,

there was little likelihood of actually experiencing the technology’s potential productivity

benefits, given the short duration of the project. Transit agencies would logically expect results

to be suggestive at best.

It appears that the three agencies were ultimately convinced to participate for the

following reasons:

1. Financial risk was minimal, since there was no charge for the use of the

equipment, and Caltrans absorbed the cost of the cards and the fare discounts

provided.

2. Echelon and CAPTS were able to convince the agencies that the likelihood of a

successful test was high, given the Phase I results.

3. By participating, the agencies would be leaders in advanced technology

experimentation, especially if the test went reasonably well.

Each agency also had more specific reasons for participating. LADOT was very

interested in the concept of a common fare medium. Many of their passengers use the local

downtown transit service (DASH) operated by LACMTA, and transfers between the two services
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have been an issue for quite some time. Gardena, with its extensive local service, saw the

potential benefit of speeding up the passenger boarding process. Torrance was interested in

simplifying its fare collection process. The FOT made it possible to test some of these ideas at

very low cost to the transit agencies.

5.2.4 Private Employers and the Clearinghouse

The original FOT plan involved private employers and some private entity to perform the

clearinghouse function, that is, to manage the sale of cards, take responsibility for returned cards,

and maintain records of card users. Despite major efforts by CAPTS, no private employer could

be persuaded to participate in the project. The private employer was to offer Smart Cards as part

of their trip reduction prograrn6 Use of the Smart Card would give the employer an accurate

record of transit use among employees. In addition, the Smart Card could be linked to other

travel expenses, such as parking or vanpool fees.

Why were no private employers interested in participating? There are several possible

explanations. First, developing a Smart Card program, marketing the program to employees,

distributing the cards and operating the program would be very costly and complex, even if all

associated financial cost were covered. Second, such an investment of time and effort could

likely not be justified for a six-month program, given that any widespread adoption of the Smart

Card by transit agencies in the region -- a necessary condition for operation of employer-based

programs -- is years away. Third, large employers have little incentive to keep accurate records

of employee ridesharing, since such records are not required by existing regulations.

Private companies asked to perform the clearinghouse function also had no incentive.

The potential benefit for any company would be the possibility of future profits. A small

demonstration of a product from a virtually unknown manufacturer was not sufficiently

attractive. Our assessment is that the absence of private companies-turned out to be beneficial to

6At the time of the FOT, all worksites with 100 or more workers in the I-l 10 corridor
were subject to Rule 1501 of the South Coast Air Quality Management District. Rule 150 1
requires employers to file and implement a plan for reducing peak period vehicle work trips of
employees.
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the overall results of the FOT. It greatly simplified the project and made it much more

manageable, as will be further discussed in Chapter Six.

5.3 The FOT: Experiences and Perceptions

Once the decision to participate was made, the capability, efficiency, and responsiveness

A.

of Echelon visibly changed transit agency attitudes over the course of the project. Echelon

(Rebeiro) met with agency representatives, provided demonstrations of the system before

installation in the buses, and closely monitored system performance throughout the project. By

the time of the post-project interviews, transit agency perceptions of the FOT were

overwhelmingly positive. When asked about problems encountered during the FOT, transit

managers needed prompting to recall them, and, in retrospect, the problems were uniformly

viewed as minor. Torrance and Gardena management mentioned vehicle availability problems.

At Gardena, there were not enough equipped spare buses to cover vehicle breakdowns. Torrance

found it difficult to dedicate the FareTrans VMS equipped buses to the test route, because in

regular operations Torrance buses are routinely interlined. All agencies recall problems with the

cards, particularly in the early weeks. Both Torrance and LADOT managers are aware of RF

Card reader problems. Torrance drivers apparently experienced some difficulties when asking

passengers to surrender faulty cards.

Transit managers have no difficulty describing the positive side of the FOT. The

favorable response of passengers is identified as one of the greatest benefits. The Smart Cards

made the fare transaction faster and easier. Many other ancillary benefits were noted as well,

including passenger and driver security, more efficient fare collection, and opportunities for

integrated fare systems. All three managers also discussed the data resources associated with the

system and recognize the potential for using the data to respond better to passenger travel

patterns and monitor system performance. They obviously learned a great deal about the

potential of advanced technology by participating in the FOT.

Echelon considered the FOT to be a great success. Rebeiro considered the technical

performance of the system to be far better than expected. The Echelon Final Report emphasizes

system performance results (especially the near zero card failure rate), and even provides
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estimates of potential transit agency cost savings attributable to the FareTrans VMS. Rebeiro

also noted the positive relationships established among..participants,  and the cooperative “team

spirit” that developed over the course of the project.

CAPTS and TRANSCON also considered the FOT to be a great success. The project

remained approximately on schedule, the objectives of the demonstration were accomplished,

and the outcomes of the demonstration are far more positive than anticipated.

5.4 Conclusions

The interagency cooperation, flexibility, and effective management required for success

are quite apparent in this project. Why was this the case, and can it be replicated in future FOTs?

