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ABSTRACT

Improving Transit Performance with Advanced Pubhc Transportataon System Technologies
Mark Hansen, Mohammad Qurestu, Darnel Rydzewska

Tins repor~ identifies opportumues to tmprove translt performance using Advanced Pubhc Transportalaon
System (APTS) Technologies, assesses transit operator vlewpomts on and experiences with APTS technologies, and
proposes how current adopuon and uuhzauon praclaces nught be ~mproved so that these technologies are used m a
more efficient and effecuve manner.

The research eonsmsted of three mare phases First, we identified APTS technologaes and developed a
tramework for assessing their potenuaI value m ~mprovmg transit system perfomaance We considered three types
of AFTS technology, automauc vehicle momtonng (AVM), advanced traveler mformauon systems (ATIS), 
advanced fare payment systems (AFP) After descnbmg these technologaes, we employ the theory of cyberneucs 
explain thear potenual performance benefits. From the standpoint of cybemeucs, APTS technologms promase to
~educe the cost and ~mprove the effectweness of a set of regulatory processes by wbach transit operators and users
respond to d~sturbances m thetr environment The categones of APTS benefit thus include (l) cost reducuon (u)
~mproved ability to correctly choose regulatory responses and (m) ancher set of regulatory responses from which
to choose Examples of these benefits for a w~de range of aans~t regulatory processes are presented.

The second phase of the research consisted of a set of seven case studies of m&v~dual transit operators
chosen to include properues that have adopted APTS technologaes as well as those that have not Through inter-
views w~th management, staff, and hne personnel, we mvestagated the propemes’ expenenees w~th and amtudes
toward APTS technologaes On the bas~s of these case studies, we generahze about the circumstances leading to
~:Uve cons~derauon ofAPTS adopuon, the factors influencing the outcome of adopuon decisions, and the process
of ~mplemenung adopted technologies. We also ~dentffy opportuniues for Improving the adoption process, mclud-
lag 0) more. exphc~t ldenuficauon of the performance goals the technology ~s expected to further, and cons~derauon
of alternative means of achaevmg these goals, (n) better mformauon about the orgamzauonal resources required 
successfully ~mplement APTS technologies, and more balanced assistance programs that combine cap~tal assxstance
for purchasing hardware w~th other in-land and financml assistance to facihtate ~mplementauon, (hi) development
of methodo[ogaes, perhaps based on the cyberneuc paradigm, to systemaucaUy ~denufy "mformauon bottlenecks"
t~hat harnpe~ transit system performance and that APTS technologies can allewate

The tlurd phase of the study consisted of a transit operator survey, in wbach 52 transit operators, 37 of
whtch had adopted at least one APTS technology and 15 had not, were included. The mare findings of the survey
are 0) AVM ~s rated somewhat lower than electromc farebox (EFB) technology (wluch we use as a "benchmark"
for the ratings) w~th regard to eas~ of ~mplementauon and sausfacuon with vendors, whale ATIS ratings are not
s~gmficantl,¢ &fferent that those of EbB, (n) many operators that have not adopted a given APTS technology are
acuvely mvesugaung doing so, (in) most transit operators have posmve amtudes about APTS technologies, but 
not expect that they will pay for themselves m a direct monetary sense, and thus will reqmred government financial
asststance m order to acqmre them

Wc conclude w~th recomrnendauons for a program that we believe will lead to more effective and efficient
use of Asrrrs technologies The proposed program, entitled MOTUS, for MOdel Technology USer, revolves
~ntens~ve assistance and collaborauon w~th a small number of operators ~denufied as pronuslng APTS users. The
program would consist of idenufymg a set of areas m wluch performance anprovements are desired, developing
integrated strategies, often mvolwng APTS technologies, des~gued to tmprove performance m these areas, tmple-
menung the programs, and momtonng the results Transit operators would receive MOTUS assistance m all aspects
of these mmauves By concentraung assistance m tb-~s way, MOTUS is expected to substanually increase the
capacity of paruclpatmg operators, and others who will learn from the paruc~pants, to use APTS technologtes
wisely and aggressively

Keywords Advanced Pubhc Transportataon Systems, pubhc transit, technology assessment, automauc vehicle
~aomtonng, advanced traveler mformataon systems, automatac fare collection
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EXECUTIVE SUTIMARY

ES.1 introduction
The purpose of this research, funded by the Cahfomia Department of Transportanon

(Caltrans) New Technology Program. was to identify and assess oppormmtaes to nnprove the
pefforamncc of convcnUonal fixed route transit through the applicanon of a set oftechnologms that
have come to be known as the Advanced Pubhc Transportation System (APTS), and to ldentafy
pohcles and strategies that Caltrans might pursue in order to increase the prospects for real~da~g
these oppormmues The study rccogmzes that mdiwdual transit operators play a pivotal role m
decisions about the adoption and utihzatton of APTS technologies Therefore, the study focuses on
the amtudes and experiences of m&vldual transit agency management, staff, and line personnel
that are likely to determine thelr furore choices with regard to APTS adoption and uralmation hts
hoped 1~at, by g~vmg Caltrans a reahsta¢ idea of how transit operators perceive and use APTS
technologlcs, the sx’udy will assist Caltrans m effecravcly promoting and supporting diffusion of
these technologies among California’s transit operators We recogmze that Caltrans must consider
factors other than those addressed m tins study m formulating its APTS program, but vlew the
mformimon contained m this research as an important input

ES.2 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, thrc.
categories of APTS t~chnology are recogmzed

Advanced Traveler Information Systems (ATIS) is the first category The purpose 
ATIS Is to give tramit users or potential users nfformanon about transit serwces, and about the
a~viUes motivating their travel Types of ATIS include automated telephone reformation systems,
compu’ter data retrieval systems, mteractlve audio/vldeo systems, and display announcement
systems Telephone, computer systems, and teletext are designed mainly for prc-tnp planmng, and
would enhance, supplant, or replace the manual telephone systems that most U S transit operators
currently employ By either eltmmatmg the need for a human operator (at least for some types of
reformation requests) or increasing the speed and accuracy with winch the operator can respond to
reformation requests, these technologies prormse to reduce costs and increase the convemcnce and
ava/labihty of present-day manual systems Interactave au&o/v~deo and display announcement
syst~ns axe designed primarily to inform travelers who are away from their home or workplace,
whether en route or at a transportataon terminal or other actmty center These technologies
facilitate rater- and mtra-modal connections~ allow travelers to plan acttvittes to conform with the
transit schedule, and offer entertainment They may be of particular value m assisting way finding
for travelers with vlslon of hearing tmpmrmcnts

The second category of APTS technologles considered m this study ts autornatm vehicle
monitoring (AVM) and control systems These technologies allow a broad range of information
pertmrmag to the location, physical condition, and patronage of transit vehicles to be collected,
recorded, transmitted, and presented in a useful form to vehicle operators, &spatchers or other
agency personnel, transit users, or other pames (such as traffic control centers). At the present
tune, the momtormg t=~hnology attracting the greatest interest zs automatac veincle locatmn (AVL).
Using proxirmty beacons, navlgauon sateliaes, dead reckoning, or some combination of these,
AVL allows the trajectory of transit veinclcs to be traced m real rune Benefits include better
momtormg of schedule adherence, enhanced emergency response, and more accurate schedule
mforrrm~on Other momtormg technologies mclude alarms that alert drivers and dispatchers of
mechanical troubles and passenger counters that perform automated on-off counts by stop. Finally,



we include in this category control ~hnologzes that can assist operators m avoiding collisions, and
may m the future include fully automated longltudmal and lateral control

The final APTS ~hnology cat~ory considered in this study ~s advanced fare payment
systems (AFP). The t~hnolog~es are intend~ to r~uce the traveler mconveraence, vehicle delay,
and revenue leakage associated with paying cash fares on transrt ve2ficles Most current advaac~
fare payment systems vmploy magnetic farecards, which store reformation such as the value
remaining or tune/place restnctzons on card vahchty Maclunes loca~ either in stamens or on
veh/cles can read and write card reformation. Long used m ce _r~n rapid transit systems, flus
technology is gaming increasing acceptance m bus transit, especially as a substttute 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 m/croprocessor and possibly a very
short range transrmtter Smart cards can store much more mform~on than_ magnetic farecards,
and, if a transnutter ~s included, could eommunic~_te w~th a read/write device w~thout any dire.el
contact Ulmnately, this could lead to lughly soplust~ca_t__~ fare structures and completely
automated fare payment via electron/c fund transfer However, wldespread applieataon of smart
cards m transit is unhkely to occur soon, because of the relatavely l-ugh cost of the cards and the
lack of infrastructure for using them

The value of APTS technologies rests on thetr abihty to unprove transit performance
Transit performance ~s mult~-dtrnens~onal, but the most important aspects include ndersinp,
revenue, servlce quality, and cost In order to understand how APTS may enhance these aad other
aspects of transit performance, we develop a model, based on the theory of cybernetlcs, m winch
the performance of a system depends on Its ahihty to appropriately respond to disturbances m its
environment APTS technologles ~mprove tins abfllty by facdltatmg the commumcat~on of
infotmaUon about chsturbances to their assocmted regulators For example, AVL provides
mformatmn concermng schedule deviations to dr/vers, dispatchers, aad others who can respond to
tlns mformauon by taking actxons to reduce the dev/atzons ATIS technologies prowde re_formation
about transit routes and schedules to the transit user, for whom these constitute a disturbance SLnce
they are beyond Ins/ber control Tins enables users to "regulate" their actwltzes so tb-at they arrive
at the appropriate stop at the appropnate ttme Similarly, advanced fare payment technologies
facihtate the appropnate transfer of funds from transit users to the transit operator, according to
the pre-dctermmed fare structure and the transit serrates consumed - both of the latter constituting
disturbances from the standpoint of our model

The benefits of improved commumcataon about &sturbances provided by APTS
technology, take different forms At the broadest level, we categorLzc the benefits as e~ther cost
reducing or regulatory enhancing An example of the former Is automated passenger counters - a
form of velucle momtormg technology - winch can ehminate the need to lure temporary personnel
to conduct on-board ndcPslup counts A pure cost reduction benefit implies no improvement m
regulatory effectweness - only a lower expense for attaining the same level of effectiveness On the
other hand, benefits m the second category do derive from improved regulataon. We identify two
subcategories of regulatory enlmncmg benefit F~rst, for a fixed set of alternative regulatory
aetmns, the probabihty of selecting the best a~on can be increased To illustrate, chspatchers
respond to on-road emergencles (a disturbance) by sending police or other erncrgeney personnel 
the estnnated locatmn of the bus If a h-ansxt system has AVL, the response nught be s/milar,
except that the dispatcher could gwe a more accurate loealaon Second, the APTS technology may
mcr~ase 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 enhan~t benefits derive from a ptumomenon we term regulataon-
chsturbance (R/D) duahty, winch occurs when the regulation of one process creates disturbance for
another In transit, scheduling and routing decisions conshtute regulatmn from the standpoint of the
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operator, but the resulting schedule and network arc a disturbance fi-om the standpoint of a
travelec In flus example, ATIS, by making It easier for the traveler to retrieve updated schedule
hnforr~on, might allow the operator to adjust schedules more often m order to respond to
fluctuanons m demand or traffic con&uons Tins Is an instance of a regulatory enhancement (more
rapid servace adjustment) resulting from the enhanced abihty of a downstream regulator (a traveler)
to respond to the upstream regulatory action (the service adjus~ent).

The above theory of how APTS can benefit transit perfommnce serves severaI purposes
First, it allows a systema~c search for benefit opportumties Second, it unpiles that APTS
technologies will often yield multiple forms of benefit Thus, ff a given technology is unt|ally
acqmred for a narrow purpose, it is likely that the benefits associated voth that purpose are less
than the total benefit Third, It shows that many of the benefits of APTS tedmology depend on
adju~nents to transit operator procedures so that personnel with access to better reformation have
a wider scope of authority to respond to that reformation Since such adjustments may require
considerable orgamz~onal effort, flus anphes that orgamzatzonal resources may be an unportant
complementary input to APTS technology, if the full benefits of the latter axe to be reahzed

ES.3 APTS Innovation In U.S. Transit Agencies - Case Studies
In the second phase of the research~ we explored transit operator experiences w~th and

amtudes toward APTS technologies We did tlus through a set of seven case stu&es of m&vadual
tra~ns~i operators The operators were selected to cover a vade range of s~zes and levels of
exper|ence with APTS technology We made a 1-2 day visit to each operator, dunng wtuch we
interviewed management, staff, and hne personnel From these interviews, we sought to detemune
(1) the factors that influence decisions on whether to adopt these technologies, (2) how decisions 
adopt, once reached, axe unplemented, and (3) how the adopted technologies are ultimately utihzed
In adchtion, we considered how the process of APTS mnovat~on unght be unproved through better
adopt, on decisions, implementation strategies, and utilizauon practices

In flus summary, we present only our synthesis of the case studies, discussions of the
mdiwdual operators axe found m Chapter 3

The deczs~on to adopt a APTS technology can be usefully divided into two stages In the
first, a choice ~s made to g~ve active cons~deratmn to adoption. In other words, the adoVaon
decision is placed on the agency’s "agenda" One perqmslte for flus is that the agency knows that
the technology exists We found that tiffs reqmrement is widely satisfied - v~rtually all operators
had s,~ne famihanty v~th each of the APTS technolog|es we discussed In addition, several other
factors were found to encourage agencies to actively consider adopt|on of a technology These
include

Speczal Opportunmes A technology may be available as an optional feature of
some system the agency has dec~ded to acqmre, or an agency may be asked to
participate m some joint venture involving the adoption of a technology These
circu~ces create windows of oppo~u,,uty m wtuch a technology may be
acqmred more inexpensively or cheaply than ffthe decision Is deferred

Presence of a Champion for the Technolog), wzthm 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 orientation toward new
technology, or awareness of particular problems that the technology is expected to
allexaate

V



Sufficient Managerial Resources Decision makers at several agencies in&cared
that they smlply had too many other, more pressing, issues to deal with to allow
them to gwe ~ve considerat~or~ to adopthlg APTS technologies.

Problem Awareness. At any 8!yen tnne, an agency is ~ely to have identified a
certain set of recognized "problems" fl~at I¢ Is acttvely a~-nnpm~ to remedy If an
APTS technology ~s considered a prormsmg solution to such a problem, It is l~ely
to r~ewe active eons~derataon

General Attltude Toward Technologwal Innovation. Many agencies exhibit a
predisposition either for or against adopUon of new technologjes Thas
predisposition clearly affects the hkelihood that adoption of a new technology will
be acenvely considered

Once on the agenda, the adoptaon deeislon Is influenced by three mare factors These arc.

