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ABSTRACT

Improving Transit Performance with Advanced Public Transportation System Technologies
Mark Hansen, Mohammad Quresh:, Damel Rydzewsk:

Thus report identifies opportunities to 1mprove transit performance using Advanced Public Transportation
System (APTS) Technologies, assesses transit operator viewpoints on and expeniences with APTS technologies, and
proposes how current adoption and utilization practices might be improved so that these technologies are used 1n 2
more efficient and effecuve manner.

The research consisted of three main phases First, we identified APTS technologies and developed a
framework for assessing their potential value 1n smproving transit system performance We considered three types
of APTS technology, automatic vehicle momitoring (AVM), advanced traveler information systems (ATIS), and
advanced fare payment systems (AFP) After descnibing these technologies, we employ the theory of cybernetics to
explain thewr potential performance benefits. From the standpomt of cybernetics, APTS technologies promuse to
reduce the cost and 1mprove the effectiveness of a set of regulatory processes by which transit operators and users
respond to disturbances in their environment The categories of APTS benefit thus include (1) cost reduction (1)
mmproved ability to correctly choose regulatory responses and (i) a richer set of regulatory responses from which
to choose Examples of these benefits for a wide range of transit regulatory processes are presented.

The second phase of the research consisted of a set of seven case studies of individual transit operators
chosen to mclude properties that have adopted APTS technologies as well as those that have not Through nter-
views with management, staff, and line personnel, we mnvestigated the properties’ expenences with and attitudes
toward APTS technologies On the basis of these case studies, we generalize about the circumstances leading to
active consideration of APTS adoption, the factors influencing the outcome of adoption decisions, and the process
of implementing adopted technologies. We also identify opportunities for improving the adoption process, includ-
1ng (1) more exphcit :dentification of the performance goals the technology 1s expected to further, and cons:deration
of alternative means of achieving these goals, (11) better information about the orgamzational resources required to
successfully implement APTS technologies, and more balanced assistance programs that combine capital assistance
for purchasing hardware with other in-kind and financial assistance to facilitate implementation, (i) development
of methodologies, perhaps based on the cybernetic paradigm, to systematically identfy “information bottlenecks”
that hampe: transit system performance and that APTS technologies can alleviate

The thurd phase of the study consisted of a transit operator survey, in which 52 transit operators, 37 of
which had adopted at least one APTS technology and 15 had not, were included. The main findings of the survey
are (1) AVM 1s rated somewhat lower than electronic farebox (EFB) technology (which we use as a “benchmark”
for the ratings) with regard to easé of implementation and satisfaction with vendors, while ATIS ratings are not
signmficantly different that those of EFB, (1) many operators that have not adopted a given APTS technology are
actively investigating doing so, (in1) most transit operators have positive attitudes about APTS technologies, but do
not expect that they will pay for themselves in a direct monetary sense, and thus will required government financial
assistance mn order to acquire them

We conclude with recommendations for a program that we believe will lead to more effective and efficient
use of APTS technologies The proposed program, entitled MOTUS, for MOdel Technology USer, involves
mtensive assistance and collaboration with a small number of operators 1dentified as promusing APTS users. The
program would consist of identifying a set of areas in which performance improvements are desired, developing
integrated strategies, often involving APTS technologies, designed to improve performance in these areas, imple-
menting the programs, and monitoning the results Transit operators would receive MOTUS assistance in all aspects
of these mitiatives By concentrating assistance in this way, MOTUS is expected to substantially increase the
capacity of participating operators, and others who will learn from the participants, to use APTS technologies
wisely and aggressively

Keywords Advanced Public Transportation Systems, public transit, technology assessment, automatic vehicle
monioring, advanced traveler information systems, automatic fare collection
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EXECUTIVE SUMMARY

ES.1 Introduction

The purpose of this research, funded by the California Department of Transportation
(Caltrans) New Technology Program, was to identify and assess opportumities to improve the
performance of conventional fixed route transit through the application of a set of technologies that
have come to be known as the Advanced Public Transportation System (APTS), and to identify
pohicies and strategies that Caltrans mught pursue in order to mcrease the prospects for realizing
these opportunities The study recogmzes that individual transit operators play a pivotal role
decisions about the adoption and utihization of APTS technologies Therefore, the study focuses on
the atiitudes and expenences of individual transit agency management, staff, and line personnel
that are likely to determune their future choices with regard to APTS adoption and utithzation It 1s
hoped that, by giving Caltrans a realistic idea of how transit operators perceive and use APTS
technologies, the study will assist Caltrans i effectively promoting and supporting diffusion of
these technologies among California’s transit operators We recognize that Caltrans must consider
factors other than those addressed mn this study mn formulating ts APTS program, but view the
information contained in this research as an important mnput

ES.Z APTS Technologies

The first phase of the study (Chapter 2) overviews APTS technology and develops a theory
of how such technology can benefit transit performance For purposes of this study, three
categories of APTS technology are recognized

Advanced Traveler Information Systems (ATIS) is the first category The purpose of
ATIS 15 to give transit users or potential users mnformation about transit services, and about the
activities motivating their travel Types of ATIS include automated telephone mnformation systems,
computer data retnieval systems, interactive audio/video systems, and display announcement
systems Telephone, computer systems, and teletext are designed mamly for pre-tnp planmng, and
would enhance, supplant, or replace the manual telephone systems that most U S transit operators
currently employ By either elimunating the need for a2 human operator (at least for some types of
mformation requests) or mncreasing the speed and accuracy with which the operator can respond to
mformation requests, these technologies pronuse to reduce costs and mncrease the convemence and
availability of present-day manual systems Interactive audio/video and display announcement
systems are designed pnimanly to inform travelers who are away from their home or workplace,
whether en route or at a transportation terminal or other activity center These technologies
facilitate inter- and intra-modal connections, allow travelers to plan activities to conform with the
transit schedule, and offer entertainment They may be of particular value n assisting way finding
for travelers with vision of hearing impairments

The second category of APTS technologies considered in this study 1s automatic vehicle
monitoring (AVM) and control systems These technologies allow a broad range of information
pertamung to the location, physical condition, and patronage of transit vehicles to be collected,
recorded, transmitted, and presented in a useful form to vehicle operators, dispatchers or other
agency personnel, transit users, or other parties (such as traffic control centers). At the present
time, the monitoring technology attracting the greatest interest 1s automatic vehicle location (AVL).
Using proximity beacons, navigation sateliites, dead reckomng, or some combmation of these,
AVL allows the trajectory of transit vehicles to be traced mn real time Benefits include better
monitormg of schedule adherence, enhanced emergency response, and more accurate schedule
nformation Other monitoning technologies include alarms that alert drivers and dispatchers of
mechanical troubles and passenger counters that perform automated on-off counts by stop. Fnally,
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we mclude in this category control technologies that can assist operators in avoiding collisions, and
may mn the future include fully automated longitudinal and lateral control

The final APTS technology category considered in this study 1s advanced fare payment
systems (AFP). The technologtes are intended to reduce the traveler mconvemence, vehicle delay,
and revenue leakage associated with paying cash fares on transit vehicles Most current advanced
fare payment systems employ magnetic farecards, which store mformation such as the value
remaining or time/place restnctions on card validity Machines located either in stations or on
vehicles can read and write card mformation. Long used 1n certain rapid transit systems, this
technology 1s gamming increasing acceptance in bus transit, especially as a substitute for
conventional paper transfers In the future, magnetic farecards may be replaced by "smart cards.”
These are much like credit cards, except that they include a microprocessor and possibly a very
short range transmitter Smart cards can store much more information than magnetic farecards,
and, if a transmutter 1s included, could communicate with a read/write device without any direct
contact Ultumately, this could lead to hghly soplusticated fare structures and completely
automated fare payment viz electronic fund transfer However, widespread application of smart
cards mn transit is unlikely to oceur soon, because of the relatively high cost of the cards and the
lack of infrastructure for using them

The value of APTS technologies rests on their ability to mmprove transit performance
Transit performance is multi-dimensional, but the most mmportant aspects include ndership,
revenue, service quality, and cost In order to understand how APTS may enhance these and other
aspects of transit performance, we develop a model, based on the theory of cybernetics, m which
the performance of a system depends on 1ts ability to appropnately respond to disturbances in its
environment APTS technologies improve this abibity by faciitating the commumcation of
information about disturbances to their associated regulators For example, AVL provides
nformation concerning schedule deviations to drivers, dispatchers, and others who can respond to
this information by taking actions to reduce the deviations ATIS technologies provide mformation
about transit routes and schedules to the transit user, for whom these constitute a disturbance since
they are beyond his/her control This enables users to “regulate” their activities so that they armve
at the appropriate stop at the appropnate ime Similarly, advanced fare payment technologies
facilitate the appropnate transfer of funds from transit users to the transit operator, according to
the pre-determined fare structure and the transit services consumed - both of the latter constituting
disturbances from the standpomnt of our model

The benefits of improved commumication about disturbances provided by APTS
technology take different forms At the broadest level, we categonze the benefits as erther cost
reducing or regulatory enhancing An example of the former is automated passenger counters — a
form of vehicle momtoring technology — which can eliminate the need to hure temporary personnel
to conduct on-board ndership counts A pure cost reduction benefit implies no improvement 1n
regulatory effectiveness — only a lower expense for attaining the same level of effectiveness On the
other hand, benefits in the second category do derive from improved regulation. We identify two
subcategories of regulatory enhancing benefit First, for a fixed set of alternative regulatory
actions, the probability of selecting the best action can be increased To illustrate, dispatchers
respond to on-road emergencies (a disturbance) by sending police or other emergency personnel to
the estimated location of the bus If a transit system has AVL, the response mught be similar,
except that the dispatcher could give a more accurate location Second, the APTS technology may
mncrease the range of possible responses. Returning to the emergency road call example, AVL
might allow a dispatcher to re-route a bus to pick up stranded passengers.

Certain regulatory enhancement benefits denve from 2 phenomenon we term regulation-
disturbance (R/D) duality, which occurs when the regulation of one process creates disturbance for
another In transit, scheduling and routing decisions constitute regulation from the standpoint of the
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operator, but the resulting schedule and network are a disturbance from the standpomnt of a
traveler In this example, ATIS, by making 1t easier for the traveler to retrieve updated schedule
information, might allow the operator to adjust schedules more often m order to respond to
fluctuations in demand or traffic conditions Thus 1s an instance of a regulatory enhancement (more
rapid service adjustment) resulting from the enhanced ability of a downstream regulator (a traveler)
to respond to the upstream regulatory action (the service adjustment).

The above theory of how APTS can benefit transit performance serves several purposes
First, it allows a systematic search for benefit opportumities Second, it mmplies that APTS
technologies will often yield multiple forms of benefit Thus, if a given technology is mttially
acquired for a narrow purpose, it is likely that the benefits associated with that purpose are less
than the total benefit Thuird, 1t shows that many of the benefits of APTS technology depend on
adjustiments to transit operator procedures so that personnel with access to better information have
a wider scope of authonty to respond to that information Since such adjustments may require
considerable orgamzational effort, this imphes that orgamizational resources may be an important
complementary nput to APTS technology, if the full benefits of the latter are to be reahized

ES.3 APTS Innovation In U.S. Transit Agencies - Case Studies

In the second phase of the research, we explored transit operator expenences with and
attitudes toward APTS technologies We did this through a set of seven case studies of individual
transti operators The operators were selected to cover a wide range of sizes and levels of
expenience with APTS technology We made a 1-2 day visit to each operator, during which we
mterviewed management, staff, and line personnel From these interviews, we sought to determine
(1) the factors that influence decisions on whether to adopt these technologies, (2) how decisions to
adopt, once reached, are implemented, and (3) how the adopted technologies are ultimately utilized
In addhtion, we considered how the process of APTS mnovation might be improved through better
adoption decisions, implementation strategies, and utilization practices

In this summary, we present only our synthesis of the case studies, discussions of the
mndividual operators are found in Chapter 3

The decision to adopt a APTS technology can be usefully divided into two stages In the
first, a choice 1s made to give active consideration to adoption. In other words, the adoption
decision 1s placed on the agency's "agenda " One perquisite for this is that the agency knows that
the technology exists We found that this requirement 1s widely satisfied — vartually all operators
had some famihanty with each of the APTS technologies we discussed In addition, several other
factors were found to encourage agencies to actively consider adoption of a technology These
mnclude

Special Opportumties A technology may be available as an optional feature of
some system the agency has decided to acquire, or an agency may be asked to
participate in some jomnt venture involving the adoption of a technology These
circumstances create windows of opportunuty i which a technology may be
acquired more mexpensively or cheaply than if the decision 1s deferred

Presence of a Champion for the Technology within the Agency. The champion,
by strongly and consistently advocating adoption of a technology, can build
awareness of and support for the technology throughout the agency The champion
may be motivated either by a generally positive onentation toward new
technology, or awareness of particular problems that the technology is expected to
alleviate



Sufficient Managernial Resources Decision makers at several agencies indicated
that they simply had too many other, more pressing, issues to deal with to aliow
them to give active consideration to adopting APTS technologzes.

Problem Awareness. At any given time, an agency is likely to have identified a
certain set of recognized “problems” that it 1s actively attempting to remedy If an
APTS technology 1s considered a promising sclution to such a problem, 1t is likely
to recetve active consideration

General Atntude Toward Technological Innovation. Many agencies exhibit a
predisposttion either for or agamst adoption of mew technologies This
predisposition clearly affects the likelihood that adoption of a new technology will
be actively considered

Once on the agenda, the adoption decision 1s influenced by three mamn factors These are.

Operanng Cost Impact It 1s generally assumed that capital costs for acquinng a
new technology will be heawily subsidized by the federal government, but
operating cost impacts impinge directly on the agency Adopting a new technology
will mevitably result in some operating cost mcreases (mamtenance, for example),
but operators are concerned that these be kept to a mummum Furthermore,
operators place a strong premium on any operating cost reductions that may result
from the new technology It is particularly desirable if the savings do not depend
on layoffs or any other significant dislocation of agency employees Past
expenence has caused many operators to be skeptical that potential labor cost
savings from new technologies will actually matenalize when such savings entail
such dislocations

Technological Matunty Operators recognize that a less mature technology is
more likely to have unexpected problems and costs, and therefore want a
technology to reach a certain level of matunty before they adopt it This "matunty
threshold" vanies from system to system Some operators insist that a technology
be adopted by several other operators before they do so Others are wlling to lead
adoption, so long as the product is "off-the-shelf* A few operators — generally
larger ones with highly tramned techmical personnel — are willing to participate m
system development, at least when they consider the components required by the
system to be mature

Consultant Recommendations. Most operators work closely with external
consultants i making APTS adoption decisions. Consultant recommendations are
generally given considerable weight in the decision process

Overall, we found that APTS adoption decisions are made with considerable thought and
care However, we identified two areas in which the decision making process may be deficient

Limuted Alternanves are Considered. In most cases, the "choice set” considered
consists of two alternatives: adopt the APTS technology, or do nothing This
approach overlooks the fact that the motivation for considenng the technology
often includes awareness of some problem, and there are generally many



alternative ways of addressing a given problem, not all of which mvolve APTS
technology

Luttle Effort to Quannify Benefits Although some APTS benefits occur in the form
of cost reductions that can easily be weighed agamst the cost of technology
acquisition and operation, many benefits take the form of improvements n service
quality ease of obtaming schedule information, improved schedule adherence, and
more convenent fare payment Operators are aware of these benefits, and often
cite them as major reasons for acquiring a technology However, little attempt 1s
made to quant:fy these benefits, or translate them into monetary terms Thus tends
to make adoption decisions conservative operators are more concerned with
avoiding high cost penalties than with achieving major service improvements

Once a decision is made to acquire an APTS technology, implementation begins This
normally mnvolves specifying a system and selecting a vendor to provide it, developing data bases
required by the system, traimng agency personnel, and modifying standard operating procedures.
The first step 1s generally fairly straightforward - or was so at the time of our case studies —
because relatively few vendors could offer systems meeting the agency specifications Data base
development often proved unexpectedly difficuit, because of the volume and accuracy of data
required An additional problem connected with the data bases was that system malfunctions were
sometimes mustakenly attributed to mnaccurate data, resulting mn major - and unnecessary -
revisions With regard to traming, we found that it was generally effective in allowing agency
personnel to operate the system on a routine basis On the other hand, training proved less adequate
for preparing personnel to make non-routine use of the system For example, one operator retained
the software developer for its AVL system to make program modifications assumed necessary to
generate a report with a new format, only to find that the ongmal system had this capabihty all
along The final step - adjusting operating procedures — often included certamn requirements that
were not mitially anticipated For example, some AVL systems require bus operators to use a
standard route for turning around their bus at the end of a run

The benefits of adopting an AVL technology depend on how 1t 1s utilized In terms of the
APTS benefit framework outlined in Section ES 2, we found that operators are predisposed toward
patterns of utilization that are cost reducing rather than regulatory enhancing. As already noted,
operating cost impact 1s a major consideration in the adoption decision Other benefits, such as
mcreased convemence of obtaming schedule mformation, may not directly influence operating
costs, but are stll cost reducing in the sense that they decrease the effort required to obtan a
certain quantity of mformation Thus, operators tend to focus on opportunities to make acquiring
mformation cheaper or easier, rather than to obtain more or better information for purposes of
enhanced regulation The main exception to this 1s advanced fare payments, where several
operators emphasized benefits of reducing fraud and thereby increasing revenue Although
techmcally a form of regulatory enhancement within our schema, it 1s not surpnsing that such a
direct financial impact would be weighed heavily

Several recommendations emerge from our case studies To encourage transit operators to
make appropnate choices concerning the adoption of APTS technology we recommend that
policies be developed to

Encourage Operators to Accurately Gauge Internal Resource Requirements

In addition to the fixed cost of purchasing APTS technology and the recurnng cost
of maintaining 1t, operators must make a considerable mvestment of organizational
resources if the full benefits are to be realized Some parts of thus effort, such as



data base development, are recognized in advance as absolutely essential, but often
entail costs greater than ongmally estimated Other parts, such as reconsidenng
Job responsibilities 1 light of mcreased enhanced regulatory capabilities, are not
essential to obtam a functioning system but must be made 1f the full benefits of the
system are to be realized We therefore recommend that grant proposals nvolving
APTS technologies contamn explicit estimates of mntemal resources required to
successfully and fully implement the technology, and 2 commitment to provide
these resources In some cases, such as data base development, it may also be
desirable to shuft responsibility from the agency to a vendor

Encourage Problem-Driven Decisionmaking As already noted, APTS adoption
decisions are often bmnary i nature, neglecting opportunities to use non-APTS
alternatives for dealing with a particular problem We recommend that agencies
requesting grants for APTS be required to conduct an overall study of the mamn
problems the technology 1s designed to alleviate Two additional reforms may be
necessary if this approach 1s to succeed First, it may be necessary to externally
fund the mitial study Second, there should be a comnutment to fund the preferred
alternative identified by the study, so long as 1t is cost effective, irrespective of
whether 1t involves APTS technology

We also recommend that action be taken to facilitate the mmplementation and improve the
utilization of APTS technology With regard to the former, we recommend an acceptance process
that requires that a new system be completely operational before the vendor receives final payment
This would mean not only that the hardware is operating properly, but also that traimng is
complete, data bases are validated, and more generally that all parts of the system are n place so
that st i1s performing according to contract specifications. To encourage operators to more fully
utthize APTS technologies, we recommend that the theory of APTS benefit outhined i Chapter 2 be
used to develop a systematic mnventory of mmformation bottlenecks that constramn effective
regulation of transit systems The capabilities of newly acquired or candidate APTS technologies to
remove such bottlenecks can then be systematically identified.

ES.4 Transit Operator Viewpoints on APTS Technelogies ~ A Survey

In the final phase of the research, we conducted a telephone survey of transit agency staff
concerning their expenences with and attitudes toward APTS technology The sample of
respondents was drawn from two sets of transit operators. One set was identified as having erther
automatic vehicle monitoring or ATIS technology m a recent Federal Transit Admunistration
publication, while the other set was not so 1dentified A total of 71 surveys were completed. Of
these, 35 indicated that their agency had adopted either AVM, ATIS, or AFP technology, while 36
indicated that their agency had not adopted any of these Of the 52 transit properties represented in
the survey, 37 had at least one respondent report that at least on of the three APTS technologies
had been adopted, while the remainder were unanimously reported to be APTS non-adopters

Respondents reporting adoption of the various technologies were asked to rate the ease of
mmplementation, satisfaction with vendor(s), and system performance. In addition to AVM, ATIS,
and AFP, respondents were also asked to rate electronic fareboxes (EFB) on these dimensions, in
order to provide a set of "benchmark” ratings based on a widely known technology We found the
principle differences in ratings to be with regard to ease of implementation, on which AVM is rated
significantly below EFB and ATIS On the other hand, there were no sigmficant differences among
AVM, ATIS, and EFB with regard to system performance, nor between ATIS and EFB on any
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dimension No meanmngful ratings were obtamed for AFP, because the number of respondents
reporting adoption of this technology was so small

We asked respondents to report on what, if any, steps had been taken to mvestigate and
decide whether to acquire the vanious APTS technologies that their agencies had not yet adopted
Our general finding 1s that there has been considerable investigative and decision making activity
underway For each technology, a majonty of operators report wvisits by salespeople A sizable
proportion — between 41 and 75 percent, depending on the technology - also report either the
appomntment of an mdividual or committee to mvestigate, or visits to another agency to see the
technology in action We also found that operators have generally progressed further m their
consideration of AVM than m theirr consideration of ATIS or AFP Approximately two-thirds
report that they have either not researched or are in the process of gathering formation about the
latter technologies With regard to AVM, 60 percent report having progressed beyond gathering
mformation, mcluding 31 percent who are about to implement, 15 percent who have decided not to
pursue, and 15 percent who are conducting an expenment or demonstration

The survey concluded with a set of questions concerming respondents’ attitudes toward
APTS technologies The results indicated that, irrespective of whether their agency has adopted
such technologies, most respondents viewed them favorably For example, there was strong
disagreement with the statement that APTS technologies "are more trouble than they are worth “
On the other hand, there was also hittle agreement with the statement that personnel hours could be
reduced by adopting APTS technologies, and the costs of acquinng and operating these
technologies were cited as major obstacles to adoption Thus, although respondents generally
believe that APTS technologies offer substantial benefits, they do not expect the benefits to be mn
the form of direct cost savings In addition, uncertamnty regarding the magnitude of APTS benefits,
and a tendency to give other mnitiatives higher prionty, were cited as obstacles to more rapid
adoption

The general conclusion of the survey is that transit operators are showing considerable
mtiative m responding to the opportumties provided by the development of APTS technologies
Most have general knowledge of these technologies, and many are taking steps to find whether they
should proceed with adoption However, these actions are being taken m a context mn which
operators require considerable federal or state assistance with acquisition of APTS technologies,
and m which operators do not expect the technologies to pay for themselves in a strict accounting
sense This suggests that federal and state funding agencies should consider carefully whether
subsidies for APTS technologies represent a cost-effective use of their resources

ES.5 Recommendations

We conclude that Caltrans has a significant opportunity to promote APTS technologies n
the California transit industry Observing the problems and obstacles transit agencies encounter in
adopting APTS, and the shortcomungs of current government programs nvolving APTS, we
recommend (in Chapter 5) the creation of a new program of ntensive, wide-ranging, assistance to
selected transit operators so that "best practices” for effective use of APTS technology can be
established mn a Califormia {or U S ) context The program would require the participation of transit
agencies with well-defined performance objectives and an organization-wide commitment to
pursuing these objectives Participating agencies would receive a combination of capital assistance
and consulting services designed to define and implement cost-effective performance improvement
programs, of which APTS adoption could (but would not necessarily) be a part In cases when
APTS 1s acquired, assistance i procurement, installation, and utilization would also be provided
The program would thus teach participant agencies how to make appropriate choices concerning
the adoption of APTS technologies, and how to use these technologies, once adopted, to maximum
advantage. The knowledge would then be transmutted to non-participants through a variety of
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technology transfer mechanisms Thus, while directly involving only a small number of agencies,
the unpacts of the program would be felt throughout the transit industry
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CHAPTER 1:
INTRODUCTION AND OVERVIEW

1.1 Introduction

Recent years have witnessed a spurt of nterest in the application of advanced information
technologies m urban transit The Federal Transit Admmstration (FTA) has recently established
the Advanced Public Transportation Systems (APTS) Program to promote these applications The
Inteligent Vehicle Highway Society of Amernica (IVHS America) has recently established an APTS
Commuttee Several states, including Califorma, have included transit programs as key components
of their overall IVHS efforts (Califormia Department of Transportation, 1991)

The Federal government has also released two studies, by the Transportation Systems
Center (Casey et al, 1991) and Castle Rock consultants (Dawvies et al, 1991), respectively, that
discuss the state of the art and future prospects for a wide range of transit APTS applications The
reports reveal a wide range of ongoing efforts by individual operators both in the U S and abroad,
as well as a number of as yet untried but promising concepts

The mterest n APTS applications for transit has several underlying causes Tremendous
technological advances mn communications and imformation processing technologies, largely the
result of the rapid development of mucroelectronics, have created many new opportumties for
transit, just as they have for the automobile-lughway system Further, the national commitment to
balanced transportation, reinforced in many areas by the environmental problems caused by the
automobile, create pressures for modal balance in efforts to hamess new technologies for urban
transportation Fmally, urban transit in the United States continues to suffer from poor financial
performance, a very low share of the total urban transit market, and a reputation for poor service
Any and all potential remedies for these problems can be expected to spark interest Indeed, the
idea that "the transit problem" mn the United States can be solved through technological advance
dates back at least to the 1930s, when streetcar operators, battered by financial problems and
losing traffic to the automobile, sought to turn the tide by combimng their resources to design a
new generation rail vehicle, known as the PCC (Electnc Railway Presidents’ Conference
Committee) car (Saltzman, 1979)

Despite, or perhaps because, of the vast amount of interest and activity surrounding APTS
technologies, transit operators face difficult challenges in assessing, procuring, and using these
technologies There are many different systems with differing but overlapping capabilities and
benefits The technologies are rapidly evolving, raising the specter that hardware obtamned today
will be obsolete tomorrow, and are based on components unfamihar to many operators Further the
benefits of different technologies may be tightly coupled to one another, or dependent on changes in
operations on procedures, making isolated decisions about individual options difficult In short, in



the current environment transit operators have good reason to be concerned about making the
“wrong" choices regarding APTS technologies, and thus perhaps a strong motivation to err on the
side of caution and do nothing at all

These circumstances, while difficult, are typical in penods of technological change, and
there are different paracigms for managing them (Pitstick, 1991) In an evolutionary approach, the
current profusion of technological options would be welcomed, and the strategy would be to
encourage a2 wide range of experimentation from which the most effective technologies would be
revealed There would be many dead ends and false starts, but the end result would be a set of
proven transit APTS technologies that could be confidently adopted by operators Alternatively, in
a top down or systems design approach, FTA or some other central authority could develop a set of
transit APTS technologies based on the best available expertise. Thus approach would avoid the
mustakes mherent n the evolutionary one, but would be prone to other mustakes stemiming from the
Iimztations in the information available to the system designers Also, such a government-centered
approach would be subject to strong political pressures

The difficulties with the above alternatives suggest an mtermediate strategy As in the
evolutionary approach, decisionmaking regarding transit APTS technology would be decentralized
and left to individual operators Hov.vevcr, state and federal governments would play an active role
in assisting local operators in APTS planning and decisionmaking Such a program would make
available techmcal assistance to operators throughout the processes of evaluating, adopting, and
mplementing APTS In addition, while respecting operator autonomy, 1t would tie financial
assistance for acquining APTS to requirements designed to encourage "best practices” throughout
these processes With this support and encouragement, many nustakes could be avoided, while at
the same time maintamning assurance that the adopted technologies meet the needs of operators.

The intermediate strategy is broadly consistent with FTA's general approach to fostering
mnovation, which has mixed decentralized and centralized innovation diffusion measures (Rogers
and Macgill, 1981) But this mix has evolved i the context of relatively sumple, non-technical,
mnovations (Harrison, 1988) Rogers et al. (1981) has argued that the appropriate mix between
centralized and decentralized diffusion strategies depends on the technical complexity of the
innovation, with greater complexity calling for greater centralization He notes that many of the
non-technical mnovations have been substantially "remnvented” by operators adopting them to suit
individual needs Such reinvention by operators will be difficult if not impossible for techmcally
complex APTS systems

These circumstances suggest a need to define how state and federal transportation agencies
can support local operators in their efforts to take advantage of APTS technologies In order to
better define that support role, it is necessary to understand how transit operators are currently
proceeding 1n this area, and to determune their current views concerming the promise of APTS



technologies for their operations Further, i cases where operators have not given these issues
serious consideration, 1t 1s desirable to obtamn theirr informed assessment of the techrucal
possibilities These are the objectives of the Caltrans-sponsored research project "Potential
Applications of Advanced Information Technology i Transit "

1.2 Overview

The project has three main parts First, we identify some of the major opportunities for
employmng APTS technology to improve the performance of public transit systems In domng so, we
develop a conceptual framework that 1s mntended to assist us in systematically identifying such
opportunities, rather than presenting a laundry hist of ideas appearing elsewhere mn the hterature
Chapter 2 covers ths phase of the research

In the second phase of the study, we studied how transit operators are responding to these
opportumities To do so, we conducted a senies of seven case studies, each focussmng on an
mdividual transit property Through nterviews with a range of management, staff, and lne
personnel, we mvestigated how operators decide to adopt APTS mnnovations, how they implement
such innovations, and their assessment of APTS technologies that they have not yet adopted
Chapter 3 details these case studies

In the third phase of the research, operator experiences with and attitudes toward APTS
mnovations were further explored by means of a telephone survey Some 71 respondents
representing 41 different transit agencies participated They were asked a series of questions,
mostly closed ended, in which they evaluated the technologies their agencies had adopted, identified
the steps taken by their agency to consider adoption of additional technologies, and stated their
level of agreement with vanous attitudes toward APTS that had been expressed in the case studies
By covering a larger number of operators, and yielding results that could be statistically analyzed,
the survey provided a useful complement to the ncher, more qualitative, and more narrowly based
case study results Chapter 4 discusses the survey.