There are a number of explanations. First, the project had ownership. The fortunes of Echelon

are clearly tied to the successful demonstration of its products; thus the company had every

reason to make the FOT work. Echelon was therefore willing to invest whatever time and effort

was necessary to achieve success. Second, both Echelon and CAPTS are committed to the

technology and took leadership roles in selling the concept to others. They are very effective in

communicating the potential benefits of the technology. Their commitment is evident in the

level of attention given to the project and by their determination to resolve difficulties as they

arose. Third, TRANSCON, the project management sub-contractor, was very effective. Finally,

and perhaps most importantly, the FOT was limited; its focus was clearly on field testing the

Smart Cards and the fare transaction process. The relative simplicity of the test made it possible

to be thorough and attentive to detail at every step of the FOT, and to maintain close

communications between transit agencies and the system designer.
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CHAPTER SIX

CONCLUSIONS

The purpose of this research was to evaluate Phase II of the Federal Transit

Administration’s Advanced Fare Payment Media Research and Development project. Its goal is

to develop a transit fare payment system for commercialization that will improve transit

efficiency and effectiveness. The major focus of Phase II was the field testing of the selected

technologies in revenue service. Two types of Smart Cards were selected for testing: a

contactless radio frequency (RF) card and a contact card. The cards have similar capabilities

from a fare card usage perspective.

The Phase II evaluation addresses the following: 1) functional performance of hardware

and software components; 2) impacts on transit operations, management, and efficiency; 3)

transit passenger responses and perceptions; and 4) institutional and organizational issues related

to the planning and implementation of the FOT. Evaluation of item 2 was performed by the UC

Berkeley team, and results are presented in a separate report.

Our conclusions are presented in two parts. The first part presents a summary of research

results, and the second part discusses lessons learned regarding new technology field tests and

evaluations.

6.1 Summary of Results

Results from the analysis of technical performance, user response, and institutional

considerations are summarized in the following sections.

6.1.1 Functional Performance

Functional performance of the FareTrans VMS is considered to be very good. First, we

examine transaction errors. A type I error occurs when the intended transaction does not take

place. A type II error occurs when unintended transactions (usually multiple transactions) take

place. Since multiple transactions are more a matter of system management than technology,

they are not a critical determinant of technical performance. Type I errors were so rare that little
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analysis could be performed. A total of 3 1 type I errors in 24,564 transactions were recorded for

the contact Smart Cards, yielding a success rate of 99.9%. The RF Card performance was even

better, with just two type I errors in 23,416 transactions, resulting in a success rate of 99.99%.

There were no cases of type II errors (multiple transactions) for the Smart Card and 10 cases for

the RF Card.

Second, we consider the performance of other system hardware and software elements.

The FareTrans VMS is a relatively inexpensive system constructed of components manufactured

to commercial standards rather than to industrial standards. A key question is whether

commercial components could perform acceptably in the environment of a public bus. While

system performance was very good during the field test, six months is not long enough to assess

lifecycle costs of the system.

The system’s design and performance are consistent with the standards provided by the

scientific literature to the extent permitted by the bounds of the test. We also note that system :

performance improves over time, as passengers and bus drivers have more experience with the

system. While both cards performed very well relative to market standards for technologies such

as magnetic stripe cards, the Smart Card had a failure rate that is likely to be unacceptable in a

transit context. Bus drivers process so many transactions that any fare payment system must be

extremely reliable to add value to the operation. On the other hand, performance of the RF Card

suggests it has significant promise for large-scale deployment.

6.1.2 User Response

If Smart Card technology is to be widely adopted, it must be found acceptable by transit

patrons. The purpose of the user response evaluation is to examine the following issues: 1)

willingness to purchase and use the Smart Card; 2) experiences using the card, including

problems encountered; 3) overall satisfaction with the card; 4) possible differences between the

two card technologies; and 5) relationships between social and demographic characteristics and

response to the fare cards.

On-board survey results showed response to the Smart Card to be overwhelmingly

positive. Nearly all users reported being satisfied or very satisfied overall with their Smart Card.
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There were no differences across card types, suggesting that there are no major problems

associated with using either type of card. Smart Card users reported few problems with using the

cards; these problems apparently did not affect satisfaction. These positive results are likely a

function of how problems were handled; users were allowed to ride free when card problems

were encountered.

While satisfaction with the cards does not vary with respondent characteristics, the

likelihood of having purchased a card does vary. Spanish-speaking respondents were far less

likely to have heard about or purchased a card. Purchase of a card is associated with higher

household income and full-time employment, as would be expected.

We conclude from our survey results that transit patrons find the advanced fare card a

convenient and reliable fare medium. On the demand side, there are no apparent barriers to

widespread use of such media.

6.1.3 Institutional Issues

New technology demonstrations often require a level of coordination and cooperation

among public agencies and private companies far beyond that required for regular day-to-day

operations. In addition, the risk and uncertainly associated with tests of new technology may

require mid-course changes in plans, quick responses to unforeseen problems, and adjustment of

time schedules as a result of unanticipated delays.

New technology tests therefore require effective management, flexibility, and good

working relationships among participants if they are to succeed. All of these requirements were

met. Over the course of the project, early apprehensions of the participating transit agencies

faded, and the FOT was deemed an unqualified success by all parties. We attribute the success

of the FOT to the following: project ownership, both on the part of Echelon and CAPTS-District

7; effective project management; and the limited scale and scope of the FOT. The system

developer, Echelon, Inc., created a product that is sensitive to the needs of transit operators, and

conducted the equipment installation, driver training, and monitoring and maintenance in a

manner responsive to the concerns of transit management. The CAPTS oversight team actively

participated in the project by solving problems and building consensus among participants.
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Finally, the restriction of the FOT to three small transit agencies and to the performance of the

fare transaction media made it possible to conduct a detailed and thorough field test, given

management and budget constraints.

6.2 Lessons Learned

In the case of this FOT, lessons are learned primarily from its positive outcome.

Conclusions related to the more general issue of new technology tests are presented in this

section.