Operating Cost Impact It as generally assumed that eapltaI costs for aeqmrmg a
new technology wall be heavily subsl&zed by the federal government, but
operating cost ~mpaets unpmge &rectly on the agency. Adopting a new technology
will mevatably result in some operating cost increases (maintenance, for example),
but operators are concerned that these be kept to a mmmmm Furthermore,
operators place a strong premium on any operating cost reductions that may result
from the n~w technology It zs partacuIarly desirable If the savings do not depend
on layoffs or any other significant &sloe_an_on of agency employees Past
experience has caused many operators to be skeptaeal that potential labor cost
savings from new technologies will actually matenahze when such savings entail
such &slocat~ons

Technologwal Maturity Operators recognize that a less mature technology is
more hkely to have unexpected problems and costs, and therefore want a
technology to reach a eertmn level of maturity before they adopt ~t T1us "rnamnty
threshold" vanes from system to system Some operators w~szst that a technology
be adopted by several other operators before they do so Others are walling to lead
adoptaon, so long as the product Is "off-the-shelf’ A few operators - generally
larger ones wath highly trained techmcal personnel - are willing to partac~pate m
system development, at least when they eonslder the components reqmred by the
system to be mature

Consultant Recommendatwns. Most operators work closely wath external
consultants m making APTS adoption decisions. Consultant recommendataons are
generally given considerable weight in the decmon process

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

Llmtted Altemanves are Conslderedo In most eases, the "ckolce set" considered
consists of two alterv~twes: adopt the APTS technology, or do nothing Tbas
approach overlooks the fact that the motivataon for considenng the technology
olden includes awareness of some problem, and there are generally many
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altema~ave ways of addressing a given problem, not all of which revolve APTS
technology

Little Effort to Quannfy Benefits Although some APTS benefits occur m the form
of cost reductions that can easily be wetghed against the cost of technology
acqmsmon and operation, many benefits take the form of improvements m service
quahty ease of obtaining schedule information, tmproved schedule adherence, and
more eonvement fare payment Operators are aware of these benefits, and often
cite them as major reasons for acquiring a teehnolog3’ However, little attempt ~s
made to quanUfy these benefits, or translate them into monetary terms Tlas tends
to make adoption decisions conservatwe 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, nnplementatlon begins This
normaJtly revolves specifying a system and selecting a vendor to provide it, developing data bases
reqmixxt by the system, trmnmg agency personnel, and modifying standard operating procedures°
The first step is generally fairly strmghfforward - or was so at the t~ne of our case studies -
because relatively few vendors could offer systems meeting the agency specifications Data base
development often proved unexpectedly &fficult, because of the volume and accuracy of data
reqmr~xt An adchtlonal problem cormected w~th the ,t~ bases was that system malfunctions were
somettmes tmstakenly attributed to inaccurate data, resulting m major - and unnecessary -
rewsions With regard to training, we found that it was generally effective m 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 sot~vare developer for its AVL system to make program mochfieat~ons assumed necessary to
generate a report w~th a new format, only to find that the original system had this capability all
along The final step - adjusting operating procedures - often included certain requirements that
were not tmtlally 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 It is utilized In terms of the
APTS benefit framework outlined m Sectaon ES 2, we found that operators are predisposed toward
patterns of utlhzation that are cost reducing rat.her than regulatory enhancing. As already noted,
operating cost impact is a major cons~deratton in the adoption decision Other benefits, such as
mcre,x’~t convemence of obtaining schedule reformation, may not directly influence operating
costs, but are stall cost reducing m the sense that they decrease the effort required to obtain a
certain quantity of reformation Thus, operators tend to focus on oppommitaes to rm&e acquiring
mforrrmlon cheaper or easier, rather than to obtain more or better informataon for purposes of
enhanc~l regulation The mare exceptaon to this is advanced fare payments, where several
operators emphasized benefits of reducing fraud and thereby increasing revenue Although
tochra,’.ally a form of regulatory enhancement within our schema, it ~s not surpnsmg that such a
dtrect financial impact would be weighed heavily

Several recommendations emerge from our case stua,es To encourage transit operators to
make appropriate choices concerning the adoplaon of APTS technology we recommend that
policies be developed to

Encourage Operators to Accurately Gauge lnternal Resource Reqmrements
In adchtton to the fixed east of purchasing APTS technology and the recurring cost
ofmamtmnmg It, operators must make a considerable investment of organizational
resources if the full benefits are to be realmed Some parts of this effort, such as

vii



data base development, are recognLzed h advance as absolutely essential, but often
entail costs greater than originally estimated Other parts, such as reconsldenng
job responsxbdltzes m hght of increased enhanced regulatory eapabihttes, are not
essential to obtain a functioning system but must be made tfthe full benefits of the
system are to be reaILzed We therefore recommend that grant proposals revolving
APTS technologies contain exphclt esttmates of internal resources reqmred to
successfully and fully maplement the technology, and R conmutment to provide
these resources In some cases, sueh as data base development, it may also be
cL~slrable to slur responsibility from the agency to a vendor

Encourage Problem-Driven Declslonmalang As aJxcady noted, APTS adoption
decisions are oRen binary m nature, neglecting opportunities to use non-APTS
alternatwes for dealing wlth a partlcular problem We recommend that agencles
requesting.grants for APTS be r~uired to conduct an overall study of the nmm
problems the technology is deslgned to allewate Two ad&ttonal reforms rr~y be
necessary if th~s approach ~s to succeed F~rst, ~t may be necessary to externally
fund the lmtml study Second, there should be a comnutment to fund the preferred
alternatwe identified by the study, so long as it is cost effec~ve, irrespeclave of
whether it revolves APTS technology

We also recommend that acaon be taken to facihtate the unplementatzon and tmprove the
utalmaUon of APTS technology With regard to the former, we recommend aa acc~tance process
that requ|res 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 vahdated, and more generally that all parts of the system are m place so
that tt is performing aceor&ng to contract spectficatlons. To encourage operators to more fully
uttlme APTS technologies, we recommend that the theory of APTS benefit outlined m Chapter 2 be
used to develop a systematic inventory of ufformat~on bottlenecks that constrain effective
regulation of transit systems The capabiht~es of newly acqmred or can&date APTS technologies to
remove such bottlenecks can then be systematically identtfied.

ES.4 Transit Operator Viewpoints on APTS Technologies - A Survey
In the final phase of the research, we conducted a telephone survey of transit agency staff

concermng their experiences vath and attitudes toward APTS technology The sample of
respondents was drawn from two sets of transit operators. One set was idenlafied as havmg elther
automatic vehlcle momtonng or ATIS technology m a recent Federal Transit Admmistratlon
publication, whle the other set was not so Identified A total of 71 surveys were completed. Of
these, 35 indicated that their agency had adopted elther 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 unammously reported to be APTS non-adopters

Respondents reportuag adoption of the various technolo~es were asked to rate the ease of
implementation, sattsfaeaon wtth vendor(s), and system performance. In addition to AVM, ATIS,
and AFP, respondents were also asked to rate electronic fireboxes (EFB) on these dunensions, 
order to provide a set of "benchmark" ratings based on a widely known technology We found the
principle &fferences m ratings to be w~th regard to ease of unplementation, on wluch AVM is rated
significantly below EFB and ATIS On the other hand, there were no slgraficant &fferenees among
AVM, ATIS, and EFB with regard to system performance, nor between ATIS and EFB on any
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dunemion No mc~mmgful ratings were obtained for AFP, because th~ number of respondents
reporting adoption of tins technology was so small

We asked respondents to report on what, tf any, steps had been taken to investigate and
decide whether to acquire the various APTS te~hnologles that their agencies had not .vet adopted
Our general finding is that there has been conmderable investiganve and d~lsion making a~vlty
underw-ay For each t~hnology, a majority of operators report visits by salespeople A smable
propomon - between 41 and 75 percent, depending on the ~.,¢hnology - also rq~ort either the
appointment of an individual or comnuttee to investigate, or visits to another agency to see the
technology in a~on We also found that operators have generally progressed further m thelr
consideraUon of AVM than m thetr consideration of ATIS or AFP Approxtmmely two-thlrds
report that they have either not researched or are m the process of gathering reformation about the
latter ~.chnologles W~th regard to AVM) 60 percent report having progressed beyond gathering
nfforr~tion, including 31 percent who are about to implement, 15 percent who have decided not to
pursue.’, and 15 percent who are conducting an experiment or demonstmnon

The survey concluded with a set of questions concerning respondents’ attitudes toward
APTS technologies The results mchcated that, Irrespective of whether their agency has adopted
such technologies, most respondents viewed them favorably For example, there was strong
disagreement w~th the statement that APTS technologies "are more trouble than they are worth"
On the other hand, there was also little agreement with the statement that personnel hours could be
reduced by adopting APTS technologies, and the costs of acqumng and operating these
technologms were cited as major obstacles to adoption Thus, although respondents generally
beheve that APTS technologies offer substantial benefits, they do not expect the benefits to be m
the form of direct cost savings In ad&tion, uncertainty regarding the magmtude of APTS benefits,
and a tendency to g~ve other initiatives higher priority, were cited as obstacles to more rapid
adopl~:on

The general conclusion of the survey is that transit operators are showing considerable
uutiative m responding to the opportumtics 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 acUons are being taken m a context m which
operators require conslderablc federal or state assistance with acquisition of APTS technologms,
and tn wluch operators do not expect the technologlcs to pay for themselves m a strict accounting
sense Tins suggests that federal and state funding agencies should consldcr carefully whether
subsidies for APTS teehnologms represent a cost-effective use ofthelr resources

ES.5 Recommendations
We conclude that Caltrans has a mgmficant opportunity to promote APTS technologms m

the California transit industry Observing the problems and obstacles transit agencies encounter m
adop|mg APTS, and the shortcomings of current government programs revolving APTS, we
recommend (in Chapter 5) the creation of a new program of mtenswe, w~de-rangmg, assistance to
seleOed transit operators so that "best practices" for effective use of APTS technology can be
established m a Califorma (or U S ) context The program would require the participation of tramit
agencies with well-defined performance objectives and an organization-wide commitment to
pursuing these objectives Partacipatmg agencies would receive a combination of capital assistance
and consulting services designed to define and unplement cost-effectave performance improvement
programs, of which APTS adoption could (out would not necessarily) be a part In cases when
APTS is acquired, assistance m 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 rnaxanum
advantage. The knowledge would then be transmttted to non-pamclpants through a variety of
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technology transfer mechanisms Thus, whale directly involving only a small number of agencies,
th¢ impacts of the program would bc felt throughout the translt mdust~,
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CHAPTER 1:
INTRODUCTION AND OVERVIEW

1.1 Introduction

Recent years have w~messed a spurt of interest in the apphcataon of advanced mformataon

technologies m urban transit The Federal Transit Admtmstrataon (FTA) has recently e~tabhshed

the Ad~ranced Public Transportanon Systems (APTS) Program to promote these applicataons The

Intelligent Velucle I-hghway Society of Amenca (IVHS America) has recently established an APTS

Comnuttee Several states, including Callforraa, have included transit programs as key components

of their overall IVHS efforts (Cahforma Department of Transportatmn, 1991)

The Federal government has also released two stuches, by the Transportaaon Systems

Center (Casey et al, 1991) and Castle Rock consultants (Davies et al, 1991), respecuvely, 

chscuss the state of the art and future prospects for a w~de range of transit APTS applicaCaons The

reports reveal a w~de range of ongoing efforts by individual operators both m the U S and abroad,

as well as a number of as yet untned but promising concepts

The interest m APTS apphcataons for transit has several unded3ang causes Tremendous

technological advances m eommumcataons and Lrfformation processing technologies, largely the

result of the rap~d development of nueroelectromes, have created many new opporturataes for

transit, .~ust as they have for the automobilequghway system Further, the rational comm/tment to

balanced transportataon, reinforced m many areas by the envaroranental problems caused by the

automobile, create pressures for modal balance m efforts to harness new teehnologaes for urban

transportation Finally, urban transit m the Umted States continues to suffer from poor financial

performance, a very low share of the total urban transit market, and a reputation for poor serwce

Any and all potential remeches for these problems can be expected to spark interest Indeed, the

~dea that "the transit problem" m the United States can be solved through technological advance

dates back at least to the 1930s, when streetcar operators, battered by finanelal problems and

losing traffic to the automobile, sought to turn the tide by combining their resources to design a

new generation rail velucle, known as the PCC (Electric Railway Presidents’ Conference

Committee) car (Saltzman, 1979)

Despite, or perhaps because, of the vast amount of interest and aetwlty surrounding APTS

technologies, transit operators face dafficult challenges m assessing, procuring, and using these

te.chnologaes There are many &fferent systems with differing but overlapping capabdilaes and

benefil:s The technologies are rapidly evolving, raising the specter that hardware obtained today

will be obsolete tomorrow, and are based on components unfamihar to many operators Further the

benefil~,s of different technologies may be tightly coupled to one another, or dependent on changes m

operations on procedures, matang isolated decisions about indiwdual optaons difficult In short, m



the current environment transxt operators have good reason to be concerned about making the

"wrong" cholces regar&ng APTS technologies, and thus perhaps a strong mouvaUon to err on the

sade of eautaon and do nothing at all

These c~rcumaanees, while difficult, are typical in periods of technological change, and

there are &fferent para&gms for mamgmg them (Pltstick, 1991) In an evolutaonary approach, the

current profusmn of technological options would be welcomed, and the ~a’ategy would be to

encourage a wide range of experimentation from whach the most effective technologies would be

revealed There would be many de~_d ends aad false starts, but the end result would be a set of

proven transit APTS teehnologtes that could be confidently adopted by operators Alternatively, in

a top down or systems design approach, FTA or some other centr~ authority could develop a set of

transit APTS technologies based on the best available expemse. "I’ms approach would avoad the

n-astakes whereat m the evoluUonary one, but would be prone to other rmstakes stemming from the

lnratauons m the reformation available to the system des~guers Also, such a govemment-eentered

approach would be subject to strong pohtleal pressures

The &fficult~es v, ath the above altemaUves suggest an intermediate strategy As in the

evolutionary approach, decasionmakmg regarding transit APTS technology would be deeentralmed

and leR to m&v~dual operators However, state and federal governments would play an aetwe role

m assisting local operators m APTS planr~g and dee~smnmakmg Such a program would make

available techmcal assistance to operators throughout the processes of evaluating, adopting, and

Implementing APTS In ad&taon, whale respecting operator autonomy, at would tie firmnc~al

assastance for acqmrmg APTS to requirements designed to encourage "best pracuces" throughout

these processes With flus support and encouragement, many nustakes could be avoided, while at

the same ttme mamtatmng assurance that the adopted technologies meet the needs of operators.

The interme&ate strategy is broadly consistent wlth FTA’s general approach to fostering

mnovataon, winch has mixed deeentmlm~ and eentrahzed mnovataon &ffusaon measures (Rogers

and Maegill, 1981) But thus mix has evolved m the context of relatavely smaple, non-techmcal,

movations (Harrison, 1988) Rogers et al. (1981) has argued that the appropriate mm between

eentrahzed and decentralmex] diffusion strategies depends on the technical complexity of the

ianovataoR, w~th greater complexity calhng for greater cemmlmation He notes that many of the

non-technical renovations have been substanually "remvented" by operators adopung them to smt

in&wdual needs Such remventton by operators will be difficult ff not impossible for tcehmcally

complex APTS systems

These c~rcumstanees 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, at is necessary to understand how transzt operators are currently

proceeding m tbas area, and to detenmne their current v~ews concerning the promise of APTS



technologies for thelr operaUons Further, m cases where operators have not given these issues

serious cons~derauon, It Is deslrable to obtain their re_formed assessment of the techracal

poss~b~Imes These are the objectlves of the Caltrans-sponsored research project °°Potential

AppI1c~mons of Advanced Informa~on Technology m Translt"

1.2 Overview

The project has three main parts First, we ~dentffy some of the major opportumties for

cmplo3~ng APTS technology to improve the performance of pubhc translt systems In doing so, we

develop a conceptual framework that is intended to asslst us in systematlcally identlfymg such

opportumt~es, rather than presenting a laundry hst of ideas appearing elsewhere m the hterature

Chaptc’r 2 covers this phase of the research

In the second phase of the study, we stuched how translt operators are responchng to these

opportumt~es To do so, we conducted a series of seven case studles, each focussing on an

mdavidual translt property Through mterxaews voth a range of management, staff, and line

personnel, wc investigated how operators dec~de to adopt APTS nmovations, how they nnplemcnt

such innovatlons, and thelr assessment of APTS technologies that they have not yet adopted

Chapter 3 details these case studies

In the thrd phase of the research,, operator experiences voth and attitudes toward APTS

mnovauons were further explored by means of a telephone survey Some 71 respondents

representing 41 d~fferent translt agencies pamclpated They were asked a series of questions,

mostly closed ended, m which they evaluated the technologles their agencles had adopted, identnCied

the stc:ps taken by thezr agency to conslder adoptlon of adchtlonal technologles, and stated thelr

level of agreement wth various a~tudcs toward APTS that had been expressed m the case studies

By covering a larger number of operators, and yaeldmg results that could bc statl~cally analyze~

the survey prowded a useful complement to the richer, more qualitative, and more narrowly based

case s~tudy results Chapter 4 dxscusses the survey.