Finally, ;n Chapter 5, we offer recommendations for how the process of APTS mnovation
can be mmproved We call for a program mnvolving intensive assistance to a small number of
operators who would be designated Model Technology Users (MOTUS) The program would be
oriented toward achieving measurable performance improvement in well-defined areas, and would
combine APTS technologies (where appropnate) with other actions in integrated programs
designed to achieve the desired improvements 1n the most cost-effective manner Although directly
mvoloving only a small number of operators, we argue that the MOTUS program will yield
mdustry-wide benefits by developing capacity within the transit industry to use technology both

wisely and aggressively
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CHAPTER 2:
APTS TECHNOLOGIES AND TRANSIT PERFORMANCE

2.1 Introduction

The purpose of this chapter 1s to describe how APTS technologies can benefit public
transt First, we describe and categonze the specific APTS technologies that appear to have the
greatest potential for improving the performance of U.S. transit properties Next, we discuss the
performance of the US transit industry Third, we develop a general theory of how APTS
technologies can benefit transit performance, applying this theory to identify potential benefits of
the aforementioned set of technologies The first two steps are highly denvative, relying on a
number of recent studies that have sinular objectives It is in the theoretical development that this
chapter makes an original contribution As will be seen, the major practical value of the theory 1s to
allow a more systematic search for opportunities to improve transit performance through the
application of APTS technologies We demonstate that such a systematic search yields many more
opportunities than are likely to be uncovered through the more haphazard, mcremental, approach
that appears to charactenize most current thinking on this subject

The balance of this chapter proceeds as follows In section 2, we describe, mn purely
functional terms, existing and possible future APTS technologies In section 3, we discuss the
performance of the US transit industry In section 4 we consider how APTS technologies can
further transit operator objectives Section 5 presents a summary and conclusions

2.2 Overview of the Technologies

Exactly what 1s encompassed by the term "APTS Technologies” 1s a somewhat arbitrary
matter For purposes of this research, the term will be used to refer to three broad categones
Advanced Traveler Information Systems, Vehicle Monitoring and Control, and Advanced Payment
Systems

2.2.1 Advanced Traveler Information Systems
Transit users and potential users require information concerning schedules, routes, and
fares to plan trips and activities motivating these tnnps  Such information 1s of value both prior to
making a trip and durmng the trip Several APTS technologies facilitate access to such mformation
for the transit user They include automated telephone nformation systems, computer data
retrieval systems, teletext systems, interactive audio/video systems, and display announcement
systems
Automated telephone information systems mvolve accessing the mformation needed for a
trip through the use of a telephone Instead of receiving information that has been manually
retricved and compiled the caller recerves information that has been generated by a computer The



mformation requested may be quite simple - a bus stop's next scheduled armval time — or quite
complex — an itinerary of buses and transfers for a trip across town

One component of automated telephone information systems 1s computer hardware and
software to retrieve or generate the requested mformation. Simple requests such as arnval and
departure times can be handled with relatively simple database software If itinerary advice is to be
offered, more complex route-finding software 1s required Inputs to the software include a database
of routes and schedules as well as the origin, destination, and time of the needed service. The
program outputs the recommended bus route number, transfers, schedule time, and, when
appropniate, alternative routes (Philips, 1983) The costs associated with implementing this type of
computenized information system mclude the hardware purchase, software purchase or
development, the effort of compiling and coding the database, and tramung of personnel The size
and complexity of the transit system will influence the amount of these costs (Ross and Soberman,
1987, Diewald, 1983)

The other component of the system is a means of retrieving mformation via telephone
Several methods are 1 use They all utilize state-of-the-art call sequencing technology known as
private branch exchange, or PBX, which can answer calls in a first m - first out service pnionty
The simplest telephone retneval method 1s direct dial to an nformation operator, who can handle
both sumple and complex mformation requests The second method 1s direct dial to the information
system itself with requests mput by use of the telephone keypad Thus method can also handle both
simple and complex information requests, but is less covement for the more complex requests The
third method involves direct dal to the system itself but only to access a route schedule data base
This method only handles simple, route-specific, requests, and should therefore complement, rather
than substitute for, information operators (Diewald, 1983)

Systems with direct dial to an information operator are sumilar to standard transit
telephone information systems except that the operator uses a computer instead of vanous printed
matenals The potential advantages of this include reduced time for processmng a call, greater
umformuty of response, less difficulty in implementing route scheduling changes, and increased
capacity of the operator system due to reduced response time (Phibips, 1983), and 24-hour service
availability However, expenence has shown that response time is reduced only if the system is
used selectively, since many reguests are handled so routnely that operators have memorized the
information. There was an mitial increase in response time when an automated system was
introduced 1in Washington DC, because operators were using it for every request (Phulips, 1983)

All automated telephone information systems with direct dial to the system employ
computenized voice synthesizer response Advantages of this method are reduced labor cost,
mncreased call-handling capacity, and 24-hour availability of the service In one form of this
system, the caller may input the mformation request by way of the touch tone pad on the phone



itself The caller has the ability to vary, by dialing a pre-selected sequence of numbers, different
parameters such as waiting time, fare cost, and walking distance, to optumize the trip route (Ross
and Soberman, 1987)

The alternative method to direct dial 1s to assign a telephone number for each and every
bus stop in the transit system The mformation 1s then made available by posting the umque
telephone number at its bus stop By calling the assigned number the transit user can then receive
the times of armval for the next two or three buses at his/her desired stop (McKendnick and
Hubbell, 1989) Advantages of this method are that it removes the simple schedule or itmerary
oniented calls from the caller/operator interactive system, and provides the option for 24-hour
access This type of system does not require the extensive computer system hardware, software,
and data bases associated with automated route finding, but neither does it supplant the human
operator-based system

With computer data retrieval, the traveler communicates with the system i much the same
way as someone calling the system with the phone and using the touch tone buttons The
difference 1s that the caller uses a modem, or a terminal provided at a transit station/heavy use
area, to link their computer with that of the system The information generated can then be printed
up in the form of hard copy to be referenced m route The costs associated with this type of
information system are much the same as those for an automated telephone mformation system
utihzing touchtone

A more sophusticated form of computer data retnieval found in some arrports and tramn
stations in called interactive audio/video (IAV) These systems have greater graphics capabilities
and could offer an extremely flexible yet easy-to-use tool for dissemunating information pertamning
to both the transportation system and other domams. Because of its graphics onentation and
greater flexability, IAV requires both greater data storage and faster data transmussion than a
conventional modem-based system (Hunter and Perfader, 1991) Storage 1s provided by a computer
laser disc —~ a thin sheet of metal in which mformation 1s stored n the form of pits bumed by a
laser beam IAV programs have different levels of sophistication -~ from simple sequential
programs to ones with branching and multiple forms of interaction, such as keyboard and mouse

Teletext 1s a method of making information 1n the form of written text available to the
transit user by way of a television This information is transmutted using World System Teletext, a
commiumncation protocol that uses a portion of the broadcast signal This portion of the broadcast
signal assigns the teletext matenal to the Vertical Blanking Interval (VBI) — the portion of the
television picture that appears as a black line when the television picture rolls vertically There are
21 transmitted honzontal scan lines m the VBI Of these 21 there are a few that mvolve the
vertical control for the video-picture, several are reserved for transmission of closed captioned text



for the hearning impaired, ard the rest are void It is within these void lines that transit information
may be transmitted (McConnell and Blackburn, 1990)

The ability to only transmut textual matenal himuts thus type of information access to that of
route schedules Each mndsvidual line carnes one route 1n the transit system. The transit user need
only access the line corresponding to the route of mterest The user accesses these VBLs through
the use of a decoder Presently, Zenith manufactures two models of TVs with thus type of decoder
built i, and Sony and Magnavox are scheduled to mtroduce such models mn the near future
{(McConnell and Blackburn, 1990)

In order to be able to make schedule information available to the public the transit system
must compile and encode the route schedules so that they can be transferred to an mnserter that
formats and mputs this information mto the broadcast signal The costs associated with this
system are those for establishing the database, encoding the route schedules to be transferred to the
television station's encoder, and the fees reguired by the station for transmitting the signal

Advanced technologies are additionally altenng more tradstional forms of transit data
transnussion, such as the display signs located in vehicles and terminals. The main progress has
been to make the messages programmmable, so that they can easily be modified to reflect routing and
scheduling changes, even on a real time basis when used in conjunction with an automatic vehicle
location system (see Section 2.2 2) Several kinds of electronic formats, mcluding hquid crystal,

dot matnix, and video momitors have been employed for this purpose

2.2.2 Vehicle Monitoring and Control Systems

The category of vehicle monitoring and control encompasses various technologies that
monitor the performance of vehicles and routes and can assist the operator in dniving the bus

Automatic vehicle montonng (AVM) systems monitor the performance of both vehicles
and routes AVM consists of a combmation of technologies, including a location subsystem, a
momnitonng subsystem, a communications subsystem, and a central control facility

The communications subsystem 1s radio-based and has for the most part remained
unchanged since AVM systems were first tested in the late 1970°s The pnimary changes have been
the mumatunzation of components and reduction In equipment costs

The central control facility 1s a combination of computer equipment adapted to the needs of
the system This subsystem has benefitted from advances in computer techology resulting i lower
costs, mcreased power, and enhanced capabilities

The location subsystem relies on automatic vehicle location (AVL) technology. There are
several locating strategies that can be utthzed These can be divided mto ground-based and
satellite-based systems



There are three types of ground-based locating methods Dead reckoning relies on elapsed
time, changes i direction, and distance travelled to calculate a vehicle's position relative to 1ts
starting position (UMTA, 1991) Altematively, proximty beacons can be used to determune a
vehicle’s position In thus method, the vehicle mitializes 1ts position when 1t passes a beacon and
measures distance travelled relative to this beacon until the next beacon is encountered Finally,
there are radio deterrunation systems These systems tniangulate position based on modulated and
coded radio signals (UMTA, 1991, Califorrua Department of Transportation, 1991) Loran C,
used pnimanly for mantime navigation, 1s one such system

The satellite systems also rely on triangulation However, the transmutters are in the sky as
opposed to on the ground Currently there is one operational system the Global Positioning System
(GPS) operated by the U.S. Department of Defense The system became available on a 24-hour
basis in 1993 (Perviamen. 1990)

All these systems require on-board equipment to calculate the vehicle's position Proximity
systems, in addition, require a network of beacons Depending on the number of beacons this can
become costly The other systems require less infrastructure investment but also the purchase of
expensive recervers All these systems also suffer from accuracy problems However, each can be
adapted to improve accuracy Dead reckoning can be improved by combining it with proximity
beacons and/or map-matching software to correct the position at pre-determined intervals For GPS
systems, a stationary receiver at a known position can be used to calculate an error term which can
be applied to the area of coverage One as yet unsolved problem faced by both radio determunation
and satellite systems is that tall busldings can impede reception of the signal, making 1t difficult to
calculate vehicle position

The monrtoring subsystem monitors both vehicle operating conditions and route operating
conditions The vehicle operating condition 1s monitored by sensors connected to an on-board
computer, or OBC (Dawvies et al, 1991} Sensors can montor such items as vehicle speed, engimne
speed, ol level, coolant level, etc With the aid of automatic passenger counters (APC), the
monrtonng subsystem can collect data on passenger boardings and ahghtings APC’s consist of
pressure sensitive pads or light beams across the doorway that once activated measure boardings
and alightings Other technologies discussed 1n the category of advanced payment can also be used
to collect data on route performance Once the data has been collected it can transmutted in real
time or at the end of the day to aid planners and maintenance personnel

An often overlooked component of the monitoring subsystem 1s sofiware for reducing
monitorng data mnto useful information (Mellor and White, 1987) AVM systems often generate
huge volumes of data that would be inefficient or impossible to sift through manually Vendors of
AVM are often hardware oniented, however, and assume that others are responsible for data
reduction Furthermore, while operators want software that 1s easy to work with, they also have



diverse and changing information needs These conflicting requirements make AVM software
difficult to develop

Vehicle monitoring can serve as a basis for technologies to assist in operation and control
of the transit vehicle Automatic vehicle control systems (AVCS) aid dnivers m controlling certamn
vehicle functions and may ultimately have the potential to replace drniver control (Mobility 2000,
1990) In its basic form AVCS will provide warnings and information to the driver The next stage
will include the capability to assist the driver 1 controlling the vehicle The lughest level of AVCS
will completely automate the dnving functions

The first phase consists of information and warnings to assist the dnver Obstacle warming
and maneuvermg guidance compose one aspect of such a system These systems detect obstacles
and alert the driver with an audio signal when evasive action may be required The maneuvering
action could be a buzzer to alert the driver Alternatively, there could be an automatic braking
system which 1s enacted if there is not enough tume for the driver to react

Several technologies for automating the driving function are bemng explored In automated
guideway transit (AGT), vehicles run under automatic longitudinal and lateral control on their own
guideway Additionally, there are dual mode vehicles being explored i which one vehicle could run
as an AGT vehicle as well as a conventional vehicle (Davies et al, 1991) Funally, the longitudinal
and lateral control technologies under development for private cars could ultimately be applicable
to transit vehicles as well

2.2.3 Advanced Payment Systems

The traditional method of collecting fares 1s for the passenger to place money or tokens in
the farebox upon entering the transit vehicle. While simple, this method is time consuming,
mconvenient, and requires labor-intensive, thefl-prone, money-handling activities Advanced
payment systems are mntended to reduce these transaction costs At the same tme, they typically
generate a nich base of ndership and revenue data with a broad range of planning applications.

Advanced payment systems mvolve a fare medium, a means of reading and altering that
medium to reflect payment and system use, and a means of controlling system access based upon
whether an individual possesses the proper medium By far the most widely used medium in these
systems 1s the magnetic farecard It consists of a paper or plastic card, typically the size of a credit
card, with a magnetic coating which can be polarized to store information The card can be
processed by either a read-only or a read-wrte device These devices work from the principle that a
changing magnetic field produces an electric current, which is then interpreted by the reader When
the user erther purchases additional card value or uses the transit system, the wnte device alters the
mformation on the card to reflect thuis Other information, such as the points of entry and exit from
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the system and the time period during which the media 1s valid, can also be encoded in order to
compute the fare, control access, or for other purposes.

The smart card 1s a more sophisticated and expensive medium Similar n size to a
magnetic farecard, 1t contains a mucroprocessor and may also have a tiny transmitter for remote
communication This technology offers many possibilities for transit fare payment At the least
sophusticated level, it could be used in 2 manner simular to the farecard, but with the ability to store
additional information which, for example, could be used to identify a passenger as belonging to a
special user group that qualifies for a reduced fare In a far more advanced scenano, the smart card
could be used to automatically transfer funds from the bank account of the user to that of the
transit operator with each use of the system Smart card capabilities can also be used to identify
passengers who have made prepaid reservations, and to bill the appropnate parties for users
participating 1n special purpose subsidy programs

At the present time, magnetic farecards have attamned widespread use in rail transit but
little penetration of the urban bus transit market, while smart cards have so far been used only mn a
few demonstration programs * Bus use of the former 1s, however, beginning to develop, motivated
by needs to mtegrate with rail transit and to facilitate handiing of transfers and monthly passes
The mntroduction of smart cards 1s hindered by the relatively high costs of the technology,
especially for the cards themselves, and by the lack of infrastructure necessary to capitalize on its

more advanced capabilities

2.3 Transit Performance

The value of APTS technologies depends on their ability to improve transit system
performance At the broadest level, transit performance 1s often conceptualized as having two
dimensions, efficiency and effectiveness Efficiency is an intensive concept based on the ratio of
system output to system mput Measures of efficiency mclude cost per vehicle-mile, labor hours
per vehicle-mule, and vehicle-miles per bus, to name a few Effectiveness 1s an extensive concept
based on the total contribution the system 1s making to the urban transportation system Passenger-
miles, share of trips versus other modes, and quality of service indicators are examples of
effectiveness measures

Over the past two decades, both efficiency and effectiveness of transit have trended
downward Operating cost per revenue vehicle mile has increased 35 percent in constant dollars
since 1975 (UMTA, 1991) Nationwide, the farebox recovery ratio has gone from over 80 percent
in 1970 to just over 40 percent in 1988 Transit ndershup in 1988 was shghtly less than in 1965,

“It should be noted that magnetic farecards are sometimes referred to as smart cards, particularly if the
magnetic stripe 15 used to store information about the card user Thus, several programs that include
*Smart Card" in their title do not employ the smart card technology described here
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but the transit share of commute trips has sunk dramatically, from 12 6 percent in 1960 to 6.2
percent in 1980 (Eno Foundation, 1987)

These trends have been widely observed and analyzed It is useful to distinguish two types
of contnbuting factors The basic causes for the dechne of transit denve from the mcreasing
dominance of the private automobile On the one hand, the mherent advantages of the automobile
as an urban travel mode, combined with the increasing proportion of the population with access to
it, have stimulated its share of the urban travel market At the same time, the urban landscape has
become increasingly shaped by the automobile, with evolving land-use patterns mncreasmgly ill-
surted to conventional fixed route transit service

Several secondary effects have accentuated these trends First, as tramsit has become
mcreasingly dependent upon public subsidies, 1t has been shackied by constraints on managenal
prerogatives which have reduced the efficiency (at least as conventionally measured} of transit
operations (Wachs, 1985) Second, because transit 1s charactenzed by strong service economies of
scale (more service means higher service frequencies, shorter warting tumes, etc ), declines m
service and ridership reinforce one another, creating a "downward spiral” (Jones, 1985, p 75)

Transit operators everywhere are anxious 1o reverse the detenoration of past years Four
broad objectives can be identified as furthering this goal These are (1) improving service quality
(2) increasing ndership (3) enhancing revenue and (4) contammg costs

2.3.1 Improving Service Quality

Two forms of payment are exacted from transit users The first 1s the fare, while the
second consists of a mynad of non-fungible components including time, physical and mental effort,
and stress. Service quality 1s an inverse measure of the second component — the lower the
difference between the fare and the full user cost, the lngher the quality

More concretely, service quality can be tied to a vanety of observables, mcluding travel
time, time spent waiting, time and distance of walking, day-to-day vanation in these times, seat
availability, crowdedness, crime and accident rates, and cleanliness Other factors — tume and effort
to obtam service mformation, transaction costs (1. tme and effort spent obtaining correct change
and paying the fare} — are observable in principle but not m practice Other aspects of service
quality — productivity or quality of time spent in transit, social status of the service, and perceived
safety and security — are mherently subjective but may nonetheless significantly influence the
perceived quality of the service

The need to mmprove service quality needs little justification. Analysis of mode choice
suggests that service quality differences are the major reason for commuters prefernng the
automobile, despite its sizable disadvantage with respect to out-of-pocket cost Indeed, experiments
have shown that, even when the fare is elununated, transit ridership gains are modest because of the
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service quality deficit Furthermore, unhke fare reductions, service quality enhancement can, at
least m principle, benefit users without depriving the operators of revenue (although often at some

cost penalty)

2.3.2 Incresse Ridership

Increased ndership benefits transit operators in several ways Furst, ridershup Ievel 1s a key
determunant of the operator's overall contribution to the urban transportation system High
ndership levels justify public subsidies and other forms of support. Second, if the increase is
attained without mncreasing cost or reducing fares, this naturally leads to umproved financial
performance Third, higher ndership can allow service improvements, perhaps reversing the
"downward spiral” referred to earher

The objective of increasing nidershup 1s, of course, furthered by that of mmproving service
qualty Increased ndership can be obtammed n other ways, however. These include fare
adjustments, such as across-the-board reductions or (following the arlines) adjustments to the fare
structure that capitalize on differences in fare elasticities among different types of users Ridership
can also be mincreased by making alternative modes - particularly the pnivate automobile — less

attractive

2.3.3 Enhance Revenue

With farebox recovery ratios” mn transit rarely exceeding 50 percent, revenue enhancement
1s clearly an mmportant objective for any operator. For some transit operators, mcreased revenue
translates to a larger budget and the resulting ability to increase services and upgrade facilities For
others, such increases are required to absorb reductions in subsidy

Transit demand is relatively inelastic, creating a tension between the objectives of
mcreasing revenue and mamtamng or ncreasing ridership in the faresetting process. Further, the
low-mncome, transit-dependent population and their advocates frequently offer strong opposition to
fare mncreases The use of more complex fare structures that effectively discimunate among
passengers based on their fare elasticity (and, also, on equity grounds, their ability to pay) can,
however, both enhance revenue and stunulate ndership. Such pricing strategies can be made more
effective through the mtroduction of differentiated service quality — express commuter buses, for
example.

* The farebox recovery ratio 1s the ratio of a transit property's fare revenue to its cost.
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2.3.4 Contain Costs

The containment of operating costs is clearly of concem to transit operators as it 1s to any
organization Dependent on the decisions of government officials and the traveling public for thewr
revenue, operators’ ability to manage and when necessary reduce costs is essential to maintaining a
financially viable system Overall, costs in the industry have trended upward for several decades
Lave (1991) reports that for the US ndustry as a whole, real (inflation-adjusted) cost per bus
hour increased 2 1 percent annually from 1964 to 1972 and 3.1 percent annually from 1972 to
1985 There 1s evidence that this cost escalation 1s 1 part the result of mncreasing government
subsity (Lave, 1991, Pucher, 1983)

Since nearly three-quarters of transit operating expenses are for labor (UMTA, 1979),
Iabor cost has been the major focus of cost reduction efforts However, whereas other
transportation firms, such as the airiines, have been able to use wage rates and work rules as safety
valves for financial pressures, strong umionization and labor protection requirements mmposed by
federal and state assistance programs severe lumte operators mn this area (Kirby, 1992) One
avenue that has been pursued is the use of part-time labor, a promusing strategy because of the
lughly peaked pattern of transit demand Giuhano and Lave (1989) report that, while agencies that
employ part-time bus operators require somewhat less labor, i most cases this saving is cancelled
out by the wage and benefit concessions demanded by umons as a condition for allowing part-time
workers to be used Anocther strategy for reducing cost is contracting out services to pnivate
operators Giuliano and Teal (1987) estimate that a large transit agency could save 5-7 percent of
total operating cost by contracting out 20 percent of their services, wiule smaller agencies would
achieve smaller percentage savings The labor protection provisions noted above mean that most

opportunties for contracting out occur when agencies are expanding services

2.4 Transit Performance and APTS Technologies

APTS technologies offer the promise of mmproved transit performance Much more
research 1s necessary before the magmtude of this performance gain can be assessed, but it is
possible to understand the possible improvements i a qualitative way Central to such an
understanding is the development of a taxonomy of benefits derived from a umfied conceptual

framework
The framework we propose is based on the notion that transit performance is the outcome

of a set of regulatory processes In such processes, outcomes depend upon mputs from two
sources, a disturbance and a regulator The objective of the regulator is to choose inputs which,
when combined with those from the disturbance, produce desirable outcomes.

The vanous dimensions of transit performance outlined above can be tied to a plethora of
different regulatory processes Service quality, for example, depends on a combination of routing
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and scheduling decisions (regulation) and demand-side characteristics such as origm-destination
patterns and service preferences (disturbance) Ridership and revenue, n addition to depending on
service quality, are mnfluenced by the combnation of fare structure (regulation) and nders'
willingness and ability to pay (disturbance) Costs are affected by many regulatory processes For
example, maintenance costs depend on decisions concerning whether and when to carry out vanous
mamtenance activities (regulation) and the degradation and failure of various vehicle components
{disturbance)

In this section, we develop a simple framework for analyzing the potential of APTS
technologies to improve the effectiveness of the vanous regulatory processes that determine
performance The framework 1s, in fact, a very general one that has been applied to a broad range
of technical and biological systems It 1s largely based on the work of Ashby (1961) and others
who developed the field of cybemetics The cybemnetic paradygm offers a simple yet powerful
theory linking the performance of a system to its ability to process information Specifically, the
theory relates system performance to successful regulation, and successful regulation to the ability
to accurately transmut information about disturbances through the choice of a regulatory response
In other words, the higher the level of performance of a system, the more one can learn about
disturbances 1n 1ts environment from its regulatory responses to these disturbances Within the
cybemetic lexicon, this 1s known as the "transmussion of vanety” (Ashby, 1961, ch 8)

A simple regulatory process is depicted in Table 2-1 There, a2 system 1s depicted as a table
relating two mputs, D and R, to an outcome, which n this particular example may be esther a, b,
or ¢ The mput D represents disturbances impinging on the system The mnput R represents the
mput from the regulator of the system The outcome represents the performance of the system, or
some aspect of 1t - for example, a nught depict the highest level of performance, b the next highest
level, and so on Alternatively, a could be an acceptable outcome, while b and ¢ are unacceptable
ones

The task of the regulator 1s to choose inputs so that the acceptable or most desirable
outcomes are attamed To do this R must have information concerning D The situation is depicted
in Figure 2-1, where the D and R again refer to the disturbance and the regulator, respectively, and
T stands for the table shown i Table 2-1, and E stands for the outcome (which as above may be a,
b, or ¢) The bold hines indicate causal relationships, while the dashed line indicates an information
link

In Table 2-1, no column m T has a repeated outcome Assumung this, one can see that the
ability of R to ensure that the most desirable cutcome depends on there being a unique one-to-one
relationship between the set of possible disturbances and the choice of regulatory mputs For
example, if the desired outcome is a, then the correspondence 1s.
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Table 2-1.

A Regulatory Process
Regulator
Input (R)
o B Y
Disturbance i b a c
Input (D) 2 a ¢ b
3 C b a
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Figure 2-1.
Information Flow in Simple Regulatory Process
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From this observation, it is clear that for R to be completely effective, 1t must act as a perfect
transmitter of the mformation from D On the other band, 1t s apparent that R would be a
ineffective regulator if its mputs were mdependent of D From these extreme examples, we can see
that the effectiveness of R depends on its ability to transmut mformation from DB In most cases, the
abulity will be nesther perfect nor completely lacking

Before proceeding further on these abstract lines, it is useful to consider how the concepts
of disturbance, regulation, and outcome apply to urban transit Table 2-2 identifies mine major
regulatory processes related to urban transit In each case, as in Table 2-1, the hikelihood of a
desirable outcome can be increased by the choice of regulatory mputs appropniate for the set of
disturbance mputs Consequently, each of these areas requires imformation about the disturbance to
be transmutted to the regulator

The regulatory processes mn Table 2-2 mnvolve 2 wide range of time scales The time scale
of a given process depends upon the rate of change of both the disturbance and the regulatory
mputs These rates are generally compatible for the two types of inputs If the rate of change of the
disturbance input 1s much greater than that on the regulatory mput, then effective regulation 1s
generally mpossible On the other hand, the longer the time scale, the greater the set of available
regulatory actions The time scale of regulatory mputs thus tends to expand to match that of the
disturbance

Table 2-2 also reveals that "one man's disturbance is anocther's regulation " This is
particularly true when the perspective of the operator is compared with that of the traveler Transit
planners, for example, adjust the transit schedule 1n response to changes m travel patterns and
traffic conditions In the tnp planning activity of a traveler, however, the schedule becomes a
disturbance, to which the traveler must adjust in choosing how (and whether) to use the system.
Hereafier, we will refer to thus phenomenon as R/D duality.