6.2.1 Scale and Scope

We define scale of the project as the size of the FOT, e.g., how many units tested over

how much time and how much area. Scope of the project refers the number of items or functions

to be tested. As we noted earlier, the small scale and scope of this FOT made it easier to

manage. In general, the experience of this FOT suggests that the scale and scope of FOTs should

be determined by the minimum necessary to conduct a statistically valid test. In this case, the

system developer estimated that at least 200 cards of each type were required to obtain sufficient

transaction data, given the six-month duration of the test, and at least 20 buses should be

equipped with the FareTrans VMS system. Equipping more buses and distributing more cards

would have added significantly to the cost of coordinating and managing the test, but would have

generated little additional benefit in terms of test results. It is important to note, however, that

the minimum number of cards required for the technical tests is not the same as that required for

a valid test of user responses to the card. In this case, the greater than anticipated sales of the

cards was fortunate: it provided a reasonably large population sample of users.

Similarly, we conclude that limiting the scope of an FOT makes it possible to conduct a

more thorough test. Involvement of a major employer in this FOT would have added substantial

coordination costs and data processing and management requirements. As it turned out, it took

every effort of the system developer and project managers to accomplish the scaled-down test. A

similarly thorough test on a project of greater scope would have exceeded the resources of the

project budget.
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It also bears noting that the restricted scope of the FOT allowed for changes in the

structure of the test. For example, it was possible to offer fare discounts with Smart Card

purchase in order to assure an adequate number of card sales necessary for the technical

performance test without affecting some other aspect of the evaluation. Had effect on transit

demand remained as an evaluation objective, the discounts could not have been offered.

Finally, restricting the size and scope of FOTs also provides for more efficient use of new

technology project funds. This is particularly important in cases when the technology proves to

be unacceptable, either because of performance problems, lack of a sufficient market for the

product, or institutional constraints. An important purpose of tests is of course to determine

whether implementation on a larger or permanent scale is justified. Small-scale tests allow for

experimentation without excessive costs, even when such tests demonstrate that the technology

element under consideration is found to be not worth further development.

6.2.2 Role and Participation of Evaluation Team

A better and more comprehensive evaluation of this FOT would have been possible had

the evaluation team been available to participate in the FOT design. As noted in the previous

section, the decision regarding the number of cards to be offered is illustrative. The number was

based on the requirements of the technical evaluation, and not on the user response evaluation. A

much larger number of cards would have been required to generate a valid sample of users. The

survey generated 150 card users, a sufficient number for some basic analysis, but not a sufficient

number for a comprehensive analysis. Effective evaluation requires commitment of project

participants to provide the necessary data, sample, etc.

Effective participation of the evaluation team is also related to timing. For evaluation,

the “before” conditions are often important. FOTs that are aimed at improving any aspect of

system performance require the establishment of an appropriate baseline. In this case, much of

the evaluation could be done from cross-sectional observations, and there was adequate time for

the “before” data collections required for the transit agency impact analysis.

Finally, we must note that the resources made available for FOT evaluations are generally

not sufficient for a thorough evaluation. In this case, for example, resource constraints made it
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necessary to use student volunteers to conduct the on-board survey, rather than survey

professionals. No doubt the likelihood of response depended in part on the student’s manner and

commitment to the job, a source of error that could easily have been avoided. Given the

enormous amount of resources being invested in new technology development, investments in

careful evaluation of new technology tests are surely cost-effective,

6.3 Conclusions

The Phase II FOT was as unqualified success. Performance of the advanced fare payment

system was better than anticipated. Card failures and other types of mechanical problems were

extremely rare. Transit passengers enthusiastically endorsed the cards, and transit managers

were very satisfied with the results of the FOT. The project greatly benefitted from the technical

skills and commitment of the system designer and from the management and coordination

provided by the Caltrans District 7 CAPTS group. The Smart Card advanced fare payment

system offers significant potential for increasing transit productivity and service quality.
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APPENDIX B
OVERVIEW OF IC CARD TECHNOLOGY

The literature supplies competing uses of “Smart” as an acronym, but none is
subject to common usage. The International Standards Organization (ISO) defines an
“integrated circuit card” as a plastic card of standard dimension that carries a semiconductor
chip. The definition includes a class of IC memory only cards that (usually) rely on
electronically programmable read only memory (EPROM) and lack a microprocessor. Such
first generation Smart Cards perform well as data records, but incorporate no data
processing capabilities. Data is read in and out of the cards only when the cards are
subjected to external commands. The performance characteristics of IC memory cards
compare more directly with magnetic stripe and optical memory cards than with cards that
include microprocessors.

As the data storage capacity of cards has increased, the benefits and incentives
associated with coupling data storage with processing capacity have also increased. Like
first generation cards, second generation Smart Cards are portable data storage devices. But
in addition, second generation cards include microprocessors, and thus combine a degree of
intelligence with “provisions for identity and security” (Bright, 1988). Thus a second
generation Smart Card is computer. However, second generation cards’ data processing
capabilities cannot be fully exercised without the an independent card reading/writing device.

The functions of second generation Smart Cards imply a densely packaged
integrated circuit of no more than 25 mm2 (Stanford, 1994; Russell 1994) that includes the
microprocessor, arithmetic processing registers, random access memory (RAM) used during
program execution, read only memory (ROM) to house the operating system, electronically
erasable read only memory (EEPROM) for data storage, input/output, and an integrated
operating system embedded in a credit card sized piece of plastic. The physical
configuration, location and dimension of surface chip contacts, electrical characteristics and
operating system comply with the International Standards Organization’s (ISO) international
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ource: Lisimaque, Gille (1994) “World

J
0.76 mm

Figure B-l: IS0 International Standard 78 16- 1 Governs the Physical Dimensions of IC
Cards, Including Smart Cards.

standards 78 16- 1 through 4 respectively. See Figure A- 1 for IS0 compliant Smart Card
dimensions.