Finally, m Chapter 5, we offer recommendations for how the process of APTS mnovat~on

can b~: improved We call for a program revolving mtenslve assistance to a small number of

operators who would bc deslgnated Model Technology Users (MOTUS) The program would 

orient~ toward achieving measurable performance improvement m well-defined areas, and would

combine APTS technologlcs (where appropriate) with other actlons in integrated programs

designed to achieve the deslred anprovements m the most cost-effectlve marker Although duectly

mvo|ovmg only a small number of operators, we argue that the MOTUS program will yield

mdu~ry-~ade 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 Is to describe how APTS teclmologles can benefit pubhc

transrt F~rst, we descnbe and categorize the specific APTS technologies that appear to have the

gr~t_e~t potent~l for improving the performance of U.S. transit propemes Next, we discuss the

performance of the U S transit industry Third, we develop a general theory of how APTS

technologies can benefit transit performance, applying this theory to ldenufy potentml benefits of

the afc)remenuoned set of technologies The first two steps are Inghly denva~ve, relying on 

number of recent stu&es that have smular objc~ves It is m the theoretical development that t.tns

dmpter makes an original conmbutlon As will be seen, the major pmctlcal value of the theory is to

allow a more systematic search for oppommmes to unprove transit performance through the

apphc~mon of APTS technologies We demonstate that such a systemaac search ylelds many more

opportumtles than are likely to be uncovered through the more hapb~ard, incremental, approach

that appears to characterize most current thinking on flus subject

The balance of tlns chapter proceeds as follows In section 2, we describe, m purely

fimct~onal terms, exlstmg and possible future APTS technologles In section 3, we &scuss the

performance of the U S transit industry In sectlon 4 we consider how APTS technologies can

further transit operator objectives Sectaon 5 presents a summary and conclusions

2.2 Overview of the Technologies

Exactly what is encompassed by the term "APTS Technologies" is a somewhat arbitrary

matter For purposes of tbas research, the term roll be used to refer to three broad categories

Advmtced Traveler Information Systems, Vehicle Momtonng and Control, and Advanced Payment

Syst~s

2.2.I Advanced Traveler Information Systems

Transit users and potentml users require information concerning schedules, routes, and

fares to plan trips and actaxaaes motwatmg these trips Such information ts of value both prior to

mal~g a trip and during the trip Several APTS technologies facihtate access to such reformation

for fine transit user They include automated telephone re_formation systems, computer data

retrieval systems, teletext systems, mteracave au&o/video systems, and &splay announcement

systems

Automated telephone mformauon systems revolve accessing the reformation needed for a

trip through the use of a telephone Instead of recewmg reformation that has been manually

retrieved and compiled the caller receives ufformatlon that has been generated by a computer The
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mformat~on requested may be qmte simple - a bus stop’s next scheduled amval tune - or quite

complex - an ~tmerary of buses and transfers for a trip across town

One component of automated telephone mformauon systems ~s computer hardware and

software to retrieve or generate the requested reformation. Sunple requests such as amwal and

departure tunes can be handled w~th rela~vely simple database software If ~tinerary advice is to be

offered, more complex route-finding soRware Is required Inputs to the soRware include a database

of routes and schedules as wall as the orig~ destmaUon, and time of the needed service. The

program outputs the recommended bus route number, transfers, schedule time, and, when

appropriate, alternat~ve routes (Ph/hps, 1983) The costs assoemted with Lraplementmg flus type 

computerized mf’ormataon system include the hardware purchase, software purchase or

development, the effort of compiling and coding the database, and tmuung of personnel The size

and complexity of the transit system wdl influence the amount of these costs (Ross and Soberman,

1987, Dlewald, 1983)

The other component of the system ~s a means of retrieving mfonnataon via telephone

Several methods are m use They all uuhze state-of-the-art call sequencing technology known as

private branch exchange, or PBX, whch can answer calls m a first m - first out service pnonty

The sh’nplest telephone retrieval method ~s &rea dial to aa mforraataon operator, who can handle

both sunple and complex w.formaUon requests The second mc~hod zs chrcct chal to the reformation

system ~tself wlth requests input by use of the telephone keypad Tl~s method can also handle both

swnple and complex mformat~on requests, but is less covement for the more complex requests "I’Im

third method involves chre~ dlal to the system ~tself but only to access a route schedule data base

Tbas method only handles simple, route-spe~lfic, requests, and should therefore complement, rather

than substitute for, mformaUon operators kq)zewald, 1983)

Systems with chrect dial to an mformat~on operator are sm, filar to standard transit

telephone mformaUon systems except that the operator uses a computer instead of various printed

materials The potenual advantages of ths include reduced tune for processing a call, greater

umfonmty of response, less difficulty m Lmplementmg route scheduling changes, and increased

capacity of the operator system due to reduced response tnne (Pbahps, 1983), and 24ohour ser~ce

availability However, experience has shown that response time is reduced only Lf the system is

used selectively, since many requests are handled so routinely that operators have memorized the

informataon. There was an mitxal increase in response time when an automated system was

introduced m Wasbangton DC, because operators were using It for every request (Phdips, 1983)

All automated telephone mformatlon systems w~th chrect dzal to the system employ

computerized volce synthesbzer response Advantages of this method are reduced labor cost,

increased call-handhng capaclty, and 24-hour avaJlabihty of the serwce In one form of this

system, the caller may input the reformation request by way of the touch tone pad on the phone
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itself The caller has the abihty to vary, by chalmg a pre-selected sequence of numbers, ¢hfferent

parameters such as wamng trine, fare cost, and walking chstance, to opttrmze the mp route (Ross

and Soberman, 1987)

The altemaUve method to direct dial Is to asslgn a telephone number for each and every

bus stop m the translt system The mformalaon is then made available by posting the umque

telephone number at Rs bus stop By calling the asslgned number the translt user can then recelve

the tmaes of arrival for the next two or three buses at Ins/her desn-ed stop (McKendnck and

Hubbell, 1989) Advantages of tlus method are that it removes the snnple schedule or itinerary

oriented calls from the caller/operator mteraclave system, and provides the option for 24-hour

access This type of system does not require the extensive computer system hardware, soRware,

and da~,a bases associated with automated route fmchng, but neither does It supplant the human

operator-based system

With computer data retrieval, the traveler commumcates with the system m much the same

way as someone ealhng the system wth the phone and using the touch tone buttons The

chfference is that the caller uses a modem, or a terminal prowded at a translt stataon/heavy use

area, to link their computer wlth that of the system The information generated can then be pnnted

up m ~e form of hard copy to be referenced m route The costs assocmted w~th tlus type of

reformation system are much the same as those for an automated telephone mformatlon system

utthzmg touchtone

A more soptnstlcated form of computer data retrieval found in some alrports and tram

staUons m called mteraclav¢ aucho/wdeo (IAV) These systems have greater grapbacs eapabilmes

and could offer an extremely flexible yet easy-to-use tool for disseminating mformataon pertaining

to both the transportataon system and other domains° Because of its grapl~cs orientation and

greater flexabfllty, IAV rcqulrcs both greater data storage and faster data transtrnsslon than a

eonve~tmnal modem-based system (Hunter and Perfadcr, 199 l) Storage is provldcd by a computer

laser ~sc - a thin sheet of metal m wbach reformation Is stored m the form of pits burned by a

laser beam IAV programs have chfferent levels of soplnstlca)i_’on - from sn-nple sequentml

programs to ones wath branching and multaple forms of mteractaort, such as keyboard and mouse

Telctext is a method of making mform~on m the form of wnRen text available to the

transit user by way of a televmon This informatmn is transmitted usmg World System Tdetcxt, a

commumeat~on protocol that uses a portion of the broadcast signal Tins portion of the broadcast

signal assigns the teletext material to the Vemcal Blanlang Interval (VBI) - the pomon of the

telcvlslon picture that appears as a black hne when the telexasion picture rolls vemcally There are

21 transrmtted horizontal scan lines m the VBI Of these 21 there are a few that revolve the

venw.al control for the vldeo-plcture, several are reserved for transmission of closed captloned text

7



for the heanng n’np~ured, and the rest are void h is within these void lines that transit reformation

may be transrmtted (McCormell and Blackburn, 1990)

The abd~ty to only txansrrat textual material ltrmts this type of mforma~on access to that of

route schedules Each m&wdual line cames one route m the tram~t system. The transit user need

only access the line corresponding to the route of interest The user accesses these VBLs through

the use of a de.c~er Presently, Zemth manufactures two models of TVs with this type of decoder

built in, and Sony and Magnavox are scheduled to introduce such models m the near furore

0VlcConnell and Blackburn, 1990)

In order to be able to make schedule mformauon available to the pubhc the transit system

must compile and encode the route schedules so that they can be transferred to an inserter that

formats and inputs tb~s mformat~on into the broadcast slgnal The costs associated vc~th flus

system are those for estabhshmg the database, enc.odmg the route schedules to be transferred to the

television station’s encoder, and the fees required by the stataon for transrmttmg the signal

Advanced technologies are ad&t~onally altenng more traditional forms of transit data

transn~ss~on, such as the chsplay s~gns located m vehicles and terminals. The mare progress has

been to make the messages programnmble, so that they can easdy be modified to reflect routing and

scheduling changes, even on a real ttrne basls when used m conjunction wlth an automatic vehicle

locauon system (see Scctzon 2.2 2) Several kinds of elcctromc formats, including hqmd crystal,

dot matrix, and wdco momtors have been employed for flus purpose

2.2.2 Vehicle Monitoring and Control Systems

The category of vehxcle momtormg and control encompasses various technologies that

momtor the performance of vehicles and routes and can asslst the operator m driving the bus

Automauc vehicle momtormg (AVM) systems momtor the performance of both vehicles

and routes AVM consists of a combination of technologies, including a locat~on subsystem, a

momtonng subsystem, a commumcat~ons subsystem, and a c, cntral control facility

The commuracat~ons subsystem ~s ra&o-based and has for the most part remained

unchanged since AVM systems were first tested in the late 1970’s The prmmry changes have been

the mzmatunzat~on of components and reducuon m eqmpment costs

The central control facihty is a combination of computer equlpment ~_dapted to the needs of

the system This subsystem has benefitted from advances m computer te~hology resulting m lower

costs, increased power, and enhanced capabllmes

The location subsystem rehes on automatic vehtcle locaUon (AVL) technology. There are

several locating strategies that can be ut~hzed These can be d~v~ded into ground-based and

satelhte-based systems



There are three types of ground-based locating methods Dead reckorting relies on elapsed

tL, ne, c~nges m obregon, and chstancc travelled to calculate a vehicle’s posmon rclatlve to its

starting posltion (UMTA, 1991) Alternatively, proxarmty beacons can be used to determine 

vehicle’s posmon In tlus method, the velucle mitial~.es Its posltion when It passes a beacon and

measures distance travelled relahve to this beacon untal the next beacon is encountered Finally,

there are radao detcmumt~on systems These systems triangulate position based on modulated and

coded racho slgnals (UMTA, 1991, Califorma Departrnent of Transportataon, 1991) Loran 

used p~a1~nly for mantame navlgataon, Is one such system

The satelhte systen~s also rely on triangulataon However, the transnutters are in the sky as

opposed to on the ground Currently there m one operataonal system the Global Posltionmg System

(GPS) ,operated by the U.S. Department of Defense The system became available on a 24-hour

basls m 1993 (Perwamen. 1990)

All these systems reqmre on-board ¢quxpment to calculate the vehlcle’s posmon Proxnmty

systems, m adchtton, reqmre a network of beacons Depending on the number of beacons this can

become, costly The other systems rcqmre less infrastructure investment but also the purchase of

expensive receivers All these systems also suffer from accuracy problems However, each can be

adaptex! to unprove accuracy Dead reckoning can be unproved by combining it wlth proxamty

beacons and/or map-matching soflvcare to correct the posmon at pre-determined intervals For GPS

systems, a stataonary recelver at a known posmon can be used to calculate aa error term wbach can

be apphed to the area of coverage One as yet unsolved problem faced by both racho determmataon

and sat elhtc systems is that tall bmldmgs can xrnpede rc~.cptlon of the signal, making it &fficult to

calcula,te vebacle posmon

The momtormg subsystem momtors both vehicle operatang conchfions and route operating

condatlons The vchlcle opera~ng condatlon is monitored by sensors connected to an on-board

computer, or OBC (’Davies ct al, 1991) Sensors can momtor such Items as vehlcle speed, engine

speed, ozl level coolant level, ctc With the md of automatic passenger counters (APC), the

momtc,rmg subsystem can collect data on passenger boardmgs and allghtmgs APC’s conslst of

pressure sensxtivc pads or hght beams across the doorway that once activated measure boardings

and alJ~ghtings Other technologies discussed m the category of advanced payment can also be used

to collect data on route performance Once the data has been collected R can tmnsmltmd in r~

tune or at the end of the day to md pla~ers and maintenance personnel

An often overlooked component of the monitoring subsystem xs soRware for reducing

momtonng data into useful reformation (Mellor and White, 1987) AVM systems often generate

huge volumes of data that would be ineffimcnt or unpossible to sir through manually Vendors of

AVM are often hardware onented, however, and assume that others are responsible for data

reduction Furthermore, while operators want software that ~s easy to work wlth, they also have
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&verse and changing mforma~on needs These confhctmg requirements make AVM software

chfficult to develop

Vducle momtonng can serve as a basis for tcchnologles to asslst m opcratlon and control

of the translt velucle Automatlc velucle control sys~ms (AVCS) aid drivers m controlling certain

vehicle run.ons and may ultunatcly have the potcntaal to replace dr=vet control (Mobility 2000,

1990) In its basic form AVCS will prowde warnings and reformation to the driver The next stage

will include the capabih~ to ass~’t the driver m controlling the vehicle The Inghest level of AVCS

will completely automate the driving functlons

The first phase consists of unformaUon and warnings to assist the driver Obstacle warning

and maneuvering guidance compose one aspect of such a system These systems dcte.ct obstacles

and alert the driver wlth an au&o slgn~ when ¢vaslv¢ actlon may b¢ required The maneuvering

action could be a buzzer to alert the driver Alternatwcly, there could b¢ an automatic braking

system whch is enacted ffthere is not enough tnne for the driver to react

Several technologies for autom~_tmg the dr/ring funcUon are bcmg explored In automated

gmdeway traz~It (AGT), vchlclcs mn under automatic longltuchnal mad lateral control on thelr own

gmdeway Ad&tlonally, there are dual mode velucles being explored m whlch one vehlcle could run

as an AGT velucle as well as a convcnUonal velucle (Dades ctal, 1991) Finally, the longltudmal

and lateral control tcchnologzcs under development for private cars could ultimately bc apphcable

to transit vel~clcs as well

2.2.3 Advanced Payment Systems

The trachtlonal method of collecting fares is for the passenger to place money or tokens hn

the farebox upon entering tl~ ~tslt vel’ncle. Wh/le sunple, fins method Is time consuming,

mconvement, and requires labor-intensive, theR-prone, money-handling act~wties Advanced

payment systems arc intended to reduce these transacuon costs At the same tLme, they typ~cally

generate a rich base of ndershlp and revenue data wlth a broad range of planning applicaaons.

Advanced payment systems revolve a fare medinm, a means of r_~_~,_~ng and altering that

mcchum to reflect payment and system use, and a means of controlling system access based upon

whether an mchwdual possesses the proper medmm By far the most wdely used mcchum in these

systems ~s the magn~c farccard It consLsts of a paper or plastic card, ~/p~cally the s~zc of a credit

card, w~th a magncuc coating which can b¢ polariz~ to store nfformaUon The card can bc

processed by eahcr a read=only or a read-write device These dcwccs work from the pnnclple that a

changing magnetic field produc, cs an electric current, which Is th~ int~rpr~xt by the reader When

the user e~ther purchases add/tional card value or uses the transit sys~m, the write device alters the

mformat~on on the card to reflect fins Other reformation, such as the points of c’ntry and exit from
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the system and the tune period during which the medm ~s vahd, can also be encoded in order to

compute the fare, control access, or for other purposes.