When regulatory processes are coupled so as to create an instance of R/D duality, 1t is also
useful to distinguish the upstream process, for which the vanable is R, and the downstream one,
for which it 1s D To illustrate, Figure 2-2 depicts coupled regulatory processes in which process 1
1s upstream and process 2 1s downstream It 1s also possible for the duality to be recipncal. In other
words, process 1 and process 2 can be both upstream and downstream of each other This would
be the case if transit operators attempted to schedule their vehicles to armve at penods of high
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demand, while travelers attempted to schedule their tnps according to when the vehicles amve In
such situations, the situation can also be viewed as a "game" between the two regulators *

We are now in a position to identify the potential benefits of APTS technologies for public
transit, and for open techmical systems in general, in terms of the ways in which they enhance
processes of regulation Figure 2-3 depicts vanous forms of such enhancement All benefits are
connected with changes in the ability of R to transmut information from D At the broadest level,
this ability can be altered m two ways First, the cost of transmission can be reduced This cost can
be monetary, as when labor required for on-board ndership counts can be saved through an
automated counting system In other cases, the cost represents effort or time expended to attain the
information, such as when a traveler can obtam schedule information from an Advanced Traveler
Information System (ATIS) more easily than from consulting paper schedules or waiting several
minutes on the phone to consult with an information operator

The other major category of benefit fromAPTS technologies is through increasing the
amount of information transmutted by the regulator The "amount” of information concerming D can
mcrease in several ways If D 1s multidimensional (which 1s almost always the case), the additional
mformation may concern dimensions not ongmally addressed Alternatively, the information may
pertain to the same dimensions as previously, but be more accurate or precise

In each of the above possibilities, the effect i1s to increase the amount of information
reaching R This yields no direct benefit, because it is the information transmitted by R which
determunes the effectiveness of the regulatory process Several mechamsms act to convert the
additional information reaching R to additional information transmitted by R. This effect may
occur until the pomt is reached where R 1s 2 perfect transnutter In real world systems, however, R
1s never perfect, so the potential for benefit always exusts

The simplest way in which the increased information reaching R can be translated into
additional mnformation transmutted by R 1s through an increase m the "fidelity” of R — the
probability that the correct response will be selected for any given disturbance As an analogy,
consider television If upgrading a television antenna increases the amount of information reaching
the set, the benefit results from the set — unchanged from before the upgrade — transmutting a
clearer picture In the case of transit, increased accuracy in fare collection (measured say, by mean
square difference between the appropriate fare and the fare actually tendered) is a benefit deriving
from advanced payment systems

* In fact, Ashby uses the example of a game to 1llustrate the relationship between effective regulation and
information transmussion However, the game he considers asymetric, since 1t assumes that the regulator
player responds to the disturbance player but not vice versa
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A second way i which more information reaching R can be translated mto more
information transmutted by R is for the range of possible regulatory responses to increase In the
television analogy, the stronger signal can translate not just into a sharper picture, but can allow a
color picture as well For this to happen, however, the set must be upgraded from black-and-white
Simularly, an automatic vehicle location system can permut real-time control of vehicle operations
m order to improve schedule adherence or remove bunching In order for this to occur, however,
the scope of dispatcher's role mn system operation would have to be increased from what it is
currently

In each of the above cases, the benefit from an APTS technology occurs within a
particular regulatory process A final form of benefit involves regulatory processes coupled by a
vanable with dual R/D status In these circumstances the regulatory capacity of the downstream
process, for which the coupling vanable constitutes a disturbance, can constrain the range of
regulation possible 1n the upstream process Consequently, the effectiveness of upstream regulation
can be enhanced by improving the effectiveness of downstream regulation

To give an example of thus effect, consider the dual role of the fare structure n urban
transit As a regulator, it interacts with willingness and ability to pay of different users, and the
costs different types of use impose on the system, to mfluence the financial performance, equity,
and patterns of use of the system From the standpomnt of the fare collection system, the fare
structure 1s a disturbance The fare collection system must provide regulation to assure that the
appropnate funds are collected and transferred to the systems accounts with a minimum of cost
and theft If the fare collection system can be improved through information technology, it might be
able 10 handle 2 more complex fare structure (for example, one which vanes by route and time-of-
day} The greater the complexity a fare structure can have, the more effective regulator 1t can be

As Figure 2-3 mdicates, this "spillover” benefit takes two distinct forms from the
standpoint of a given regulatory process The range of regulatory response in the process itself may
be enhanced by improved downstream regulatory effectiveness, and the range of regulatory
response for upstream processes may in turn be extended as a result of the increased effectiveness
of the regulation in this process

Table 2-3 summanzes the ways i which APTS technologies can enhance the regulatory
processes described mn Table 2-2, employing the taxonomy derived above The regulatory processes
involving planning, which have longer time scales, benefit from reductions in data acquisition cost
and enhanced data These allow better assessments of current performance and predictions of
future conditions In addition to permitting more mmformed planmng decisions, these types of
information may encourage a shorter planning cycle In effect, this expands R because, although it
contains the same alternatives, choices among them can be made more often
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In contrast, operations management will benefit primarily from extending the set of regulatory
actions available For example, automatic vehicle momtoring will permit guidance to vehicle
operators to minimize divergences from the schedule There may, however, be additional benefits
from the reduction m costs associated with modifymg routes and schedules In this case, the
effectiveness of the short term planning process 1s enhanced by the increased capacity of the
operations management process to adapt to it — an mstance of R/D duality

The benefits of APTS technologies for the emergency response process are perhaps the
most smmple to understand In thus case, R is unaffected by the technology — the choice of
responses 1s the same as 1t was before What is improved 1s the ability to correctly determine what
emergency services to send and where to send them

The maintenance process can benefit from APTS technology in several ways. A significant
proportion of mamtenance time 1s spent acquining information 1 order to diagnose a specific
problem or insure that some system is runmng properly APTS technologies could provide
substantial savings here Further benefits should accrue from more accurate diagnoses and
identifications of mamntenance needs With these gains, real time maintenance can supplant routine
preventive maintenance in many mstances If R is the choice of whether or not to carry out a given
maintenance activity, the benefit would be to improve the fidelity of R fewer unnecessary
mamtenance procedures will be carmned out, and fewer necessary procedures will be missed
Fmally, the increased capability of the maintenance function may enable it to accommodate more
sophusticated vehicles and a more heterogeneous vehicle fleet

Pricing, Iike planning, benefits from less costly, better information concerming ndership
and revenue In addition to helping to determune fares for a given set of nder categones, the
mformation may encourage the use of a larger set of such categones, a good example of expanding
R R could also be expanded -- in a manner analogous to that discussed in the context of planning
- by more frequent fare changes

The fare collection process is closely coupled with the pricing one The fare structure is
another good example of a variable with dual status — part of R from the standpoint of pricing and
part of D from the standpoint of fare collection Hence the ability to increase the complexity of and
frequency of adjustment to the fare structure depends on the regulatory capacity of the fare
collection process APTS technologies enhance this capacity primarily by reducing transaction
costs and by increasing the accuracy of the process of determining the correct fare

Tnp planning has among the most interesting set of benefits from APTS technologies. The
time and effort to obtain a given set of fare and schedule information would be reduced Further,
the accuracy of the mformation will be improved by incorporating the latest schedule changes and
perhaps real time information The improved information will allow travelers to make better use of
the time before their departure This could be especially important at stations and transfer ponts,
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where travelers would no longer be "chamned” to the stop waiting for a bus which "will be here any
time now " Finally, as noted when we introduced the concept of R/D duality, improved traveler
mformation may make it possible for the bus operator to make more routing and scheduling
adjustments n response to traffic conditions or other factors

2.5 Conclusions

This 1s a2 turbulent perniod in the technological development of urban transit The
widespread interest i the application of APTS technologies poses significant and unique
challenges to transit managers and policymakers The wide array of available technologies, their
complexity and pace of development, and the range of possible applications pose difficult choices,
particularly when the recent history of technical change in transit has focussed on “low-tech”
measures While the search for the most suitable technologies and applhications 1s best carrnied out
in bottom-up fashion, 1t is also greatly expedited for good techmical information and a sound
understanding of the potent:al benefits of APTS technologies

In this chapter, the vanous APTS technologies and their potential benefits have been
described, with special emphasis on the development of 2 unified conceptual framework for the
benefits Based on the cybemetic theory of regulation, the framework encompasses a wide range of
potential benefits through the identification of key regulatory processes and different modes by
which the processes can be enhanced through better information

Many of the benefits of these technologies hinge on extending the range of regulatory
alternatives. Although the technologies allow such extensions, they do not guarantee them A major
challenge to transit managers is to foresee how different regulatory activities -~ rangmg from
strategic planning to vehicle operation — must be redefined in order to fully exploit the potential of
APTS technologies In many systems, such an appreciation may be necessary to tilt the assessment
of APTS technology costs and benefits in favor of implementation

Thus 1s not to suggest that at the present time, a reliable quantification of benefits to APTS
technologes, either in general or for any specific operator, is possible Decisions to adopt these
technologies will, for the foreseeable future, require a significant leap of faith The experience of
those systems that take this nsk will provide a much firmer basis for assessing both costs and
benefits One can only hope that those who lead the way use these technologies to their full
advantage A theory of how APTS technologies benefit the performance of systems can improve
this prospect, by allowing benefit opportunities to be systematically identified.
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CHAPTER 3:
APTS INNOVATION IN U.S. TRANSIT AGENCIES —~ CASE STUDIES

3.1 Introduction

Despite the continuing reliance of public transit on federal, state, and local subsidy, transit
deciston making m the US remains heawvily decentralized Individual operators have primary
responsibility for determining what services to supply and how to produce them While government
programs and regulations influence and constrain these decisions, substantial autonomy remains
Efforts to improve the performance of this sector will succeed or fail according to the responses
these efforts ehicit from mndividual operators

This 1s also true mn the adoption of Advanced Public Transportation System (APTS)
technologies by transit operators The rate of diffusion and ultimate level of penetration of APTS
innovations depends upon the adoption decisions of individual operators Equally important, the
benefits of adopted technologies will rest on how agency managers and workers elect to use or not
to use them In making such adoption and utihization decisions, these mmdividuals act as
gatekeepers No techmical mnovation, however revolutionary or worthwhile, can succeed without
therr consent

Transit 1s not umque n the decentrahization of mnovation decision making, but the hmited
role of competitive forces, combined with the lack of clear performance cnitenia, make internal
processes particularly mmportant in determumng mnovation outcomes In coxhpetxtxve markets,
producers have strong incentives to adopt mnovations that are cost-effective and avoid those that
are not Bad choices frequently result in harsh punishment loss of market share, reduced
profitability, even bankruptcy Mistakes are made, but they are usually corrected either by the
individual firm, or through its demuse Trans:t operators make mnovation decisions in a different
environment Since their mission 1s more complex than that of a profit-maximizing private firm, so
are the critena for assessing a new technology Since they are not exposed to direct competition,
mappiopnate choices regarding the adoption and utilization of new technologies can go undetected,
and uncorrected There is no mvisible hand guiding the transit industry toward cost-effective use of
APTS technology

In hght of such circumstances, it i1s essential to understand how APTS mnovation,
including the mmvestigation, adoption, implementation, and utilization of APTS technologies, occurs
mn the transit industry Such an understanding 1s essential if technology development efforts are to
be appropnately targeted, since the success of these efforts hinges on operators adopting and
effectively using the technologies that are developed Even more important, the study of transit
APTS nnovation may lead to the identification of biases and imperfections that may be remedied

through policy change
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The purpose of this chapter 1s to describe and critique the process of APTS mnovation n
U § transit operators We use the term "process” not to imply a structured sequence of events, but
a set of choices, whether implicit or explicit, concerning whether to investigate and adopt, how to
implement, and how to utilize APTS technologies We are interested in how transit agencies
perceive, make, and implement these choices

To help focus our inquiry, we developed a senies of research questions The questions fall
mto two categones The first concerns how APTS innovation occurs i U S transit agencies. More
specifically, our questions about this process include

Under what circumstances do transit operators give active consideration to APTS
technologies?

What are the factors that transit agencies consider n deciding whether to adopt
APTS innovations?

How deliberate and rational are APTS technology adoption decisions?
How do transit agencies implement APTS mnovations?

How are APTS mnnovations utihized?

The second category contans questions more normative i nature Generally, they ask how
the process of APTS mnovation can be improved The specific questions that fall under this
general theme nclude

How can transit operators be encouraged to make appropnate choices concerning
the implementation of APTS technology?

How can the process of implementation be facilitated?

How can effective utilization of implemented APTS mnovations be encouraged?

We should not expect definitive answers to the above questions on the basis of our case
studies First, the number of operators we consider is too small to allow rehiable generalizations
Second, 1t is inherently difficult to predict the mmpact of actions mtended to improve APTS
mnovation The findings of this study are, therefore, hypotheses They require further confirmation,
based on evidence from a broader cross section of transit agencies, and on implementation and
evaluation of recommended actions

We restrict the scope of thus paper in several ways First the focus is on transit operators
Other actors -- such as equipment vendors, consultants, and the Federal Transit Admimstration -
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who also play important roles in the mnovation process, but we do nct consider their viewpoints
here Second, our study is based on the viewpoints of decision makers rather than objective
analysis Our concern 1s with what decision makers perceive more than n the accuracy of their
perceptions Finally, we restrict our attention to transit involving road vehicles-primanly bus, and
to a lesser extent paratransit

3.2 Approach
Thas paper is based on case studies of seven bus transit operators We use the case study

method for a number of reasons Case studies are required to obtain the detailed information
necessary to descrnibe and analyze the process of APTS mnovation Also, since we are studying
transit organizations, it is necessary to interview persons from throughout a transit agency in order
to obtain a relatively complete picture of its APTS experience and outlook Finally, case studies
are the best means of uncovering the complex phenomena that shape APTS adoption and
implementation cutcomes at transit agencies

Several factors nfluenced the selection of the seven case study operators considered in this
report First and foremost was the willingness of the operator to participate In addition, we wanted
operators with a diversity of APTS mnovation experience Our set of operators mcludes three with
Autornatic Vehicle Location systems (AVL), three with some form of advanced fare payment, and
four m the process of erther replacing or acquining dispatching software for paratransit operations
In addition, two of the operators were n the process of modermzing their traveler information
systerns For reasons of both economy and relcyance, four of our case study operators are located
mn Califorma We chose the other three based on their having adopted AVL, which no California
operator was using at the time of our research The diversity is also reflected m the size of the
agencies, with the smallest operating a vehicle fleet less than a tenth the si1ze of the largest

For each case study, we made a 1-2 day site visit The site visit involved mterviews with
persons from throughout the organization, including upper management, staff and department
heads in planming, transportation, marketing, maintenance, and other groups, and line personnel
such as dnvers, dispatchers, and supervisors Discussions were open-ended, but revolved around
two main areas the expenences of the operators with APTS technologies that they had already
adopted, and the outlook for adoption of additional APTS technologies Also, we reviewed
documentation including short-term plans, system descniptions, brochures, and items of specific
relevance to APTS

In conducting the case studies, we found it necessary to be selective mn the ground we
covered We made 1t a pniénty to learn of transit agency expenences with APTS technologzes, as
opposed to agency attitudes toward technologies with which they lack experience In some cases,
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we stretched our working definition of APTS technology (covering vehicle monitonng, advanced
fare payment, and advanced traveler information systems} in order to learn about other relevant
innovation expenences At the same tune, we had some discussion about each of the three mamn
categories of transit APTS technology (as we define them) at each agency.

We used these sources to prepare mdividual reports for each case study operator Afier
trying a number of somewhat complicated orgamzational schemes for these reports, we settled on a
very sumple one, consisting of an operator descniption {more or less detailed, depending on the
documentation available), a discussion of the operator’s general outlook on APTS, discussions of
experiences with and attitudes toward each of the three primary APTS technology categories, and a
conclusion. These mdividual reports are presented mn the next section A final section seeks to
analyze and synthesize the individual case studies in order to suggest answers to the research
questions posed above (page 29)

3.3 Individual Case Studies
3.3.1 Mass Transit Administration (Baltimore MD)
3.3.1.1 Description

Mass Transit Admumstration (MTA), an agency of the Maryland Department of
Transportation, is responsible for serving the Baltimore metropolitan area The service area is
1795 square nules with a service population of nearly 2.1 nullion.

MTA operates four types of service, bus, demand responsive paratransit, heavy rail and
hight rail The bus and rail services are mtegrated with the same flat fare and transfer charge
Heavy rail service began mn the mid 1980s while hight rail service was mmtiated 1n 1992

MTA operates approximately 700 buses in peak penods to provide regular, Express Flyer
and Metro Connection routes Express routes originate from park and nde lots while Metro
Connection routes feed selected Metro stations In addition, MTA contracts for commuter services
to Washington, DC and for demand responsive service as well.

3.3.1.2 General Qutlook an APTS Technology

MTA is aspiring to become an APTS pioneer in the U.S transit industry The agency has
acquired a state-of-the-art AVL system that 1t 1s testing on a small part of its system At the time of
our wisit, the head of the Systems Technology Group, advised by a task force from throughout the
agency, was prepaning a major grant proposal for the Federal Transit Authonty (FTA) The
proposal will call for expenditure of $35-$40 million to create the Maryland Advanced Public
Transportation System (MAPTS) The proposal includes equipping the entire bus fleet with an
upgraded AVL system using Global Positioning System (GPS} technology Computenized decision
support for the dispatchers, automatic passenger counting, information kiosks tied in to the AVL,
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and a smart card system for the paratransit service are among the additional elements bemng
considered for this system
MTA staff anticipates a wide array of tangible benefits from MAPTS, as descnibed below

Above and beyond these utilitanan aims, the system is designed to be, in the words of the one staff
member, “hot and sexy" and therefore appealing to the congressmen and high level Department of
Transportation officials whose support 1s necessary for such a large expenditure. The new system
was first outlined 1n preparation for a presentation the staff member quoted above made to such
individuals Again quoting hum, the question guiding this presentation was "How can we wow them
today, and how can we wow them tomorrow?"

3.3.1.3 Vehicle Monitoring

MTA has emerged as an industry leader in transit APTS through its acquisition of a state-
of-the-art AVL system Most of our attention 1n this case study focused on MTA's expenience with
this system

MTA had given some consideration to AVL as early as 1972 At that time, they were
acquring a new radio system, and considered AVL as a possible feature They did not proceed,
however, because experniences of other operators, particularly Chicago, indicated that the signpost
technology of the time was not reliable In 1985, MTA decided to agamn replace their radio system
because of its age and the resulting difficulty in finding replacement parts In 1986-87, MTA
recerved funding from the Urban Mass Transit Administration (UMTA, which has since been
renamed the Federal Transit Admimstration) for the upgrade In prepanng the specifications, staff
reviewed the specifications for the previous radio system, where they found sections that discussed
AVL

This spurred the staff to begin looking mto AVL Members of the Systems Technology
Group quickly "got excited about” this technology Two individuals in particular, the head of the
group and the radio engineer directly responsible for prepanng the radio specification, became the
“champions” for AVL Imtially, they encountered resistance both from other parts of the
organization According to the radio engineer

There wasn't a lot of support from the top of the orgamization or the bottom
People were hesitant to go into new technology and try new things . At first,
everyone was against it If you look at this thing for the first time and we give a
concept paper that says "We're going to know where everyone 1s We're going to be
able to histen to them We're going to be able to watch them. We're going to be
able to momtor how they're doing, when they're doing [it], what they're domng
We're gomg to automate ' It's kind of scary There was a lot of that Big Brother
thing mitially
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It is not entirely clear how AVL advocates overcame this opposition, but several things are
apparent First, the AVL supporters within the Systems Technology Group kept the idea alive
when 1t had Iittle support elsewhere Second, after about one year of AVL advocacy, they were
able to develop enough support to form a committee, with representatives from operations,
maintenance, and planmng, to define the functional requirements of the AVL system This
represented a turming point in terms of the MTA's commitment to AVL

Two benefits of AVL appear to have been the most critical in winmng support for the
system The first was schedule adherence MTA suffered a 9 percent ndershup decline m the early
1980s, and evidence from passenger complaints and surveys suggested that unrehiable service was
a major reason for this The second was enhanced secunty for bus dnivers and passengers
Although the problem of security on buses is, ;n the view of one MTA manager, "more perceived
than actual," secunty enhancement proved an effective counter to the concerns about Big Brother

Six months after the comnuttee was formed, MTA issued a specification for a new
generation AVL The process of prepanng the specification included substantial research,
including tatks with many vendors and site visits to White Plains, New York and Toronto, Canada
MTA staff considered many technologies, ncuding signpost, infrared, video, detector loops,
mucrowave, and others The research effort convinced the Systems Technology staff that no
existing AVL system was sufficient Rather, MTA sought a system combimng a set of features
found 1 existing products that they considered among "the best and most mature ” However, when
they discussed customization with AVL vendors, they encountered a reluctance to alter existing
products to fit MTA’s requirements

They weren't willing to change Their products were selling pretty decently, so
why change and make their life miserable? They weren't interested i mventing
products just for MTA

Therefore, 1f MTA was to acquire a suitable AVL system, a considerable development effort would
be required

Thus, from its beginnings as a possible feature of the new radio system, AVL evolved mto
*an animal by itself " After reahizing that umplementing AVL would be a greater task than just
revamping the radio system, MTA requested and received additional funding from FTA FTA had
funded several earlier, and largely unsuccessful, demonstrations involving AVL, but was mnterested
mn showing the potential of a next generation system MTA, with its proxumuty to Washington,
technically competent staff, and obvious mterest in AVL, was an ideal test-bed for this experiment
Smnce FTA's objective was to prove technology, the project was redefined so that only a small
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fraction of the MTA fleet would be outfitted with AVL Full deployment would occur later on, if
the technology proved successful

During the research stage, MTA was able to identify several vendors who could provide
individual features that MTA desired Telende/Sage was identified as the vendor who could
provide transit oriented software RMSVA Industnial Control could provide the best computer-to-
radio mierface Mets could provide the mapping features Finally, Motorola or GE could provide
the radio system hardware

Only one piece was nussing - someone to play the role of system integrator, putting the
different components together and making sure they that they commumcated with one another.
Westinghouse had recently contacted MTA along with other transit operators in an effort to
identify market opportunities in the transit industry Dunng a follow-up contact, MTA proposed
that Westinghouse play this integrator role, and Westinghouse expressed 1ts willingness to do so

MTA then advertised a request for proposals Several firms responded They imncluded
Motorola, CGA, GRS, Systems Group, and Westinghouse Electric Corporation From this group,
MTA chose Westinghouse as the prime contractor, rating it highest on technical ment as well as
cost Subcontractors mcluded many of the compames MTA had previously identified
Telende/Sage for the Computer Aided Dispatch (CAD) software, Mets for the location tracking
and base maps; RMSVA Industrial Control for the radio controlling hardware, and Synetics for the
management reports

The specification called for a route independent system The research had indicated that
with Loran technology, acceptable accuracy could be obtamned from a route mndependent system
MTA staff considered route independence beneficial because it enhanced the secunty benefits of
the system, since a bus could be located even if it 1s not following z regular route Such a situation
could occur as the result of a hijacking, use of a test course for driver tramng, or providing special
non-scheduled services In addstion, this technology can locate buses while they are parked in the
garage This is expected to be useful for verifying that parking positions are such that each dnver
will be able to get their assigned bus out of the garage at the beginning of the day

The whole AVL project has proved "frustrating right to the end" according to the radio
engineer Initially, MTA had problems with the project team from Westinghouse. Westinghouse
was primarily a defense contractor and, despite some experience with transit vehicle technologies,
had httle famihanty with transit operations Furthermore, the expertise of Westinghouse in
communications was not in radio but rather radar communication. MTA’s unhappiness with the
prume contractor resulted m three changes i the Westinghouse project administrator

Although critical of Westinghouse, MTA staff also faulted the subcontractors responsible
for mdividual system components. The were serious problems getting the various components of
the system to communicate properly with one another Contractors shifted responsibility for these
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problems onto each other Difficulties often arose because the subcontractors were unwilling to
share mformation about proprietary technology Westinghouse had difficulty resolving disputes
and conflicts among the subcontractors concerming these matters In some cases, MTA staff had to
step m and resolve problems themselves It is difficult to deternune the extent to which the
problems Westinghouse had were of its own maling, or were wnstead the fault of the
subcontractors

For unknown reasons, UMTA desired very quick project completion - within mne months
of contract award Westinghouse strove to meet this tight schedule, but it proved impossible. It
took Westinghouse almost four months just to retain the subcontractors Consequently, the project
duration was doubled to about 18 months In retrospect, the tight deadline had a negative effect on
the project Westinghouse, eager to meet project mulestones and avoid hiquidated damages, had
hardware delivered on-site 1in a piecemeal fashion, as soon as each component was ready They
rushed to create some semblance of a functioning system, which, not surpnsingly, did not operate
properly at first The bugs m the system included 2 display m which buses would "hop" from one
part of the city to another

Getting dispatchers to use the system also proved difficult. In part this problem stems from
the early techmcal problems such as bus hopping, which harmed the credibility of the system in the
eyes of some dispatchers Simple mertia also played an important role The manager of supervision
recounted a story about the mtroduction of the new radio system that illustrates this problem
When MTA replaced the radio system, 1t instalied a new control room For a time, MTA had both
the old and new control rooms available, in the hope of gradually easing the transition from one to
the other However, the manager discovered that despite the new facilities the dispatchers
continued to use the old radio facility Eventually, MTA had to "cut the cable” to the old radio
control room and force the dispatchers to use the new radio control room The same situation arose
with the AVL system While some dispatchers were enthusiastic about the system, most did not
begin using 1t voluntarily The manager of supervision has resorted to assigning each dispatcher a
rmunimum number of hours with the new system

According to the dispatcher we spoke with, the system is now working properly about 80-
90 percent of the time, but problems occur frequently enough to cause dispatchers considerable
frustration Nonetheless, he estimates that roughly 6 of 10 dispatchers ~ himself mcluded — view
the system positively On a day-to-day level, the primary use is to momtor schedule adherence,
particularly to detect buses that are running ahead of schedule

I usually look for a bus that is running in the blue, which means 1t's running ahead
of schedule If I see a bus that's running ahead of schedule, I'll either call the
operator and remind him that he's being monutored by the AVL, or I'll send a
supervisor there to get hum, depending on how much he's up.
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Recently, he's noticed that the AVL-equipped buses are not "runmng mn the blue" as much as
before, and believes this is because the drivers know they are being monitored. Although schedule
adherence was monitored as closely as possible before AVL, on-street supervisors could give only
a fragmentary picture since they tend to stay near the central areas of their zones of responsibility,
gomg out "into the far reaches” only infrequently The "total coverage” provided by the system 1s
therefore considered a major benefit

Drivers' response to the system appears somewhat negative, although there has been Lttle
if any outnight resistance One dniver we mterviewed estimated that 75 percent of the operators
don't like AVL. According to lum, many dnvers (not including himself) like to run ahead of
schedule, smce this tends to reduce the number of passengers they have to deal with and give them
longer breaks at the end of the line Drivers also will sometimes cut routes short - head for the bus
garage as soon as their bus 1s empty without completing their run -- at the end of their shifts Since,
with AVL,, these dispatchers easily detect these transgressions, 1t is not surpnsing that drivers who
indulge in them dislike the technology Yet, dnivers have not voiced strong opposition to AVL
Perhaps this is because they recogmze the legitimacy of MTA taking steps to curb these abuses
Acceptance may have also been mncreased by the ease of operating the system from the driver's
point of view Dnvers needed less than half an hour for the necessary tramng, mn which they
learned how to imtialize the system at the beginming of their block with a few simple responses to
system prompts Several interviewees also pointed to the security gain as a factor that increased
dniver appeal, although the operator we spoke to seemed to downplay this aspect

MTA management has come to view the current phase of the AVL project in narrow
techmical terms The focus 1s on whether the technology works, as opposed to whether or how it
can benefit MTA's performance MTA has made only one inquiry into the latter question The
purpose of the experiment was to see if dispatcher intervention could mmprove schedule adherence
In the first two weeks of the expenment, dispatchers monitored the AVL system but did not do
anything 1if they detected a bus behind schedule In the next period, dispatchers would notify the
dnver if schedule deviation exceeded 5 munutes Schedule adherence, as measured by the
proportion of buses less than 5 munutes late (or 1 minute early) increased from 62 percent to 77
percent when dispatchers notified late drivers

Although the benefits of the existing system are largely unexplored, interviewees identified
a wide range of anticipated benefits from AVL once the new system 1s m place Many consider the
ability to respond to breakdowns, accidents, crimes, and security threats as a pnimary benefit. A
second benefit, one emphasized by the head of Systems Technology, 1s to have better
measurements of operational efficiency, particularly on-time performance This mndividual also
cited the ability to improve efficiency through enhanced dispatcher control, assisted by computer
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automation He envisaged a system in which dispatchers would need to make decisions only in
exceptional circumstances, so that on a good day the only requirement is that he "know how to
relax "

Bus operations staff stressed the elimination of the need for on-street supervisors to make
time-checks Although in theory this could reduce the number of supervisors required, there are no
plans to elimunate such positions Supervisors have many other responsibilities, to which managers
expect them to devote extra time Examples include investigation of passenger complaints,
increasing interaction with passengers, and spending more time nding buses in order to monitor
and mmprove service guality

Planners at MTA have strongly supported including automatic passenger counters (APCs)
in the new system Indeed, planmng staff perceive automatic passenger counting as “the biggest
benefit MTA gets out of AVL " Part of the benefit is cost savings ~ MTA has a budget of roughly
$100 thousand for part-time passenger counters each year Since the counters are mostly MTA
retirees on pensions, MTA planners see hittle dufficulty in ehminating these positions Further,
planners expect that using APCs wall greatly speed the process of collecting data, which s
currently slowed by the time required to schedule counters and the frequent occasions when they
fail to appear The primary benefit of this enhanced data gathenng capability will be to guide route
adjustments made under the Enhanced Service Program (ESP). The ESP process mvolves
systematic review of the performance of all transit routes Routes not aclieving a 50 percent
farebox recovery ratio are targeted for cost reduction or ndershup enhancement Planmng staff
believe these changes can be designed more effectively with better count data They also expect to
make changes 1n situations where the AVL reveals recurning bunching, since a paired bus 1s hkely
to produce greater benefit if 1t is reassigned elsewhere

One feature unlikely to be mcluded in MAPTS 1s real time momtonng of bus mechanical
systems Since “"the horses return to the bam every might," the maimntenance manager does not think
such momtorning 1s of much benefit Manufacturer warranty requirements dnve scheduling of
preventive maintenance and mspection work. Additional mformation is therefore unhkely to

mfluence it

3.3.1.4 Fare Payment

MAPTS may include smart cards for the paratransit service The pnmary bencfit of
benefit of this technology will be for developmentally disabled chients who are unreliable m
handling money The paratransit manager related the story of one individual who frequently spent
his return fare money on candy, making him unable to pay for his nde home

Otherwise, there seems to be little interest in advanced fare payment technologies at MTA.
Although magnetic farecards are used on the light rail system, there is lhttle interest mn extending
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this technology to buses, where paper transfers are currently used for feeder service MTA staff
stated that advanced fare payment technology might be of some value under the current, zone-
based, bus fare structure, but that they are recommending that this structure be replaced by a
simple flat fare structure under which such technology would be less useful

3.3.1.5 Traveler Information and Paratransit

MTA expects information from the new AVL to be forwarded to passengers through
ksosks set up in rail stations, major downtown bus stops, and other activity centers The concept is
still under development, but 1s likely to invoive a menu-driven videotext system, including
mformation on local activities as well as transit services The AVL will also feed mto the telephone
information system.