Figure A-2 (Bright 1988) provides a summary of a second generation Smart Card’s
basic functions. Figure A-3 (Bright 1988, Mitchell 1993) consists of a simplified block
diagram of a Smart Card Integrated Circuit and IS0 compliant arrangement and dimensions
of surface mounted chip contacts for communicating with card read/write stations. Figure
A-4 summarizes second generation memory functions.

Ugon (1994) expects improvements in operating systems and processors will be
sufficient to permit Smart Cards to rival the computing power of the first personal computers
by the end of the century. Third generation Smart Card designs will rely on these advances
to permit Smart Cards to operate without a physically separate card reader, performing “in a
stand alone mode for much of its operational life” (Bright 1988). No published standards
are available for third generation cards, but such cards will almost certainly have to include
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External
to Card

Input =

output 4

Figure B-2:

Internal to Card

Source: Bright, Roy (1988) SMART CARDS:
Principles, Practice, and Applications. John Wiley: New York

Basic Second Generation Smart Card Functions.

keyboards and displays (Seidman 1994); and, perhaps most importantly, a source of power
(Bright 1988). Figure A-5 provides a brief taxonomy of Integrated Circuit card
characteristics. Definitions relating to card categories are imprecise and overlap. Further,
technology is changing rapidly. Figure A-4 combines information frommultiple sources that
are not entirely consistent, and is merely suggestive in light of rapidly evolving technology.

The presumption of intelligence pervades the contemporary definition of a “Smart
Card.” The language now refers implicitly to a card of at least second generation design,
excluding IC memory only cards. Gleason (1994) suggests that 30 to 50 percent of all cards
will be Smart Cards by the year 2000. Seidman (1993) projects Smart Card sales of 75 M
units in 1995, and IC Card sales of 500 M units. See Figure A-6. Current Smart Card unit
price data (Seidman 1994) are summarized in Figure A-7. Price ranges for more complex
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1.7 mm

I

-2.0 mm

Source: Lisimaque, Gille (1994) World
Overview of Chip Card Standards,”
Proceedings of the CardTech/SecurTech  ‘94
Conference, Arlington, VA, pp 215-23.5.

Sources: Mitchell, George (1993) “Submicron
Technology and Smart Card Operating Environment
Systems,” Proceedings of the CardTech/SecureTech  ‘93
Conference, Arlington, VA, pp 57-68; and
Bright, Roy (1988) SMART CARDS: Principles,
Practice, and Applications. John Wiley: New York.

Figure B-3: Block Diagram of a Typical Second Generation Contact Smart Card
Integrated Circuit. IS0 International Standard 78 16-2 Governs the
Dimension and Location of Surface Mounted Chip Contacts.
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at Manufacture
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throughout
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-I I I
1 Manufacturer’s Code 1 Card Serial Number 1

I
Card Holder’s Name/Address

..i j*_  c,_

Card Holder/Issuer Confidential Codes

Usage  Record.

Open Zone:

Access to this data is permitted for any
suitable card reader device

Secret Zone:

Access to data is permitted only for the card’s
lgoic circut.  The data is never communicated
externally. Secret data includes the algorithmic
keys for data encryption/decryption

Confidential Zone

Access tothis  data requires the card holder
to enter the correct confidential code
or PIN before allowing data contents
to be read externally. The card issuer’s
code may also be recognized, with or
without a PIN

Source: Adapted from Bright, Roy (1988)
SMART CARDS: Principles, Practice, and
Applications. John Wiley: New York.

Figure B-4: Conventional Structure of Second Generation Smart Card
(EEPRO)Memory.
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card configurations demonstrate considerable variance, even for very large production runs.
Simple IC memory cards might be purchased in large batches for an unit price under $ 1.
The addition of a microprocessor to a card with modest memory would be expected to
multiply unit price by a factor between two and three.

Echelon Industries retains propriety rights to the detailed design of the Smart Card
systems implemented in this Field Operational Test. Echelon (1995) fielded both contact
cards and contactless Radio Frequency (RF) ID cards. RFID cards can be active or passive
(Vossel 1994). Active cards include a battery. Passive cards obtain energy for transmitting
identifying information from a burst sent to them from a reader/writer/interrogator units.
RFID is distinguished by the absence of a line of sight between the transponder and the
reader.

Mitchell (1993) provides a complete physical specification for a typical Smart Card
representative of the contact card technology applied in the Field Operational Test. This list
is enhanced by details from Lisimaque (1994).

1) Programmable Read Only Memory (PROM) / Electronically
Programmable Read Only Memory (EPROM):
2 KBytes - 16 KBytes: Operating System and other fixed data.

2) (Static) Random Access Memory:
64 Bytes - 1 KByte: Buffers and data stacks.

3) Electronically Erasable Programmable Read Only Memory (EEPROM):
256 Bytes - 8 KBytes: User data storage and system data.

4) Circuit Supply Voltage: +SVDC -f .25V.

5)

6)

Program Supply Voltage: +22VDC or none (internally driven).

Physical Size: International Standards Organization 78 16- 1: 85.6 mm
X 53.9 mm X 0.76 mm.

7) Surface Chip Contact Configuration: International Standards
Organization 78 16-2.
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Figure B-6: Memory IC and Smart Card Sales.

Clock Speed: International Standards Organization 7816-3: 1 MHz - 5
MHz.

Baud Rate: International Standards Organization 78 16-3: 9600 baud at
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10) Communication: International Standards Organization 78 16-3:
Asynchronous half duplex block protocol T = 1 plus others, e.g., T = 0
and T = 14.