The smart card is a more sopbasUcated and expenswe medmm Snnilar m sue to a

magnelJc fareeard~ rt contains a nucroprocessor and rr~y also have a (my transnutter for remote

cornmurucation Ttus technology offers many possibihues for transit fare payment At the least

soplustlcated level, it could be used m a manner smular to the farecard, but wlth the abdity to store

ad&tional reformation which, for example, could be used to identify a passenger as belonging to a

speclal user group that qualifies for a reduced fare In a far more advanced scenario, the smart card

could be used to automa~acally transfer funds from the bank account of the user to that of the

translt operator vath each use of the system Smart card capabfllties can also be used to identify

passengers who have made prepmd reservat~ous, and to ball the appropriate paraes for users

part~clpatmg m specxal purpose subsldy programs

At the present tnne, magnetac farecards have attained vc~despread use m rail transit but

httle p(metratlon of the urban bus transit market, while smart cards have so far been used only m 

few demonstratlon programs * Bus use of the former is, however, beginning to develop, mouvated

by needs to integrate wlth tall translt and to f-acllltate handling of transfers and monthly passes

The mtrodu~on of smart cards Is hindered by the relatlvely lugh costs of the technology,

especially for the cards themselves, and by the lack of infrastructure necessary to capitalize on its

more advanced capabdmes

2.3 Transit Performance

The value of APTS tec’tmolog~es depends on thelr abdlty to unprove translt system

pcrfon’aancc At the broadest level, transit performance ~s oral conceptualized as having two

dunens~ons, efficlency and effectaveness Efficlency is an mtenslve concept based on the ratlo of

system output to system input Measures of efficlency include cost per vehicle-mile, labor hours

per vehlcle-nule, and vehicle-miles per bus, to name a few Effectiveness Is an extensive concept

based on the total contribution the system m making to the urban transporta~on system Passenger-

miles, share of trips versus other modes, and quality of service re&caters are e~-nples of

¢ff¢c~ veness measures

Over the past two decades, both efficiency and effectiveness of transit have trended

downward OperaUng cost per revenue vehicle mile has increased 35 percent in constant dollars

since [975 (UMTA, 1991) Nanonwlde, the farebox recovery raUo has gone from over 80 percent

m 1970 to just over 40 percent in 1988 Transit nderslup m 1988 was shghtly less than m 1965,

*It should be noted that magneuc farecards are someumcs referred to as smart cards, parUcularly if the
rnagneuc stripe ~s used to store xnformataon about the card user Thus, several programs that include
"Smart Card" m thelr title do not employ the smart card technology described here
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but the translt share of commute trips has sunk dramatically, from I2 6 percent in 1960 to 6.2

percent in I980 (Eno Foundataon, 1987)

These trends have been widely observed and analyzed It is useful to distinguish two types

of contributing factors The basic causes for the decline of transxt derive from the increasing

dommanee of the private automobile On the one hand, the inherent advantages of the automobile

as an urban travel mode, combined with the increasing proportion of the population with access to

it, have stimulated as share of the urban travel market At the same time, the urban landscape ha_~

become increasingly shaped by the automobile, with evolving land-use patterns increasingly ill-

stated to cxmventmnal fixed route transit serwce

Several secondary eff’e~’ts have acc_~nl~ted these tr~ds First, as transit has become

increasingly dependent upon public subsiches, It ha_~ been shackled by constraints on mmmgenal

prerogatives which have reduced the efficiency (at least as conventionally measured) of transit

operataons (Wachs, 1985) Second, because transit is characterized by strong service economies 

scale (more servlce me2ms higher service freqLlencies, shorter waltmg times, etc ), declines 

service and ridership reinforce one another, creating a "downward spiral" (Jones, 1985, p 75)

Transit operators everywhere arc anxious to reverse the detenoratmn of past years Four

broad objectives can be Identified as furthering this goal These are (I) improving service quahty

(2) increasing ndershlp 0 ) enhancing revenue and (4) containing 

2.3.1 Improving Service Quality

Two forms of payment are exacted fi’om transit users The first is the fare, while the

second conslsts of a myriad of non-fungible components including tame, physical and mental effort,

and stress. Serwce quality Is an inverse measure of the second component - the lower the

difference between the fare and the full user cost, the higher the quality

More concretely, service quality can be tied to a variety of observables, including travel

ttrne, time spent waiting, time and chstance of walking, day-to-day variation m these tmaes, scat

availabxhty, erowdedness, crime and ace~dent rates, and cleanliness Other factors - time and effort

to obtain service mformatmrt, trmL__~L~aon costs (Le lame and effort spent obtaining correct change

and paying the fare) - are observable in principle but not m praetace Other aspects of serwce

quahty - productivity or quahty of time spent in tramxt, social status of the service, and perceived

safety and security - are inherently subjeetwe but may nonetheless significantly influence the

percewed quality of the service

The need to improve service quahty needs little justification. Analysls of mode choice

suggests that service quality chfferences are the major reason for commuters prefernng the

automobile, despite Its sizable chsadvantage wlth respect to out-of-pocket cost Indeed, experiments

have shown that, even when the fare is elmunated, transit riderslup gains are modest because of the
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servlce quality deficit Furthermore, unlike fare reducUons, service quahty enhancement can, at

least m prmclple, benefit users w~thout depriving the operators of revenue (although oRen at some

cost per~lty)

2.3.2 Increase Ridership

Increased ndershlp benefits transit operators in several ways Fun-t, ridershlp level is a key

deternuaant of the operator’s overall contribution to the urban transportation system I-hgh

ndership levels justify public substches and other forms of support. Second, ff the increase xs

attained without increasing cost or reducing fares, this naturally leads to unproved financml

p6~rfomlanc¢ Third, higher ndersbap can allow service improvements, perhaps reversing the

"downward spiral~ referred to earlier

The objectwe of increasing ndershap is, of course, furthered by that of anprovmg service

quahty Increased ndershlp can be obtained m other ways, however. These include fare

adjustments, such as across-the-board redu~ons or (following the ratlines) adjustments to the fare

structure hhat eapztalize on differences m fare elastacmes among different types of users Raderstup

can a2so be increased by making altematave modes - pamcularly the private automobde - les___s

attractave

2.3.3 Enhance Revenue

With farebox recovery raSaos* m transit rarely exceeding 50 percent, revenue enhancement

ts clearly an anportant objective for any operator. For some transit operators, increased revenue

translates to a larger budget and the resulting abihty to increase serwces and upgrade facdmes For

others, such increases are reqmred to absorb reductions in subsidy

Translt demand is relatively inelastic, creating a tension between the objectaves of

mcrea~mg revenue and maintaining or increasing ri&rslnp m the faresettmg process. Further, the

low-m,~me, transit-dependent population and their advocates frequently offer strong oppositaon to

fare increases The use of more complex fare structures that effectively discriminate among

passengers based on their fare elasticity (and, also, on eqmty grounds, their abihty to pay) can,

however, both enhance revenue and sumulate ndersbap. Such pncing strategies can be made more

effectave through the mtroductaon of differentiated service quality - express commuter buses, for

example.

* The farebox recovery rauo ~s the raUo of a tmnstt property’s fare revenue to as cost.
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2.3.4 Contain Costs

The containment of operating costs is dearly of concern to transit operators as it xs to any

orgarazauon Dependent on the decisions of government officials and the traveling public for thear

revenue, operators’ ability to manage and when nec~sary reduce costs is essenual to maintaining a

financially vmble system Overall, costs in the industry have trended upward for several d _ee~__es

Lave (1991) reports that for the U S mdus~a3’ as a whole, real (inflataon-adjusted) cost per bus

hour increased 2 1 percent annually from 1964 to 1972 and 3.I percent annually from 1972 to

1985 There ~s ewdence that tins cost escalation ~s m part the result of increasing government

subslty (Lave, 1991, Pucher, 1983)

Since nearly three-quarters of transit operating expenses are for labor (UMTA, 1979),

labor cost has been the major focus of cost reduction efforts However, whereas other

transportatzon firms, such as the aldmes, have been able to use wage rates and work rules as safety

valves for firmncual pressures, strong umor~izatlon and labor protection reqmrements maposed by

federal and state assistance programs severe Imute operators m tlus area (Karby, 1992) One

avenue that has been pursued Is the use of part-tirae labor, a pronusmg strategy because of the

baghly peaked pattern oftranmt demand Gmhano and Lave (1989) report that, wl-ale agencies that

employ part-ttrne bus operators reqmre somewhat less labor, m most eases this saving is cancelled

out by the wage and benefit concessions demanded by umons as a con&tlon for allowing part-trine

workers to be used Another strategy for reducing cost as contracttr~ out servtces to private

operators Gmhano and Teal (1987) estmmte that a large transit agency could save 5-7 percent 

total operating cost by contracting out 20 percent of their serwces, wlule smaller ageneles would

achieve smaller percentage savings The labor protec~on provisions noted above mean that most

opportuntles for contracting out occur when agencies are expanding servtces

2.4 Transit Performance and APTS Technologies

APTS technologies offer the promise of maproved transit performance Much more

research zs necessary before the magmtude of tins performance gain can be assessed, but it is

p~sible to understand the possible improvements m a qualitatave way Central to such an

uaderstan&ng is the development of a taxonomy of benefits derived from a umfied conceptual

framework

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

of a set of re~latory processes In such processes, outcomes depend upon inputs from two

sources, a disturbance and a regulator The objec*ave of the regulator as to choose inputs winch,

when combined youth those from the &sturbance, produce desirable outcomes.

The various dimensions of transa performance outlined above can be t~ed to a plethora of

&fferent regulatory processes Service quahty, for example, depends on a eombmataon of routing
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and scheduling decislons (regulation) and demand-side characteristics such as origin-destination

patter~ and serwce preferences (&s~rbance) Rldershlp and revenue, m ad&tion to depending 

serwce quahty, are influenced by the combmaUon of fare s~ucture (regulauon) and nders’

w~lhngness and abihty to pay (disturbance) Costs are affected by many regulatory processes For

example, maintenance costs depend on dcc~slons concerning whether and when to carry out various

maintenance acuvmes (rcgulataon) and the degradauon and failure of various vebacle components

(&sturbance)

In tlus secUon~ we develop a sunple framework for analyzing the potential of APTS

technologies to improve the effccuveness of the various regulatory processes that determine

perfonrnance The framework is, in fac~ a very general one that has been applied to a broad range

of tcctmical and bmloglcal systems It is largely based on the work of Ashby (1961) and others

who developed the field of cybernetics The cybemctac paradygm offers a s~mple yet powerful

theory Imlong the performance of a system to its abflay to process mformataon Specifically, the

theory relates system performance to successful rcgulataon, and successful rcgulatlon to the abihty

to accurately transmat reformation about &sturbances through the choice of a regulatory response

In other words, the hlgher the level of performance of a system, the more one can learn about

&sturbances m ~ts enwronment from as regulatory responses to these disturbances W~thin the

cybemetzc lexacon, thls xs known as the "transmlssion of variety" (Ashby, 1961, ch 8)

A snnple regulatory process ~s depicted m Table 2-I There, a system is depicted as a table

relating two inputs, D and R, to an outcome, wluch m this particular example may be e~ther a, b,

or e The input D represents disturbances mapinging on the system The input R represents the

input from the regulator of the system The outcome represents the performance of the system, or

some aspect ofa - for example, a rmght depict the lughest level of performance, b the next tughest

level, and so on Altematzvely, a could be an acceptable outcome, while b and e are unacceptable

ones

The task of the regulator ~s to choose inputs so that the acceptable or most desirable

outcomes are attained To do this R must have mformataon concerning D The sltuaUon is deplC~’t~d

m F~re 2-I, where the D and R again refer to the disturbance and the regulator, respeetavely, and

T st~ids for the table sho~,n m Table 2-I, and E stands for the outcome (which as above may be

b, or e) The bold lines indicate causal relationslups, while the dashed line indicates an information

link

In Table 2-1, no colunm m T has a repeated outcome Assuming tins, one can see that the

abd~r~, of R to ensure that the most desirable outcome depends on there being a unique one-to-one

relationsl-ap between the set of possible disturbances and the choice of regulatory inputs For

example, ffthe deslred outcome is a, then the correspondence Iso
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Table 2-1.
A Regulatory Process

Disturbance
Input (D)

1
2
3

Regulator
Input (R)

b a c
a c b
¢ b a



Figure 2-1.
Information Flow in Simple Regulatory Process
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From flus observanon, It is clear that for R to be completely effective, rt must act as a perfect

transnutter of the mformaUon from D On the other lmnd, It is apparent that R would be a

ineffective regulator ff its inputs were independent of D From these extreme examples, we can see

that the effectiveness of R depends on its ability to tr~.srmt mfonna~on from D In most cases, the

ability will be n~ther perfect nor completely lacking

Before proceeding further on these abstract lines, It is usef~l to consider how the concepts

of disturbance, regulation, and outcome apply to urban transit Table 2-2 ldentafies nine major

regulatory processes related to urban transxt In each case, as m Table 2-I, the hkelihood of a

desirabIe outcome can be uncreased by the chozce of regulatory inputs appropriate for the set of

disturbance inputs Consequently, each of these areas requires mformatmn about the disturbance to

be transtmtted to the regulator

The regulatory processes m Table 2-2 revolve a wide range of tame scales The tune scale

of a given process depends upon the rate of change of both the dasturbance and the regulatory

inputs These rates are generally" compatible for the two types of inputs If the rate of change of the

chsturbance input is much greater than that on the regulatory input, then effectave regulatmn is

generally nnpossible On the other hand, the longer the tune scale, the greater the set of available

regulatory actaons The tume scale of regulatory inputs thus tends to expand to match that of the

disturbance

Table 2-2 also reveals that "one man’s disturbance is another’s regulatmn" Tbas is

particularly true when the perspective of the operator is compared w~th that of the traveler Transit

planners, for example, adjust the transit schedule m response to changes m travel patterns and

traffic con&Uons In the trip plannmg activity of a traveler, however, the schedule becomes a

chsturbance, to which the traveler must adjust m choosing how (and whether) to use the system.

HereaRer, we will refer to flus phenomenon as RfD duality.

When regulatory processes are coupled so as to create an mslance of RID duallty, it is also

useful to disungu~sh the upstream process, for which the variable is IL and the downstream one,

for which ~t ~s D To illustrate, F~gure 2-2 depicts coupled regulatory processes m w-bach process l

~s upstream and process 2 is downstream It is also possible for the duahty to be rccipncal. In other

words, process I 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 arrive at penods of high
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Figure 2-2.
Coupled Regulatory Processes
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d~-~(:l, while travelers a~anpted to schedule their trips accordin.g~ to when the vehlcles amve In

such sJtuaUons, the s~ma~on can also be viewed as a "game" between the two regulators *

We are now i.,1 a position to identify the potenUaI benefits of APTS technologies for pubhc

translt~ and for open techmcal systems m general, in terms of the ways m which they enhance

processes of regulation Figure 2-3 depicts various forms of such enhancement All benefits are

connected w~th changes in the abihty of R to transnut mforma~on from D At the broadest level,

this ability can be altered m two ways Fast, the cost of transmission can be reduced This cost can

be monetary, as when labor required for on:ooard ndership counts can be saved through an

automated counting system In other cases, the cost represents effort or Ume expended to attain the

mformataon, such as when a traveler can obtain schedule mform~on from an Advanced Traveler

Inforrmtlon System (AT/S) more easily than from consulting paper schedules or ~ating several

minutes on the phone to consult with an mf’ormatlon operator

The other major category of benefit fromAPTS technologies ts through increasing the

amount ofinformaUon transrmtted by the regulator The "amount" of mformaUon concerning D can

increase in several ways If D ~s mulUdm~ens~onal (wlnch ~s almost always the case), the additional

mformaUon may concern dimensions not originally addressed Alternatavely, the mforrnataon may

pertain to the same clunensions as previously, but be more accurate or precise

In each of the above possibflmes, the effect ~s to increase the amount of information

reacl~ag R Th~s yields no direct benefit, because it is the information transmitted by R winch

detemunes the effecuveness of the regulatory process Several mechamsms act to convert the

additional uffornmtlon reacbang R to additaonal informataon transmitted by IL This effect may

occur untal the point is reached where R ts a perfect wansrmtter In real world systems, however, R

Ls new;r perfect, so the potenUal for benefit always exasts

The snnplest way in wl’nch the increased mformaUon reaching R can be translated into

additaonal mformaUon transnutted by R is through an increase m the "fidehty" of R - the

probab~hty that the correct response will be selected for any given disturbance As aa analogy,

consider televls~on If upgrading a television antenna increases the amount of re_formation reaching

the set, the benefit results from the set - unchanged from before the upgrade - transmitting a

clearer picture In the case of transit, increased accuracy m fare collectaon (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 ~llustrate the relaUonship between effective regulaUon and
mfom~auon transnuss~on However, the game he considers asymetric, since ~t assumes that the regulator
player responds to the dasmrbance player but not wee versa
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A second way m whJch more information reaching R can be translated into more

mforrnatlon transn~ttexl by R is for the range of possible regulatory responses to increase In the

t~lev1:~on analogy, the stronger s~gnal can trarL¢latc not just into a sharper plcture, but can allow a

color plcture as well For flus to happect, however, the set must be upgraded from black-and-white

SLtmlarly, an automatic velucle location syst.~n can pcnmt real-tune control of vehicle opcraaons

m order to improve schedule adherence or remove bunching In order for tlus to occur, however,

the scope of chspatchcr’s role m system operation would have to be increased from what it is

cun-~tly

In each of the above cases, the benefit from an APTS technology occurs within a

paracular regulatory process A final form of benefit revolves regulatory proc~ses coupled by a

variable w~th dual R/D status In these circumstances the regulatory eapac~ty of the downstream

process, for which the coupling variable constltutcs a chsturbance, can constrain the range of

regulataon possible m the upstream process Consequently, the effect2veness of upstream regulation

can be enhanced by unprovmg the effecuveness of downstream regulatlon

To glve an example of flus effect, c, ons~der the dual role of the fare structure m urban

translt As a regulator, It interacts wlth wilhnguess and abfllty to pay of &fferent users, and the

costs different types of use impose on the system, to influence the financial performance, eqmty,

and patterns of use of the system From the standpoint of the fare collection system, the fare

structure Is a chsturbance The fare collect~on system must prowde regulation to assure that the

appropriate funds are collected and transferred to the systems accounts wath a minimum of cog

and theR If the fare colIectlon system can bc improved through reformation technology, it tmght be

able ~o handle a more complex fare structure (for example, one which vanes by route and rune-of-

day) The greater the complcxzty a fare structure can have, the more effective regulator ~t can be