Adoption of a computer scheduling system for the paratransit service 1s being considered
at MTA A top priority mn this system will be strong mapping capab:lities, so that the system can
output maps showing the routing of each vehicle that the driver can then use for nawigation
Interest in both the system as a whole and the mapping feature in particular denive from changes
brought on by the Amencans with Disabilities Act (ADA) The paratransit manager anticipates a
"surge in demand” as a result of ADA Also, it will be necessary to substantially expand the service
area m order to conform with ADA regulations requiring that paratransit service be available to all
areas within 3/4 mile of a fixed transit route Since drivers will be less familiar with the new area,
the customzed route maps are expected to be very helpful

3.3.1.6 Conclusions

MTA has become a transit industry leader in the Advanced Public Transportation Systems
(APTS) movement The seeds for this were planted and nurtured by 1ts System Technology group,
who beheved in the benefits of APTS technology, and had the techmical sophistication and ambition
to awrn for a new generation AVL system rather than a more mature, off-the-shelf, one The FTA
also played a major role, both by funding the system, and by setting an ambitious timetable for its
completion MTA 1s now seeking to parlay its technology leadership position mto federal funding
for a project of far greater scope and cost.

Several factors contributed to the successful aspects of the MTA experience The System
Technology Group played a crucial role in getting the project started. In addition to reflecting its
techrucal competence and motivation, their success also testifies to their credibility within the
orgamzation On the other hand, 1t also demonstrates the receptivity of the middle managers
concerned with bus operations, and of upper management, to trying new thungs. At least part of
this receptivity can be traced to recognized problems to which the AVL promused some
remeciation, meluding poor bus reliability, and seemingly widespread problems with dmver
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discipline Fnally, system proponents mobilized support for the system through a task force cutting
across different parts of the orgamzation The task force was able to define a system that promised
widespread benefits

MTA has been less successful i identifying appropnate uses for AVL technology, or
assessing the benefits from these uses. MTA, with FTA encouragement, has focused on proving
that route-independent AVL is technically feasible rather than economucally worthwhile. Further,
the technology itself has been defined in narrow terms — as merely the production, transmission,
and commumcation of information, but not the use of this mformation to improve performance of
the system The demonstration offered many opportumties for quasi-controlled experiments to
explore how to use the information, but with one exception (the test of dispatcher advisones to late
buses described above) MTA failed to exploit such opportumities Thus, while MTA knows much
more about AVL hardware as the result of its demonstration, it still knows little about how to use
the hardware, or even whether 1t 1s worth using

MTA has avoided such questions by conceiving of their AVL activities as developmental
Project participants consider the value of such activities to be in advancing the state-of-the-art
AVL, not mn cost savings to MTA or improved service to MTA passengers. MTA staff clearly
beheve that benefits of these kinds exist as justifications for the development activity, but have so
far shown hittle interest in quantifying or maximzing them This makes it difficult to know whether
the large mvestment in APTS technology planned at MTA will yield commensurate benefits

3.3.2 Tidewater Regional Transit (Tidewater-Norfolk-Virginia Beach, VA)
3.3.2.1 Description

The Tidewater Transportation District Commussion, also referred to as Tidewater Regional
Transit (TRT), is a regional authonty that includes the five cities of Chesapeake, Norfolk,
Portsmouth, Suffolk, and Virgima Beach 1n southeastern Virgima TRT’s service area covers over
1,000 square mules with a population near one mullion The Distrnict was chartered i 1973 and
works in close cooperation with its component cities. The Distnict does not tax and relies on annual
contributions from local, state, and Federal governments

The region has low density housing and employment areas typically found in mudsize
metropolitan areas Current development continues to be low density, single family residential
Commercial development continues to favor low density industnal parks and regional shopping
centers away from the downtown

TRT offers a vanety of services to meet the needs of its service area The fixed route
service runs on thirty and sixty minute headways, which is comparatively long for local transit
TRT employs a pulse transfer, called Direct Transfer, with 18 transfer centers throughout the
network TRT operates a fleet of 141 vehicles on the fixed route system
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TRT also offers two demand responsive services The first, termed Handi-Ride 1s door to
door service for the disabled Clients must request service 24 hours in advance on a space availabie
basis TRT 1s also the centralized provider for many social service agencies that serve the elderly
and disabled, on a contract basis

The second type of demand responstve service, termed Maxi-ride, serves low density areas
where fixed route service has proved mappropnate or too costly. Service i1s provided by cellular
phone equipped vans within assigned areas Users must make reservations two hours 1n advance
for curb to curb service within the assigned zone Transfers can be made to fixed route service or
to other Maxi-nde service

In addition, TRT operates ferry service from Portsmouth to Norfolk downtown across the
Ehizabeth River TRT also operates a tourist onented trolley service to Virgimia Beach, and several
commuter services including vanpool, carpool and ndeshanng The agency mamntans a fleet of
vans that 1t leases to vanpoolers, offers assistance to employers who want to establish ndesharing
programs, and provides areawide carpooling matching services

3.3.2.2 General QOutlock on APTS Technology

Innovation — both with and without APTS technology - is a tradition at TRT. In the
words of one respondent, "Management here likes to keep up with what's new They lke to
experiment * Recent years have witnessed several examples The routes and schedule have been
completely reconfigured to create a pulse transfer system, mn which buses are scheduled to converge
at designated transfer pomnts at the same time n order to mummuze layovers Also, fixed route
services in certain areas have been replaced by demand-responsive services, with service requests
routed directly to cellular telephone equipped vans In the area of APTS, TRT was an early
adopter of electromic fareboxes, as well as mechanical and silent bus alarms, and has also
participated as a test-bed in a university research project on electronic passenger counters More
recently, TRT has acquired an AVL system, and 1s among the first transit operators to adopt
Ticket Reading and Impninting (TRIM) machines for handhing transfers

3.3.2.3 Vehicle Monitoring

TRT's experience with AVL began mn 1987 when it decided to upgrade its bus radio
system Their system was getting old and replacement parts were becoming hard to find According
to one interviewee, In the mitial stage of the procurement process, "You look around to see what
[features are] available, so we did" From this, AVL was identified as a feature worth of
consideration, for several reasons First, top management “had a longstanding desire to reduce
resources allocated to street supervision,” and AVL seemed to have pronuse in this regard. Second,
TRT's survey of customers had shown that service rehability was their foremost concemn, and
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proponents saw AVL as a means of improving rehability, both through real time control and
schedule adjustments Third, TRT was mmplementing 1ts tumed transfer route system, and some
advocates behieved that AVL would be helpful in maintaiming the integrity of the "pulses” n and
out of the transfer points Finally, in the words of one respondent, "It was flashy and hugh-tech.”

The instial impetus for AVL came from upper management and the Department of
Planming and Scheduling However, since the AVL was a feature of the radio system, the
Transportation Department had primary responsibility for the decision whether to acquire this
technology Interestingly, this department mmtially opposed AVL, since all it really wanted was a
radio system "I was really interested in basic communications at the time and that was all,"
according to one member Members of the Transportation Department, mtially viewed AVL as a
source of information for planning and scheduling. but without functional value for operations.

TRT published a request for proposals (RFP) for a consultant to guide them on the
upgrade of their radio system From the RFP, the firm NIACAD was chosen They performed a
needs assessment based on TRT’s operations From this assessment, NIJACAD recommended an
AVL It also arranged a site visit to Hull, Canada, which had an operational AVL system This
visit was instrumental in changing the view of the Transportation Department. Members from this
department were impressed by the technology they saw, and were better able to appreciate the
operational value of being able to locate buses Soon after the wisit, TRT management, mn
conjunction with NIACAD, decided to acquire AVL NIACAD was assigned to wmte
specifications for a radio system with AVL capabilities

From these specifications, TRT accepted a bid from F&M Global over GRS, Atkinson
Technology and Motorola The AVL system 1s of the signpost vanety In addition, silent and
mechamcal alarms -- also features of the previous radio system - were mcluded Automatic
passenger counters were not considered because a previous university demonstration project of this
technology conducted at TRT had not been successful The system has been operational since fall
of 1990 and TRT accepted it in October 1991

The manager with the most direct mvolvement in implementing the AVL descnbes this
expenence as "a nightmare " Several factors appear to contribute to this charactenization First, the
process of setting up the system has required much more orgamizational effort than was
anticipated. Much of this effort revolved around measurement of distances along routes so that the
system could accurately track vehicles between signposts These measurements were performed
three times, apparently because TRT personnel attributed failure of the system to track buses
accurately to faulty distance measurements In fact, it is hikely that the problem was not with the
distance measurements, but with the odometer readings The sensors m the on-vehicle "data box"
which accept nput from the odometers and convert it for radio transmission have shown a
propensity for spiking, resulting in false odometer readings: "A bus is gomg along just fine when
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all of a sudden 1t registers 10-15 miles in just a few seconds,” according to a technician working on
this problem A replacement nterface turned out to be worse Finally, TRT's chief radio repairman
designed a new sensor that has thus far proven satisfactory on the three buses where it ts has been
installed, although at the time of our visit testing was not yet complete

At the time of our visit, a new problem was emerging, this one with the AVL Transmutters
(AVLTs) When these transmutters fail (generally as a result of dead battenes), it should be evident
from the AVL output However, techmcians had recently discovered that, according to this output,
signals were bemng received from non-transmitting AVLTs Consequently, there is a large backlog
of previously undetected failed AVLTs, as well as an apparent malfunction of the AVL software

TRT has created a new position for an electronics techmcian to deal with some of these
hardware problems A maintenance person has also been assigned to deal with the odometer
problern In addition a radio group has been created to handle all problems ansing from the AVL
system This group 1s headed by the schedule analyst and mncludes the electronics and maintenance
personnel, the radio operators, and the computer systems admunistrator They meet on a regular
basis to discuss and attempt to solve problems with the AVL

These, apparently unforeseen, labor requirements have negated the manpower savings that
sparked interest in AVL on the part of top management In the words of one manager

It's marketed to save you manpower on-street supervision I think what they don't
tell you 1s that you 1n turn have to have others that you didn't have before to take
care of the system, more of a technical nature The system 1s very techmcal and
you do need electromc technicians and electricians and so forth that have to be
famihar with calibrating the odometers and troubleshooting and things of that
nature So I'm not sure that we've saved any manpower

The situation may be even worse than this individual suggests, since the AVL had yet to
yield net savings m operations personnel at the time of our visit While street supervision had been
curtailed, additional labor was being used in the control room Staffing in the control room has
been increased from two to three during daytime hours Prior to the AVL, a dispatcher and
assistant dispatcher were assigned to the control room, with the assistant dispatcher responsible for
answernng radio calls as well as paperwork With the AVL, a radio operator job has been added
This 1adividual handles radio calls, and also monitors the AVL In essence, AVL momtoring has
turned radioc operation from a duty of the assistant dispatcher into a full-ttme position According
to a radio operator who served as an assistant dispatcher prior to the AVL

I was doing payroll and answering the radio which was just voice communication
You didn't have to sit there and monitor. I'd have to go there when somebody
called 1 didn't sit at the console Now I'm stationed at the console I have to man 1t
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now [ didn't used to have to man 1t I could do my other work and just go to the
radio when I had a call or had to call someone There was nothing to monitor
Now we have to monitor what's going on, what's happemnng

Two full-ime employees fill the radio operator position

On the other hand, on-street supervision has been reduced, with the number of peak peniod
on-strect supervisors reduced from five to three, two supervisor positions elimmnated, and the on-
strect posttions reclassified from "supervisor” to a lower paying “nspector” category. The
immediate cause of the cutbacks in on-street supervision was budgetary pressure, not the AVL
However, the general manager indicated that he conmsidered the AVL acquisition to be a
justification for the cuts, while managers in the Transportation Department stated that they
opposed the cuts less strongly as a result of the AVL

On balance, 1t appeared that AVL was increasing Iabor costs for TRT, even if managenal
time and one-time costs for system sctup are neglected However, top management believed that
there was room for further cuts in on-street supervision The general manager expressed frustration
at Transportation Department reluctance to provide analysis to determune just how many street
supervisors were actually needed with the AVL mn place, an attitude he aftributed to their not
wanting to ehminate 2 job "Eventually .. I'm going to go over there and tell them to cut the . job
off

As the prospect for labor savings has receded, focus has turned to capturing the service
quality benefits of AVL Transportation department staff believe that schedule adherence has
already improved, primanly as a result of increased dniver vigilance and the obvious disincentives
to practices such as cutting routes short and running ahead of schedule According to a supervisor,
the number of wrnite-ups for such transgressions has decreased since the AVL was acquired It s
not, however, possible to measure the impact on overall schedule adherence Although the AVL
can generate a report on this, many of the schedule deviations it records are fictitious For example,
when a bus reaches a layover pont, the system considers it ahead of schedule until 1t 1s time for 1t
to leave. Faulty odometer readings can also result in deviations being falsely recorded Thus TRT
actually has less reliable information on system schedule adherence than 1t did when the on-street
supervisors were making manual time checks

When radio operators detect a schedule deviation that they thunk 1s real (as opposed to a
layover or odometer problem), vanous responses are possible When the bus 1s early (a major
transgression), the driver is typically mnstructed to stop the bus This is a rare event, occurring
perhaps once a month If the bus is a few (five or so) minutes late, the radio operator will contact
the driver for an explanation, but can do httle else except encourage the driver to make up the time
When the bus is very late, the radio operator may send an on-street supervisor to cover the end of
the route so the bus can turn around and thus regam its schedule (On-street supervisors drive vans
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that can carry a few passengers so that they can fulfill this function ) When schedule dewiations
reach the point where painng is occurring, radio operators may consolidate passengers onto one
bus

TRT management behieves that much more can be done to improve schedule adherence
with the AVL There 1s keen interest in using the system to improve connecting services, by having
the racho operator coordinate bus movements around transfer pomnts so that passengers on late
buses can make therr transfers This 1s especially cntical at TRT because most of its routes operate
at 30-rinute headways At the time of our visit, this transfer point monitoring was not occurnng
the system generated an “exception queue” of all off-schedule buses (including many at layovers or
with bad odometers), without regard to the "pulse” to which they belonged Modifications to the
system that would facilitate monitoring on a transfer point basis were being considered, however

There was a difference of opinion within the agency concerning the potential for using
AVL iformation to modify schedules Since buses must arnve at transfer points at the same time,
it 1s often 1mpossible to make a simple schedule modification 1n order to reflect the more accurate
run-time information that the AVL provides Generally, adjustments to the schedule must be made
m conjunction with adjustments to the route so that arrival times at transfer pomnts can be
mamtained In the view of the chief scheduler, this means that there will be few opportunities to use
AVL data for schedule adjustment His supervisor, while aknowledging the difficulties with
adjusting the schedule, was more optimustic that improvements could be made

Several respondents expressed the view that TRT was far from realizing the full potential
of the AVL According to the head of Service Development

I think 1t's worthy of the expense, the time we spent with it, right now, and what
I'm telling you 1s we can do much better and that's our goal n the next year or two
to tweak 1t to that point of excellence

The head of Service Development compared the AVL with the personal computer Initially 1t was
used for a few basic functions such as word processing or spreadsheets, but over time applications
have proliferated

We have not yet learned how to make full use of it. This machine (pointing to hus
personal computer) right here has been around over a decade It's taken a decade
for 1t to get on everybody's desk and people still only use it for . If you're a
secretary you use it for one thing If you're a financial person you use 1t for one
thing. Maybe now, because of other things that are available, you mght use it for
E-mail, too, or you mught use it for a data base, or a spreadsheet Maybe we
communicate over a modem That's after many years. We've had AVL for a year
now and we're starting to learn how to use it .I would consider it a failure if we
didn't within a year make better use of it
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As part of the effort to make better use of AVL, TRT has retained the programmer of the
AVL as a consultant He is providing tramning on the capab:lities of the system, and may also make
software modifications if these prove necessary. It has already become apparent from meeting with
the consultant that many of the enhancements TRT desires are already present in the exusting

program

We had the consultant come in who ongmally designed the system Sat down and
said, 'We need this,' and ‘we need that’ and ‘thus doesn't work.' And he locked at
us, really quite frankly, as if to say You dumrmes Don't you know what you
have? Let me show you what you've got here.'

Further training on the AVL system has thus become a hugh priority in TRTs efforts to make better
use of the system

There were different views concerming automatic passenger counting at TRT Respondents
all agreed that special counting devices were not sufficiently mature However, the general
manager expressed mnterest in combining the AVL and electronic farebox data in order to obtamn
location-specific boarding mformation However, members of the Radioc Commuttee, while
recogmuzing this as theoretically possible, considered 1t well beyond the present capabilities Also,
the head of Planning downplayed the utility of mformation any more detailed that the trip-level
results already available from the electronic farebox

It's more than we can handle to plan There's the idea that if you had how many
nders were gomg on the bus you could make a change but I don't know what
change you could possibly make We can barely make the changes every six
months, in terms of finding out what's going on and rescheduling 1t and writing the
new schedules and getting the brochures ready All that data pouning n . 1s a
pretty low prionty as far as I'm concerned

As already noted, the TRT radio upgrade mncluded silent and mechanical alarms as well as
the AVL Neither of the features has proved useful so far When a mechanical alarm tniggers, the
radio operator contacts the driver, who generally has already noticed the problem because of the m-
vehicle warning lights Sometimes the m-vehicle warnings go on shortly after the alarm in the
control room. Since the in-vehicle warnings are considered more rehable, it is on the basis of these
that road calls are generated Perhaps the call from the radic operator will make the dnver
somewhat more vigilant and thereby ensure that the in-vehicle warning 1s promptly detected, but
there 1s no evidence that dniver failure to detect these warmng lights, which are promunently
displayed on the dashboard, is a major problem With regard to the emergency alarm, so far it has
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been triggered only by mistake or when a driver secking radio contact with the control room gets
smpatient Because of this, the alarm, which 1s intended to prompt the radio operator to send
emergency personnel to the vehicle, was, at the time of our visit, ignored. The general manager had
recently learned of this however, and had ordered that a better solution be found One option being
considered is to mclude a signal to tell the driver when the alarm has been sounded, so that he can
deactivate it if it is tnggered by mustake Iromically, the alarm was not activated on the only recent
occaston when it should have been The female driver, who was subsequently assaulted, feared her
assailants, standing nght over her, would see what she was doing

3.3.2.4 Fare Payment

TRT was one of the first transit operators to acquire electromc farebox technology The
first models 1t acquired did not perform well When it replaced them, TRT decided to take a
different approach m the procurement in order to avoid the earhier problems It used outside
consultants to support the process by assessing needs, preparing specifications, evaluating bids,
and performing "acceptance testing" to make sure that the delivered product performs to
spectfication before TRT accepts the system

The new fareboxes have worked very well Despite the problems with the earlier models,
the electromic farebox stands out as TRT's most posittive recent expenience with adopting a
technology In the words of one respondent

They've worked well We wouldn't be able to handle the paper (money) without it,
and my department makes regular use of the data (it generates). More than AVL,
the electronic farebox is a much more immediate, high payoff, success story m the
industry Once you found one that worked it was a immediate success

(TRT has since adopted the acquisition process used for the fareboxes for acquinng other
technologies In particular, the AVL acquisition described above followed thus approach.)

TRT 1s one of the first two US operators to experiment with Ticket Reading and
Imprinting Machines (TRIM) machines for handling transfers The machunes will issue transfers
whose expiration time is magnetically encoded, and read the transfers to determune whether they
are vahid The machines may be programmed for other uses, such as handiing multi-nde tickets,
but there are no immediate plans to do this In the eyes of TRT staff, the TRIM machines offer two
main advantages over their current paper transfer system First, under the current system, TRT
must print many more transfers than are actually used Thus, the TRIM machine will save printing
costs. TRT expects these savings alone to justify the acquisition. Second, like electronic fareboxes,
TRIM machines will eliminate disputes between passengers and dnivers Under the current system,
drivers must decide whether a transfer is valid, and disputes are common, particularly when the
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expiration 1s recent With the TRIM machines, on the other hand, "If (a transfer) comes out of the
machine (that 1s to expire) at 404 PM on March 25, 1992. (and) you get on at 4°05 PM and it
rejects 1t, . you get buzzed " In addition to these advantages, several other factors have probably
encouraged TRT to be an early adopter of this technology First, because of its timed transfer
system, the volume of transfers is quite lugh Second, as noted above, TRT has had a positive
experience with electronic farebox technology, and sees the TRIM machines as a natural extension
of thus Last but not least, TRT, has a federal demonstration grant tc expeniment with the TRIM
machines This makes 1t a low nisk venture "They're prototypes, but we're not depending on them.
If they work, great, we'll buy some more If they don't work its not any money out of our pocket,
either.”

TRT has had some exposure to smart card technology A local firm that was n the smart
card business approached them about experimenting with this technology for fare payment
However, the firm has subsequently pulled out of the U S market, and thus is not presently an area
m which TRT is actively mterested

3.3.2.5 Traveler Information and Paratransit Scheduling

The AVL-equipped bus system that TRT staff visited 1 Canada included a telephone
system for providing AVL information to passengers TRT did not opt for thus feature Its pnmary
objective was upgrading the radio, and it was also "not ready to get that sophusticated yet" An
AVL monitor has been mstalled in the room where the traveler information requests are answered
It 1s positioned mconveniently, on the other side of the room from where the Customer Service
Representatives (CSRs) sit, so the CSRs rarely if ever use it TRT is considenng putting additional
monitors n the CSR room and locating them more conveniently There is also some mterest m
making the AVL information directly available to the public, perhaps by installing monitors i the
18 transfer centers, or even by allowing modem hook-up with personal computers Marketing staff
believe that the rehability of the information must improve before distributing st to travelers,
however

There is some skepticism at TRT about whether riders would consider real-time schedule
information very useful, even if it were rehable In the words of the head of the Planning

Department

I don't think that's our high payoff area yet Most people call i and want to know
schedule information-"What tume is the next bus? Where can I catch the bus? . The
only way (real-time information} would do the passenger any good 1s if they were
waiting at a bus stop I don't know if they would call from home a half an hour
early to see if it's gomg to be on time anythung could happen in the next 30
minutes [t's not quite bke the airlines where you might call an hour ahead What

48



would a person do? I don't know how they'd use it Before we start domng this I'd
want to do market research on all that What do passengers need to know? We
haven't done any research to find out what that 1s, but before 1 designed a
passenger mformation system using AVL data I'd would sure find out if people
could indeed use it, need 1t, or even want it It could be a big  waste of ime

This individual was even more skeptical about the possibility of using AVL to obtamn
information of road traffic conditions for use by dnvers and highway agencies

Bus service 1s scheduled, so whether there is a lot of traffic or no traffic it's
supposed to take the same amount of time The schedule is designed for those kind
of conditions A bus should never tell you anything other than it's going along just
as 1t is supposed to be domng If they have to drag, they drag If they have to speed
up, they try to speed up So I don't know how that would work

3.3.2.6 Conclusions

TRT exemplifies a technologically progressive transit agency, an industry leader mn
mnovations ranging from electromic fareboxes, to time transfer routing and scheduling, to cellular-
telephone equipped dial-a-nide services, to AVL, to TRIM machines Although we cannot pretend
to fully explain why TRT has taken this approach, three factors emerged in the course of our
mterviews First, TRT operates in a service area that is highly auto onented, particularly i its lack
of a sigmficant radial commuting Since this environment 1s one with which traditional fixed route
transit service 1s fundamentally mcompatible, TRT has sought to "remnvent” such service in order
to achieve even a modicum of success Second, the Service Development manager, who also serves
as deputy executive director, has championed mnovation throughout his tenure This, in tum,
appears to derive from Mhis strong educational background, which includes a masters
transportation from Camegie Mellon Finally, TRT appears to be willng to accept the
disappoimntments and failures that seem mevitable when transit operators implement technologies
before they are fully mature Although the Service Development Manager stressed that TRT would
never spend its own money on "prototypes,” there 1s a willingness to acquire "Version 1 0" of a
system, even with the "bugs" and lack of established operating procedures that this entails For
whatever reason, TRT has not developed a "fear of failure” as strong as that observed iz many
other agencies, or at least balances agamnst it a stronger appreciation for the fruits of success

TRT's considerable experience with cutting-edge technologies has led to the development
of mechamisms fo increase the probability of success These include the use of consultants to
advise, prepare specifications, and determine whether a delivered product actually meets them, as
well as the use of commuttees cutting across different departments to work out problems Although
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its expenence with AVL shows that these procedures are not foolproof, their development suggests
how adoption of new technologies can, like other transit agency activities, be routinized

Although TRT staff remam at least guardedly optimustic about the value of AVL
technology, 1t was clear that the expenence to date has been negative 1n many respects There are
several underlying reasons for this First, the system has proven unexpectedly difficuit to
mmplement and operate. Second, a vanety of problems with hardware and software have
compromused the reliability of the system Third, the labor savings in on-street supervision that
mstially sparked interest in AVL have been more than offset by the additional workers employed to
monttor and mamntain the system Although such cutcomes may i some respects typify the
downside risks of any venture involving adoption of new technology, they also illustrate problems
to which APTS technologies may be especially subject. For example, these technologies frequently
require a considerable data base, the creation of which is both resource-intensive and prone to
performance compronusing errors Also, APTS technologies freguently make new forms of data
and mformation available, and therefore require complementary labor resources to monitor this
information Thus the adoption of an APTS technology may occasion additional labor needs in
order to both produce and consume mformation, and these can easily offset labor savings denving
from automating manual functions, streamlined operations, or other putative APTS benefits

These problems with AVL notwithstanding, there remains a consensus that the technology
will ultimately prove beneficial In part, this reflects anticipated pnprovements in system reliability
that will substantially mcrease its utility However, TRT has also shifted the pnmary objectives of
its AVL program from labor cost reduction to service quahty improvement Whle the latter 1s
undoubtedly a worthy goal, it is also extremely difficult to quantify, precluding a reliable
assessment of the cost-effectiveness of the technology The faith in AVL technology expressed at
TRT 1s just that, not an objective judgment based on its experience to date

3.3.3 Kansas City Area Transportation Authority (Kansas City, MO-KS)
3.3.3.1 Description

The Kansas City Area Transportation Authority (ATA), also known as The Metro, was
created when a bi-state compact created by the Missoun and Kansas state legislatures was signed
in December 1965. Service began m February 1969. ATA provides contracted service to Kansas
City, Kansas, Missoun, along with Independence, North Kansas City, Gladstone and Johnstone
County, Kansas These contracts account for approxmmately 60% of their operating expenses

The Kansas City Urbanized Area, 25th largest m the US., compnses 762 square miles
with a population of approximately 1 2 milion ATA services an area of 173 square miles and a

population of approximately 500 thousand
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In 1991, ATA operated a fleet of 279 vehicles over 43 routes ATA vehicles traveled
nearly 30 thousand miles each weekday while providing an average of 61 thousand passenger trips.
ATA employed 343 full time and 111 part tume operators

ATA also admunisters the provision of paratransit services throughout the area It
coordinates service from various contractors to provide approximately 200 thousand annual tnps
from a database of approximately 4,000 ehgible nders

3.3.3.2 General Outlook on APTS Technology

Two contradictory attitudes shape ATA's general approach to new technology On the one
hand, there 1s suspicion, particularly among upper management, that much of the new technology
developed for the transit mndustry 1s not cost-effective According to the general manager, “I tend to
think 1hat we're an industry that occasionally tends to get overly enamored with technological
change and expects to get results that may be oversold * He recalls a speech given by a general
manager at the Chicago Transit Authority some years ago that made an impression on hun The
speech argued that since mnvestment levels in bus transit are low, prnivate mdustry does
comparatively Iittle research and development Furthermore, 1t tends to introduce new technologies
mto the market prematurely, "when they are still in the process of making the thing work " For
example, when the advanced design bus (Transbus) was being developed, "it took three years to
produce an acceptable vehicle, and all of those who wanted to be out front and bought those
advanced design buses paid the price with buses that were just falling apart " Thus, "my expenence
has been consistent wn this industry be a follower, don't be a leader "

Indeed, 1n some respects ATA 1s a technological reactionary The director of maintenance,
who has substantial mnput to any system change that has maintenance imphcations, pndes himself
on resisting certain technological changes that are already in wide use For example, the system
continues to order buses with roller curtain destination signs, rather than the newer electronic signs
The meeting at which the maintenance director persuades the general manager to retain the older
sign technology has become something of a ntual whenever the specification for a new bus order is
bemg prepared ATA has also been late in acquiring engines with electronic diagnostic features In
the most recent new bus purchase, ATA ordered half with thus feature and half without The
experience with the electronic diagnostics proved so successful that the engmes without this feature
are being replaced The maintenance director now regrets not having adopted these electronic
diagnostics earlier "Some technology is stup:d to 1gnore," he concedes

On the other hand, ATA faces strong pressures to keep operating costs low, and at the
same time to do as much as possible to enhance its service With the federal government covenng
80 percent of capital costs, ATA secks opportumties to use capital mvestments to either cut
operating cost, or to enhance service without increasing operating cost Says the general manager,
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"Because we are poor (in a budgetary sense) as a operating system, we're always looking for the
opportunity to have a capital intensive mmprovement that will allow you to improve without
mcreasing your operating cost * To the extent that mvestments m new technologies offer such
possibilities, they are attractive. Indeed, so long as ATA considers the operating cost consequences
acceptable, and federal grants along with the 20 percent matching funds are available, it is willing
to undertake projects whose value 1s margmnal, or at least uncertain  According to one respondent,

We've had grant availabilities that frequently no one m our region appled for the
money, so almost in a way you go out and lock for reasons to spend the capital.
That ocught to give you a clue about the carefulness of .. you know, it's kind of
like 1f T can get the money to just put a pool mn the back of the house why not? It
wouldn't be a bad thing to have, {even though) I otherwise may not do it

3.3.3.3 Vehicle Monitoring

ATA's mam expenence with APTS technology 1s its adoption of an AVL system The
genesis of the AVL dates to the mud-1980s, when the superintendent of transportation made a wvisit
to San Antomio and saw its AVL system On the basis of this, he became a proponent of AVL, and
"put the bug m the ear” of hus boss, the director of transportation, that an AVL ought to be
considered m the context of a radio system replacement planned to take place a few years later
"When an article would come down erther in Passenger Transport or Mass Transit I would be sure
to make copies and talk to John (the director) about it He was getting hit by me all the time about
this "

The supenntendent's mterest dentved from hus concerns about ATA's schedule reliabihity
He felt that a major shortcoming in this area was the mability to adequately supervise drivers.