11) Common User Interface: International Standards Organization 78 16-4.

12) Data Encryption: DES, International Standards Organization Draft
International Standard (DIS) 8227 (DEA 1).

13) Data Security: Passwords (Hierarchical and Flat).

The card profile is very generic. The RACOM RFID Smart Cards tested on Torrance Line 2
and LADot Line 448 and do not use EEPROM to store user data. The RF cards us
Ferromagnetic Random Access Memory (FRAM), a propriety technology applied under
license that provides (Stanford 1994) faster read/write cycles, requires low power, and
offers the high packing density of Dynamic Random Access Memory (DRAM,
approximately three to six times the density of EEPROM). Also, the contact based
GEMPLUS Smart Cards fielded on Gardena Line 1 incorporate PCOS (Echelon 1995),  an
advanced propriety operating system designed to support bank card debit transactions.
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SovrwCirN solrm~cALtFom#U CALI-

State of Callfomia Depanment  of TransPortatlon State of Calljomia Department of Tw~spomuon

CAL-I-RANS-USC PASSENGER SURVEY Please answer these questions about how you
usually travel

This survey is part of a research project on transit
fare cards being conducted by the University of
Southern California and Caltrans. Please take a
few minutes to complete the survey. Your answers
are strictly confidential and wil l be used for
statistical purposes only. We greatly appreciate
your help. Please return your completed survey to
the student assistant.

5. How often do you travel by bus?

a less than once per week

Q once or twtce  per week

0, 3 to 5 days per week

04 every day

Please answer the fallowing questions about the
trip you are making now

1. Where are you going?

0 to work

0, to school

q  , to home

0, o t h e r

2. Do you usually use the bus for this trip?

0 ye= Cl2 n o

3. About how many minutes does It usually
take to make this trip. including the time it
takes to get to and from the bus stop?

minutes

6. What means of travel do you use most
often for all the trips you make over a
week’s time? Check one

c]: dr ive a lone

[7, drive with passengers

c], ride with others

0, b us or train

q  j walk

q  5 bike

q  7 other

Please answer these questions and follow the
arrows to the next question you should
complete.

7. Have you heard of the SMARTCARD?

a yes Cl, n o

4 How did you pay your fare for this trip? 1 1

0
cash

0, CONTINUESMARTCARD please go to question 18

02 token q  5 other 1

0, b us pass

1 2



State of Callfomla  Department of Transportation

8. Are you aware that you can purchase the
SMARTCARD to use for trips on this route?

0, yes cl, n o

1 1
please go to question 18

9. Did you purchase the SMARTCARD?

Q no + Why not?

1

Please check all that apply

[7, I do not regularly use the
bus

[7, The SMARTCARD could not
be used for my trips

[7, I do not know how to buy a
SMARTCARD

0, I do not want to buy a
SMARTCARD

0, O t h e r

Please go to question 17

Please complete this section if you have
purchased a SMARTCARD

10. When did you first purchase your
SMARTCARD?

state of California Depamnent  of Tiansporetlon

11.

12.

13

How much have you used the SMARTCARD
since you purchased it?

q  , used it many times

02 used it a few times

0, used it only 1 time

0, have not used It at all

Please answer the following questrons about
using your SMARTCARD

How easy is it to...
Easy OK Di f f icu l t

purchase the

SMARTCARD? 0, 0, 0,

use the SMARTCARD

to pay bus fare? 0 Q 0,

renew the

S M A R T C A R D? 0, 0, 0,

Compared to the way you usually paid your
bus fare before you had a SMARTCARD,
would you consider the SMARTCARD
easier, about the same, or harder to use?

q easier

0, about the same

0, h a r d e r

c], J u l y 0, September

0, August q  ., October



StateofCaltfornla DecmtmentofTmsp+xion

14. During the time that you have been using a
SMARTCARD, have you ever experienced
any of the following?.
Check all that apply

My card was lost or stolen

My card was damaged

The card reader on the bus

would not accept my card

The bus driver would not

accept my card

The card reader deducted
more than one trip for

one ride

The bus driver allowed me
to ride for free because

of problems with my card

15. Overall, how satisfied are you with the
SMARTCARD?

0, very satisfied

02 satisfied

Q not satisfied

0.4 very unsatisfied

16. Are you interested in participating in
additional SMARTCARD or other new
technology trials?

q  , y e s El2 n o

5

State ofCailfarnla  DepamnentofTransporcatlon

17. Please indicate whether you agree or
disagree with each of the following
statements

Agree Disagree

Having a personal credit
or debit card like
SMARTCARD for
paying bus fares makes

taking the bus easier Q

Using a personal credit
or debit card like
SMARTCARD gives too
much information about

me to transit agencies 0

Cards like SMARTCARD
are easy to lose or have

stolen 0,

Cards like SMARTCARD

make taking the bus safer 0,

Cards like SMARTCARD

are unreliable 0,

Cards like SMARTCARD
make it harder for people

to avoid paying their fare c]:

18. How old are you?

[7, less than 20 cl, 40 - 4 9

q  * 20 - 29 cl, 50 - 59

q  , 30 - 39 q  , 60 or older

Y9. Including yourself, how many people are
there in your household?