As F~gurc 2-3 indicates, tlus "sp~llovcr" benefit takes two obstruct forms from the

standpoint of a given regulatory process The range of regulatory response m the process Itself may

be ~dmnced by unproved downstream regulatory cffectaveness, and the range of regulatory

response for upstream processes may in turn be extended as a result of the increased effectiveness

of the regulation m tius process

Table 2-3 summarizes the ways m which APTS technologies can enhance the regulatory

processes described m Table 2-2, employing the taxonomy derived above The regulatory processes

involving planning, which have longer time scales, benefit from reductions m data acquisitaon cost

and ~anced data These allow better assessments of current performance and prechctions of

future condmons In adchtlon to permitting more reformed planning decisions, these types of

ufformatlon may encourage a shorter planning cycle In effect, this expands R because, although it

contains the same alternataves, choices among them can be made more often
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In contrast, operataons management will benefit primarily from extending the set of regulatory

acUons available For example, automatac vehicle momtonng will penmt guidance to velucle

operalors to minnmze davergences from the schedule There may, however, be additaonal benefits

from the reductaon m costs assocmted wlth modifying routes and schedules In this c-q~, the

effe.ctaveness of the short term planning process Is enhanced by the increased capaczty of the

operallons management process to adapt to it - an instance of R/D duality

The benefits of APTS tcchnolognes for the emergency response process arc perlmps the

most sunple to understand In ttus case, R is unaffected by the technology - the choice of

rcspotLses Is the same as It was before What is unproved Is the abihty to correctly determine what

emergency serwces to send and where to send them

The maintenance process can benefit from APTS technology in several ways. A slgmficant

proporhon of maintenance tune ts spent acqumng nfformatlon m order to chagnose a specxfic

problem or insure that some system is runmng properly APTS technologies could prowde

substaatml savings here Further benefits should accrue from more accurate chagnoses and

identifications of mmntenance needs With these gains, real tame maintenance can supplant routine

prevcntwe maintenance m many instances If R is the choice of whether or not to carry out a gwen

maintenance actawty, the benefit would be to improve the fidehty of R fewer unnecessary

maintenance procedures will be earned out, and fewer necessary procedures will be missed

Finally, the increased capabdlty of the maintenance function may enable It to accommodate more

sophisticated vehxcles and a more heterogeneous velucle fleet

Pncmg, luke planning, benefits from less costly, better mformataon concerning nderstup

and revenue In adcht~on to helping to deterrmne fares for a gwen set of rider categories, the

mfomlation may encourage the use of a larger set of such categories, a good example of expanchng

R R cx)uld also be expanded - m a manner analogous to that chscussed m the context of planmng

- by more frequent fare changes

The fare collection process ~s closely coupled vclth the pncmg one The fare structure is

another good example of a variable wtth dual status - part of R from the standpoint of pricing and

part of D from the standpoint of fare collection Hence the abihty to increase the complexaty of and

frequency of adjustment to the fare structure depends on the regulatory capacity of the fare

colleclion process APTS technologies enlmnce this eapaclty primarily by reducing transaetaon

costs ~md by increasing the accuracy of the process of determining the correct fare

Trip planning has among the most interesting set of benefits from APTS technologies. The

time and effort to obtain a gwen set of fare and schedule reformation would be reduced Further,

the accuracy of the reformation wdl be improved by incorporating the latest schedule changes and

perhaps real time mfornmtaon The improved reformation will allow travelers to make better use of

the time before their departure Tbas could be especially unportant at stataons and transfer points,
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where travelers would no longer be "chained" to the stop waiting for a bus w~ch "will be here any

tune now" Finally, as noted when we introduced the concept of PJD duahty, unproved traveler

mformataon may make it possible for the bus operator to make more routing and scheduling

adjustments m response to traffic con&t~ons or other factors

2.5 Conclusions

Tills is a turbulent penod m the technological development of urban transit The

widespread interest m the application of APTS technologies poses slgrnficant and unique

challenges to transit managers and poheymakers The w~de array of avadable tcclmologtes, their

complexity and pace of development, and the range of possible apphcatao~ pose dafficult choices,

parttcularly when the recent history of teehmcal change m transit has focussed on "low-le.eh"

measures While the search for the most suitable technologies and appheataorts as best earned out

m bottom-up fastuon, it is also greatly expechted for good technicaI mformaUon and a sound

understanchng of the potentml benefits of APTS technologies

In this chapter, the various APTS technologies and thetr potentaal benefits have been

described, vnth specml emphasis on the development of a umfied conceptual framework for the

benefits Based on the cybernetic theory of regulation, the framework encompasses a wide range of

potentml benefits through the identification of key regulatory processes and different modes by

which the processes can be enhanced through better reformation

Many of the benefits of these teclmologles hinge on extending the range of regulatory

altematwes. Although the technologies allow such extensions, they do not guarantee them A major

challenge to transa managers Is to foresee how chfferent regulatory aclawtaes - ranging from

strategic planning to velucIe operation - must be redefined m order to fully explolt the potentml of

APTS technologies In many systems, such an apprecmt~on may be necessary to tdt the assessment

of APTS technology costs and benefits m favor of nnpI~mentatlon

Tlus Is not to suggest that at the present tune, a rehable quantzfieatlon of benefits to APTS

technologies, either m general or for any specific operator, is possible Decisions to adopt these

technologies will, for the foreseeable future, require a significant leap of fazth The experience of

those systems that take tlds risk will provide a much firmer hasps for assessing both costs and

benefits One can only hope that those who lead the way use these technologies to thetr full

advantage A theory of how APTS technologies benefit the performance of systems can unprove

tins prospect, by allowang benefit opponumtles to be systematically ~dentlfiedo
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CHAPTER 3:
APTS INNOVATION IN U.S. TRANSIT AGENCIES - CASE STUDIES

3.1 Introduction

Despite the continuing rehance of pubhc transit on federal, stat~, and local subsidy, transit

decision making m the U.S remains hcawly decentrahzcd Individual operators have primary

respo1~sibihty for determining what services to supply and how to produce them While government

prog~uns and rcgulauons influence and constrain these decmions, substantaal autonomy remains

Efforts to unprove the performance of this sector will succeed or fall according to the responses

these efforts ehc~t from m&wdual operators

Tbas is also true m the adopUon of Advanced Public Transportataon System (APTS)

technologies by transit operators The rate of chffus~on and ultimate level of penetrataon of APTS

mnowmons depends upon the adoptaon decisions of inchxadual operators Equally trnportant, 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 utahzation decls~ons, these mchv~duals act as

gatekeepers No techmcal mnovataon, however revolutaonary or worthwhile, can succeed w~thout

their consent

Tmnslt is not unique m the decentrahzatlon of mnovataon dec~slon making, but the Imuted

role of competltwe forces, combined wath the lack of clear performance criteria, make internal

processes particularly maportant m deterrnmmg mnovauon outcomes In compewave markets,

producers have strong incentwes to adopt mnovataons that are cost-effectave and avoid those that

are not Bad choices frequently result in harsh punishment loss of market share, reduced

profitabihty, even bankruptcy Mistakes are made, but they are usually corrected either by the

in&vadual firm, or through its demise Transzt operators make renovation decisions m a dafferent

enxarcnment Since their rmssion is more complex than that of a profit-maxmuzmg private firm, so

are the cntena for assessing a new technology Since they are not exposed to chrect competmon,

mappl opnate eholces regarding the adoplaon and utilmatlon of new technologies can go undetected,

and uncorrected There is no mwsible hand guldmg the transit industry toward cost-effective use of

APTS technology

In hght of such circumstances, ~t ~s essentml to understand how APTS mnovat~on,

including the mvestigataon, adoplaon, nnplementation, and utitmataon of APTS technologies, occurs

m the transit industry Such an understanding ~s essentml ff technology development efforts are to

be appropnately targeted, since the success of these efforts hinges on operators adopting and

effectavely using the technologies that are developed Even more important, the study of transit

APTS mnovatzon may lead to the ldent~fication of biases and imperfections that may be remcchcd

throu~ pohcy change
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The purpose of ttus chapter as to describe and critique the process of APTS mnovataon m

U S transit operators We use the term "process" not to tmply a structured sequence of events, but

a set of cholees, whether imphczt or exphclt, concerning whether to investigate and adopt, how to

implement, and how to utahze APTS technologies We are interc~t~l in how la’ans~t agencies

perceive, make, and implement these choices

To help focus our inquiry, we developed a series of research questions The quesUons fall

into two categories The first concerns how APTS innovation occurs m U S transit agencies. More

specifically, our quesUons about tins process include"

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

What are the factors that transit agencies consider m dec~dmg whether to adopt
APTS mnovallons9

How dehberate and raUonal are APTS technology adoptaon decls~ons9

How do transit agencles tmplement APTS mnovatmns9

How are APTS ttmovattons utal~d~

The second category contains questaons more normauve m nature Generally, they ask how

the process of APTS mnovaUon can bc improved The spec~c que~ons that fall under th~s

general theme include

How can transit operators be encouraged to make appropnate choices concerning
the implementation of APTS technology9

How can the process of tmplementaUon be facihtated9

How can effectxve utahzation of h’nplemented APTS renovations be encouraged9

We should not expect defimtave answers to the above questions on the basis of our case

stuches F~rst, the number of operators we consider is too small to allow" relmble generalizations

Second, ~t is inherently ddlicult to predict the mapact of actions intended to improve APTS

mnovataon The findings of this study are, therefore, hypotheses They require further confirmation,

based on evidence from a broader cross section of transzt agencies, and on implementation and

evaluatmn of recommended actions

We restnct the scope of tl-as paper in several ways F~rst the focus is on transit operators

Other actors - such as equipment vendors, consultants, and the Federal Transit Admimstration -
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who ~dso play important roles in the mnovataon process, but we do net conslder their viewpoints

here Second, our study is based on the wcwpoints of deczsion makers rather than obF.ctwe

analysls Our concern zs wlth what dcctslon makers pcrcewe more than m the accuracy of thezr

percepUons Finally, we restrict our attenUon to transit involving road vebacles-pnmardy bus, and

to a lesser extent paratransrt

3.2 Approach

This 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 informatlon

ncces:mry to describe and analyze the process of APTS renovation Also, since we are studying

translt orgamzatzons, it is necessary to intcrwew persons from throughout a translt agency m order

to obtzun a rclatlvely complete pxcture of its APTS experience and outlook Finally, ease stucbes

are the best means of uncovering the complex phenomena that shape APTS adoption and

tmplemcntatzon outcomes at translt agencies

Several factors influenced the selection of the seven case study operators considered m this

report Fxrst and foremost was the w/llmgness of the operator to particlpate In adcht~on, we wanted

opcm+:ors with a chvcrslty of APTS mnovatzon experience Our set of operators includes three wlth

Autoraatzc Velucle Location systems (AVL), three wlth some form of advanced fare payment, and

four m the process of elther replacing or aczlmnng d/spatclung software for paratranslt operations

In ad(~t~on, two of the operators were m the process of modermzmg thelr traveler informauon

systcras For reasons of both economy and relcx ance, four of our case study operators arc located

m Califomza We chose the other three based on thclr having adopted AVL, wluch no Cahfomm

operat.or was using at the ttrne of our research The &versify is also reflected m the sm¢ of the

agenczes, w~th the smallest operating a vel, ncle fleet less than a tenth the szze of the largest

For each case study, we made a 1-2 day site wszt The site vaslt revolved mtervaews wath

persons from throughout the orgamzatlon, meluchng upper management, staff and department

heads m planmng, transportation, marketang, maintenance, and other groups, and line personnel

such as drivers, chspatchers, and superwsors Dzscusszons were open-ended, but revolved around

two main areas the experiences of the operators with APTS technologies that they had already

adopted~ and the outlook for adoptaon of additional APTS teelmologaes Also, we reviewed

documentation including short-term plans, system descnptions, brochures, and Reins of specific

relevance to APTS

In conduetang the ease stu&es, we found it necessary to be selective m the ground we

coven~ We made ~t a pnbnty to learn of transit agency experiences w~th APTS technologies, as

opposed to agency attitudes toward technologies with which they lack experience In some eases,
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we stretched our working defimtion of APTS t~hnology (covering vd~cle monitoring, advanced

fare payment, and advanced traveler information systems) m order to learn about other relevant

innovation experiences At the same tune, we had some discussfon about each of the thr¢~ main

categories of transit APTS technology (as we define them) at each agemcy.

We used these sources to prepare m&wdual relXmS for each case study operator After

trying a number of somewhat compheated orgamzatlonal schemes for these reports, we setflcxt on a

very sunple one, cons~stang of an operator descnptaon (more or less d~ailed, depending on the

documentation available), a &scusston of the operator’s general outlook on APTS, &scussioas of

experiences with and atutudes toward each of the three prm~ry APTS t~hnology c~ories, and a

conclusion. These m&wdual reports are presented m the next ~on A final section s~ks to

analyze and synthes~.e the m&vldual ease stu&es m 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 Admammataon (MTA), an agency of the Maryland Depamnent 

Transportation, is responsible for serving the Balnmore metropohtan area The service area is

1795 square males with a service population of nearly 2.1 million.

MTA operates four types of service, bus, demand responslve paratransit, heavy rail and

hght rml The bus and rml services are integrated wiLh the same fiat fare and transfer charge

Heavy rail service began m the mid 1980s while hght raft service was mmated m 1992

MTA operates approxanately 700 buses m peak periods to provide regular, Express Flyer

and Metro Connection routes Express routes originate from park and nde lots while Metro

Connectaon routes feed sde, cte~ Metro stauons In ad&tion, MTA contracts for commuter servaces

to Washington, DC and for demand responsive service as well.

3.3.1.2 General Outlook on APTS Technology

MTA is aspiring to become an APTS pion~r m the U.S transit industry The agency has

acqmred a state-of-the-art AVL system that it ~s testing on a small pan of its system At the time of

our visit, the head of the Systems Technology Group, advas~ by a task force from throughout the

agency, was preparing a major grant proposal for the Federal Transit Authority ff’TA) The

proposal will call for expen&ture of $35-$40 million to crea~ the Maryland Advanced Pubhc

Transportation System (MAPTS) The proposal includes eqmppmg the~ entire bus fleet with 

upgraded AVL system using Global Posmoning System (GPS) technology Computenzegt decmon

support for the d~spatchers, automatm passenger counting, information hosks tied in to the AVL,
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and a smart card system for the paratrans~t sorwc¢ are among the ad&tional elements being

considered for flus system

MTA staff anuclpates a w~d¢ array of tangible benefits from MAPTS, as described below

Above and beyond these utahtanan alms, the system is d~igned to be, m the words of the one staff

mem~r, "hot and sexy" and therefore appcahng to the congressmen and lugh level Department of

Tramportatlon officials whose support Is necessary for such a large expenditure. The now system

was fi~,’st outlined m prepamaon for a presentataon the staff member quoted above made to such

indawduals Again quoting hun, the question guiding this presentation was "How can we wow thorn

today, and how can we wow them tomorrow~"

3.3.1.3 Vehicle Monitoring

MTA has emerged as an industry leader m transit APTS through its acqummon of a state-

of-the, art AVL system Most of our attentzon m flus case study’ focused on MTA’s experience w/th

tbas system

MTA had g~ven some conslderataoa to AVL as early as 1972 At that time, they were

acqmrmg a new racho system, and considered AVL as a possible feature They chd not proceed,

however, because experiences of other operators, partacularly Cbacago, inchcated that the signpost

technology of the tune was not reliable In 1985, MTA deeded to again replace their radlo system

because of ~ts age and the resulting difficulty m finding replacement parts In 1986-87) MTA

received funding from the Urban Mass Transit Adnunistration (UMTA, wluch has since been

renamed the Federal Translt Admtmstratlon) for the upgrade In prepanng the specificataons, staff

reviewed the speclficat~ons for the previous rathe system) where they found secUons that chscussed

AVL

Th~s spurred the staff to begin looking Into AVL Members of the Systems Technology

Group qmckly "got excited about" flus technology Two mchvlduals m pamcular, the bead of the

group and the rathe engineer chrcctly rcsponslble for prcpanng the radao specificatlon~ became the

"champions" for AVL Imtmlly, they encountered resistance both from other parts of the

organ~.ataon According to the radio engmeer

There wasn’t a lot of support from the top of the orgamzation or the bottom
People were hesitant to go into now technology and try new things . At first,
everyone was against it If you look at this thing for the first tune and we give a
concept paper that says Wee’re going to know where everyone ~s We’re going to be
able to hsten 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 [lt], what they’re doing
We’re going to automate’ R’s land of scary There was a lot of that Big Brother
flung mmally

33



It is not entzrely clear how AVL advocates overcame flus opposmon, but several things are

apparent First, the AVL supporters within the Systems Technology Group kept the idea ahve

when it had h~e support elsewhere Second, aRer about one year of AVL advocacy, they were

able to develop enough support to form a committee, with representatives from operaaons,

maintenance, and planning, to define the functional requlrements of the AVL system Tins

represented a turning point m terms of the MTA’s commitment to AVL

Two benefits of AVL appear to have been the most critac.~l m winning support for the

system The first was schedule adherence MTA suffered a 9 percent nderslup decline m the early