We would have supervisors run a hine that they hadn't been on in a couple of days
and find some buses parked over to the side. We'd have buses that would start at
downtown 1 the morning and maybe go up a street that we didn't service at all, go
to the end of a line, sleep, and come back down that same street Some drivers
would run a charter sign or a special sign We had vehicles that were goofing off
out there We've had buses that have gone back to the yard early, and we had no
way of detecting them because we didn't have a supervisor down at the gate
watching

Although he did not think these problems were widespread,

people were doing it and it exposed what hittle control we had A lot of the
workings of a bus company involve trust, and some people were trustworthy and
others weren't to be trusted at all The AVL addresses that lowest common
denommnator those people who aren't going to go along with the system It helps
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us 1dentify those people with problems and to let them know that we're watching
them, and to remedy those that won't come around

By 1987, the time for a new radio had come, as replacement parts for the current system
were becoming hard to find ATA published a request for proposals (RFP) for a consultant to
guide them on the upgrade of their radio system From the RFP, ATA chose the firm NIACAD
NIACAD's principal, David Kane, has had considerable expenence with AVL systems, and was a
strong advocate for them Kane argued that AVL could be "an important management tool” for
ATA, that it “could help with system control,” that 1t could reduce labor costs by reducing the
number of supervisors needed, and that 1t could help n locating buses in emergencies Finally Kane
suggested that AVL was a fairly inexpensive feature, with an estimated incremental cost of about
$600 thousand, when acquired as part of a new radio system

At Kane's urging, ATA staff made a site visit to Hull, Canada which had an operational
AVL system Satisfied that the system worked, and persuaded by Kane's arguments, ATA muddie
management decided to request that AVL be included as part of the new radio system According
to the Director of Transportation, "the ability to monitor and control schedule adherence” proved to
be the most important factor m this decision The other factors were downplayed Labor savings
were not constdered hkely because ATA has so few supervisors to begin with, while the emergency
response benefit was discounted because emergencies occur so nfrequently The latter argument,
however, appears to have been mstrumental 1n selling the system to drivers, or at least dissuading
them from strongly opposing it

Approval from the general manager and Board proved to be "no problem," smce there was
wide agreement that the radio needed replacement, and they viewed AVL as a munor addition from
a cost standpomnt The AVL was thus included as part of a $23 million discretionary grant request
from UMTA According to the general manager, the possibility of acquinng AVL was still remote
at this time, since ATA expected the grant to be only partially funded, and AVL "was at the bottom
of our prionties " Indeed, when UMTA's decision to fully fund the grant was announced,

We were kind of shocked All of a sudden I turned around to John Dobies (the
director of transportation) and said 'We've got a vehicle locator system ' This was
the first time I found out what the thing was. Literally I had very httle knowledge
of it I don't think we thought we had a remote chance of getting 1t until the day the
grant was approved Then we had to take it real seriously, make sure that we did
want 1t and did think 1t was a good investment

Two factors contributed to UMTA's surprising decision First, 1t 1s UMTA policy to
distribute Section 3 funds equitably among geographuc regions, and ATA's application was the first
ever non-rail one submutted from the four-state Federal region in which Kansas City 1s located
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Second, the general manager 1s a skiliful grantsman, with good political connections He succeeded
and 1 getting participation in the grant from both Missoun: and Kansas, and arranged for
Congressional representatives from the area to meet with the UMTA adminstrator Also, since
privatization was a major programmatic priority for UMTA at this tume, the grant apphication
stressed — indeed “exaggerated” according to the general manager —~ ATA's modest efforts to
increase use of private contractors

The specifications prepared by NLIACAD led to a contract with F&M Global Their system
used signpost technology, which NEACAD considered the only practical alternative at the ttme of
the procurement ATA chose to acquire a farly basic system, without passenger information,
passenger counting, or mechamcal alarm features ATA urgently needed the new radio system, and
NIACAD advised that additional features could be added later with hittle dufficulty ATA therefore
chose to defer consideration of these options to a later time With regard to automatic passenger
counters, there was also opposition from the Director of Maintenance, who 1s acutely aware that
each additional hardware device added to a bus is subject to breakdown and will thus require
additional maintenance resources Also, ATA is able to get relatively detailed ridership data
through 1ts farebox The decision to exclude mechanical alarms was based on ATA's experience
with such devices 1n the previous radio system, where they gave many false alarms

Implementing, mamtamming, and using the AVL have all been difficult challenges for ATA
According to the director of transportation, "Getting the AVL to work 1s a big task " First, the time
pomts had to be redefined so that they were at feasible signpost locations Second, distances
between signposts had to be measured Finally, ATA had to develop a computer data base
containing the distance and schedule mformation required as inputs to the system In the words of
the director, "Once done, 1t's done and changes are relatively easy, but there's a lot of advance
work " In this respect "supporting the AVL 1s more work and therefore more costly than I
anticipated If it 1s true that the mitial purchase price of the system was relatively low, 1t 1s also
true that the costs we had were pretty hugh in terms of staffing and setting everythung up "

Mamtenance staff concurred with this assessment According to the maintenance director,
“the AVL 1s the most monumental pain." AVL equipment had to be installed on every bus, and
when 1t failed to operate properly on certain models, the installation procedure had to be modified
The AVL uses a special odometer, and those on the old buses require frequent repairs Also, the
new radio system as a whole requires a substantial maintenance Thus is done by a contractor, at a
cost roughly double what it was for the previous radio However, the “incredible disruption” from
the initial installing and testing of the AVL has lessened The maintenance department has gotten
used to the new system, and the mamtenance effort required, while still tangible, 1s no longer
mordmate
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Technicians had found a new problem with the AVL at the time of our wisit. They
discovered that some 30 percent of the AVL transmutters (AVLTSs) were not working Although the
AVL could still operate with this number of failed AVLTs, 1t could not do so if there were many
more fallures Since F&M Global has withdrawn from the AVL business, repainng or replacing
the transmutters was proving to be difficult ATA was working with other transit operators with
similar problems in an effort to identify a solution

The odometer and AVLT malfunctions, combined with the mability of the system to
distinguish buses waiting to begin 2 new run at the end of the hine from off-schedule buses, have
reduced the utility of the system The system generates a List of buses that are out of schedule
tolerance, but because of these problems this hist 1s very long, and composed mainly of buses that
are not really off-schedule Thus dispatchers must mentally cull buses requinng some action from
this Iist Since there 1s rarely time for this mn the peak period, dispatchers largely ignore AVL
information at this time During the less busy time, dispatchers do make an effort to 1dentify and
contact buses that appear to be truly off-schedule They do this tactfully, since there 1s still a good
possibility that the AVL 1s wrong Sometimes they ask a dniver for lus location, while on other
occasions they will send an on-street supervisor to venfy the schedule violation and, if appropnate,
cite the driver (Umion work rules specify n great detail the procedure for handling a schedule
violation, and this procedure would need to be followed no matter what the reliabulity of the AVL )

The large number of false deviations from schedule reported from the AVL precludes use
of the system to momnitor trends i schedule adherence The system produces a monthly report of
schedule deviations, but most of these are not actual deviations for the reasons noted above Prior
to the AVL, a monthly report summarized schedule adherence based on manual observations of on-
street supervisors, but this practice ended on the expectation that the AVL would supplant it Thus,
wonucally, ATA has less information about its systemwide schedule adherence performance now
than 1t did prior to the acquisition of AVL

Nonetheless, ATA staff believe that AVL is already generating benefits, and that these wall
mncrease n the near future At the present time, the main perceived benefit 1s increased schedule
adherence ATA staff attnbute the improvement to three sources First, and probably most
important, 1s the direct impact of the monitoring on the dnivers Despite all the problems described
above, the AVL system still vastly increases the probability of detecting a schedule deviation, and
ATA staff beheve that this substantially increases incentives to drivers — at least those belonging
to the “"lowest common denomunator” -- to adhere to schedule Second, the system serves as a
universal time clock, thereby eliminating schedule dewviations resulting from operators’ watches
being incorrectly set Third, the data from the system enables better estimates of running times,
which can then be used to modify the printed schedule so that adherence to it is easier A commuttee
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to carry out this process has recently formed It meets biweekly and goes over data for a specific
route

Not all benefits are directly related to improving schedule adherence For example, the
AVL 1s used to investigate customer complamnts The AVL provides objective data on whether a
bus was early or not and consequently can provide a more concrete resolution to a complaint than
was possible before An add:tional, largely unanticipated, benefit, has been the enhanced ability of
drivers to give passengers schedule information When passengers reguest this, drivers contact the
dispatcher, who can easily access the information from the AVL data base

ATA management hopes to make better use of the AVL system in the future. Although the
system had been in place for over a year at the tume of our visit, it had been providing information
considered reasonably credible for a much shorter period Thus expernmentation with use of the
system was still in the beginning stages One avenue being explored was increasing the ability of
the dispatchers to act "pro-actively" to improve schedule adherence Aside from contacting buses
out of schedule tolerance, staff could not identify specific pro-active measures, but believed that
they would be found A second type of benefit that ATA hopes to realize from AVL is enhanced
on-street supervision, as a result of on-street supervisors being relieved of time check
responsibilities This will give these personnel more time to provide direct assistance to niders and
mteract with drivers Furthermore, management hopes that the dniver-supervisor relationship can
become less adversanal and more supportive In order to encourage this, the "team supervisor"
concept 1s bemng promoted Supervisors are assigned fo specific dnvers, with whom they are
encouraged to make regular contact to identify problems and opportunities for improving services
and working conditions Supervisors are also required to keep a log of their contacts with dnivers
Thus 1s used as one basts for their performance evaluation AVL 1s probably not essential in these
efforts to improve relations between operators and supervisors, but it has evidently served as a

catalyst for mtiating the process

3.3.3.4 Fare Payment
ATA does not have any expenience with or active mterest i advanced fare payment

technology

3.3.3.5 Traveler Information and Paratransit Scheduling

ATA is embarking a program of technological enhancements in the passenger information
area It has hured a consultant to, i the words of the RFP “assist in a needs analysis, selection, and
mstallation of a Voice Response System (VRS), a computenized bus schedule and route data
system for the ATA Information Center, and an automated paratransit routing and scheduling
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system for the Authonty’s paratransit program." According to the director of marketing, the

consuliant is to

come mn and assess all of these applications that we have and then to also
determune what 1t is that we want  and help us prepare specs so that then we can
go out and get the equipment and the software and everything else that we need to
be able to implement a more coordmnated system for all these different things

The passenger information project has been in ATA's capital budget since 1986, but has
been delayed since many other projects have been given higher prionity The marketing director,
recognizing the information center as a problem area, conceived of the project soon after his
armval. The mam deficiency 1s the limuted hours of operation. 6 AM to 6 PM, Monday through
Friday The director believes that there 1s a considerable ndership loss stemming from the inability
to get schedule nformation via telephone at other hours Other problems mclude mnsufficient
capactty, resulting in queuing delays and a considerable number of lost calls, and the difficulty of

the information operator's task

The job 1s very difficult . it's hughly stressful Most people would think You're
sitting there You're talking to people on the telephone all day What could be
easier” Well that ain't true It's stressful because people make it stressful People
are very rude, and they are very angry Its incredible the things that happen to
information center operators They're cussed out They're called names They're
totally at the mercy of folks who call in who are often not totally rational

As a result of this difficult working environment, the operators are

prone to error There may be several options available to a person who's calling
in  There may be two or three different routes that they can use . You have to
rely on the ability of the information operator to just have massive amounts of
information Frankly, they do a hell of a job They're very, very good at absorbing
this information But agam, the stress of all that data that they have be able to
draw upon, dealing with the public, all of those things, I felt we could help them be
more effective if a computer was providing 1t Then they can provide the thing
that's most important m this — that human contact, and maybe they can do that a
hittle bit more effectively

To approve thus project, upper management and the board had to be convinced that it
would not have a negative impact on operating costs A major selling point in this regard is that the
paratransit reservation system currently operates on a computer owned by the City of Kansas City,
and ATA pays $50 thousand per year for this computer usage According to the assistant general
manager, the savings from running the reservation system in-house on the new information system
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are enough to enable the new system to pay for stself in just a few years Although she recalled that
the new system will also produce "lots of other benefits,” the computer cost saving was the only
one she could remember specifically at the time of our interview (in which she emphasized at the
outset that she had little direct involvement with technical matters)

3.3.3.6 Conclusions

ATA exemphfies many of the forces shaping adoption of APTS technologies i the transit
industry ATA management is wary of new technologies, concerned that they wll not perform as
advertised and will entail unanticipated costs that wilt increase the operating budget At the same
time, federal capital subsidies encourage adoption of these technologies, along with other capnal
projects ATA attempts to resolve this conflict by choosing capital projects when it does not expect
them to entail complementary operating expenditures, or, even better, when 1t anticipates a
reduction in operating costs from adoption

ATA's expenences with AVL along with its recently initiated passenger information
project illustrate these general principles, but also show the challenges of implementing them In
assessing the AVL, ATA underestimated the in-kind staff and management effort that adopting this
technology would require The "sticker pnce” of the system is well below the true price, with the
difference taking the form of organizational resources It is hard, perhaps mpossible, to know the
extent to which these resource expenditures ultimately appear in ATA's operating budget, but
clearly they were unanticipated, and were not covered by federal grant money

At first, much of ATA's orgamizational effort went to activities that were techmcally
necessary to make the AVL operational, such as creating a computer data base of schedule
information. Now that the system operates, the effort goes toward usmng the information it
provides, such as the bi-weekly task force that 1s using AVL data to modify bus schedules. But
while failure to undertake efforts of the former type would result in a conspicuous failure - an
AVL that does not operate — the latter type of efforts, although essential if benefits from the
system are to be realized, are less obligatory It i1s thus reasonable to ask whether pressures to cut
operating costs in the short term wall dissuade ATA from expending the resources necessary to use
AVL to its full potential in the long-term

ATA's experience also shows the obstacles to using advanced technology to directly cut
operating costs The operator responds strongly to savings in non-labor expenditures For example,
it attaches strong mmportance to the saving the computer lease cost as a justification for the
passenger information system When it comes to labor savings, ATA is more skeptical and less
aggressive Despite the claims of NIACAD that AVL would reduce the costs of on-street
supervision, ATA did not take this argument very senously, nor did it attempt to realize such
savings once the AVL was m place Transportation Department managers prefer to use the AVL to
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“enhance” on-street supervision rather than cut its costs One must wonder, however, whether this
1s a considered judgment about how best to improve the performance of the transit agency, or a
reflexive move to avoid dislocating supervisory personnel

3.3.4 Contra Costa County Transit Agency (Contra Costa County, CA)
3.3.4.1 System Description

The Central Contra Costa Transit Authonty (CCCTA) was established in 1980 to
coordinate, integrate, and expand transit service within Central Contra Costa County CCCTA s a
Jomt Powers Agency of 11 junsdictions including the cities of, Clayton, Concord, Lafayette,
Martinez, Orinda, Pleasant Hill, San Ramon, Walnut Creek; the towns of Danville and Moraga,
and the unincorporated areas of Central Contra Costa County. This Authonty operates daily and
Saturday fixed-route services and admunisters the delivery of paratransit services within the
CCCTA 200 square-nule service area

CCCTA provides service on 26 routes Of these, four are express routes and two are
contracted with Chevron and Pacific Bell for their employers, although they are open to the general
public as well The city of Walnut Creek partially subsidizes one route for use as a downtown
shuttle All CCCTA routes serve a Contra Costa County Bay Area Rapid Transit (BART) station
The BART stations serve as major transfer pomnts between BART and CCCTA, and between
routes within the CCCTA system CCCTA mamtains a fleet of 112 vehicles of which 95 to 98 are
in service during peak periods Generally, service is available 5 AM to 10 PM on weekdays, and 6
AM to 7 PM on Saturdays Headways are between 30 and 60 munutes on Saturdays and 10 to 30
munutes during peak periods Total boardings n fiscal year 1990 numbered 4 million

As of 1990, the total population of this service area was 420 thousand based on
projections by the Association of Bay Area Governments (ABAG) Ths represents a growth of 9 5
percent from 1985 Rapid growth is expected to continue over the next decade CCCTA's service
area is also experiencing high rates of employment growth From 1985 to 1990, there was a 31
percent growth 1n the number of jobs available In the next ten years, a 21 percent growth in the
number of jobs is expected Most of the job growth results from extensive development of
industrial parks and other major employment centers

As job growth outpaces population growth, the demand for labor living outside the service
arez will increase, resulting in additional commute traffic on an already congested road system. A
plurality of Contra Costa County residents cite transportation as the most important problem
facing them Voters passed Measure C in 1988 and Proposition 111 m 1990 to generate additional
funds for transportation improvement CCCTA hopes to play a part mn alleviating the county's
transportation problems
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As part of this effort, CCCTA has been mvolved in a number of mttiatives [t participated
in the Contra Costa County Congestion Management Plan (CMP), mutigation projects for the I-
680/SR-24 nterchange reconstruction project, the coordination of project planning for Measure C
funds, and in the effort to coordinate and improve paratransit services m Central County

In September of 1991, CCCTA m coordination with the City of Walnut Creck and
TriDelta Transit began to operate enhanced bus service between East and Central Contra Costa
County Also in coordination with Alameda-Contra Costa (AC) Transit, CCCTA bhas extended
service into El Sobrante These mutiatives are the beginmng of a long-term effort to improve transit
services with a particular emphasis in inter-system transfers.

Additionally, CCCTA 1s a member of the Coordinating Area Transit Systems (CATS)
This consortium includes TriDelta Transit, West Contra Costa Transit and Livermore Amador
Valley Transit (LAVTA) The purpose of CATS 1s to study ways these four transit systems can
coordinate services to benefit patrons Current efforts largely focus on the development and
umplementation of a coordinated fare structure This program will occur in two phases and began
in the Fall of 1990

In January 1990, CCCTA assumed complete responsibility for paratransit service m
Central Contra Costa County, which it contracts to a pnivate operator. CCCTA has plans for
building a facility to house these services in order to make them more reliable, effective and
efficient Groundbreaking 1s scheduled for October, 1994 In addition, CCCTA 1s considenng
plans to expand its general public demand responsive service, called Flex-Van

3.3.4.2 General Outlook on APTS Technology

There 1s conflicting evidence concerming CCCTA's attitudes toward APTS technology
Many of our discussions suggest that these technologies have low pnonty on the agency's agenda
Several respondents suggested that other types of improvements have more potential to mmprove the
convenience of the system The general manager, for example, stated that reducing headways by
adding more buses was more mmportant than installing a sophisticated passenger mformation
system Other respondents articulated a negative view of APTS, as when the manager of Service
Development stated that he was "very skeptical of technology. For the most part, promises are not
kept Systems do not dehiver. Additionally, costs are high "

On the other hand, as the subsequent discussion indicates, CCCTA has been active m the
APTS area, and 1s the only case study operator that has adopted APTS nnovations in all three of
our major categories This disparity between stated attitudes and observed behavior was umgque

among the agencies we studied
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3.3.4.3 Vehicle Monitoring

CCCTA does not have AVL, but has shown some interest i the technology AVL was on
a list of proposed capital improvements subnutted to the Regional Transit District, although the
Board of Directors, rather than staff, seems to have been the strongest proponents. Several years
ago, CCCTA was approached about a system that uses vehicle detector loops already m the
roadway The system was attractive because it would not depend on their radio system, which 1s
not adequate for AVL apphications However, the firm marketing the system didn't have software to
enable them to manage the data from the system so that schedule deviations could be easily
identified They told the vendor to come back when they had the desired software, and so far it
hasn't

In the view of CCCTA management, the main advantage of AVL 1s that it would free up
supervisors to do things other than check schedule adherence, while at the same time increasing the
amount of schedule adherence information available Supervisors at CCCTA have many
responsibilities, mcluding on-board monitoning, disciphine, time-keeping, and accident
mvestigations Consequently, they don't have much time to do on-time checks, and the time they
allocate to that activity has many other valuable uses With more schedule adherence information,
1t will be possibie to make the schedule adjustments, or talk to mndividual dnvers, or do whatever
else 15 appropniate to mmprove schedule adherence Also, drivers are supposed to radio the
dispatcher when they are more than five minutes behind schedule Such messages, which generate a
large volume of radio traffic, could be eliminated with an automatic tracking system.

There 1s a relatively sumple computer system for tracking maintenance, based on miles
driven The mamtenance manager has done mvestigations to get more approprate mileage
mncrements for different types of preventive maintenance The effort to make better use of existing
mformation have proven successful, resulting in new mileage norms that generally exceed the prior
ones and thereby save mamtenance expenditures On the other hand, although the radio system
“has the capability to momitor all kinds of things about the coach,” CCCTA does not use this
capability “every sensor creates a need for maintenance,” compromusing the functionality of the
system.

CCCTA has recently installed devices on its buses that count the number of times bus
accelerations exceed acceptable levels The system is "closed-loop” — dnvers record exceedance
counts at the end of their shift, but it 1s not used for formal performance evaluation The system
appears to be working well The number of exceedances has gone down, and better driving can also
be seen visually
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3.3.4.4 Fare Payment

CCCTA 1s currently engaged m a program called Transhink, the purpose of which is to
create a common fare medium for BART and the bus systems feeding it Bus ticket validators
(BTVs) are being installed on CCCTA buses These will process the same magnetic farecards used
on BART.

The Transhnk program s an outgrowth of a joint effort by AC Transit, BART and the
Bay Area Metropolitan Transportation Commission (MTC) to establish a2 common fare medium.
This mtial effort began m the mid-1980s and resulted m the formation of the AC/BART Plus
ticket in 1987 The ongmal commuttee grew to become the Multioperator Steering Committee The
commuttee consists transit general managers and representatives of MTC

Because of pricing conflicts with AC/BART Plus ticket, this group decided to pursue a
more direct form of payment It was in this committee that a consensus arose that CCCTA was the
best equipped for demonstrating such a fare payment device CCCTA had connections to BART
and was small enough to perform a demonstration Consequently, CCCTA in cooperation with
BART and MTC submutted a proposal for a Federal grant for demonstrating the Translink BTV

When CCCTA obtamned funding, 1t was expected that an existing device, already tested m
Hong Kong, would be used However, the size of the existing device was mcompatible with
CCCTA vehcles and had to be redesigned A one-route test with the system was started in the first
quarter of 1992 Some adjustments, such as the addition of an audio signal to the counting function
of the device, have been identified Once these modifications have been made another test will be
performed CCCTA expects to equip all their vehucles with the devices by the end of 1992.°

CCCTA 1s optimustic that the Transhink program will increase service convemence, as well
as generate subsidiary benefits such as facilitating the collection of patronage data and reducing
driver tedium mn handhing transfers and counting passengers (The system has aroused some
concerns from drivers, however, because it will keep a log that could be used to determune when
dnivers are not doing what they are supposed to.) They hope to keep the program going past the
demonstration period, and might be wlling to absorb some of the costs if necessary. On the other
hand, it was clear that CCCTA would not have undertaken the program if demonstration funds had
not been available

3.3.4.5 Traveler Information and Paratransit Scheduling

CCCTA has gone further than many other agencies in providing information at bus stops
This "low-tech" program involves placing a panel at each stop with "mformation on every bus that
comes by there It tells you where it goes and comes from, and displays a route map." This

* This was actually completed during 1993
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prograrn is designed "to make the service more user-friendly for the occasional nder " Although the
marketing manager expects that the system will be difficuit to keep up to date, he is confident that
this can be done CCCTA did not consider more advanced technologies, which might make the
updating task easter, due to their higher cost

CCCTA's efforts to improve passenger mnformation systems will continue In the same
spint as the Transhnk project, there is interest i developing a "more umversal" telephone
mformation system so that passengers can get schedule information for different operators by
dialing a single number Phone system automation is not considered attractive, both because the
"personal touch” would be lost with these technologies, and because "the persons who use [the
telephone information system] more are those that would like [automation] less —seniors, students,
etc * The costs of these technologies are also considered too high The emphasis on low-tech,
economical approaches to "get mformation out without bankrupting the system,"” already apparent
in the bus stop signage program, 1s also evident in CCCTA's plans to place information kiosks in
central locations, such as BART stations

Another reason, in addition to cost, that may cause CCCTA to downplay the need for
sophusticated mformation systems 1s that its market is primarily commuters According to the
marketing manager, "By and large repeat users are the majority You can get information to repeat
users very quickly regardless of mode You could use news media, announcements on buses, direct
mail, newspaper ads “

In paratransit operations, there 1s some mterest mn vehicle routing and scheduling software,
since "computers are more efficient than humans and less prone to errors " The accessible services
manager would also like to see technology for tracking vehicles i order to allow real time
dispatching, which "i1s an efficient way to dispatch If you are using taxis and vans then you know
where they are — 1t's much more efficient * The highest prionty item, however, is the phone system
~ "Our worst mghtmare The demand 1s so great We have one of the highest number of phone
clerks per vehicle and we still can't satisfy everyone They're on hold, they are waiting, can't get
through " Since many paratransit clients have Alzhemmer's or other himutations, automation is not an
option, but there is mterest in finding a better way for managing the queues in the current system

3.3.4.6 Conclusions

CCCTA's thinking concermng APTS technology 1s shaped by two main themes. First,
there 1s interest in APTS technology as a means for increasing compatibility among different
transit operators in the East Bay's balkanized transit industry This interest denves in part from a
perception that compatibility is important and that APTS technology can contribute to it It may
also denive from the fact that efforts in this area, since they are inherently collective m nature,
mvolve less nsk to CCCTA management
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Second, CCCTA managers perceive most APTS technologies to be less cost-effective than
alternative caprtal mvestments, such as acquinng more buses for example This judgment 1s not
based on detailed study To the contrary, CCCTA has not carefully investigated most APTS
technologies because of the behef that scarce managerial resources are better devoted to other
matters However, one specific concemn voiced by several interviewees was that the software to
extract useful mformation from the data gathered from APTS technologies 1s lacking, raising the
prospect that, in the words of the maintenance manager, “more information won't do more than put
paper on the shelves "

An mmportant lesson from CCCTA 1s that a commutment to mformation technology need
not imply a commitment to advanced information technology CCCTA's bus stop signage and kiosk
programs underscore the importance the operator attaches to getting mformation to customers The
efforts by the mamntenance manager 1o increase mileage between mamntenance functions through
expenmentation and data analysis demonstrates a belief in using mformation to mcrease efficiency
It 1s possible that efforis such as these could yvield more gans if they were coupled with the
enhanced data APTS technologies could provide, but this 1s not the view of CCCTA management

3.3.5 Golden Empire Transit District (Bakersfield, CA)
3.3.5.1 Description

In 1973, the Golden Empire Transit District (GET) was created to provide service for the
greater metropolitan Bakersfield area During the 1970’s, GET added dial-a-ride service for the
disabled Durning the 1980°s GET improved service levels by decreasing headways, initiating
wheelchair-accessible service on all routes, extending the District boundarnes to include service to
high growth areas and eliminating unproductive route segments In September 1986, the District
switched from a radial system, focusing on the downtown, to a cross town system

GET services the city of Bakersfield and the communities of QOildale, Rosedale,
Greenacres, and Greenfield The service area includes approximately 315 thousand people, 85
percent of whom hive within one-quarter mile of a bus route. The District has a fleet of 61 vehicles
Peak service utihizes 53 buses while the base penod utilizes 38 buses Service hours are from 6
AM to 7.30 PM GET operates at headways ranging from 15 minutes i the peak to 60 minutes in
the base penod GET has a flat fare of $ 50, unchanged since 1982

3.3.5.2 General Outlock on APTS Technology

While not completely uminterested in APTS technologies, GET is unlikely to lead
mnovation 1n this area The general manager summarizes the attitude:
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When people come n and want to give us a new system [ want to say "What eight
transit systems have you used it on?” and How many years has 1t been m
existence” and 'What's the parts availability” and so on

Thus attitude derives 1n part from experiences with APTS technologies, described below
GET's general manager also cites organization's experience with computers mn explaiming his
cautionary view of new technology They purchased a Quantel computer system that

was able to combine all the functions of the organization mto a cohesive whole
[Buthif I had 1t to do agamn I'd go with PC networks. Most people simply need the
word processing function.. You used to hear people say that if you put computers
in you'd save a lot of time and that there would really be an economic benefit
Every time I look around we need to buy another computer or one of them 1s
breaking down or we need an electronic technician to take care of them I haven't
really seen any people savings ~— I see greater demand for mformation from the
Federal government They want us to supply information because we have the
capability of assembling 1t

Somewhat surpnsingly, GET is playing a leadership role in one area — the use of
compressed national gas as an alternative fuel The general manager attnbutes this seeming
anomaly to several factors First, he has great faith in his maintenance manager, and his
mamntenance manager is confident that they can make the technology work Second, with
Bakersfield located m one of the most polluted air basins in the country, and with GET marketing
itself as the "poilution solution," “our biggest political problem is that puff of smoke that comes out
of the back end " Finally, GET management takes a dim view of the more commonly used
alternative fuel, methanol, because it 1s hard on the engine and poisonous Thus, in this mstance,
the combination of the general manager's confidence in his maintenance manager, the urgency of
the problem the technology addresses, and the limited relevance of earlier experiences with APTS
technologies to this particular mnovation, have overcome GET's distaste for technological
leadership

3.3.5.3 Vehicle Monitoring

GET has a radio system with mechanical alarms that alerts the dispatcher when the engine
is overheating or the oil pressure 1s rnising According to the maintenance manager, the system gave
at least as many “"phantom" as true alarms "It's a pain ... Most alarms are false We go out there
and there is nothung wrong " GET 1s presently acquiring a new radio system that will not include
mechamcal alarms

On the other hand, the mantenance department has had good expenience with Transpack
mamnienance software, which keeps track of bus mileage and indicates when there 1s overdue
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maintenance, and the DDEC computer diagnostic system, which reports mechanical problems
based on readings from electronic sensors located 1n different parts of the bus engine The latter
ongnally generated "phantom codes” — reports of non-exustent problems, but this has been
elimunated by adding spike suppressers to filter the signal reaching the diagnostic device

GET does not have AVL, and the prospect for acquiring thus technology is remote A
salesman recently showed the general manager a Loran-C system “that sounded faurly attractive to
me " However, others in the organization, particularly the operations manager, were less
impressed Accordng to the latter, GET

1s looking for proven technology in widespread use With a small agency, we have
to make sure that it's easy to use and you don't have to create a new department to
sit there and monutor vehicle location I'd want somethung the dispatchers could use
m their normal duties

Simularly, the maintenance manager, while lacking specific information on the subject, stated that
he expected there would be "considerable expense” to maintain AVL.