- people

6



State of Callfomla  Department of Transportation StateofCalltim~a DeparbnentofTtansportatlon

20. How many motor vehicles are available to
members of your household?

vehicles

21. Do you have a dnver’s  license?

0 yes Cl, n o

22. Are you employed?

0, y e s  + q  , full time

02 part time

C l ,  n o

23. What is your home zip code?

-----

24. What is your combined total household
income?

0, less than 815,000

0, 915,000 to $25,000

0, $25,000 to $40,000

0, $40,000 to $80,000

0, 980,000 or more

25. What is your gender?

q male 0, fema le

FOR SURVEYOR USE:

ORIGINAL DEPARTURE TIME

SURVEYOR NAMES

THANK YOU FOR COMPLETING THE SURVEY.
PLEASE FOLD AND RETURN IT  TO THE
STUDENT ASSISTANT BEFORE LEAVING THE
BUS.

Survey ID #

8
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Question 1: Where are you going?

1. to work
2. to school
3. to home
4. other

TPURPOSE

Value Label Value

1.00

2.00

3.00

4.00

99.00

Valid Cum

Frequency Percent Percent Percent

193 24.6 26.1 26.1

43 5.5 5.8 31.9

397 50.6 53.6 85.5

107 13.6 14.5 100.0

44 5.6 Missing

--------mm  ---__-----  ---_______

Total 784 100.0 100.0

Valid cases 740 Missing cases 44

D-l



Question 2: Do you usually use the bus for this trip?

1. Yes
2. No

USEBUSTR

Value Label Value

1.00

2.00

99.00

Total

Valid Cum

Frequency Percent Percent Percent

678 86.5 87.3 87.3

99 12.6 12.7 100.0

7 .9 Missing

---------- ---------- --_____---

784 100.0 100.0

Valid cases 777 Missing cases 7

D-2



Question 3 : About how many minutes does it usually take to make this trip, including the time
it takes to get to and from the bus stop?

Number of valid observations (listwise) = 724.00

Valid

Variable Mean Std Dev Range Minimum Maximum N Label

TRIPTIME 45.57 25.86 208.00 2.00 210.00 724

D-3



Question 4: How did you pay your fare for this trip?

1. cash
2. token
3. bus pass
4. SMART CARD
5. other

FARETYPE

Value Label Value

1.00

2.00

3.00

4.00

5.00

99.00

Total 784 100.0

Valid Cum

Frequency Percent

518 66.1

38 4.8

53 6.8

148 18.9

14 1.8

13 1.7

Percent Percent

67.2 67.2

4.9 72.1

6.9 79.0

19.2 98.2

1.8 100.0

Missing

------we--

100.0

Valid cases 771 Missing cases 13
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Question 5: How often do you travel by bus?

1. less than once per week
2. once or twice per week
3. 3 to 5 days per week
4. every day

BUSFREQ

Value Label Value

1.00

2.00

3.00

4.00

99.00

Valid Cum

Frequency Percent Percent Percent

78 9.9 10.6 10.6

79 10.1 10.7 21.3

303 38.6 41.2 62.5

276 35.2 37.5 100.0

48 6.1 Missing

Total 784 100.0 100.0

Valid cases 736 Missing cases 48
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Question 6: What means of travel do you use most often for all the trips you make over a
week’s time?

1. drive alone
2. drive with passengers
3. ride with others
4. bus or train
5. walk
6. bike
7. other

FREQMODE

Valid Cum

Value Label Value Frequency Percent Percent Percent

1 .oo 77 9.8 10.9 10.9

2.00 44 5.6 6.2 17.1

3.00 83 10.6 11.8 28.9

4.00 449 57.3 63.6 92.5

5.00 36 4.6 5.1 97.6

6.00 6 .8 .8 98.4

7.00 11 1.4 1.6 100.0

99.00 78 9.9 Missing

Total 784 100.0 100.0

Valid cases 706 Missing cases 78
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Question 7: Have you heard of the SMART CARD?

1. Yes
2. No

HEARDSC

Value Label Value

1.00

2.00

99.00

Total

Valid Cum

Frequency Percent Percent Percent

310 39.5 43.1 43.1

409 52.2 56.9 100.0

65 8.3 Missing

---------- -_-------- ----------

784 100.0 100.0

Valid cases 719 Missing cases 65
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Question 8: Are you aware that you can purchase the SMART CARD to use for trips on this
route?

1. Yes
2. no

CANBUYSC

Value Label Value

1 .oo

2.00

99.00

Valid Cum

Frequency Percent Percent Percent

257 82.9 87.4 87.4

37 11.9 12.6 100.0

16 5.2 Missing

Total

---___---_  _-__----_- -__----_--

310 100.0 100.0

Valid cases 294 Missing cases 16
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Question 9: Did you purchase the SMART CARD?

1. Yes
2. no

DIDBUYSC

Value Label Value

1.00

2.00

99.00

Total

Valid Cum

Frequency Percent Percent Percent

150 58.4 59.1 59.1

104 40.5 40.9 100.0

3 1.2 Missing

_---v----m ---------- -__-------

257 100.0 100.0

Valid cases 254 Missing cases 3
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Why did not you buy the SMART CARD?
1. I do not regularly use the bus
2. The SMART CARD could not be used for my trips
3. I do not know how to buy a SMART CARD
4. I do not want to buy a SMART CARD
5. Other

WHYNOTBY

Value Label Value

1.00

2.00

3.00

4.00

5.00

99.00

Valid

Frequency Percent

10 9.8

8 7.8

36 35.3

14 13.7

34 33.3

5 Missing

--__---_-- ______-___

Cum

Percent

9.8

17.6

52.9

66.6

100.0

Total 107 100.0 100.0
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Question 10: When did you first purchase your SMART CARD?