1980s, and ewdence from passenger complaints and surveys suggested that unrchable service was

a major reason for flus The second was enhanced security for bus drivers and passengers

Although the problem of securi~¢ on buses as, m the wew of one h£TA manager, "more percezved

than actual," secunty enhancement proved an effectlve counter to the concerns about B~g Brother

Six months after the comnuttec was formed, MTA issued a specificatlon for a new

generation AVL The process of preparing the specificauon included substantial research,

including talks wlth many vendors and site vls~ts to Whlte Plains, New York and Toronto, Canada

MTA staff consxdered many technologies, mcudmg signpost, infrared, vldeo, detector loops,

nucrowavc, and others The research effort convinced the Systems Tedmology staff that no

existing AVL system was sufficlent Rather, MTA sought a system combhung a set of features

found m existing products that they considered among "the best and most mature" However, when

they chscussed custonuzatlon wlth AVL vendors, they encountered a reluctance to alter existing

products to fit MTA’s rcqmremcntz

They weren’t wtlhng to change Thelr products were selling pretty decently, so
why change and make thelr life rmserable9 They weren~ interested m inventing
products just for MTA

Therefore, If MTA was to at.quire a suitable AVL system, a considerable development effort would

bc reqmred

Thus, from Its beginnings as a possible feature of the new racho system, AVL evolved into

"an animal by Itself" ARcr rcahzmg that unplementing AVL would be a greater task than just

revamping the radio system, MTA requested and recoved addmon~l funchng from FTA FTA had

funded several earher, and largely unsuc, cessful, demonstrations involving AVL, but was interested

m showing the potential of a next generataon system MTA, voth zts proyarmty to Washmgtort,

techmcally competent staff, and obvious interest in AVL, was an Ideal test-bed for flus experiment

Smcc FTA’s objective was to prove technology, the project was redefined so that only a small
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fracUon of the MTA fleet would be outfitted with AVL Full deployment would occur later on, ff

the teclmology proved successful

During the research stage, MTA was able to idenufy several vendors who could provide

in&vidual features that MTA desired Telende3Sage was identified as the vendor who could

pro,ade transzt oriented software RMSVA Industrial Control could provide the best computer-to-

radao mlerfacc Mets could proxade the mapping features Finally, Motorola or GE could proxade

the radio system Imrdware

Only one plccc was massing - 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 re~.ently contacted MTA along with other transit opexators in an effort to

~dentify market opporturutaes m the transit industry Dunng a follow-up contact, MTA proposed

that Westinghouse play thzs integrator role, and Westinghouse expressed its willingness to do so

MTA then adverased a request for proposals Several firms responded They mcluded

Motorola, CGA, GRS, Systems Group, and Westinghouse Electric Corporation From thas group,

MTA chose Westinghouse as the prime contractor, rating it baghest on techmcal merit as well as

cost Subcontractors included many of the companies MTA had prewously Identified

Telendc~Snge for the Computer Aided Dispatch (CAD) soRware, Mets for the Iocauon tracking

and base maps; RMSVA Industrial Control for the radio controlling hardware, and Synetics for the

manage:ment reports

The spe.ificat~on called for a route independent system The research had indicated that

with I.a)ran technology, acceptable accuracy could be obtained from a route independent system

MTA s,~aff conmdered route independence beneficial because it enhanced the security benefits of

the system, since a bus could be located even if it is not following a regular route Such a sltuataon

could occur as the result ofa hajaclcmg, use of a test course for driver training, or provadmg specml

non-scheduled services In ad&tion, this technology can locate buses whale they are parked in the

garage This is expected to be useful for verifying that parking positions are such that each driver

will be able to get their assigned bus out of the garage at the begmmng of the day

The whole AVL project has proved "frustrating right to the end" accor&ng to the radio

enginc~-.r Inmally, MTA had problems with the project team from Westinghouse. Westinghouse

was prmaarily a defense contractor and, despite some experience gath transit vehacle technologies,

had ht~le famihanty with transit operaUons Furthermore, the cxpcrUse of Westinghouse in

comman~cattons was not m ra&o but rather ~dar comrnumeafion. MTA’s unhappiness with the

prime ,~ntractor resulted m three changes m the Westinghouse project administrator

Although cntacal of Westinghouse, MTA staff also faulted the subcontractors responsible

for mdiwdual system components. The were serious problems getting the various components of

the sy~crn to communicate properly with one another Contractors shiRed responsibility for these
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problems onto each other DifficuRies oRen arose be.e_a~se the subcontractors were unwilling to

share mformaUon about proprietary technology W~nghouse had difficulty resolving disputes

and confhcts among the subcontra~ors confining these matters In some cases, MTA staff’had to

step m and resolve problems thc~n~lves It is di~cult to d~rmme the extent to which the

problems Westinghouse had were of its own making, or were mst__~_d the fault of the

subcontractors

For unknown reasons, UMTA desxred very qmck project compl~on - wiflun nine 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

duralaon was doubled to about 18 months In retrospect, the tight deadline had a negatave effect on

the project Westinghouse, eager to meet project rrulestones and avoid liquidated damages, had

hardware delivered on-slte m a plecernca] fasl-aon, as soon as each component was ready They

rushed to create some semblance of a funct~omng system, wluch, not surprisingly, did not operate

properly at first The bugs m the system included a &splay m winch buses would "hop" from one

part of the cay to another

Getting dispatchers to use the system also proved chfficult. In part flus problem stems from

the early tcchmcal problcrns such as bus hopping, wluch harmed the crechbdlD’ of the system m the

eyes of some dispatchers Snnple mertla also played an nnportant role The manager of superwslon

recounted a story about the mtroduetaon of the new rathe systcra that illustrates this problem

When MTA replaced the radio system, it installed a new control room For a time, MTA had both

the old and new control rooms avaalable, m the hope of gradually easing the transmon from one to

the other However, the manager &scovered that despite the new faclhties the dispatchers

continued to use the old radao facday Eventually, MTA had to "cut the cable" to the old radio

control room and force the chspatcher.~ to use the new racho control room The same situation arose

wath the AVL system While some dmpatchers were enthusiastic about the system, most did not

begin using it voluntarily The manager of supervision has resorted to assigning each dispatcher a

minimum number of hours wlth the new system

According to the chspatcher we spoke wlth, the syst.~ ~ now working properly about 80-

90 percent of the time, but problems occur frequently enough to cause chspatcbers considerable

frustrataon Nonetheless, he estm~t~ that roughly 6 of I0 chsp~chers - himself included - vaew

the system Positively On a day-to-day level, the primary use ~s to momtor schedule adherence,

particularly to detect buses that are running ahead of schedule"

I usually look for a bus that is running m the blue, winch means it’s runmng ahead_
of schedule If I see a bus that’s running ah~d of schedule, I’ll elther call the
operator and remind him that he’s being momtored by the AVL, or rll send a
superwsor there to get him, depending on how much he’s up~
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Recently, he’s noticed that the AVL-eqmpped buses are not "running m the blue" as much as

before, ,and bchevcs flus is because the drivers know they are being momtored. Although schedule

adherence was monitored as closely as possible before AVL, on-street superwsors could give only

a fragmentary picture since they tend to stay near the central areas of thetr zones of responsibihty,

going out "into the far reaches" only infrequently The "total coverage" provided by the system is

therefore considered a major benefit

Drivers’ response to the system appears somewhat negative, although there has been httle

If any outright resistance One driver we mtervlewed estimated that 75 percent of the operators

don~ ldge AVL. According to lama, many drivers (not meludang himseLf) I/ice to run ahead 

schedule, smee flus tends to reduce the number of passengers they have to deal vath and give them

longer breaks at the end of the line Drivers also will sometmaes cut routes short - head for the bus

garage as soon as their bus is empty without completing their run - at the end of their shifts Since,

with AVL,, these dispatchers easily detect these transgressions, it is not surpnsmg that drivers who

indulge m them dislike the technology Yet, drivers have not voiced strong opposmon to AVL

Perhap,~ th~s is because they recograze the legmmacy of MTA taking steps to curb these abuses

Acceptance may have also been increased by the ease of operating the system from the driver’s

point of view Drivers needed less than half an hour for the necessary training, m wluch they

learned how to lmtialme the system at the beginning of their block with a few smaple responses to

system prompts Several interviewees also pointed to the security gum as a factor that increased

driver 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

techmcal terms The focus ~s on whether the technology works, as opposed to whether or how it

can benefit MTA’s performance MTA has made only one mqmry into the latter question The

purpose of the experiment was to see if dispatcher mtervenlaon could maprove schedule adherence

In the first two weeks of the expenmenL d/spatchers momtored the AVL system but did not do

anyflmlg if they detected a bus behind schedule In the next period, &spatchers would notify the

driver ff schedule devaataon exceeded 5 minutes Schedule adherence, as measured by the

proportaon of buses less than 5 minutes late (or 1 minute early) increased from 62 percent to 

percent when dispatchers notified late drivers

Although the benefits of the extstmg system are largely unexplored, interviewees identified

a wide range of anticipated benefits from AVL once the new system is m place Many consider the

abilxty to respond to breakdowns, acctdents, crimes, and security threats as a primary benefit. A

second benefit, one empbastzed by the head of Systems Technology, Is to have better

measurements of operattonal efficiency, particuIarly on-ttme performance This individual also

c~ted (he ability to maprove efficiency through enhanced dispatcher control, assisted by computer
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automaton He envisaged a system m winch chspatchers would need to make declslons only in

exceptional circumstances, so that on a good day the only requaement Is that he "know how to

relax"

Bus opera~ons staff stressed the elimina~on of the need for on-street superwsors to make

time-checks Although in theory this could reduce the number of supervisors reqmrect, there are no

plans to elmunate such posmons Supervlsors have many other responsibilities, to which managers

expect them to devote extra time Examples include inves’t.igatlon of passenger complaints,

increasing interaction voth passengers, and spending more tune ndmg buses in order to monitor

and anprove service quality

Planners at MTA have strongly supported including autonmtle passenger counters (APCs)

m the new system Indeed, plmmmg staff percelve automate passenger counting as "the blggest

benefit MTA gets out of AVL" Part of the benefit is cost savings - MTA has a budget of roughly

$I00 thousand for partotLrne passenger counters each year Since the counters are mostly MTA

retirees on penszons, MTA planners see httle chfficulty m ehmmatmg these posit~ons Further,

planners expect that using APCs w~ll greatly speed the process of collecting dam, wlnch Is

currently slowed by the tzme required to schedule counters and the frequent occ.aslons when they

fail to appear The primary benefit of tins enhanced data gathenng capabihty will be to guide route

adjush~tents made under the Enhanced Serwce Program (ESP). The ESP process revolves

systematic rewew of the performance of all transit routes Routes not acinevmg a 50 percent

farebox recovery ratlo are targeted for cost reduction or ndersinp enhancement Planmng staff

beheve these changes can be designed more effecuvely with better count data They also expect to

make changes m sltuatmns where the AVL reveals recurnng buncbang, since a prated bus as hkely

to produce greater benefit if ~t is reasstgned elsewhere

One feature unhkeIy to be included in MAPTS is real tame momtonng of bus mechamcal

systems Since "the horses return to the barn every mght," the maintenance manager does not think

such momtoPmg ~s of much benefit Manufacturer warranty reqtttrements drive scheduhng of

preventwe rnmntenance and mspectlon work. Addmonal m_formataon ts therefore unhkely to

influence ~t

3.3.1.4 Fare Payment

MAPTS may include smart cards for the paratranstt servaee The primary benefit of

benefit of th~s technology will be for developmentally chsabled chents who are unreliable m

handhng money The paratranslt manager related the story of one individual who frequently spent

lns return fare money on candy, making hxm unable to pay for his ride home

Othe~dse, there seems to be httle interest m advanced fare payment technologies at MTA.

Although rnagnetlc farecards are used on the hght rail system, there is htfle interest m extending
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flus 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 tins structure be replaced by a

smaple flat fare structure under wh/ch such technology would be less useful

3o3.1.5 Traveler Information and Paratransit
MTA expects informaUon from the new A VL to be forwarded to passengers through

kaosks set up in rail staUons, major downtown bus stops, and other actiwty centers The concept is

sail under development, but ts likely to involve a menu-driven vidcotcxt system., including

mforraat~on on local actlv~fies as well as transit services The AVL will also feed into the telephone

reformation system.

AdopUon of a computer scheduling system for the paratransn serwce ~s being considered

at MTA A top pnority m flus system will be strong mapping capab~hties, so that the system can

output maps showing the routing of each vehicle that the driver can then use for naxagauon

Interest m both the system as a whole and the mapping feature in parUcular derive from changes

brought on by the Amencans with Dlsabilitles Act (ADA) The paratrans~t manager anuclpates 

"surge m demand" as a result of ADA Also, It will be necessary to substantially expand the serwce

area m order to conform vath ADA regulations reqmrmg that paratransit servace be available to all

areas wmflun 3/4 mile of a fixed transit route Since drivels vall be less famihar with the new area,

the custom~exl route maps are expected to be very helpful

3.3.1.6 Conclusions

MTA has become a transit industry leader m the Advanced Pubhc Transportation Systems

(APTS) movement The seeds for this were planted and nurtured by its System Technology group,

who beheved m the benefits of APTS technology, and had the technical sophts)acataon and ambltaon

to a~ra for a new generaUon 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 ambltlous timetable for its

completion MTA is now seeking to parlay its technology leadershtp poslt~on into 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 ad&taon to reflecting its

techrucal competence and mouvaUon, their success also testifies to their credibihty vathm the

organlzatson On the other hand, it also demonstrates the receptiwty of the middle managers

concerned vath bus operations, and of upper management, to trying new things. At least part of

flus receptawty can be traced to recognized problems to which the AVL promised some

rem~ataon, including poor bus reliability, and seemingly widespread problems w~th driver
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&sclplme Finally, system proponents mobihz~ support for the system through a task foroe cutting

across chfferent parts of the orgamza~oa The task force was able to define a system that pronused

widespread benefits

MTA has been less successful m ldent~fing approprmtc uses for AVL technology, or

assessing the benefits from these uses. MTA, wlth FTA cncouragerncnL has focused on proving

that route-independent AVL is technically feasible rather titan econonucally worthwl~le. Further,

the technology itself has been defined in narrow terms - as merely the proctuct~on, transmiss~on~

and commumcatJon of mform~on, but not the use of th/s mform~on to improve performance of

the system The demonstr~on offered many opportumUes for quasi-controlled expemnents to

explore how to use the uffommt~on, but v~th one exception (the test of chspatoher adv/sones to

buses described above) MTA failed to exploit such opportumt~es Thus, wlule MTA knows much

more about AVL hardware as the result of ~ts demonstratlon, it st~ll knows httle about how to use

the hardware, or even whether It Is worth using

MTA has avoided such questmns by concelvmg of thelr AVL actlxqties as developmental

Project pamclpants conslder the value of such actlxqtles to be m advancing the state-of-the-art m

AVL, not m cost savings to MTA or unproved serwce to MTA passengers. MTA staff dearly

beheve that benefits of these kin& exist as ju~fieatlons for the development acawty, but have so

far shown httle interest in quantify/rig or maxmuzmg them Tl~s makes it difficult to know whether

the large mvestrnent m APTS technology planned at MTA will )acid commensurate benefits

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

3.3.2.1 Description

The Tidewater Transportation District Comrmss~on, also referred to as Tidewater Regional

Translt (TRT), is a reglonal authority that includes the five cl~es of Chesapeake, Norfolk,

Portsmouth, Suffolk, and Vlrgmza Beach m southeastern V~rguua TRT’s service area covers over

1,000 square rmles wlth a population near one nnlhon The D~stnct was chartered m 1973 and

works in close cooperalaon w~th its component crees. The D~sma does not tax and rehes on annual

contributions from local, state, and Federal governments

The reglon has low dcnslty housing and employment areas typleally found m nudsxze

metropolitan areas Current development continues to be low denslty, single fam/ly resldentml

Commerc/al development continues to favor low denslty industrial parks and rc~onal shopping

centers away from the downtown

TRT offers a variety of ser~nces to meet the needs of ~ts serwoe area The fixed route

service runs on thlrty and slx’ty minute h~dways, whlch ~s compara~vely long for local transit

TRT employs a pulse transfer, called D~rect Transfer, ~th I g transfer centers throughout the

network TRT operates a fleet of 141 velucles on the fixed route system
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TRT also offers two d~nd responsive servlc~s The first, termed Han&-l~de is door to

door serv~c~ for the &sabled Chents must r~uest service 24 hours in advance on a space available

basls TRT Is also the centralmed provlder for many soclal service agencles that serve the elderly

and chszbled, on a contract basls

The second type of demand responslve serwce, termed Maxi-ride, serves low denslty areas

where ’fixed route service has proved inappropriate or too costly. Service xs provided by cellular

phone cqmpped vans w~tlun assigned areas Users must make rc~rvations two hours m advance

for curb to curb servlce w~thm the assigned zone Transfers can be made to fixed route scrwce or

to other Maxi-nde service

In adchtlon, TRT operates ferry servlce from Portsmouth to Norfolk downtown across the