While concerns over costs are clearly evident in GET's attitude toward AVL, there is also
doubt about its benefits The operations manager considers schedule adherence to be "the very
heart of transit,” but he believes that while the AVL equipment "would tell us how we're
performung, but would not necessanly make 1t any better " Likewise, the mamntenance manager,
perhaps recalling the problems with the mechanical alarm features of the radio system, stated that
an AVL system would be of no value for mamtenance

Others, generally those in less senior positions, had a more optimistic view of AVL
benefits Among the benefits cited were emergency response, schedule adjustment, passenger

information, and coordination of bus-to-bus transfers

3.3.5.4 Fare Payment

GET purchased Cubic Western fareboxes several years ago. The agency acquired these
fareboxes mn part because they are a potentially nch source of transit patronage data, with
capabilities to provide information for individual route segments and for different times of day
Unfortunately, the fareboxes required drivers to make complicated keyboard entnes in order to
gather this information, and the software often failed when an incorrect entry was made Thus, it
has proved impractical to use the fareboxes to gather anything other than gross route data, and
even in this case there are recurnng problems with drivers entering the wrong codes and triggenng
a software shutdown Further, parts prices for the fareboxes increased steeply a few years after
purchase Consequently, GET 1s replacing the Cubic Western equipment with less sophisticated
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GFI models These problems notwithstanding, drivers appreciate the ability of electronic fareboxes
to reduce fare disputes by displaying the amount that has been depostited in the farebox

GET 1s currently looking at TRIM machines The perceived benefits of the TRIM machine
include reduced boarding times, avoiding disputes over whether transfers are valid, and the
possibility of preselling tickets as BART and Washington Metro do. Still, GET managers view this
technology cautiously. The operation manager emphasizes the importance of having a card reader
that “can deal with the way customers will use them * For example, they will expect the reader to
read tickets that are "dirty and sticky" since passengers will put them in their pockets Moreover, in
the words of the operations manager, "We don't want to test it. We want someone else to test it and
use 1t for a year, and then we buy it " Adds the marketing manager, speaking of advanced fare
payment technologies in general

It 1s difficult for a small system to implement new technology Often new
technology has bugs 1n it We haven't the ability to maintamn 1t and get the bugs
out, and be able to implement each new generation that comes along

3.3.5.5 Traveler Information and Paratransit

GET 1s actively considering electronic dispatching software for GET-A-LIFT, the system's
paratransit service They hope that the software will allow the system to handle more people
without additional vehicles The system they favor is that it suggests several alternative routings,
allowng the dispatcher “to take the human element into account — for example, if there is a new
dniver who 1s slower "

GET's approach to this system typifies 1ts cautious attitude toward new technology A
GET manager ongmally saw the program at a technology conference, and considered 1t promising
Later, the vendors gave an on-site demonstration, and again GET staff were favorably mmpressed
They have now budgeted money for the system, but are spending this year evaluating it A
neighbonng city, Glendale, has adopted the system, and the operations manager "wants to make
sure they have a lot of expenience with 1t under their belt and then I'll go and spend a day with
them" to make sure that the system is a wise investment

The marketing manager has investigated passenger information systems, particularly the
Telender system She considers the technology to be “an outstanding idea" and envisions a system
enabling communication from dispatchers and buses so that passengers have up-to-date
mformation When it comes to adopting such a system at GET, however, she sees hittle potential in
the near future First, there 1s a lack of funding. Moreover "we and the community are not geared
to be able to accept this type of technology " She doubts that the public wall accept that information
given by a machine is correct One reason for this is a phenomenon she has observed on their
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current, manual telephone information system That system is bustest on working hohdays, with
most people who call simply wanting to know if there is service (the system shuts down for the
major holidays) However, she has found that most customers are not satisfied with a recorded
message stating there is service — they insist on receiving this mformation from a human operator.
The general manager 1s also skeptical about the role of automated information, noting that "there
are a lot of times, when people are not familiar with a transit system and don't know how 1t
operates, that they don't know what guestion to ask *

3.3.5.6 Conclusions

A senes of unsuccessful expenences with APTS technologies, combmed with the inherent
limitations of a small transit operator serving an auto-dominated area, have made GET what
Rogers (1983, p 246) terms a "late majority" adopter of APTS While not a slave to tradition,
GET has at least a healthy, and perhaps an excessive, skepticism about new technologies On the
other hand, GET's approach to the automated paratransit scheduling system shows that a cautious
attitude toward new technology need not preclude the active exploration and consideration of
promusing new products Also, GET's pioneening efforts with compressed national gas demonstrate
that innovativeness is context specific, so that operators who are conservative with respect to
APTS may assume the innovator role for other technologies

3.3.6 Orange County Transportation Authority (Orange County, CA)
3.3.6.1 Description

The Orange County Transportation Authority (OCTA), which now includes the former
Orange County Transit District, provides a vanety of services for Orange County OCTA
operates fixed route service, along with paratransit and rideshare services The new OCTA 1s also
responsible for future rail operations

OCTA’s fixed route service accounts for approximately 84 percent of services provided.
OCTA operates 500 buses on 50 routes arranged m a one-nule gnd network Weekday service
operates from 5 AM to 9 PM with some selected lines remaining in service until 11 PM. Headways
range from 7 to 70 minutes with 40 percent of the service operating on 30 munute headways
OCTA also operates two express routes to Downtown Los Angeles. Greyhound provides this
service under contract

OCTA has a Market Development program that provides service to lower density markets
not yet capable of supporting large buses Part of this program also includes service offered in
cooperation with the Califoria Department of Transportation as part of the I-5 widening project.
Service 1s operated at 30 minute headways with some exceptions When sufficient ndership has
developed OCTA converts Market Development routes to fixed routes served by large vehicles
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The paratransit operation, Neighborhood Dial-A-Ride, 1s provided by various private firms
under contract to OCTA, using District-owned small buses and vans The system operates a zone
demand-responsive service There are five zones of approximately 10-12 square mules OCTA
bimits service to seniors and the disabled except duning peak hours when a subscription service is
available to the general public

3.3.6.2 General Outlook

OCTA 1s well suited to be an APTS innovator in several respects It has a young, well
educated, management team, including several individuals with expenence m hugh technology
mdustries Its assistant director 15 a leader win the APTS movement, actively mvoived in IVHS
Amenca, the Transportation Research Board (TRB), and the American Public Transit Association
(APTA) Its past expenience with APTS technologies has been considerable, and for the most part
favorable Also the salary structure of the district 15 evolving to make 1t easier to recruit and retain
mndividuals with hugh levels of technical expertise

On the other hand, the District's service area is both heawvily auto-dominated and
econorucally distressed, making district management extremely cautious about mvesting in APTS
technology with its own funds Instead OCTA hopes to participate in a multi-modal Intelligent
Vehicle and Highway System (IVHS) program, under which it can be subsidized to acquire certan
technologies, particularly AVL, in exchange for sharing the data generated by these technologies
with state and local agencies responsible for traffic management

3.3.6.3 Vehicle Monitoring

OCTA uses a computer-based Maintenance Accounting and Purchasing System, or
MAPS, which keeps detailed records on the maintenance history of each bus These are used
diagnostically, and also to determune when bus maintenance costs have reached the level where
replacement of the vehicle 1s warranted There is also a system mn place for automatically
momitoring the consumption of fuel and oil and flag situations where excessive consumption
mdicates the need for mechamcal servicing Finally, OCTA uses Detroit Diesel electronic engines,
which collect engine performance data and generate failure codes when approprate

OCTA has automated various functions related to driver assignment A special computer
system tracks driver attendance, traffic tickets, accidents, and other relevant data The system 1s
used both to discipline drivers and for management functions such as determuning the approprnate
number of extraboard drivers The assignment of extraboard drivers has also been automated
Pnor to this, six employees, two at each base, made these assignments, and transfer of extraboard
dnvers from one base to another was not possible The automated assignment elimates the need
for the six employees, while allowing for interbase transfer of drivers, greater accuracy, and
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reducing driver overtime Despite some imtial complaints from dnivers who were accustomed to
receiving their assignments from a human being, the system has worked well

OCTA hopes to obtain financial assistance to acquire an AVL system, mn exchange for
shaning the data collected from the system with state and local traffic operations centers. This idea
appears to have been onginally suggested by the City of Anaheim One of the pioneers in IVHS,
with demonstration projects dating back to 1986, the City approached OCTA in 1990 with the idea
of using selected buses to help collect traffic information, and accessing the District's information
on street closures and service detours Although the idea has yet to reach fruihon, OCTA
management appears strongly committed to it as a way of pursuing APTS technology while
shanng the nsks and costs with others

This is not the first tme OCTA has considered AVL It explored such a system several
years ago, primarily 1n order to reduce needs for on-street supervision and more effectively monitor
dial-a-ride operations OCTA did not adopt AVL because staff beheved the technology was not
"very polished" and that "not many people have used 1t effectively " Whle there is still doubt as to
whether AVL could be justified in terms of the benefit for the transit system, OCTA staff believe
that using AVL-equipped buses as traffic probes would substantially alter the balance of costs and
benefits

OCTA would benefit under this arrangement in several ways Furst, 1t could use more
sophusticated control strategies For example, dispatchers would be able to identfy situations i
which buses are pamnng and mstruct dnvers to use a leap frog strategy to make up time
Dispatchers do this now, but only when a drniver calls in to say he/she is overloaded Second,
OCTA could use the information in conjunction with automatic passenger counters to rework the
schedules, 1dentifying intersections to avoid and stops that are unproductive Third, the information
could be transmitted to bus stops and disseminated esther orally or visually to passengers Fourth,
more effective response to a bus breakdown would be possible, for example, by diverting a
nearby bus to pick up the stranded passengers. Finally, there 1s the possibility of reducing
personnel needs, although several respondents were skeptical of this In the word of one "There's
always the promise of reduced personnel It never seems to work * Indeed, OCTA managers
anticipate that additional costs — particularly maintenance - associated with AVL will more than
offset the cost saving it generates

There 1s some mterest 1 adding real time engine monitoring to the system Maintenance
staff envision a system that collects data on the bus ard alerts the dispatcher when something s
wrong This could prevent catastrophic failures by identifying situations when performance is
degrading more quickly Also, the system could control for factors such as vehicle load and
acceleration when setting windows for acceptable fuel and oil consumption

70



The manager of Contract Services sees some opportunities to use AVL in paratransit
operations This would allow more effective response to situations i which a vehicle fails to arnve
for a pick-up at the scheduled time, and/or a chient cancels a service request Additionally,
dispatchers could use the system to determune when vehicles enter and exit the bus yard This
reflects a concern that paratransit drivers may collect undue overtime by not checking m
immediately upon entering the yard

OCTA has already begun planning the AVL system They are planmng on acquining a new
radio system in the next year, and will ensure that it 1s AVL-compatible They also expect to
mnclude a "basic AVL budget” m their short range transit plan. However, they hope to share AVL
costs, with OCTA paying for the basic radio system and others (presumably Caltrans) funding the
AVL feature They expect to use satellite technology, probably using a system from Westinghouse
and Trimble Nawvigation They find Westinghouse attractive because it is a big company willing to
"force the issue" of system integration, by dealing with many suppliers to get therr different
machines to talk to each other. In the view of the maintenance manager, the lack of US
companies willing to play this role is one of the major reasons why APTS technology diffusion in
US transit operators lags behind that in Europe

OCTA staff expressed little interest in adding collision alarms or other safety devices to
the bus They compared such alarms with the buzzer used for wheelchair hifts, which many drivers
presently disable using tape According to the mawmntenance manager “"dnvers are in the bus 10-12
hours a day - they get sick of buzzers " Another drawback 1s that each new device both adds more
cost and represents another thing that can break It 1s easy, according to the maintenance manager,
"to hzive the cost (of a bus) go from $220k to $500k and reduce reliability The bus mught look
great on a good day (when all the systems are functioning properly) but not on an average day "

3.3.6.4 Fare Payment

OCTA's most recent APTS technology acquisition is ticket reading and imprinting, or
TRIM, machines, manufactured by GFI The machmes generate magnetic tickets, and also read
them to determine whether they are valid for boarding a particular bus OCTA adopted this
technology to replace its paper transfer system, abuse of which was thought to be costing the
system substantial revenue The general manager, however, indicated that another motivation was
the ability to have automated ticket vending machines throughout the service area, perhaps
elimnating the need for agents who presently serve this function The system can handle multiple
nides by issuing tickets for more than one nde and then deducting each time the ticket 1s used It
can also handle time windows Among other things, this capability can be used to discourage ticket
sharing by requiring a certain time terval between one use and the next
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OCTA was onginally slated to be the third U S operator to mstall TRIM machines, but
for various reasons has turned out to be the first They have had a few problems, particularly with
the machine dispensing multiple tickets stuck together, and with passengers who, since they are
unused to the system, crumple up their tickets Also, they are beconung more aware that the system
will entail additional maintenance costs that they did not fully appreciate at the tune they
considered the mvestment Still, they expect to recoup the $1 6 million acquisition cost within two
years, through increased farebox revenue

While several interviewees expressed wnterest i Smart Cards, they do not think that transit
agencies are m a position to implement this technology on their own In the words of one,
implementing smart cards "is like introducing a2 new form of money" and would require state or
national legislation

3.3.6.5 Traveler Information and Paratransit

OCTA has pioneered an automated paratransit scheduling and dispatching system
introduced as part of an UMTA demonstration project mn 1980 The system offers real time
scheduling, and features communication between the dispatcher and the vehicles via CRT
termunals When a service request comes in, the computer identifies the appropnate vehicle for the
pick-up, which is then contacted through the termmal OCTA considers their system the most
advanced in the country However, changing circumstances have led them to decide to replace it
within the next few years The change is necessitated by a shuft away from real time to pre-
scheduled service, m order to reduce circuitry of routings and cut back on the number of hours
operators must be on duty Also, their current system lacks certain features that are becoming
mncreasingly important For example, when a chent is too heavy for the dnver alone to assist, it 1s
desirable to call another driver who happens to be close by rather than send one out from a base

There are differing viewpomts concerming the success of the paratransit software In the
view of the paratransit service manager, the system has worked well, and its sophistication is
evidently a source of pride On the other hand, the manager of the Commute Management
Division, while agreeing that the system works very well, regrets the fact that only OCTD uses the
system Because of this, in her view, development of the system must not have been a wise use of
taxpayer dollars

OCTA is giving serious attention to ATIS The current telephone information system 1s
entirely manual, and considered archaic by the general manager They are exploring different
possibilities for automating the system One particular issue is whether they should develop a joint
system with the Metropolitant Transportation Authority, in which case both operators would have
to agree on a single vendor OCTD stself 1s leaning toward acquisition of an off-the-shelf system,
and one that mvolves a human operator keying mn service requests and then conveying output
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through a variety of means, mncluding voice, fax, and mail. There 1s hittle interest mn an automated
teleride-type system where stops are assigned phone numbers OCTA staff considers this format
too coafusing to the customers, who "already have enough numbers" to deal with according to the
manager of Commute Services

In addition to the benefits to travelers, OCTD anticipates marketing advantages from an
automated mformation system Service request entnies will generate information on customer travel
needs The Commute Services manager compares the advantages to those airhines realize from
their computer reservation systems

3.3.6.6 Conclusions

With respect to APTS, OCTA appears a well-informed, conservative, consumer
Management 1s open to nnovation, and has given APTS technologies considerable thought and
study On the other hand, OCTA requires strong evidence of tangible benefit before allocating
resources to a new technology In the present economic and fiscal environment, the benefit must
translate mto cost reductions or revenue gamns Expenence has tanght OCTA management to be
skeptical of claims that APTS or any other technology can cut labor costs Its most recent APTS
technology acquisitions, the MAPS system for maintenance management and the TRIM machines,
yield other kinds of benefits — extending bus hfe and enhancing revenue respectively If these
technologies also produce fabor savings, that will be "icing on the cake."

The collaboration with the city of Anaheim has substantially increased the potential for
APTS mnovation at OCTA While not convinced that AVL could generate adequate levels of
internal benefits to justify its cost, OCTA enwvisions 1t as a key component of a multi-modal traffic
management system Through this vision, OCTA 1s able to pursue technological possibilities that
would be out of reach if 1t were acting alone Further, using OCTA buses as traffic probes will
give the transit agency, currently a margmal player in an auto-dominated, conservative area, an
expanded role m the regional transportation system

3.3.7 Santa Barbara Metropolitan Transit District (Santa Barbara, CA)
3.3.7.1 Description

The Santa Barbara Metropolitan Transit District (MTD) service area consists of 52 square
mles from Goleta to the Ventura County border, in the southern coastal region of Santa Barbara
County MTD serves the communities of Santa Barbara, Goleta, Montecito, Summerland and
Carpenteria The communities are linked by service through a central transfer facility in downtown
Santa Barbara Major destinations include the Umversity of California, Santa Barbara campus,
the runicipal airport, downtown Goleta and Santa Barbara, and Santa Barbara City College
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MTD service consists of 26 individual knes operating on a fixed route and schedule The
Distnict does not operate any demand responsive service Buses operate year round with the
exception of New Year’s, Thanksgiving, and Chnstmas Most routes are in operation from 7 AM
to 7 PM, while a few routes have hours extending to 11 PM and starting around 5 AM.

MTD uses 53 buses in the peak and 42 in the base periods Saturdays and Sundays
require 27 and 20 buses respectively MTD maintains an active fleet of 69 vehicles with 4 inactive
and 2 demonstration vehicles The demonstration vehicles are electric powered and used for a free
Downtown Waterfront Shuttle in Santa Barbara In 1988 MTD received 20 small vehicles for use
in residential environments

The basic fare increased from 50 cents to 75 cents in September 1989 The district has a
contractual agreement with the University of California, Santa Barbara that allows all students to
nde for free with a valid registration card MTD has discounted punch cards available to student,
elderly, and disabled passengers, and a commuter pass program with firms employmg more than
29 people The passes are sold directly to the firm on the basis of 100 percent employee enroliment

MTD's main concemns at the present time revolve around coping with an ncreasingly
demanding pohlitical, economic, and operating environment MTD beheves government
overregulates small transit operators, forcing them to "convert bus service mto office workers" and
to expend resources to convert buses to alternative fuels Econcmucally, the mamn problem is that
the costs of hiving, particularly housing, in Santa Barbara make it difficult to attract qualified
workers at typical transit pay scales Many dnivers also work other jobs, forcing MTD to "watch
real closely that they're not too burnt out when they come to work for us 1 the mormng from
whatever else they've done ¥ Operationally, MTD 1s having to cope with increasing levels of traffic
congestion, slowing buses and thereby mncreasing the number of buses it must deploy to mamtamn
the same headways, and with greater numbers of "problem passengers,” whose antisocial behavior

mcreases driver stress and creates discomfort for other riders

3.3.7.2 General Outlock on APTS Technology

MTD's general manager considers his considerable expenence with computer mstallation
at transit agencies representative of the problems transit agencies face using APTS technologies
One lesson he draws is that a champion is necessary

Unless you can find somebody who's coming from the outside or mtemnally (to
champion the technology) it's not gomng to happen to the fullest potential You
have more of this wonderful mmformation processing capability but you are usmg
10 percent of it.. It just never works unless someone takes i all the way You
have to beat an organization up mto working with it It's an essential element
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MTD 1s in the midst of coping with what its general manager calls "a period of rapid
technological change" — not in information technology but in alternative fuels The perceived
challenge 1s not so much the technology itself but the uncertainty over what 1s "the correct path to
follow" and "which way the politicians (who are seen as the key decisionmakers because of their
control over regulatory requirements) are going to go At the present time MTD is concentrating on
battery electric buses, but there is pressure from the local air quality distnct to also use compressed
natural gas Since each energy source requires its own infrastructure investment, there is concern
that MTD will invest i the wrong alternative fuel technology and waste a lot of money, or end up
with a fleet using several different types of fuel and thus have be saddled with multple fuehing
nfrastructures

The dniver's union poses another type of challenge in the shift to altemnative fuels that may
also be of relevance to certain APTS technologies The dnivers of electric vehicles require special
training, and MTD therefore desires to concentrate the first electric vehicle assignments among a
handful of drivers Since thuis would represent a departure from normal bid procedures, union
agreement 1s needed The umon has, however, firmly resisted this change However, when
management raised the prospect of contracting out the electric vehicle routes, the union became
RIOTe cooperative

Another major item on MTD's technology agenda 1s the mstallation of a PC computer
network along with new software to handle maintenance, scheduling, and other activities. The new
system will replace a Quantel mimcomputer and several stand-alone PCs MTD staff expect the
new system will allow "management to work in a more efficient manner and use less paper and
save tune by having quicker access to the information that we all need from each other " Hardware
and software decisions have vet to be finalized With regard to the software search, MTD 1s
undertaking a "multi-faceted approach” to finding the best products, mcluding consulting with
private contractors, the American Public Transit Association (APTA), and others It appears that
the new system will increase the level of computenzation at MTD For example, the scheduling,
run-cutting, and bidding processes will probably be computenzed for the first time

MTD is also planning on equipping its non-electnic buses with D-Deck electromically
diagnosed engines, hoping therr sophisticated diagnostic capabilities will streamliine maintenance
and extend vehicle life

These above 1tems constitute a large technological agenda that has stretched managerial
resources at MTD "Everyone is occupied with something more important to the daily effort” than
the pursuit of APTS Further, MTD is loath to rely on consultants in these circumstances, because
they usually wind up taking more time and money than is worthwhile Thus, "if we can't do 1t m-

house, we usually don't do 1t "
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3.3.7.3 Vehicle Monitoring

MTD 1s planning on acquiring a new radio system in the next few years They are not
moving on this at the moment, i part because other stems have higher prionty, and mn part because
they see the technology evolving rapidly, and want others "to work out the bugs."” Two features that
they want to include in the new system are a way of identifying what bus is calling i, and a silent
alarm. There are conflicting opimions of the latter, however The assistant general manager
considered this feature a top priority, and a driver stated that 1t would be "a great idea " The
general manager 1s less enthusiastic, esimating that incidents calling for a silent alarm occur only
once every 5-6 years

Although MTD management 1s quite famuhar with AVL technology, they do not consider it
to be of much value for their system With no more than 55 vehicles on the road at any one time,
they consider radio commumcation adequate for tracking vehicles According to their general
manager, the dispatcher has "a map of Santa Barbara in his head" developed a "sixth sense” that
enables him to know the location of vehicles, as well as the availability of "booster" buses that can
respond when extra capacity is needed, without frequent monitoring. Since this mmdividual 1s blind,
conventional AVL technology clearly has Iittle to offer lum. Further, management does not
consider MTD's schedule adherence a serious problem, and the system is small enough that,
according to the assistant general manager, "I can tell you just off the top of my head exactly where
we have a scheduling problem " Although there s only one on-strest supervisor available for time
checks, most routes stop at the downtown Transit Center, allowing MTD staff to regularly monitor
schedule adherence at that point, while also providing thus information to travelers. The additional
time-check capabilities of AVL are thus not considered cntical, even though schedule monstonng 1s
"very important, just down from drug tests "

Vehicle tracking was considered potentially useful i two contexts, however The first was
the downtown shuttle service, where short headways make a given level of schedule deviation more
sigmficant With a tracking system, more even spacing between buses on the hne could be
mamtained The second was emergencies, particularly when the driver is too shaken or otherwise
affected to correctly identify hus location, or when a bus has to remain stopped in order to wait for
emergency assistance to reach it. With a tracking system, the bus could m some cases continue on
its route, reducing the degree of schedule disruption

Interest in velucle control technologies vaned among those interviewed. The dniver,
although clearly concerned about safety ("At the end of the day I thank the Lord I made 1t through
the day without hurting anybody or myself *) does not see much promise for technology to improve
it On the other hand, the assistant general manager, while not expecting to pioneer this area,
thought that the benefits could be significant, particularly as a defense against liability claims.
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3.3.7.4 Fare Payment

MTD, like Bakersfield, acquired Cubic Western fareboxes several years ago Although the
units nclude devices for processing magnetic farecards, MTD does not use them due to rehability
problems The devices read fare cards correctly only 80 percent of time, and write on them
correctly only 50 percent of time According to the general manager, the reliability 1s low because
the environment on the bus ts “too harsh " MTD believes that many proponents of advanced transit
technologies do not adequately consider this factor To illustrate, he spoke of how buses are
cleaned

A guy gets n the back with an air hose and blows all this [dirt and dust] up mto
the air and 1t gets sucked out from the door nght through the farebox and card
reader That's a key consideration I think 1t gets lost There's your (speakimng of the
interviewer as a proponent of APTS) side of the business where you see things as
really beneficial, but nobody realizes thus 1s how they clean the buses

The Cubic Western fareboxes require drivers to enter route identification information at
the beginming of their run, and then at the beginning of each tnp along their route The rehability of
this process has been a problem at MTD The biggest problem occurs when a dnver must shift
from one route to another dunng his shuft and forgets to reset the farebox Also, although attempts
have been made to collect data on different sections of a route by having the dnver reset the
farebox at the beginming of each section, drivers ofien fail to do this It 1s also not unusual for
dnivers to madvertently press the wrong keys, partly because the keypad 1s poorly lit and difficult

for drivers to reach

3.3.7.5 Traveler Information and Paratransit

The general manager "has always been kind of imntngued with" automated traveler
mmforreation systems, but he 1s not excited by the potential for a small operator such as MTD
First, he feels that MTD should continue to project a "homespun" mage Second, he sees httle
opportunity for labor savings, since the same Transportation Center advisors who provide phone
mformation also perform other duties such as ticket sales and answenng questions from “"walk-
ups,” and "it hasn't been a great burden on them to perform those duties stmultaneously " The
assistant general manager, while concurning that automation in this area would not save money,
thought that it could be of value from a marketing standpomnt by increasing the number of locations
where transit information is available

MTD does, however, expect to take one step in the direction of computerized information
when 1t mnstalls the new computer network The network will include termnals at the downtown
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Transportation Center, from which advisors will be able to get up-to-date (though not real time)
schedule mformation
MTD 1s locking for other low-cost ways of unproving the quality of transit information

Through using the service lumself, the manager of transit development has become aware of the
“anxieties somebody goes through that's not familiar with nding the bus There is a simple little
sign that says what you're line number is up there 1 had no confidence that 1 was going to get to
my place on time or that I knew where I was going " He and the general manager agree that "there's
got to be something we can do without spending $2 million - I'm sure we could find something if
we had that money - that makes the system frniendlier” particularly to new nders or riders going to
new destinations One specific need is a2 way of mforming passengers when they should get off the
bus The Washington Metro, in wiich all stops and transfer points are announced over an -
vehicle speaker, was cited as an exemplar in this regard

3.3.7.6 Conclusions

MTD 1s a comparatively small and simple transit system, and its information technology
needs are comparatively modest Its current APTS efforts revolve around attaiming a level of
technology reached a long time ago at many other systems Although MTD staff recognize the
potential benefits such APTS technologies as AVL and advanced traveler information, these are
low prnionty items compared to vehicle electrification, electronic engine diagnosis, and
computenzation of management functions It seems likely, therefore, that MTD will continue to be
fall nto the "late adopter” category with regard to APTS

Like Bakersfield, MTD is taking a more aggressive stance m alternative fuels technology
than in APTS There are several reasons for this First, there 1s far more external pressure to
elimnate diesel engines than to mmprove schedule momtoring or passenger mformation Second,
whereas vehicle electnfication harmonizes with (or at least doesn't undermune) MTD's "homespun”
image, the agency perceives APTS technologies to be less compatible i this regard Fmally, the
benefits of electrification do not hinge on labor savings, which, iz a small organization where many
mdividuals play multiple roles, are hard to attain by automating specific tasks

3.4 Synthesis
We now attempt the bring together the findings from the seven case studies in order to

answer the research questions posed in our introduction. Each of the following sections proposes

an answer to one such guestion
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3.4.1 Under What Circumstances do Transit Operators Give Active Consideration to APTS
technology Adoption as & Possible Course of Action?