1. July
2. August
3. September
4. October

WHENBUY

Value Label Value

1.00

2.00

3.00

4.00

99.00

Total

Valid

Frequency

53

46

40

6

5

---_------

150

Cum

Percent Percent Percent

35.3 36.6 36.6

30.7 31.7 68.3

26.7 27.6 95.9

4.0 4.1 100.0

3.3 Missing

---------- ----------

100.0 100.0

Valid cases 145 Missing cases 5
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11. How much have you used the SMART CARD since you purchased it?

1. used it many times
2. used it a few times
3. used it only 1 time
4. have not used it at all

USEMUCH

Valid Cum

Value Label Value Frequency Percent Percent Percent

1.00 133 88.7 93.7 93.7

2.00 6 4.0 4.2 97.9

3.00 2 1.3 1.4 99.3

4.00 1 .7 .7 100.0

99.00 8 5.3 Missing

___-------

Total 150 100.0 100.0

Valid cases 142 Missing cases 8
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Question 12: Please answer the following questions about using your SMART CARD

How easy is it to purchase the SMART CARD?

1. easy
2. OK
3. difficult

EASYBUY

Value Label Value

1 .oo

2.00

3.00

99.00

Total

Valid

Frequency

100

30

12

8

___--___--

150

Cl.llIl

Percent Percent Percent

66.7 70.4 70.4

20.0 21.1 91.5

8.0 8.5 100.0

5.3 Missing

___------- -w---w----

100.0 100.0

Valid cases 142 Missing cases 8

D-13



How easy is it to use the SMART CARD?

1. easy
2. OK
3. difficult

EASYUSE

Value Label Value

1 .oo

2.00

3.00

99.00

Valid Cum

Frequency Percent Percent Percent

125 83.3 89.9 89.9

13 8.7 9.4 99.3

1 .7 .7 100.0

11 7.3 Missing

Total 150 100.0 100.0

Valid cases 139 Missing cases 11
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How easy is it to renew the SMART CARD?

EASYRNEW

Value Label

Valid cases

Value

1 .oo

2.00

3.00

99.00

Valid Cum

Frequency Percent Percent Percent

79 52.7 62.2 62.2

33 22.0 26.0 88.2

15 10.0 11.8 100.0

23 15.3 Missing

Total 150

127 Missing cases

_--m------ ____------

100.0 100.0

23
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Question 13 : Compared to the way you usually paid your bus fare before you had a SMART
CARD, would you consider the SMART CARD easier, about the same or harder to use?

1. easier
2. about the same
3. harder

COMPARSC

Valid Cum

Value Label Value Frequency Percent Percent Percent

1.00 123 82.0 85.4 85.4

2.00 15 10.0 10.4 95.8

3.00 6 4.0 4.2 100.0

99.00 6 4.0 Missing

Total

___-----__  _--------- --_-------

150 100.0 100.0

Valid cases 144 Missing cases 6
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Question 14: During the time you have been using a SMART CARD, have you ever
experienced any of the following ?

My card was lost or stolen

1. Yes
2. no

SCLOST

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1.00 9 6.0 6.9 6.9

2.00 121 80.7 93.1 100.0

99.00 20 13.3 Missing

---------- _--------- ----------

Total 150 100.0 100.0

130 Missing cases 20
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My card was damaged

1. Yes
2 no

SCDAMAGD

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1.00 9 6.0 6.9 6.9

2.00 121 80.7 93.1 100.0

99.00 20 13.3 Missing

--m------- ----m-w--- _-___-----

Total 150 100.0 100.0

130 Missing cases 20
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The card reader on the bus would not accept my card

1. Yes
2. no

SCNREAD

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1 .oo 35 23.3 27.1 27.1

2.00 94 62.7 72.9 100.0

99.00 21 14.0 Missing

__-______-  ____-_____  -------_--

Total 150 100.0 100.0

129 Missing cases 21
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The bus driver would not accept my card

1. Yes
2. no

SCNACCPT

Value Label

Valid cases 127 Missing cases 23

Value

1.00

2.00

99.00

Total

Valid

Frequency

8

119

23

----------

150

Cum

Percent Percent Percent

5.3 6.3 6.3

79.3 93.7 100.0

15.3 Missing

---------- ---v-----e

100.0 100.0
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The card reader deducted more than one trip for one ride

1. Yes
2. no

SCMITRIP

Value Label Value

1.00

2.00

99.00

Total

Valid cases 129

Valid

Frequency

33

96

21

_________-

150

Missing cases 21

CUl-Il

Percent Percent Percent

22.0 25.6 25.6

64.0 74.4 100.0

14.0 Missing

--m-m----- _----m----

100.0 100.0

D-21



The bus driver allowed me to ride for free because of problems with my card

1. Yes
2. no

SCTFREE

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1 .oo 45 30.0 37.5 37.5

2.00 75 50.0 62.5 100.0

99.00 30 20.0 Missing

____------ ---------- ____------

Total 150 100.0 100.0

120 Missing cases 30
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Question 15 : Overall, how satisfied are you with the SMARTCARD?