Elmabeth P~ver TRT also operates a tourist oriented trolley serwce to V~rgana Beach, and several

commuter serwccs including vanpool, carpool and ndeshanng The agency mamtmns a fleet of

vans that it leases to vanpoolers, offers assistance to employers who want to cstabhsh ndesharmg

programs, and prowdes areaw~de carpoohng matching servlccs

3.3°2.2 General Outlook on APTS Technology

Innovation - both with and without APTS technology - LS a traChtlon at TRT. In the

words of one respondent, "Managcracnt here ldces to kocp up v~th what’s now They hke to

expcnment" Recent years have witnessed several examples The routes and schedule have been

completely reconfigurexi to create a pulse transfer system, m wl~ch buses are scheduled to converge

at designated transfer points at the same tune m order to mmmuz¢ layovers Also, fixed route

services m certain areas have b~n replac, ed by demand-responsive services, vnth scrwce requests

routed chrcctly to cellular telephone ¢qmpped vans In the area of APTS, TRT was an early

adopter of elcctromc fareboxes, as well as mechameal and silent bus alarms, and has also

pamc~pated as a test-bed m a umvsmty research project on electromc passenger counters More

recently, TRT has acqmred an AVL systsm, and ~s among the first transit operators to adopt

Ticket Rcachng and Imprinting (TRIM) machines for handling transfers

3.3°2.3 Vehicle Monitoring

TRTs experience with AVL began m 1987 when it decided to upgrade its bus rathe

systc~ Their system was getting old and rcplac, cmcnt parts were becoming hard to find Aceordmg

to one intervlowcc~ m the n-atial stage of the procurement process, "You look around to se¢ what

[features are] avmlable~ so we ¢hd" From this, AVL was identified as a feature worth of

consideration, for several reasons F~rst, top management ’~[ a longstanding desire to reduce

resources allocated to street supcrvmon," and AVL scorned to have promase m tins regard. Second,

TRT’s survey of customers had shown that service rehabdlty was their foremost concern, and
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proponents saw AVL as a means of mlprovmg rehabfllty, bo~ through real tnne control and

schedule adjustments Third, TRT was nnplementmg ~ tuned U~ansfer route systc~ and some

advocates behoved that AVL would be helpful m maintaining the in~ty of the "pulses" m and

out of the transfer points Finally) m the words of one respondent, "It was flashy and high-tech."

The irmial nupctus for AVL came from upper man~cment and the Department of

Planning and Scheduling However, since the AVL was a feature of the radio ~ the

Transportation Department had prin~ry responsibility for the de, clsion whether to acquire flus

technology Interestingly, this depot tmt~ally opposed A VL, since all it really wanted was a

radio system "I was really interested in basle commu~caUo~ ~ the tnuc and that was all,"

according to one member Members of the Tramportatzon D~arm~ent, nufially wewed AVL as a

source of information for planning and scheduling, but vothout functional value for opermaons.

TRT pubhshed 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 @as assessment, NIACAD ~ended an

AVL It also arranged a slte vislt to Hull, Canada, which had an opcrataonal AVL system This

wslt was instrumental m changing the wew of the Transportataon Dcpar~ent. Members from this

department were impressed by the technology they saw, and were better able to apprecu~te the

operauonal value of being able to loeate buses Soon after the wsit, TRT management, m

conjunctlon with NIACAD, dcclded to acqulrc AVL NIACAD was asslgned to write

speclfic.at~ons for a racho system w~th AVL capabilmes

From these specifieatlons, TRT accepted a bid from F&M Global over GRS, Atkmson

Technology and Motorola The AVL system ~s of the slgnpost variety In adchtmrt, silent and

mechamcal alarms - also features of the prcwous radao system - were included Automatac

passenger counters were not considered because a previous umverslty dcmonstrataon project oftl~s

technology conducted at TRT had not been successful The system has been operataonal sunce fall

of 1990 and TRT accepted it m October 1991

The manager vclth the most chrect involvement in implementing the AVL describes this

cxpenence as "a mghtmare ’° Several factors appear to contribute to this charactenzataon First, the

process of setting up the system has requlred much more orgag~mtional effort than was

ant~c~patedo Much of this effort revolved around measurement of &stances along routes so that the

system could accurately track vclucles 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 hkely that the problem was not vcith the

chstaace measurements, but w~th the odometer readungs The sensors m the on-vehicle "el~t~ box"

which accept input from the odometers and convert It for radio transmission have shown a

propenszty for spiking, resulting in false odometer readings: "A bus is going along just fine when
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all of a sudden it registers 10-15 miles m just a few seconds," according to a techaaemn working on

flus problem A replacement aaterface turned out to be worse Finally, TRT’s cluefracho repmrman

designed a new sensor that has thus far proven satasfactory on the three buses where it Is has been

h~ll~, although at the ttme of our wslt t~stmg was not yet complete

At the tnne of our visit, a new problem was emerging, flus one with the AVL Transnut~rs

(AVLTs) When these transnuttc~ fall (generally as a result of d~d batteries), It should be evident

from the AVL output However, techmcians had recently discovered that, according to flus output,

signals were being rece_wed from non-transmitting AVLTs Consequently, there is a large backlog

of previously uncL~-’ted failed AVLTs, as well as an apparent malfuncraon of the AVL soRware

TRT has created a new poslt~on for an electronics te~hmcian to deal with some of these

hardwaxe problems A maintenance person has also been assigned to deal vath the odometer

problem In addmon a radlo group has been created to handle all problems arising from the AVL

system Tlus group is headed by the schedule analyst and includes the eleetromcs and maintenance

perso~ael, the radio operators, and the computer systems administrator They meet on a regular

basis to &scuss and attempt to solve problems w~th the AVL

These, apparently unforeseen, labor requirements have negated the manpower savings that

sparked interest m AVL on the part of top management In the words of one manager

It’s marketed to save you manpower on-street supervmon I think what they dons
tell you is that you aa turn have to have others that you didn’t have before to take
care of the system, more of a techmcal nature The system is very techracal and
you do need electromc techmcians and electrictans and so forth that have to be
farmhar wth cahbratlng the odometers and troubleshooting and tlungs of that
nature So I’m not sure that we’ve saved any manpower

The sltuataon may be even worse than thls mdlvldual suggests, since the AVL had yet to

yaeld net savLngs aa operations personnel at the tLrne of our visit While street supervision had been

curtailed, additmnal labor was bcaag used in the control room S~g in the oontrol room has

been increased from two to three during daytnne hours Prior to the AVL, a dispatcher and

asslst~mt dmpatcher were assigned to the control room, with the assistant dispatcher responsible for

answenng mdao calls as well as paperwork Wlth the AVL, a radio operator job has been added

Tins mdiwdual handles racho calls, and also morators the AVL In essence, AVL momtortng has

turned racho operataon from a duty of the assistant dispatcher into a full-time posmon According

to a racho operator who served as an assistant chspatcher prior to the AVL

I was doing payroll and answenng the radio which was just voice commumcation
You didn~ have to sit there and momtor. I’d have to go there when somebody
called I chdn~t slt at the console Now I’m stataoned at the console I have to man it
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now I dadn~ used to have to man it I could do my other work and just go to the
radao when I had a call or had to call someone There was notlung to momtor
Now we have to momtor what’s gohag on, what’s happcmng

Two full-time employees fill the radao operator posltaon

On the other hand, on-street supervlslon has been reduced, wlth the number of peak period

on-street supervlsors reduced from five to three, two supervlsor poslt/ons elmunated, and the on-

street posmons reclassified from "superwsor" to a lower paying "respecter" ¢a_tegory. The

immechatc cause of the cutbacks m on-street supervislon was budgetary pressure, not the AVL

However, the general manager mdacated that he considered the AVL acqulsmon to be a

justification for the cuts, while managers in the Transport~on Department stated that they

opposed the cuts less strongly as a result of the AVL

On balance, ~t appeared that AVL was increasing labor costs for TRT, even ff managenal

tune and one-tame costs for system setup are neglected However, top management beheved that

there was room for further cuts m on-street superwsion The general manager expressed frustration

at Transportataon Department reluctance to prowde analys~s to deternune just how many street

supervisors were actually needed w/th the AVL m place, an a~tude he attributed to then" not

wanting to chromate a 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 tamed to capturing the serwce

quahty benefits of AVL Transportataon depa_rlment staff beheve that schedule adherence has

already maprovcd, primarily as a result of ancreased driver wgilance and the obvaous dasincentwes

to praetaces such as cutting routes short and running ahead of schedule According to a supcrwsor,

the number of write-ups for such transgresslons has decreased since the AVL was acqmred It Is

not, however, posslble to measure the n-npact on overall schedule adherence Although the AVL

can generate a report on tins, many of the schedule devmtzons it records are fictmous For example,

when a bus reaches a layover point, the system considers it ahead of schedule untal at zs tame for at

to leave. Faulty odometer readings can also result m deviations bcbag falsely recorded Thus TRT

actually has less rehable nfformat~on on system schedule adherence than It dad when the on-street

supcrwsors were making manual tame checks

When radio operators detect a schedule dexaation that they think Is real (as opposed to 

layover or odometer problem), various responses are posslble When the bus hs early (a major

transgression), the driver Is typacally instructed to stop the bus Tiffs as 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 explanataon, but can do httle else except encourage the driver to make up the tune

When the bus is very late, the radlo operator may send an on-street supervlsor to cover the end of

the route so the bus can turn around and thus regain ats 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 deviations

reach (he point where pairing is occurring, radio operators may consolidate passengers onto one

bus

TRT management bcheves that much more can be done to improve schedule adheren~

wath the AVL There is keen interest in using the system to improve connecting services, by having

the r~ho operator coordinate bus movements around transfer points so that passengers on late

buses can make their transfers Tlus Is especially cnucal at TRT because most of its routes opexate

at 30-minute headways At the tune of our vtslt, flus transfer point monitoring was not oceurrmg

the system generated an "exception queue" of all off-schedule buses (including many at layovers or

wath bad odometers), without regard to the "pulse" to wluch they belonged Modificataons to the

system that would facilitate momtormg on a transfer point basls were being considered, however

There was a difference of opwaon vathm the agency concermng the potential for using
o

AVL mformatlon to modify schedules Smcc buses must arrive at transfer points at the same time,

It ~s oRen impossible to make a simple schedule modlficatlon m order to reflect the more accurate

rtm-tm~e information that the AVL provides Generally, adjustments to the schedule must be made

m conjunction with adjustments to the route so that arrival tmaes at transfer points can be

maintained In the vmw of the cluef scheduler, flus means that there will be few opportumtaes to use

AVL data for schedule adjusmaent His supervlsor, wlule aknowledgmg the chfficulUes with

adjusting the schedule, was more optmustlc that improvements could be made

Several respondents expressed the view that TRT was far from reahzmg the full potenual

of the AVL Accorchng to the head of Service Development

I flunk it’s worthy of the expense, the tune we spent with it, right now, and what
I’m telling you is we can do much better and that’s our goal m the next year or two
to tweak xt to that point of excellence

The head of Service Development compared the AVL with the personal computer lmttally it was

used far a few basic functions such as word processing or spreadsheets, but over time applications

have prohferated

We have not yet learned how to wake full use of It. Tlus maclune (pointing to his
personal computer) right here has been around over a decade It’s taken a decade
for it to get on everybody’s desk and people still only use tt for. If you’re a
secretary you use ~t for one thing If you’re a fmancml person you use it for one
thing. Maybe now, because of other things that are available, you nught use it for
E-rural, too, or you rmght use it for a data base, or a sp~adsheet Maybe we
eommumcate over a modem That’s aRer 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
dadnk wlthm 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 progrmmncr of the

AVL as a consultant He ~s provldmg training on the eapab~htaes of the system, and may also make

software mo&ficatlons if these prove necessary, h has alr~dy become apparent from meeting with

the consultant that many of the enhancements TRT desires are already present in the exaging

program

We had the consultant come m who originally designed the system Sat down and
said, ’We need this,’ and ’we need that,’ and ~s docsn~ work.’ And he looked at
as, really quite frankly, as ff to say ’You dumaues Don~ you know what you
hav¢~ Let me show you what you~,e got here.’

Further training on the AVL system has thus become a bagh priority m TRTs efforts to make better

use of the system

There were chfferent vmws concerning automatic passenger counting at TRT Respondents

all agreed that special counting dewccs were not sufficiently mature However, the general

manager expressed interest m combimng the AVL and electromc farebox data m order to obmm

locaUon-spcclfic boar&ng mformataon However, members of the Radio Comnuttcc, while

rccogmzmg tlus as thcoretacally possible, considered It well beyond the present eapabilmcs Also,

the head of Planning downplayed the utahty of w£ormataon 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
riders were going on tl~ bus you could make a change but I don~ know what
change you could possibly make We can barely make the changes every slx
months, m terms of finding out what’s going on and reschedulmg it and writing the
new schedules and getting the brochures ready All that data pouring m . is a
pretty low priority as far as I’m concerned

As already noted, the TRT radio upgrade included silent and mechamcal alarms as well as

the AVL Neither of the features has proved useful so far When a mechanical alarm triggers, the

rathe operator contacts the driver, who generally has alr__~z,d_y notw, ed the problem because oftlm m-

vebacle warning lights Somctnnes the m-vebacle warnings go on shortly after the alarm in tl~

control room. Since the m-vebacle warmngs are considered more rehable, it is on the basls of these

that road calls are generated Perhaps the call from the radio operator will make tlm driver

somewhat more vlgilant and thereby ensure that the in-vd-acle warning is promptly detected, but

there ~s no exadcncc that driver failure to detect these warning lights, whmh are prominently

&splayed on the dashboard, is a major problem W~th regard to the emergency alarm, so far it
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been triggered only by mistake or when a chaver seeking rathe contact wath the control room gets

trnpalaent Because of this, the alarm, wluch ~s intended to prompt the racho operator to send

crnergellcy personnel to the veluele, was, at the tnne of our visit, ignored. The general manager had

re.ccntly learned of this however, and had ordered that a better solutlon be found One opUon being

consadered is to include a signal to tell the driver when the alarm has been sounded, so that he can

dcactaw~te it if it is triggered by nustake Iromcally, the alarm was not acavated on the only ~t

occasion when zt should have been The female driver, who was subsequently assaulted, feared her

assailants, standing right over her, would see what she was doing

3.3.2.4 Fare Payment

TRT was one of the first transit operators to acquire eleetromc farebox technology The

first models It aeqmred chd not perform well When at replaced them, TRT decided to take a

&fferent approach m the procurement m order to avoid the carher problems R used outside

consultants to support the process by assessing needs, preparing speeificataons, evaluating bads,

and performing "acceptance testing" to make sure that the dehvered product performs to

spectficatlon before TRT accepts the system

The new fareboxes have worked very well Despite the problems wath the earher models,

the e~eetromc farebox stands out as TRT’s most posmve recent experience wath adopting a

technology In the words of one respondent

They’ve worked well We wouldn~ be able to handle the paper (money) vathout at,
and my department makes regular use of the data 0t generates). More than AVL,
the electrome farebox is a much more immcchate, l~gh payoff, success story m the
industry Once you found one that worked it was a tmmechate success

O’RT has since adopted the acqmsitlon process used for the fareboxes for acqumng other

technologies In particular, the AVL acqmsaion described above followed ttns approach.)