The mere existence of a technology does not ensure that operators will consider adopting
it. As a first prerequisite, members of the transit organization must know that the technology exists,
and that their orgamzation could concervably make some use of it We found that this prerequisite
was generally satisfied Virtually everyone we spoke with was aware of the vanous APTS
technologies, and of some of their possible uses. Such knowledge 1s not, however, sufficient to
make operators actively consider adoption of a technology, since there are many other items
competing for the attention that such active consideration would require.

When 1s an APTS mnovation able to surmount this obstacle? We identified several types
of circumstances under which this occurred in our case studies

1 A special opportumty to acquire an APTS technology may arise

All of the operators who acquired AVL did so because it was available as a feature of a
radio commumcation system, which they had already decided to acquire Thus the radio system
acquisition provided an opportunity to adopt AVL

OCTA's mnterest in AVL has been spurred by an opportunuty to participate in an IVHS
project, and receive financial assistance for the AVL in return for shanng the mformation 1t
generates with traffic operations centers Smularly, OCTA 1s considenng traveler information
technologies because 1t has the opportunity to participate 1 a common system with a neighbonng
transit operator

2 A member of a transit orgamzation decides to serve as a "champion” for the technology

All three AVL adopters included mdividuals that acted as champions - the radio engineer
at MTA, the head of the Planming Department at TRT, and the superintendent of transportation at
ATA The head of Marketing at ATA 1s championing traveler information technology Paratransit
managers at MTA, GET, and OCTA are championing computer scheduling technology

Motivations for adopting the champion role vary. At MTA, the initial advocates seem to
have been attracted because of their technical onentation and resulting behef that a AVL-equipped
radio system was both feasible and far superior to one providing voice communication only TRT's
AVL champion was motivated more by a general predisposition toward technical innovation, while
at ATA both the AVL and traveler information champions were aware of specific problems in their
area of responsibility that the technologies would address The vanous paratransit managers have
similar motivations for championing computer scheduling
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3 The transit agency has sufficient managerial resources to add an APTS adoption decision to
its agenda

Respondents in several agencies expressed the view that they had too many other issues to
deal with, precluding consideration of APTS. For example, MTD 1s i the mudst of important
decisions regarding alternative fuel technology TRT is still preoccupied with getting its AVL to
work properly At both of these agencies, sources cited these points as an explanation for not
pursuing some APTS technology These examples suggest that technology adoption decisions
compete with one another for a place op a transit agency's agenda Perhaps agencies imphcitly
establish a "budget” — a fixed amount of managenal time and effort — for such matters.

4 The transit agency becomes aware of a particular problem which may be helped through use
of an APTS technology, or of an APTS technology that may help a recogmzed problem area

All three agencies that adopted AVL considered schedule adherence a senous problem
MTA had found through passenger surveys that poor rehability was a major reason for its loss of
ndership in the 1980s ATA had become aware of problems with dniver discipline, while TRT's
adoption of pulse transfer scheduling made schedule adherence, and appropnate response to
schedule deviation, critical issues Also, at TRT, upper management considered street supervision
to be excessively costly

TRT and OCTA considered adoption of TRIM machines soon after their mtroduction,
because they considered transfer handling a major problem area Similarly, the widespread
recogmtion of the problems with manual fare collection — particularly as use of paper money
mncreased - spurred a rapid transition to electronic fare collection both in our case study operators
and throughout the industry The Translink program at CCCTA stemmed from recognition of a
more specific problem -- the need to preserve autonomy of individual transit operators in setting
fares while facilitating transfers between the operators

Likewsse, the obvious inefficiencies and inconvenience resulting from having each transit
operator providing information about its own system only prompted CCCTA's mterest in traveler
mformation technology At ATA, interest in traveler information technology resulted from
recognmition of problems with the existing information system, including limited hours of operation,
operator stress, and tendency for operators to make mistakes

Finally, the widespread interest mm computer paratransit scheduling observed in our case
studies stems from recent passage of the Amencans with Disabilities Act The resulting prospects
for increased service demand and requirements for expanded services have created pressure to
contain costs At the same time, and probably for the same reason, a new generation of scheduling

software products 1s reaching the market
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5 The Agency has a Positive Attitude Toward Technological Innovation

Certain transit agencies take an aggressive stance toward the adoption of new technologies,
while others take a conservative posture TRT, for example, has been a consistent early adopter of
new technologies, while GET and MTD have been generally been unwilling to play this role These
tendencies appear to correlate with attitudes that predispose agencies toward or agamst the
adoption of new technology For example, TRT became mterested in AVL partly because of the
perception that it was "flashy and high-tech ¥ At MTD, mn contrast, there was hittle mterest mn
certain APTS technologies because they were percetved to conflict with the agency's "homespun”
mmage

The contrasting attitudes derive from several sources, mcluding the character of the
communtty, the educational background of decision makers, or the prior experiences of the agency
or its decision makers with adoption of new technology Whatever the underlying causes, there is
evidence of a scale effect, with small operators less likely to lead mmnovation Ths effect 1s
consistent with findings of many other studies of technological adoption and mnovation (Tornatzky
and Flewshcer, 1990, pp 161-162) Our case studies suggest several factors that may account for
the relationship between scale and innovativeness These include the orgamzation costs associated
with the mvestigation and 1mplementation of new technologies For example, while MTA had an
entire group devoted to Systems Technology that could take responsibility for assessing AVL
technology, at MTD this would fall on the general manager and his staff, who have many other
matters to contend with In addition, the benefits of certain APTS technologies may be greater for
larger operators For example, since the areas served by such operators tend to have more traffic
and cnme, AVL may be more attractive Likewise, since large operators have larger, more

complex, route systems, automating travel information services may promise greater benefits

3.4.2 What Factors do Transit Agencies Consider in Deciding Whether to Adopt these
Innovations?

After an APTS innovation receives active consideration, a decision on whether to adopt it
must be made. Just as an agency must hmut the number of items reaching its agenda, it must also
reach decisions about items on the basis of limited information and analysis On the basis of our
case studies, several generalizations emerge concerning the factors that agencies consider m

amving at these decisions These include

1 Operating Cost Impact

The mmpact of adoption of a technology on operating costs 1s a primary concern  Federal
capital subsidies tend to reduce the importance of capital cost as a consideration. if a federal grant
is available, the capital cost 1s very low, if not, adoption is unlikely to be seriously considered
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Transit managers are extremely concerned, however, with the prospect that adoption of a new
technology will result in unanticipated operating cost penalttes Since implementing a new
technology is hikely to entail additional operating expenses, a key guestion is whether these can be
offset by savings in other areas In practice, such savings often prove to be elusive, and operators
therefore tend to discount the potential for such savings Operators are most likely to give credit to
such claims when they mvolve expense items other than labor, or, if they do mnvolve labor, when
they do not require layoffs or other significant dislocation For example, ehmination of computer
leasing fees at ATA, and of transfer printing costs at TRT, were considered important factors
favoring adoption of APTS technologies At MTA, planners anticipated significant savings from
replacing part-time passenger counters, generally retwred drivers already drawing a substantial
pension, with automated counters. On the other hand, operators did not anticipate savings from
layoffs of on-street supervisors in assessing AVL, or of mformation operators 1n assessing ATIS

2 Technological Matunty

A second factor considered extremely important by many of the agencies was the matunty
of the technology At wvirtually all of the case study operators, interviewees expressed the concern
that vendors bring transit APTS technologies to market before they have adequately tested or
refined them Agencies rely on peer networks, consultants, and mm-house expertise in an effort to
assess whether a given technology is sufficiently mature for their orgamzation The level of
matunity required vanes from property to property Some (GET for example) are highly suspicious
of any system that 1s not already in operation at a sigmificant number of other operators Others
(such as TRT) are prepared to adopt systems so long as they are "off-the-shelf,” even if they are
"Version 1 0" and have not been proven by others Finally, the most technologically adventuresome
operators (MTA among our case study operators) did not himut themselves to "off-the-shelf"
systems, although they still sought systems whose individual components they considered mature

3. Consultant Recommendations

Finally, as already indicated, consultant recommendations are influential to adoption
decisions In the cases of TRT's and ATA's adoption of AVL, the consultant's strong support for
the technology appears to have been crucial to the adoption decision The fact that these two very
different agencies, who happened to hire the same consultant, acquired identical AVL systems
suggests that the influence of the consultant is considerable It also suggests (but certainly does not
prove) that consultants tend toward standard recommendations that do not vary according to the
individual circumstances of their chents
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3.4.3 How Delibe' .. and Rational are APTS Adoptien Decisions?

In the transit agencies we wvisited, decisions to adopt APTS technology were not made
casually Neither, on the other hand, were the analyses supporting these decisions exhaustive. How
can we generalize as to where between these extremes the decision making fell? We found that
decision making fell short of the rational ideal in two main respects.

1. Limuted Alternatives were Considered

Generally, the decision was framed as one of whether to adopt or not adopt a given
technology Since mn most cases a technology reached a transit agency's agenda because 1t promised
to remedy some problem, one would expect that a wide range of alternative responses to that
problem -- some mvolving APTS, and some not - would be considered In reality, operators rarely
did this One possible exception to this 1s ATA's traveler information project Unlike the others,
thus decision making process 1s beginming with a problem, and ATA and its consultant are planning

to consider many alternative solutions to 1t

2 Luttie Effort was Made to Quantify Benefits

Quantification was attempted only when it was very straightforward, such as the cost
savings from avoiding computer lease fees at ATA, or the elimination of transfer printing costs at
TRT Most of the benefits of APTS technologies are not nearly so easy to assess in monetary
terms AVL 1s a good example Improved schedule adherence is often cited as a benefit of this
technology, and 1t was clearly a motivating factor m our case studies It is difficult, however, to
predict the degree of improvement that AVL can deliver, or assess the value of that improvement
The agencies we studied attempted nerther of these Satisfied that adopting this technology would
cost hittle (at least of their own money), they rehed largely on their subjective judgment that the
benefits were sufficient to justify adoption

3.4.4 How are APTS Innovations Implemented?

The process of implementation mvolves selection of the vendor or vendors to supply the
system, development of data bases required by the system, trammng of agency personmel, and
mod:fications of standard procedures necessary for the system to operate properly

Although vendor selection s ostensibly a competitive process, we found that operators
were usually strongly predisposed toward particular candidates In part, thus reflects the hmited
number of possible suppliers of new technology Furthermore, since the technology is immature,
products offered from the various vendors are fairly distinct from one another, and operators are
thus unlikely to be completely indifferent among them Finally, as already noted, consultants play a
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strong influence n agency decisions concerning APTS, and we saw evidence that consultants are
predisposed toward certain vendors

Agencies sometimes used the specification process to tilt the selection process toward
preferred vendors In light of the differences among the various products, it was not difficult to
write specifications that strongly favored certain competitors This process was not entirely
manipulative, since the specification included many of the same attnbutes that made the preferred
vendor's products desirable to begin with. However, it appeared that there were also instances
where products were overspecified in order to achieve a desired outcome

Development of data bases proved an unexpectedly difficult challenge for many of the
operators This derived both from the volume and the accuracy of the data required The TRT
AVL expenence, in which distances between radio signposts were measured three times before the
desired accuracy was obtained, 1s indicative of the problems operators encountered with data base
development

Tramming of agency personnel vaned m extensiveness and effectiveness Dnivers trained on
AVL mn 15-30 minutes, and those responsible for monitonng the system also seemed to have
learned the system fairly easily The greatest deficiencies m training were those reported by TRT,
where staff learned neither the full range of their AVL system's reporting capabilities, nor how to
program the system to exploit them This suggests a pattern in which tramning for routine activities
associated with the system proved more successful than trammng for non-routine activities
Occasionally, even routine use proved difficult For example GET's electronic farebox, because of
its complicated keyboard, proved difficult for drnivers even after they had been using the units for
some time

Implementation of an APTS technology often required adjustments to system operations
that agencies had not anticipated when they made the adoption decision The need for such
adjustments denive from lumitations in the range of mnputs to which the new system could
appropnately respond For example, the signpost AVL required that drivers always use the same
route in turning around their buses at the end of a run Some time poimnts also had to be relocated
order to allow consistent monitoring of schedule adherence. The need for passengers to treat
magnetic card transfers more carefully than paper ones is also an instance where adoption of an
APTS technology has imposed new constraints on a system While not of great significance in and
of themselves, these requirements, particularly n the case of AVL, contributed to the impression
that :implementation was more difficult and comphcated than the adopting agencies had anticipated
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3.4.5 How are APTS Innovations Utilized?

As discussed in Chapter 1, one can categonze the benefits of APTS according to the
manner 1n which they help the transit operator (or any other adopter) monitor and respond to
disturbances impingimng on 1t from its environment The APTS technology may reduce the cost of
monttoring disturbances (for example, cutting labor costs for on-street supervision) The APTS
technology may also improve the ability of the transit operator to respond appropnately to various
disturbances It may provide better information on the disturbance, for example, identifying the
exact location of a disabled bus so that it can be assisted more quickly It may also increase the
range of possible responses, for example, diverting a nearby bus from its normal route in order to
pick up the passengers on a disabled bus. These different categones of potential benefit provide a
convenent basis for discussing the patterns of APTS utilization observed 1n our case studies.

APTS technologies are frequently used with the intention of reducing momitoring costs All
three agencies that adopted AVL have substantially cut back time checks by on-street supervisors
TRT has reduced the number of on-street supervisors At MTA and ATA these personnel are
expected to enhance their activities in other areas, such as customer relations Even at TRT, the on-
street supervisor cutbacks have been more than offset by increased staffing mn the radio room for
purposes of monitoring the AVL and by the additional labor required to maintain the system These
expernicnces support the view, voiced often m our case study interviews, that labor cost savings
rarely result from new technologies On the other hand, if freeing on-street supervisors from time-
check responsibilities actually enhances their performance 1n other areas, there may still be a
substantial benefit

There were several other examples of APTS technologies being used to attain cost
reductions In the area of advanced fare payment, TRT expects to save transfer printing costs as a
result of adopting TRIM machines, as well as some run-time savings (and reductions mn dnver
stress) from the reduction in fare disputes resulting from this technology CCCTA's Transhnk
system will reduce "transaction costs” -- primarnly in the form of passenger inconvemence -
associated with payment of fares for trips using more than one transit operator

Although our case study operators had limuted experience wath traveler information
technology, it was clear that cost reduction - to both the agency and its customers — would be a
major consideration in the use of such systems Agency cost savings included reductions in traimng
time, and possibly staffing levels, for telephone information systems Respondents anticipated cost
savings to passengers in the form of increased convenience, including reduced queuing for service,
and extended hours of service availability

Utihization of APTS technologies for purposes of improving regulation of the system was
also fairly common With regard to AVL, the most important form of regulatory enhancement was
the “closed loop™ feedback to drivers, which enabled them (within himits) to speed or slow their
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vehicles to reduce schedule deviations In addition, AVL enabled dispatchers to play a larger role in
regulating schedule adherence, by either contracting dnivers directly or alerting on-street
supervisors in the event of an apparent deviation Finally, operators used AVL information to
adjust schedules to reflect run times more accurately.

Advanced fare payment technologies are used pnmarily to enhance regulation TRIM
machines increase the ability to correctly determine whether a transfer is valid Staff at CCCTA
expect the Transhink system to both increase the probability of correct fares being paid, and to
allow agencies increased flexibility in setting fares (faresetting itself being a regulatory process)
Regulatory enhancement benefits of traveler information mclude more accurate determination of
routes and schedules, both because of a reduction in human error and (possibly) availability of real
time schedule information

Although the case studies showed that APTS technologies are bemng used to enhance
transit agency regulatory processes, 1t appears that only a fraction of the potential is being realhzed
Examples of opportumties that are not being exploited are numerous None of the AVL operators
attempt to use location mnformation to prevent bus painng (for example, by delaying a bus that 1s
gaming too rapidly on the bus in front of 1t) Nor are aggressive efforts being made to supply AVL
mformation to information operators or directly to travelers Operators use mechanical alarms
simply to alert the dniver to look for an on-vehicle warnung light, rather than to alert mamntenance
personnel and thus speed their response to a breakdown Emergency alarms are sometimes ignored
because drivers often trigger them madvertently Although TRIM machines allow vastly more
sophusticated pricing strategies, there appears to be little interest in exploiting this capability

There are several explanations for these foregone opportumties Doubts — often justified -
about the reliability of the technologies results n a cautious attitude toward usmng them the greater
the reliance on the information, the more that can go wrong if the information 1s incorrect Second,
increased use of these technologies requires, at a mimmum, changes to standard operating
procedures, and perhaps changes in orgamzation structure. The efforts and resources required to
make these changes can be extensive, and unlike the technologies themselves federal grants do not
pay for them Third, in many instances the fundamental knowledge necessary to decide upon these
changes is lacking Although much could be learned from expenmentation, such activity is also
resource intensive from a managerial standpoint, and again generally not supported by grants.

3.4.6 How can Transit Operators be Encouraged to Make Appropriate Choices
Concerning the Adoption of APTS Technology?

A central objective of federal transit policy is to encourage technological progress within
this sector Policymakers intended capital subsidy and demonstration programs to encourage
adoption of new technologies by reducing the costs and nisks of domng so As with other
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Government R&D programs, this policy is based on the premuse that innovation generates external
benefits, in the form of technical knowledge that may be of value to other operators Our case
studies provide support for this premise At virtually every agency, respondents cited the benefits
that later adopters of a new technology gain from the expenence of earlier ones

Despite the importance of the external benefits, the ultimate value of technologies depends
on how they benefit individual operators Operators who make adoption choices with the goal of
maximuzing the benefits of new technology for their own agencies are also likely to generate the
most valuable lessons for those who follow them The goal of policy, then, is not merely to
encourage the adoption of new technologies, but also the choice of appropriate technologies to
adopt This suggests that policy analysis focus on identifying, and proposing mutigations for, biases
and barriers that distort adoption choices of wndividual operators. Qur case studies suggest a
number of such measures, which fall under two general headings

1 Encourage Adequate Consideranon of Internal Resource Requirements

Adoption of an APTS technology requires an mnvestment, not just of money, but of
orgamzational time and effort In several instances, most notably those mvolving AVL, decision
makers underestimated the latter In some instances, this may result in diversion of internal
resources away from other, potentially more valuable, activities In other cases, the necessary
mternal resources may not be provided, resulting in curtailed implementation, or even
abandonment, of the mnovation Transit agencies can avoid these outcomes through better foresight
of the orgamization resources that adoption of a new technology entails

One way of addressing this problem 1s to shift as much adoption responsibility as possible
from the orgamzation to outside supphiers This approach has a number of advantages, and 1s
further discussed below Still, no significant adoption can occur without considerabie
organizational effort To better gauge the internal resources required, and ensure that they are
provided, three measures should be considered First, information concerning the nature and
quantity of internal resources required for adoption of various APTS technologies should be
developed and disseminated Second, proposals for capital mmprovement projects involving
adoption of new technologies should include estimates of internal resource requirements, along
with a2 commitment to fulfill them Third, policy makers should give consideration to providing
partial reimbursement for these m-kind contmbutions —~ which we have argued represent
"mvestments” just as much as purchases of capital goods-through existing capital subsidy

programs
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2 Encourage Problem-Driven Decisionmaking

As noted above, the transit agencies typically view adoption decisions as bmnary choices
pertaining to particular technologies This approach has several disadvantages Furst, decision
makers view new technologies in isolation, rather than as part of integrated strategies for solving
well-defined problems Although AVL adopters frequently cited improving schedule adherence as 2
reason for acquiring AVL, none of them had developed a comprehensive strategy for dealing with
this problem Second, decision makers did not consider alternatives to adoption, other than no-
action Even if a new technology promises significant benefits, there may be superior alternatives.
For example, traveler information could be improved through some advanced technology system,
or by posting scheduled arnval times at bus stops Likewise, agencies can acquire TRIM machines
as one means of reducing costs and revenue leakage associated with transfers, but they could also
consider vastly simplifying, or even elumnating, transfers

If such reform in APTS adoption decision making is to occur, appropnate incentives from
federal and state funding sources will be necessary One avenue for accomplishing this would be to
require grant proposals to include alternatives analysis Realistically, such an approach can work
only if funding agencies provide support for a preferred altemnative based on its anticipated
effectiveness, not its level of technological sophistication

These reforms would entail a considerably larger effort m the preparation of grant
proposals Policymakers should recognize that this effort represents a capital investment just as
much as facility construction or equipment purchase does Accordmngly, such efforts should qualify
for capital subsidies Perhaps, therefore, the application of capital subsidies for APTS technologies
(or some more cost-effective alternative} would have two parts In the first phase, agencies would
apply for a grant to study a specified set of problems and assess altemative actions for addressing
them In the second phase, agencies would request funding to implement their preferred solution. In
both phases of this process, funding agencies would evaluate proposals on the basis of their
promuse for remedyng significant problems m a cost-effective manner, rather than on the basis of
the specific technologies they mvolve

3.4.7 How can the Process of APTS Technolegy Implementation be Facilitated?

There 1s much that can go wrong when a transit operator implements an APTS technology
Much of the problem results from the fragmentation of responsibility between the vendor and the
operator, and sometimes between different vendors For example, AVL and ATIS systems require
the operator to assemble large data bases required as wnputs by these systems Similarly, vendors
and agencies share responsibility for training The former must mmpart the knowledge required to
operate and mamtam the system, while the latter must both attain this knowledge and determine
when therr training is sufficient
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This division of responsibility often results in the premature departure of vendors from the
mmplementation process Vendors can claim that they have fulfilled their obligations, even though
the system is not yet running properly While this position may be legally supportable, 1t is
extremely damaging to the prospects for implementation, since the vendor 1s in a much better
posttion to diagnose problems with the new system

Some operators, such as TRT, have attempted to confront this problem through an
acceptance process designed to ensure that the system 1s operating properly before the agency
accepts that term of the contract has been fulfilled Funding agencies should mandate such
acceptance process, as a condition for grant support, for all APTS technology acquisttions The
acceptance process should require passage of a rigorous set of tests that ensure that hardware is
operating properly, that data bases are accurate, and that tramning is adequate

Such stnict requirements have the effect of shifting overall responsibility for
mplementation to vendors, since their financial interest will be tied to successful operation of the
overall system, rather than just the components they deliver to that system This may induce
vendots to take an expanded role in implementation Vendors may, for example, develop the data
bases themselves, or substantially upgrade their traiming activities Such changes entail additional
costs, which they must pass on to their customers Even if the nominal cost for acquiring the
system mcreases, the reduction mn agency resources required both for mtial mstallation and
subsequent fine tuning should more than compensate for this

3.4.8 How can More Effective Utilization of APTS Innovations be Encouraged?

Effective utihzation of APTS technologies by transit operators is hampered by the
probliems previously described If internal resources are insufficient, if adoption choices are made
outside of integrated, problem driven strategies, 1f implementation results in madequate tramng or
a malfunctioming system, then utilization of the technology 1s bound to fall short of its potential.
Measures to reduce these shortcomings will improve utilization as weil

Beyond thus, effective utilization of APTS technologies requires thorough analysis of how
mformation technologies, whether advanced or pnimitive, shape and constrain regulatory processes
within a transit orgamization Such analysis may result in strategies very different from those in use
today For example, operators view AVL as a means of improving schedule adherence However, if
information from AVL were readily available to travelers, perhaps schedules could be eliminated.
Dispatchers could concentrate on mamntaimng headways and ensuring rehiable armval times over a
short time honzon Likewise, TRIM machines, whose adoption is generally motivated by simple
aims such as reducing costs from printing and fraudulent use of paper transfers, also offer the
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potential for vastly more sophisticated pricing strategies, based on a time-of-day, route
charactenstics, and other vanables

It 1s unrealistic to expect these ultimate capabilities to be immediately realized However,
explicit attention to information technologies and their hrtations m ongomng planming efforts can
encourage progress A logical beginning point 1s to mventory regulatory processes and the key
information bottlenecks that hamper them Examples of such bottlenecks mght include

-lack of real-time schedule information requires use of fixed, printed schedules,

-fare structures are constrained by the hmuted ability of the collection system to apply
complex rules,

-lack of adequate passenger count information and rehiance on fixed schedules hampers
abulity to detect and remedy poor-performing routes;

-lack of adequate engine performance data limuts abshity to perform preventive
mainienance

An mventory of this sort, when combined with knowledge of how different technologies
can remove information bottlenecks, allows systematic identification of opportuntties for explosting
APTS technologies Transit agencies can use this information erther as an mnput to the problem-
dniven decision process described previously, or as means of improving utilization of technologies
they have already adopted

These endeavors, like those advocated for adoption and implementation of new
technologies, entail substantial mternal resources We reiterate that operators make such
expenditures, like other capital investments, in the present to secure gains mn the future This
returns us to the basic poimnt that funding agencies should not limst capital subsidy to the purchase
of equipment and construction of facilittes Such a bias will mvanably result i transit operators
with access to sophusticated technology, but without the sophistication to choose, or use, that
technology effectively Without a balanced program of mvestment 1 physical, organizational, and
human capital, transit operators risk becoming casualties, rather than beneficiaries, of the
Information Age
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CHAPTER 4:
TRANSIT OPERATOR VIEWPOINTS OF APTS TECHNOLOGIES ~ A SURVEY

4.1 Introduction

In this chapter, we report on the results of a survey of transit agency staff concerming their
expenences with and attitudes toward transit applications of APTS technology The survey was a
follow-up to the case studies discussed mn the previous chapter Unlike the case studes, the survey
emphasised closed-ended questions so that responses could be statistically analyzed. The survey
also targeted a larger number of agencies, making its results more representative of the U.S transit
mndustry as a whole Of course, these advantages come at the sacrifice of the richness of detail and
fullness of perspective that the case studies provide The two research approaches are therefore
intended to complement one another

The remainder of this chapter is orgamzed 1n three main sections First, we discuss the
survey design Next, we analyze survey results The final section offers conclusions

4.2 Survey Design
4.2.1 Questionaire

Appendix 1 contains a copy of the survey It was designed to obtamn two mamn types of
mformation First, we wanted to charactenze transit operators' experience with APTS technologies
Toward this end, we asked (Questions 2a-x) whether the operator had acquired vanous APTS
technologies For each that 1t had acquired, we asked several questions pertamning to the adoption
decision and the expenence with implementation

While our interest in Question 2 1s in the expenence of operators that have adopted APTS
technologies, in Question 3 we focus on experience pnior to the adoption decision. We are
particularly mterested in determining what sources of information adoption decisions are based on,
what steps non-adopting operators have taken to find out about vanous technologies, and whether
their non-adoption represents explicit rejection or deferral of a final decision.

In formulating the questions about experience, we used the same categonzation for transit
APTS technologies employed 1n earhier phases of tlus research The three categories are advanced
traveler information systems (ATIS), automatic vehicle momtoring systems {(AVM), and advanced
fare payment systems (AFP) In addition, for purposes of this survey we included the electromc
farebox (EFB) as an APTS technology, even though it 1s not usually viewed as such We did this
for two reasons in order to have a widely-used technology as a2 benchmark against which
expenences with other technologies could be compared, and in order to sustain the interest of
respondents from agencies who have not adopted any of the other, more “advanced”, APTS
technologies Also, since some respondents may consider an mnovation outside our categories to be
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"advanced technology," we added an "other" category (In practice, the technologies mentioned
under this heading tumed out to be "low-tech” ones such as fast passes and multi-ride tickets that
are not within our research scope )

In Questions 4-11 we explore respondents’ attitudes toward APTS technologies In
Questions 4-9, we determine the prevalence of certain general attitudes that case study participants
expressed Questions 10-11 ask respondents to assess obstacles to APTS adoption that had been
identified in the case studies

In addition to the technology-related questions, we also asked a few questions about the
charactenstics of the respondents' agencies, with the intention of analyzing the effect of these
characteristics on expenences with and attitudes toward APTS technology Question 1 asks the
respondent to 1dentify the agency's “top priority for change " Questions 12 and 13 are designed to
assess the level of technical knowledge available withun the agency Finally, Question 14 concerns
the agency's organizational structure Answers to these questions did not prove very useful in our

analysis, and we do not discuss answers to them here

4.2.2 Sample Selection

We used a cluster sampling strategy, in which we first identified a sample of operators,
and then targeted particular personnel representing those operators

The operators were drawn from two groups The first included all operators who had been
identified as having adopted either AVM or ATIS The group was identified based on imformation
provided 1n the Federal Transit Admumstration (FTA) publication "Advanced Public
Transportation Systems The State of the Art" (FTA, 1991) In hght of resource constramnts, we
did not include operators who had adopted advanced fare payment technology m this group
Consequently, the number of surveyed operators with advanced fare payment technology is far
smaller than the numbers of AVM and ATIS adopiers.