1. very satisfied
2. satisfied
3. not satisfied
4. very unsatisfied

SCSAT

Valid Cum

Value Label Value Frequency Percent

1 .oo 116 77.3

2.00 26 17.3

3.00 0 0

4.00 1 .7

99.00 7 4.7

---------- ----------

Total 150 100.0

Valid cases 143 Missing cases 7

Percent Percent

81.1 81.1

18.2 99.3

0 0

.7 100.0

Missing

__--------

100.0
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Question 16: Are you interested in participating in additional SMARTCARD or other new
technology trials

1. Yes
2. no

PARTSC

Value Label Value

1 .oo

2.00

99.00

Valid Cum

Frequency Percent Percent Percent

129 86.0 92.1 92.1

11 7.3 7.9 100.0

10 6.7 Missing

Total

________--  ---------- ----------

150 100.0 100.0

Valid cases 140 Missing cases 10
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Question 17: Please indicate whether you agree or disagree with each of the following
statements

Having a personal credit or debit card like SMARTCARD for paying bus fares makes
taking the bus easier

1. Agree
2. Disagree

AGREBUS

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1 .oo 194 76.4 89.8 89.8

2.00 22 8.7 10.2 100.0

99.00 38 15.0 Missing

________-- _______--- ----------

Total 254 100.0 100.0

216 Missing cases 38
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Using a personal credit or debit card like SMARTCARD gives too much information
about me to transit agencies

1. Agree
2. Disagree

AGREINFO

Value Label Value

1.00

2.00

99.00

Valid Cum

Frequency Percent Percent Percent

54 21.3 25.8 25.8

155 61.0 74.2 100.0

45 17.7 Missing

Total 254 100.0 100.0

Valid cases 209 Missing cases 45
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Cards like SMARTCARD are easy to lose or have stolen

1. Agree
2. Disagree

AGRELOST

Value Label Value

1.00

2.00

99.00

Total

Valid cases 210

Valid

Frequency

53

157

44

---_______

254

Missing cases

Cum

Percent Percent Percent

20.9 25.2 25.2

61.8 74.8 100.0

17.3 Missing

---------- _---------

100.0 100.0

44
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Cards like SMARTCARD make taking the bus safer

1. Agree
2. Disagree

AGRESAFE

Value Label Value

1.00

2.00

99.00

Total

Valid

Frequency

145

59

50

----------

254

Cum

Percent Percent Percent

57.1 71.1 71.1

23.2 28.9 100.0

19.7 Missing

----_----- ----------

100.0 100.0

Valid cases 204 Missing cases 50
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Cards like SMARTCARD are unreliable

1. Agree
2. Disagree

AGRENREL

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1.00 30 11.8 14.9 14.9

2.00 171 67.3 85.1 100.0

99.00 53 20.9 Missing

---------- ---------- ----------

Total 254 100.0 100.0

201 Missing cases 53
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Cards like SMARTCARD make it harder for people to avoid paying their fare

1. Agree
2. Disagree

AGREPAY

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1.00 105 41.3 53.3 53.3

2.00 92 36.2 46.7 100.0

99.00 57 22.4 Missing

---------- ---------- ----------

Total 254 100.0 100.0

197 Missing cases 53
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Question 18: How old are you?

1. less than 20
2. 20-29
3. 30-39
4. 40-49
5. 50-59
6. 60 or older

AGE

Value Label Value

1 .oo

2.00

3.00

4.00

5.00

6.00

99.00

Valid Cum

Frequency Percent

105 13.4

166 21.2

172 21.9

140 17.9

75 9.6

49 6.3

77 9.8

----------

Total 784

Percent Percent

14.9 14.9

23.5 38.3

24.3 62.7

19.8 82.5

10.6 93.1

6.9 100.0

Missing

100.0 100.0

Valid cases 707 Missing cases 77
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Question 19: Including yourself, how many people are there in your household?

Number of valid observations (listwise) = 662.00

Valid

Variable Mean Std Dev Range Minimum Maximum N Label

NHHOLD 3.35 2.11 20.00 1.00 21.00 662

Question 20: How many motor vehicles are available to members of your household?

Number of valid observations (listwise) = 650.00

Valid

Variable Mean Std Dev Range Minimum Maximum N Label

NVEH 1.42 1.09 6.00 .oo 6.00 650
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Question 2 1: Do you have a driver’s licence?

1. Yes
2. no

DRIVEL

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1.00 404 51.5 58.9 58.9

2.00 282 36.0 41.1 100.0

99.00 98 12.4 Missing

---------- ---_---_-- _------mm-

Total 784 100.0 100.0

686 Missing cases 98
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Question 22: Are you employed?

1. Yes
2. no

EMPSTAT

Value Label Value

1 .oo

2.00

99.00

Total

Valid cases 693

Valid

Frequency

529

164

91

--_-------

784

Missing cases

Cum

Percent Percent Percent

67.5 76.3 76.3

20.9 23.7 100.0

11.6 Missing

-----_---- ____-----_

100.0 100.0

91
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if yes, full-time or part-time?

1.
2.

full-time
part-time

EMPTIME

Value Label

Valid cases

Valid Cum

Value Frequency Percent Percent Percent

1 .oo 328 52.9 68.0 68.0

2.00 154 24.8 32.0 100.0

99.00 138 22.3 Missing

----w----m ---------- ----------

Total 620 100.0 100.0

482 Missing cases 13 8
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Question 24:

1.
2.
3.
4.
5.

HHINC

Value Label

What is your combined total household income?

less than $15,000
$15,000 to $25,000
$25,000 to $40,000
$40,000 to $80,000
$80,000 or more

Value

1 .oo

2.00

3.00

4.00

5.00

99.00

Valid Cum

Frequency Percent

198 25.3

152 19.4

113 14.4

117 14.9

36 4.6

168 21.4

Percent Percent

32.1 32.1

24.7 56.8

18.3 75.2

19.0 94.2

5.8 100.0

Missing

Total 784 100.0 100.0

Valid cases 616 Missing cases 168
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Question 25: What is your gender?

1. male
2.

GENDER

Value Label

Valid cases

female

Valid Cum

Value Frequency Percent Percent Percent

1 .oo 323 41.2 46.6 46.6

2.00 370 47.2 53.4 100.0

99.00 91 11.6 Missing

---------- __--___-__ __-___--__

Total 784 100.0 100.0

693 Missing cases 91
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