The second group consisted of bus operators not on the FTA list, and with at least 25
vehicles mn peak period service (based on the Federal Transit Admnistration Section 15 Statistics
for 1990) * A random sample of 21 operators was chosen from this group, using a random digit
table

For each selected operator, we targeted three individuals for the survey. Generically, these
were the "director of transporation,” "the director of planmng,” and "the director of marketing "
Since orgamizational structures and position titles vary, these targets served merely as a guide
dunng our mitial inquiries Once an agency was contacted, the actual individuals targeted were

*One smaller operator, the Western Contra Costa County Transit Authonty, with seven buses in peak
service, was also included
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based on a combination of their managerial responsibilities and their levels of involvement with and
knowledge of APTS technology

As the survey progressed, we found that time and resources would not allow contacting
every targeted individual at every agency We then decided to give prionty to gaming as wide a
representation of transit operators as possible, rather than getting multiple respondents from any
one agency The mdividual chosen in these circumstances was generally the first with whom we
were able to set up an interview

Table 4-1 summarizes the final sample of survey responses Altogether 71 surveys were
completed Of these, 35 stated that therr agency had adopted some form of advanced technology for
traveler mformation, vehicle monstonng, or advanced fare payment (other than electromc
fareboxes) The remaimung 36 reported no such adoption

4.2.3 Survey Mechanism
We admimistered the survey via telephone Compared to a mail survey, the advantage of
thus method 1s that it generally increases the response rate The disadvantage 1s that 1t dramatically
mncreases the cost per completed survey We considered the response rate to be particularly cnitical
for this survey because of the signuificant potential for self-selection bias When the response rate to
a survey 1s low, the validity of the survey results depends upon the extent to which survey
respondents are representative of non-respondents If we had used a mail survey, it 1s likely that the
respondents would have been those with particularly strong interests in APTS Ths would have
skewed our results substantially. Although the process of completing telephone mterviews proved
time consuming and frustrating, and the size of our sample was was well below our imtial hopes,
we are confident that the sample is relatively free of self-selection bias
To facilitate the telephone interviewing process, we usually faxed a copy of the survey,
along with a sheet explaming the terminology used, to the respondent mn advance In a few cases,
the participant had actually prepared answers by the time we called, and simply read them back
over the phone In most cases, the faxed copy served as an additional cue to assist the respondent i
understanding and remembering the questions and alternative answers as they were read over the

phone

4.3 Results

Tables 4-2 and 4-3 summanze responses for Question 2, concerning operators' experiences
with APTS technologies Table 4-2 shows that the majonty of respondents reported that their
agency had adopted electronic farebox technology, while most did not report experience with the
other technologies Simular proportions are obtamned when results are aggregated to the transit
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Table 4-2.

Reported Adoption Experience
Electronic Traveler Vehicle Fare
Farebox Info Monitoring Payment
Respondents 53(75%) 24 (34%) 17(24%) 3(4%)
Reporting
Adoption
Respondents 17(24%) 47(66%) 54 (76%) 68 (96%)
Reporting
Non-Adoption
Don't Know 1(1%) 0(0%) 0(0%) 0(0%)
Total 71(100%) 71(100%) 71(100%) 71(100%)
Repondents
Properties 28(76%) 15(40%) 9(24%) 3(8%)
Reporting
Adoption¥*
Properties 9(24%) 22 (60%) 28(76%) 34(92%)
Not Reporting
Adoption
Total 37(100%) 37 (100%) 37(100%) 37(100%)
Properties
*Includes any property where at least one respondent

reported adoption.

98




tuswded a1ej POUEAPE J0J SIUOSII JO JIQUINY [JEWS 0) SNP INO POLLIES JOU )59} 0uBOYUTIS,
"S1 <()d usaym pasp) Juesyusss 10N

‘$90uELRA jenboun
Bunwnsse 1591-1 pojiel-om) uo poseg pojosfol oq ued A3ojouyso) Supoyuowr spdIYaA Jo Jeyy sfenbo Suner uedw jey) sisoyIodAy YoM 12 JOAS] soueoyiudig,
saouenrea jenboun
Bupuinsse 159)-) pajIel-om} uo paseg paysafos 9q ued A30jouyos) wonewUIOJU! Iajaaex Jo Jey) sjenbo Sunes uesw yey) sisaylodAy Yomm 18 joAd) soueoyudiSe

SOOUBLIBA

jenboun Sununsse 153)-) pojiel-omM} uo paseq pardfor 3q ued Xogorey SWCNOA Jo jey) sjenbo Sunes uesw jeyy syisoYIodAYy YoM Je [oAd] soueayudis,
sgunes ddnjnw o ‘uorndo ou “‘mowy 3, uop spndus sasuodsal sjqesnuy) ‘sasuodsal QSN JO JIQUINN,

- —— SN ST > (nald

- SN - SN (11)d | (®aoqe 3sou=g
- sT*> SN o (33)d | ‘morTagq 3sou=t)
1 Vi 61 6V u suotijelzoadxd
00°0 0g° 1 ¥8°0 ¥8°0 ‘a*s 03 8AT3IRT9Y
00°¢ TL°¢ 91°¢ LE°E UuRaW souruxoiaxad
_— — ST > z0°> (Ha)d (pat3staes
- GT°> - SN (11)d ISOU=g
- 20°> SN —-— (a)d ‘perIstaes
4 ST 61 (34 u asea1=T)
00°0 GE°T ST°T €1°1 *a*s A0OPUBA YaTsa
00°¥ 09°2 TE'E LG € uean uotloeIsTleg
- e 0tT°> ¢0°> y(Ha)d

- 0t*> - ¢SN ¢(ra)d (1ssTsea=g
9= go°> SN - (f(ada)d ‘3INOTIITP
Z ST 6T 08 u 3SOW=T )
00°0 GE°T1 01°T 66°0 *a-s | uorzejzuswa tduy
00° ¥ o0v°¢ 9¢°¢ 9v° € uesy Jo osely

queuwked | bUTa03 TUOK ogul Xoqoaed 0T3513938 I03094
X8l 9TOTY®A JetaAex] | oruoxioerd butyey

$I1B0§OUYIB ], JO JUIWISSISS Y

€pIAqEL



operator level * These results are not, of course, representative of the population of transit
operators, smce they were mtentionally drawn to oversample APTS adoptors. A low number
reportzd adoption of advanced fare payment technology for the reason given in Section 4.2.2.

Table 4-3 summanzes ratings of adopted technologies Although we present results for
AFP, they cannot be meaningfully interpreted because of the small number of responses on which
they are based Of the other three technologtes, the EFB was rated highest, followed by ATIS, and
finally by AVM The difference between the former two technologies 1s statistically insignificant
one cannot reject the null hypotheses of equal population means for their ratings with regard to
ease of mmplementation, satisfaction with vendors, or system performance On the other hand,
AVM ratings are well below those for EFB, with the differences statistically sigmificant at the .02
level for ease of implementation and satisfaction with vendors, and at the .15 level for system
performance Ratings differences between ATIS and AVM are smaller and less statistically
significant The hypothesis that these technologies offered equal ease of implementation can be
rejected only at the 10 level, while the hypothesis of equal satisfaction with vendors can be rejected
only at the 15 level The difference mn the overall performance of these technologies 1s statistically
msignificant Overall, these results indicate that the greatest differences in respondents' assessments
of EFB, ATIS, and AVM concern the ease of implementing them, while ratings of ther
performance, once implemented, are fairly simular

Table 4-4 reports the expenence of non-adoptors with APTS technologies, based on
Question 3 The results presented in the table are based only on respondents from what we term
“definite non-adopter" agencies - those whose survey participants all stated that a given
technology had not been adopted Each entry reports the percentage of such properties where at
least one respondent reported the event in question In general, the level of awareness of non-
adopters 1s high This derives i part from our vibrant system of free enterpnse — for every
technology, a majonty reports contacts from salespeople Many non-adopting agencies have also
taken active steps to explore these technologies The most common such steps are designating an
individual or group to mvestigate the technology, and visiting another agency to see the technology
in use Depending on the technology, between 41 and 75 percent of non-adopter agemces report at
least one of these steps have been taken Smaller proportions of non-adopter agencies report

* There were a number of cases when respondents from the same agency differed about whether a
technology had been adopted There was divergent responses at six agencies over whether advanced
traveler information systems had been had been adopted With regard to vehicle monitoring and advanced
fare payment adoption, the number of agencies with such different responses were two and three,
respecuvely These discrepancies are probably due to a variety of causes, mncluding limitations in
knowledge, uncertainues concerning definitions, and a few instances where, because adoption was
immunent, respondents had different interpretations of the phrase “currently have" as used in Question 2

For purposes of developing Table 4-2, an agency 1s considered to have adopted a technology if
any one of the respondents from that agency so indicate
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working with consultants or other government agencies to mvestigate the technologies Since these
steps typically entail monetary expenditures or other orgamzational comnutments, it is not
surprising that they are less common Among the new technologies, AVM 1s the one for which
these sieps have been most commonly taken This i1s surprising in light of the substantially lower
ratings this technology received from those who have adopted it (Table 4-3)

Table 4-5 characterizes definite non-adopting operators’ pre-adoption expenence based on
Question 3g, i which respondents were asked what stage their investigations of each technology
bad reached As m Table 4-4, we consider here only the responses of those representing definite
non-adopters, and aggregate these responses to the mdividual property level.” EFB non-adopters
have progressed the furthest, with 44 percent about to implement and 56 percent past the point of
information gathering In contrast, 72 percent of the agencies who have not adopted ATIS report
that their agencies are not past the mformation gathenng stage. Of the 24 percent having reached
some dectsion (that s, that have made a grant application, are about to implement, or have decided
not to pursue) two-thirds have decided not to pursue this technology With regard to AVM, non-
adopters report having progressed further than they have with ATIS but not as far as they have
with EFB 61 percent report that they are past information gathering, while 46 percent have
reached a decision, two-thirds of these in favor of implementation Fnally, 37 percent of AFP non-
adopters report being past the information gathering stage, and of the 15 percent who have reached
a decision all are esther about to implement or are applying for a grant to do so These results are
consistent with those from Table 4-4 m suggesting that vehicle momtoring technology, despite
recerving lower ratings from adopting operators than the other APTS technology categories, is
diffusing more rapidly

Tables 4-6 and 4-7 summanze results concerming attitudes toward APTS technologies For
these questions, individual responses, rather than ones aggregated to the transit property level, are
considered Table 4-6, based on Questions 4-9, summarnizes respondents’ level of agreement or
disagreement with a set of statements Results are disaggregated by whether the respondent's
agency has adopted some APTS technology, excluding EFB The sigmificance level for rejecting
the hypothes:s that the levels of agreement for the adopting and non-adopting groups are equal 1s
also presented The lower the significance level, the more significant the dufference in response
between the two groups

Respondents i both categonies largely disagreed with the statement that APTS
technologies "are more trouble than they are worth " Adopters disagreed somewhat more strongly

* The aggregation procedure was as follows For agencies with two respondents, we used the response
mdicating the furthest progress For agencies with three respondents, we used the median of the three
responses In one case the responses to this question directly contradicted one another, this case was
thrown out
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Table 4-5. Stage of Consideration of APTS Nen-Adopters
{Percent of Non-Adopters Reporting Each Stage)

Electronic Traveler Vehicle Fare
Farebox Info Momitoring Payment

Have Not 22% 24% 12% 21%
Researched
Information 22% 38% 27% 42%
Gathering
Experiment/ 0% i0% 15% 9%
Demonstration
Deciding about 0% 0% 0% 12%
Adoption
Grant 11% 5% 0% 3%
Application
About to 44% 5% 31% 12%
Implement
Decided not to 0% 19% 15% 0%
Pursue
Total Usable ] 21 26 33
Responses*
Percentages may not add to 100 due to rounding

*Number of usable responses from definite non-adopting agencies Reponse 1s unusable when different respondents
from agency give ureconcilable answers, or when response 1s don't know
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than non-adopters This difference, which is of marginal statistical significance, may be due to the
fact that a more favorable a prion view of APTS technologies encourages adoption, but also
indicates that this attitude 1s mamtamned (although 1t may be weakened or strengthened) through the
adoption expenence Both adopting and non-adopting respondents agreed that their agency would
adopt additional APTS technologies if the money were available. There was hittle agreement with
the proposition that personnel hours could be reduced by adopting these technologies. Thus, while
respondents have a positive view of APTS technologies, they do not expect them to pay for
themselves through labor savings

Adopter and non-adopter respondents were, on average, in weak disagreement with the
statement that lack of information about APTS technologies is a barmer to adoption Lack of
mformation is clearly perceived to be a less important factor than lack of money. Since adopters
and non-adopters expressed about the same level of agreement, 1t does not appear that access to
information 1s an important determunant of whether adoption occurs

While adopters and non-adopters both indicated that lack of money constramed their
implementation of APTS technologies, and that lack of information was a munor constraint, their
views diverged on the need for orgamzational changes to successfully implement these
technologies Non-adopters agreed more with the statement that successful implementation of
APTS technologies requires organizational changes Thus 1s the only difference 1n attitudes between
adopters and non-adopters that 1s significant at the 05 level, and suggests that concern about the
organizational ramifications of implementing APTS technologies may be a significant hindrance to
adoption On the other hand, size of the metropolitan ares is not viewed as an mmportant factor.
both adopters and non-adopters expressed, on average, slight disagreement with the statement that
APTS technologies are most appropriate for major metropolitan areas

Table 4-7 summarizes results of Question 10, in which respondents are asked to rate the
mmportance of varnous obstacles to APTS adoption As above, money 1s seen as a paramount
concern Operating cost 1s the most important, but capital cost is only shghtly less so. Thus,
despite the high level of capital subsidies provided by the federal government, a capital expenditure
for an APTS technology is not percerved as "free.” This may reflect opportumty costs when the
supply of capital 1s fixed, or the local match required to obtain the federal assistance

Uncertainty of benefits and precedence of other instiatives are also seen as important
obstacles to adoption, although they are somewhat less important than those related to cost. While
adopters and non-adopters attach the same importance to benefit uncertainty, the latter attach a
somewhat higher mmportance to precedence of other intitiatives, although the difference is
statistically significant only at the 15 level This suggests that some agencies may not adopt APTS

technologies because they have more pressing concerns in other areas
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Of the obstacles identified, lack of staff time is seen as the least important Since the
importance of this obstacle 1s judged to be considerably less than that of other initiatives taking
precedence, we must conclude that competiion from other mmtiatives 1s related primarily to
resources other than staff time Rather, such competition probably mvolves capital and operating
funds, and possibly managenal resources as well

4.4 Conclusions

Several findings emerge from thuis survey First, ratings of the various APTS technologies
by personnel 1n adopting agencies indicate that vehicle monitoring has been considerably less
successful than the other technologies considered Notwithstanding this, vehicle monstoring has the
strongest near-term prospects for further diffusion This could be an indication that operators are
choosing the wrong technology to pursue Alternatively, 1t may be that with the recent
mmprovements in vehicle monrtoning technology - m particular the move from signpost to route
mdependent systems - 1ts emerging populanity is justified despite the himuted success of the systems
currently in place. In any event, we would like to know more about why diffusion of AVL is
outpacing that of other technologies at the present time

Transit operators who have not adopted the vanious APTS technologies are, by and large,
taking steps to mvestigate them Strong majorities of non-adopting agencies report having at least
begun gathenng information, and a substantial proportion (in the vicuuty of 50 percent, but
varying by technology) have designated a person or group to lead these investigations It 1s likely
that visits by salespeople, reported by a majonty of operators for all four technology categories,
have played an important role 1n precipitating these activities

Although most non-adopting agencies have begun investigating these technologies, the
majority have yet to reach a conclusion about adoption The decisions of those who have reached
closure offer some nteresting harbingers for the future For example, of the six properties who
have reached a decision about traveler information technologies, two-thirds have decided not to
adopt, while two-thirds of the nine agencies who are decided have made the opposite choice for
vehicle momitoring technologies These results, like those cited above, stand in sharp contrast to the
ratings of the technologies by operators who have adopted them, however the small sample size
dictates caution in interpreting the results

Results from the attitudinal questions enable us to paint a fairly coherent picture of the
main factors that determine APTS adoption decisions Funding is clearly of paramount importance
This reflects not only that these technologies cost money, but also that their benefits are not
expected to appear in transit agencies’ financial results In addition to monetary considerations, we
found evidence that non-adopting operators are significantly more concerned with the
orgaruzational ramifications of adopting APTS technologes, and a little more hikely to attach hugh
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prionty to other items on their agendas All of these results are consistent with the findings from
our case studies On the other hand, the survey results suggest that access to mformation about the
technologies and urban area size are relatively unimportant factors m adoption outcomes These
findings, particularly the latter one, conflict with the attitudes expressed n the case studies Further
research is necessary if this discrepancy is to be resolved.

In summary, the results of the survey show that APTS activity is following the
decentralized model of technical innovation that federal transit research and development policy
has favored for the last two decades (see Chapter 1) Most operators who bave not already adopted
a technology are considering it They appear willing to devote staff time and other internal
resources to determine whether a given technology is appropnate for them Moreover, operators
visit (and, presumably, otherwise communicate) with one another to leam how well the
technologies work On the basis of these activities, operators make decisions about whether to
mmplement technologies, and from limuted evidence 1t appears that most will choose to do so Such
an outcome, however, depends on a continued supply of federal and state funding for APTS capital
mvestments, smce APTS investments are not generally percerved to "pay for themselves” m an
accounting sense It thus remains for the state and federal governments to assess transit agencies'
claims n favor of these technologies, and balance these agamnst the benefits of other forms of
transit capital expenditure, and other uses of money generally.
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CHAPTER §:
RECOMMENDATIONS

5.1 Introduction

In Chapter 1, we argued, in general terms, that state and federal governments can play a
constructive role m facilitating transit innovation with APTS technologies In Chapters 24, we
bave developed information about these technologies, and about transit operators’ experiences with
and attitudes toward them Also, n Chapter 3, we identified some general ways in which the APTS
innovation process could be improved We are now 1 a position to return to the question of
government roles discussed in Chapter 1 Based on our findings from the previous chapters, we
argue that Caltrans should take a pro-active role in improving the process of APTS innovation
among Califorma transit operators We also argue that Caltrans’ activity should be carefully
targeted, and designed to complement existing programs

5.2 The Need for Action

There 1s already considerable activity on the part of individual transit properties, federal,
state, and local governments, and the private sector designed to promote APTS technologies It is
natura! to ask whether there 1s a need for yet another program Based on our findings, we believe
that there are mmportant gaps and shortconungs in existing APTS efforts, and that a coherent,
focussed program can and should be developed to address these problems The specific
shortcomungs that the program should address are as follows

1 Inadequate Decisionmaking

As discussed in Chapter 3, transit operators often fail to give adequate consideration to
decisions mmvolving adoption of APTS technologies They often do not anticipate the internal
resources needed to successfully implement and utihize these technologies Moreover, adoption
decisions rarely mvolve systematic consideration of 4PTS alternatives that may further the same
goals. Consequently, action 1s required to encourage more informed and systematic APTS adoption

decisions

2 Inefficient Implementation

The process of implementing APTS technologies 1s prone to problems and failures that can
undermine the effectiveness of an otherwise promusing system It is all too common for vendors to
walk away from a system before its installation has been thoroughly debugged or personnel
adequately tramed Action is needed to reduce such occurances
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3 Limited Unhization

Even when implementation 1s successful, our case studies suggest that, in many cases, only
a small fraction of the potential benefits of APTS technologies are actually realized These
technologies are often adopted in response to a specific problem, so that potential applications
unrelated to that problem may be overlooked Further, many potential benefits cannot be realized
without modifying the responsibiliies and discretionary authority of positions throughout the
organization Fmally, since the consequences of many potential applications are diufficult to forsee,
and operators often weigh the potential costs of failure more heavily that the potential benefits of
success, there is a natural bias against APTS applications mvolving too much of a departure from
conventional practice For all of these reasons, action is required to enable more effective,
imaginative, and aggressive utilization of APTS technologies

5.3 Shortcomings of Current APTS Efforts — A Diagnosis

Why do the above problems exist? We behieve that the essential reasons are that existing
APTS programs are

Hardware-oniented These programs are onented pnmarily toward assisting agencies mn
purchasing particular hardware systems In this respect, the purchase of a new APTS system is
treated in much the same way as the purchase of a bus But it is obvious that these are very
different situations in almost every respect -~ from how purchase decisions are made, to the
procurement process, o mmplementation, to utibhzation The fundamental difference is that in the
case of a bus, the sofiware 1s already in place * Agencies know how what they need, how to obtamn
it, and how to use it - they just need the money Simular software for APTS systems is not in
place Agencies have Ihittle 1dea of what APTS systems to acquire, how to acquire them, or how to
use them The APTS program should therefore provide transit agencies with support in developing
software as well as purchasing hardware

Fragmented APTS assistance programs are fragmented m two respects First, as already
noted, assistance 1s normally n the form of funds for acquinng a specific technology This may
discourage operators from developing coordinated APTS programs designed to exploit synergies
between different technologies Also, since the often monumental task of developmng sofiware for
any given technology 1s left to the operators, they show a natural tendency to move incrementally
To illustrate, although there seems to be a natural fit between AVM and APTS technology, most
agencies acquire these systems separately At best, this means that one of these systems will be

*We use the term "software” to mean the rules governing how hardware — which includes any physical
device from a computer 1o a bus - 15 used and operated
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operating for a time without yielding its full potential benefit Even worse, such piecemeal
acquistion may compronuse the ability of these systems to function m an integrated fashion

APTS assistance 1s also fragmented in the sense that it often fails to recogmze that APTS
technology represents no more than a subset of the means available to improve transit performance
For example, many operators acquire AVM technolgy because they perceive schedule adherence to
be a problem But, as operators soon learn, 1t takes more than AVM to solve this problem It 1s
even possible that the more cost-effective strategies for dong so would not even include AVM
Instead of supporting concerted efforts on the part of transit operators to address well-defined
problems. APTS assistance supports operators n taking a single 1solated step which may or may
not be a part of the optimum solution

Diffuse 1t is in the nature of government programs to distribute resources widely 1 order
to mamntain broad-based political support, and on equity grounds as well The mchnation to
distnbute APTS support, along with other forms of capital assistance, widely and shallowly has
much to do with the shortcomings 1dentified above It encourages APTS efforts onented toward
funding an AVM system here, and a smart card system there It does not encourage integrated
programs including both hardware and software elements, or mvolving multiple APTS technolgoies
that work synergistically, or that encompass a coordinated series of steps designed to address
specific problems

5.4 A Proposed Solution: The MOTUS Program

MOTUS stands for Model Technology User The MOTUS program is designed to be
strong in precisely those areas in which existing programs are weak It would included both
hardware and software elements It would be highly integrated and intensive Of necessity, it would
also be lughly selective, concentrating resources on a handful (perhaps as few as two at any one
time) transit agencies which can serve as exemplars for other agencies I there 1s a2 model for
the MOTUS program, 1t is the Object Lesson Roads of the early 20th century (Federal Highway
Admuustration, 1976) At that time, the Office of Public Road Inquiry (part of the Department of
Agnculture) sought to diffuse knowledge of roadbuilding techmiques by building a short stretches
of "model" roads at many locations around the country. Experts employed by the agency traveled
from place to place, working with locals to build the roads, and hopefully imparting to these
mdividuals know-how that they would contiue to put to use. At the same time, by building roads
throughout the county, the experts were able to refine their techniques to suite a wide range of local
conditions Like the Object Lesson Road program, MOTUS is predictated on promoting best
practice in a small part of the industry on the expectation it will subsequently diffuse more widely
Although including capital assistance for acquiring new technology, MOTUS 1s also fundamentally
a program for developing human capital Lastly, even more than the Object Lesson Road program,
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MOTUS 1s a program of two-way learning - the experts will learn from the participating agencies
while the agencies learn from the experts

A rough outhne of the MOTUS program s as follows Caltrans would select a small
number (2-4) transit agencies to be MOTUS operators Selection would be on a competitive basis,
based on (1) agency recogmtion of opportunities to improve its performance through APTS
technology, (2) agency willingness to collaborate with outside parties for the 5-year duration of the
agreement, particularly by having its representatives participate i a working groups with outside
experts and Caltrans personnel, (3} agency agreement to implement recommended actions, ranging
from acquisttions of new technology, to changes m agency operating procedures, to reorganization
of line personnel, recommended by the working group; and (4) agency willingness to support and
participate 1in performance momtoring efforts designed to evaluate the effectiveness of these
actions In applymng these critena, it will be necessary to not merely rely on the material contamed
m a written application, but alsc on contacts with individuals from throughout the orgamzation
Successful particpation i the MOTUS program will require orgamization-wide mterest and
commutment

In exchange for this participation, transit agencies will receive substantial financial and -
kind assistance The assistance will take the form of funds for equipment purchases, personnel
tramung, and compensation for staff costs ansing from participation in the program In-kind
benefits will be in the form of learning of individuals throughout the orgamization in how to
effectively manage and participate in APTS programs

The program would proceed as follows Instially, a working group, consisting of agency
representatives, consultants from mdustry and acaderua, and Caltrans representatives would be
formed This group would identify a set of performance areas in which (1) improvement is desired
and considered a high pnionty and (2) apphcation of APTS technologies promise substantial
benefit Out of this set, a set of one to three prionty areas would be identified The remamnder of the
program would consist of developing and implementing agency-wide mmitiatives designed to
improve performance in the priorty areas

In developing these mtiatives, the working group (which may at this point divide into
subgroups) would emphasize a coordinated program consisting of 2 variety of elements, mcluding
but not restnicted to APTS technologies It might even be deterruned that the most cost-effective
program would include no such technologies If such technologies are mcluded, then it would be
necessary for the program to specify how they are to be used to further performance objectives of
the mitiative Regardless of the role of APTS technologies in the mitative, the agency would
receive assistance from the program in implementing it It is central to the MOTUS concept that
assistance not m any way be tied to the specific elements zn mitiative includes The only
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requirement is that it be deemed the most cost-effective approach to addressing an important
agency concemn

Once the program 1s designed, it would be implemented. Caltrans would pay for all one-
time costs associated with implementation It would not be responsible for recurnng costs, sice
the agency should be willing to absorb these once its participation in the MOTUS program has
ended However, 1t is recognized that implementation costs may be incurred over an extended
length of time, so that problems can be worked out and refinements made Thus, the program must
extend over a considerable number of years

In the event that mtitiatives mvolve APTS technologies, there would also be an ongoing
program to extend application of these technologies beyond their mitial use This program would
consist of identifying “information bottlenecks" — as described at the end of chapter 3 — that the
technology could elimnate Thus the MOTUS program would combine two modes of technological
mnquiry assessing technologies as solutions to problems, and looking for problems that particular
technologies may help solve

An additional element of the program 1s a systematic process of performance momtoring
designed to measure the effectiveness of the intiatives This would begin soon after the
identification of the priority performance areas and extend through implementation

Finally, the program would include elements designed to ensure that the lessons learned are
widely shared These would mclude direct contacts between MOTUS agencies and other transit
operators, as well as technology transfer activities on the part of Caltrans

5.5 Closure

Thus chapter has developed the concept for a program designed to mncrease the capacity of
transit agencies to effectively employ APTS technology The program differs from existing ones
because 1t 1s intensive, balances hardware and software elements, and emphasises intergrating
APTS technologies nto broader efforts to improve performance While we have attempted to add
further definution to the proposed program, we recognize that the design 1s rough and incomplete It
is the core concept that we wish to emphasize

The MOTUS program will be expensive on a per agency basis — with costs running nto
the millions of dollars. The payoffs, however, could be substantial Transit operators would learn
how to use specific APTS technologies wisely, and the entire industry would learn where the high
and low-payoff APTS opportunities reafly are Equally mmportant, though less tangible, 1s the
potential for transit operators to learn more general lessons concerning how to hamess continually
evolving technologies into broad-based efforts to improve agency performance

Moreover, creative financing methods could substantially reduce the State's burden Just as
manufacturers donated roadbuilding equipment for the Object Lesson Roads, so they mught be
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convinced to donate products to MOTUS participants It may also be possible to link MOTUS to
existing Federal capital assistance programs, perhaps by setting aside some of these funds for
MOTUS operators Fmally, mechamisms for capturing the value of the program to the transit
agency and the commumty it serves should be explored These include encouraging, through the
selection criteria, matching contributions from local governments, as well as agreements to return
to the State a portion of any cost reductions or revenue gains attributable to the program

It 1s recognized that, m these times of constramned resources, justification for Caltrans'
mvolvement in a major new utiative must be compelling It is beyond the scope of this research to
assess what Caltans' role in the California transit mdustry should be At the present time, 1t is also
unknown whether APTS technologies can stand up to nigorous economic scrutiny It 1s clear,
however, that if promoting APTS is to be part of Caltrans' mussion, the most important
contribution it can make 1t to increase the capacity of individual transit agencies to deploy and use
this technology judiciously and aggressively Given this end, we believe that a program hike
MQOTUS 1s the most approprniate means
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