TRT as one of the first two U S operators to experiment with Tinker Reading and

Imprk~tmg Machines (TRIM) machines for handling transfers The machines will issue transfers

whose explratlon tame is magnetically encoded, and read the transfers to determine whether they

are valid The machines may be programmed for other uses, such as handlmg multi-ride tickets,

but there are no immechate plans to do tins In the eyes of TRT staff, the TRIM madames offer two

mare advantages over their current paper transfer system First, under the current system, TRT

must prmt many more transfers than are aetually used Thus, the TRIM machine will save printing

costs. TRT expects these savings alone to jumfy the acqmsmon. Second, like eleetromc fareboxes,

TRIM maetunes wall el/minate disputes between passengers and drivers Under the current system,

drivers must decide whether a transfer is valid, and disputes are common, pameularly when the
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expiraUon ts recent With the TRIM madunes, on the other hand, "If (a transfer) comes out of the

machine (that is to expire) at 4"04 PM on March 25, 1992. (and) you get on at 4"05 PM and 

rejects it,. you get buzzed" In additaon to these advantages, several other factors have probably

encouraged TRT to be an early adopter of Urns technology Fu-st, because of its timed transfer

system, the volume of transfers is qurte bagh Second, as noted above, TRT has had_ a positive

experience w~th electromc farebox technology, and sees the TRIM madunes as a natural extension

of this Last but not least, TRT, has a federal demom’tmtlon grant to ¢Xl~nment wi~ the TRIM

machines Thas makes at a low risk 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 m the smart

card business approached them about experimenting with th~s technology for fare payment

However, the firm has subsequentIy pulled out of the U S market, and this is not presently an area

m wtuch TRT is actavely interested

3.3.2.5 Traveler Information and Paratransit Scheduling

The AVL-equ~pped bus system that TRT staff wslted m Canada included a telephone

system for provadmg AVL mformataon to passengers TRT chd not opt for fins feature Its pnmary

objective was upgrading the radio, and it was also "not ready to get that sopl~sficated yet" An

AVL momtor has been unstalled aa the room where the traveler information requests are answered

It is posmoned meonvemently, on the other side of the room from where the Customer Service

Representatwes (CSRs) s~t, so the CSRs rarely ffever use it TRT is consldenng putting adchtlonal

monltors m the CSR room and locating them more conveniently There is also some aaterest m

making the AVL mformauon d~rectly available to the pubhe, perhaps by mstalhng momtors m the

18 transfer centers, or even by allowing modem hook-up with personal computers Marketing staff

beheve that the rehabzhty of the reformation must nrtprove before distributing it 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

Depm-mient"

I don~t think that’s our high payoff area yet Most people call m and want to know
schedule mformatlon-W~q’tat ttme as the next bus9 Where can I eateh the bus?’. The
only way (realotame mformataon) would do the passenger any good Is if they were
waiting at a bus stop I don~ know ff they would call from home a half an hour
early to see ff R’s going to be on time anytb.mg could happen in the next 30
minutes It’s not qu~te l&e the airlines where you might call an hour ahead What
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would a person do’~ I don~ know how they’d use It Before we start doing flus I’d
want to do market research on all that What do passengers need to know9 We
haven’t done any research to find out what that Is, but before I designed a
passenger reformation system using AVL data I’d would sure find out ff people
could indeed use it, need it, or even w-ant it It could be a big waste of tune

"Flus mchwdual was even more skepUcal about the possibihty of using AVL to obtain

informatlon of road traffic conchuons for use by drivers and Inghway agencles

Bus service is 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 conchtlons A bus should never tell you anything other than it’s going along just
as it is supposed to be doing 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 progresswe transit agency, an industry leader m

umowmons ranging from electromc fareboxes, to t~me tr’~fer routing and scheduling, to cellular-

telephone equipped thai-a-ride services, to AVL, to TRIM machines Although we cannot pretend

to fuI]~y explain why TRT has taken this approach, three factors emerged in the course of our

mte~ews F~rst, TRT operates in a service area that is highly auto oriented, parhcularly m its lack

of a s~gmficant radml commuting Since flus envtronment is one with which traditional fixed route

trans~l~ servace ~s fundamentally incompatible, TRT has sought to "remvent" such serwee in order

to achzeve even a modacurn of success Second, the Serwce Development manager, who also serves

as deputy executive &rector, has championed renovation throughout his tenure This, in turn,

appears to derive from Ins strong educational background, which includes a masters m

transportauon from Carnegie Mellon Finally, TRT appears to be willing to accept the

&sappomtments and faJlures that seem mewtable when transit operators maplement technologies

before they are fully mature Although the Servace Development Manager stressed that TRT would

never spend its own money on "prototypes," there is a willmgness to acqmre "Version 1 0" of a

system, even with the "bugs" and lack of estabhshed operating procedures that tins entails For

whatever reason. TRT has not developed a "fear of failure" as strong as that observed m many

other agencies, or at least balances agmnst it a stronger appreeialaon for the fruits of success

TRT’s considerable experience with cutting-edge technologies has led to the development

of mechamsms to increase the probabihty 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 committees cutting across chfferent depm-t~nents to work out problems Although
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its experience with AVL shows that these procedures arc not foolproof, their development suggests

how adoption of new techno|ogles can, l/Joe other transit agency actawfics, bc routmtzed

Although TRT staff remain at least guardedly optmu~c about the value of AVL

technology, it was clear that the cxpcnence to date has been nc~fivc m many respects There arc

several underlying reasons for this First, the system has proven unexpectedly difficult to

unplcment and operate. Second, a variety of problems wlth hardware and software have

compronused the rchabihty of the system Tlurd, the labor savings in on-street supcrv~ion that

tm~nally sparked interest in AVL have been more than offset by the ad&t~onal workers cmployed to

morntor and rnamtam the system Although such outcomes may in some respects vlplfy the

downside nsks of any venture involving adopUon of new technology, thcy also illustm~ problems

to wluch APTS technologies may bc especially subject. For ~plc, these technologies frequently

reqmre a consldcrablc dam base, the creatlon of wluch Is both rcsourcc-intenslvc and prone to

performance compronusmg errors Also, APTS technologlcs frequently make new forms of data

and mformaUon available, and therefore rcqmre complementary labor resources to monitor this

informauon Thus the adoptlon of an APTS technology may occ~slon adchtlonal labor needs in

order to both produce and consume mformat~on, and these can easily offset labor savings dcnvmg

from automating manual functlons, streamhned operatlons, or other putatlvc APTS benefits

These problems wlth AVL notwlthstanchng, there rcmat~ a consensus that thc technology

will ultmmtely prove beneficial In part, thls reflects antlclpated Improvements m system rehablhry

that v¢~ll substantlally increase Its utihty However, TRT h~ also sluRed the prunary objectives of

~ts AVL program from labor cost reduction to scrwce quahty improvement Wh~Ic the latter ~s

undoubtedly a worthy goal, it zs also extremely &fficult to quantify, precluding a reliable

assessment of the cost-effectiveness of the technology The falth m AVL technology expressed at

TRT is just that, not an objectlve judgment based on its experience to date

3.3.3 Kansas City Area Transportation Authority (Kansas City, MOoKS)

3.3.3.1 Description

The Kansas City Area Transpormnon Authority (ATA), also known as The Metro, was

created when a bi-smte compact created by the Mlssoun and Kansas state legislatures was slgned

m December 1965. Service began m February 1969. ATA provides contracted scrwce to Kansas

City, Kansas, Missouri, along wlth Independence, North Kansas City, Gladstone and Johnstone

County, Kansas These contracts account for approxmmtcly 60% of thelr operating expenses

The Kansas C~ty Urbanized Area, 25th larges~ m the U.S., comprises 762 square miles

w~th a population of approxm~atcly 1 2 nulhon ATA scrwces an ~rea of 173 square miles and a

population of approximately 500 thousand
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In 1991, ATA operatccl a fleet of 279 vehicles over 43 routes ATA vehicles traveled

nearly 30 thousand miles each weekday while provldmg an average of 61 thousand passenger trips.

ATA ~-aployed 343 full tame and I I l part tune operators

ATA also administers the prowsion of paratranslt services throughout the area It

coord~tes service from various contractors to provide approxamatcly 200 thousand annual raps

from a database of approxamatcly 4,000 ehgible nders

3.3.3.2 General Outlook on APTS Technology

Two contrachctory attltudes shape ATA’s general approach to new technology On the one

hand, there is susplclon, particularly among upper managcraent, that much of the new technology

developexl for the txanslt industry xs not cost-effectwe According to the general rnanagcr, "I tend to

think that we’re an industry that occaslonally tends to get overly enamored with technological

change and expects to get results that may be oversold" He recalls a speech gaven by a general

mmmger at the Chicago Transit Authority some years ago that made an impression on hun The

speech argued that smc,¢ investment levels in bus transit are low, private industry does

compaxatwely httle research and development Furthermore, It tends to introduce new technologies

rote the market prematurely, "when they are stall m the process of making the thing work" For

example, when the advanced deslgn bus (Transbus) was bcmg developed, "it took three years 

produ~ an acceptable vehnclc, and all of those who wanted to be out front and bought those

advanced deslgn buses paid the price with buses that were just falhng apart" Thus, "my experience

has been conslstent m thls industry be a follower, don~ be a leader"

Indeed, m some respects ATA is a tcchnologlcal reacuonary The three, or of mamtenance,

who has substantial input to any system change that has maintenance unphcatlons, pndes himself

on res,xstmg certain technological changes that arc already m wide use For example, the system

continues to order buses with roller curtain destination slgns, rather than the newer electronic slgns

The meeting at which the maintenance director persuades the general manager to retain the older

sign technology has become something of a ritual whenever the specificatlon for a new bus order is

being prepared ATA has also been late in acqmdng engines with eleetronic chagnostic features In

the rr,ost recent new bus purchase, ATA ordered half with tins feature and half without The

experience with the electromc diagnosttcs proved so successful that the engines without this feature

are being replaced The maintenance chrector now regrets not having adopted these eleetromc

chagnostles earher "Some technology is stupid to Ignore," he concedes

On the other hand, ATA faces strong pressures to keep operating costs low, and at the

same t~me to do as much as possible to enhance its service With the federal government covering

80 l~rcent of capital costs, ATA seeks opportumt~es to use eapaal investments to either cut

operating cost, or to enhance serwce without increasing operating cost Says the general manager,

51



"Because we are poor (in a budgetary sense) as a operating sy~% we’re always looking for the

opportumty to have a capital mtenslve umprovement that wdl allow you to improve w~thout

increasing your operating cost" To the extent that investments m new technologles offer such

possiblhUes, they are attractave. Indeed. so long as ATA consxders the opera~g cost consequences

acceptable, and federal grants along with the 20 percent matching funds are aw, filablc, it is wflhng

to undertake projects whose value Is marginal, or at least uncertain According to one respondent,

We’ve had grant availabdmes that frequently no one m our re.on apphed for the
money, so almost in a way you go out and look for reasons to spend the capital.
That ought to glve you a clue about the carefulness of .. you know, it’s land of
hke Ifl can get the money to just put a pool m the back of the house why not? It
wonldn~ be a bad thing to have, (even though) I otherwise may not do 

3.3.3.3 Vehicle Monitoring

ATA’s mare experience w~th APTS technology ~s ~ts adop~on of an AVL system The

genes~s of the AVL dates to the rmd-1980s, when the superintendent of transportataon made a wszt

to San Antoine and saw its AVL system On the basis of flus, he became a proponent of AVL, and

"put the bug m the ear" of bas boss, the &rector of transponatmn, that an AVL ought to be

considered m the context of a ra&o system replacement planned to take place a few years later

%Vhen an article would come down e~ther m Passenger Transport or Mass Transit I would be sure

to make copies and talk to John (the &rector) about It He was getting bat by me all the tLme about

fins"

The supermtendent’s interest derived from has concerns about ATA’s schedule reliabihty

He felt that a major shortcoming m ths area was the mabdity to adequately supervise drivers.

We would have superwsors run a line that they hadn~ been on m a couple of days
and find some buses parked over to the sxd¢. We’d have buses that would start at
downtown m the morning and maybe go up a street that we &dn~ serwce 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 spccml sign We had vebacles that were goofing off
out there We’ve had buses that have gone back to the yard early, and we had no
way of ~mg them because we &dn~ have a SUlmrwsor down at the gate
watcbang

Although he &d not think these problems were widespread,

people were doing xt and ~t exposed what httle control we had A lot of the
workings of a bus company revolve trust, and some people were trustworthy and
others weren~ to be trusted at all The AVL addresses that lowest common
dcnon’anator those people who aren’t going to go along w~th the system It helps
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us ldentafy those people wath problems and to let them know that we’re watching
them, and to remedy those that wont come around

By 1987, the ttrne for a new ra&o had come, as replacement parts for the current system

were txw.oming hard to find ATA pubhsbed a request for proposals (RIP) for a consultant 

guide them on the upgrade of their racho system From the RFP, ATA chose the firm NIACAD

NIACAD’s principal, David Kane, has had considerable expenenee with AVL systems, and was a

strong ;~vocate for them Kane argued that AVL could be "an hnportant management tool" for

ATA, lhat it "could help vath system control," that It could reduce labor costs by reducing the

numbel of superwsors needed, and that It could help m locating buses in emergencies Finally Kane

suggested that AVL was a fmrly mexpenswe feature, wlth an estunated incremental cost of about

$600 thousand, when acquired as part of a new racho system

At Kane’s urging, ATA staff made a site ws~t to Hull, Canada which had an operataonal

AVL system Satasfied that the system worked, and persuaded by Kane’s arguments, ATA huddle

management dec~ded to request that AVL be included as part of the new radio system According

to the D~rector of Transportation, "the abihty to momtor and control schedule adherence" proved to

be the most nnportant factor m th~s decision The other factors were downplayed Labor savings

were not considered hkely because ATA has so few superansors to begin with, whale the emergency

resportse benefit was chscounted because emergencies occur so infrequently The latter argument,

however, appears to have been instrumental m seUmg the system to drivers, or at least dissuading

them igrom strongly opposing ~t

Approval from the general manager and Board proved to be "no problem," since there was

wide agreement that the radio needed replacement, and they viewed AVL as a manor additmn from

a cost standpoint The AVL was thus included as part of a $23 milhon dascretaonary grant request

from UMTA Accorchng to the genera! manager, the possibihty of acqumng AVL was stall remote

at flus Ume, since ATA expected the grant to be only partmUy funded, and AVL "was at the bottom

of our priorities" Indeed, when UMTA’s decision to fully fund the grant was announced,

We were kmd of shocked All of a sudden I turned around to John Dobles (the
chrector of transportalaon) and stud %Ve’ve got a vebacle locator system’ This was
the first tmac I found out what the thing was. Laerally I had very httle knowledge
of it I don~t think we thought we had a remote chance of getting ~t until the day the
grant was approved Then we had to take it real seriously, make sure that we did
want rt and &d think It was a good investment

Two factors contributed to UMTA’s surprising deeasmn Farst, at as UMTA policy tO

chsmbute Sectzon 3 funds equitably among geograpbac regmns, and ATA’s apphcatlon was the first

ever non-rml one subnutted from the four-state Federal region m wbach Kansas City as located
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Second, the general manager as a skillful grantsman, with good poht~cal c~nneetions He succeeded

and m getting participation m the grant from both Massour~ aad Kansas, and arranged for

Congressional representatav~ from the area to m~ with the UMTA admims~ator Also, since

pn~taon was a major programmaUc priority for UMTA at this rune, the grant apphcation

stressed - indeed "exaggerated" according to the general mmmger - ATA’s modest efforts to

increase use ofprwate contractors

The specifications prepared by NIACAD led to a contract wlth F&M Global Their system

used signpost tedmology, which NIACAD considered the only practical alternative at the tnne of

the procurement ATA chose to aeqmre a fmfly bas~c system, w~thout passenger information,

passenger counting, or mechameal alarm features ATA urgently needed the new radio system, and

NIACAD adwsed that adchtlonal features could be added later w~th httle duffieulty ATA therefore

chose to defer cons~derataon of these options to a later tame With regard to automatic passenger

counters, there was also opposmon from the D~rector of Maintenance, who as acutely aware that

each adchtaonal hardware device added to a bus is subject to breakdown and will thus require

add/taonal maintenance resources Also, ATA as able to get rdatwely detailed ddersh/p data

through ~ts farebox The decision to exclude mechamcai alarms was based on ATA’s experience

wRh such dewces m the previous radio system, where they gave many false alarms

Implementing, mamtmmng, and using the AVL have all been dafficult challenges for ATA

Acc.or&ng to the &rector of transportataon, "Getting the AVL to work is a big tazk" First, the time

points had to be redefined so that they were at feasible signpost Iocataons Second, dastances

between s~gnposts had to be measured FLrmlly, ATA had to develop a computer data base

containing the &stance and schedule ufformat~on reqmred as inputs to the system In the words of

the director, "Once done, it’s done and changes are relatavely easy, but there’s a lot of advance

work" In this respect "supporting the AVL is more work and therefore more costly than I

antacapated If ~t ~s true that the mmal purchase price of the system was relatwely low, at as also

true that the costs we had were pretty lugh m terms of staffing and setting everything up"

Mmntenance staff concurred with thin assessment According to the mahRenance du’eetor,

"the AVL as the most monumental pain." AVL equipment had to be installed on every bus, and

when at 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 reqmres a substantaal maintenance Thas as done by a conWagtor, at a

cost roughly double what it was for the prewous rad/o However, the "incredible &sruptaon" from

the initial mstalhng and testing of the AVL has lessened The maintenance department has gotten

used to the new system, and the maintenance effort reqmred, wh~le all tangible, as no longer

inordinate

54



Tcchracmns had found a new problem with the AVL at the time of our wslt. They

&scover,~ that some 30 percent of the AVL transmitters (AVLTs) were not worlong AJthough the

AVL could sull operate with tins number of fmled AVLTs, It could not do so ff there were many

more ~lurcs Smcc F&M Global has w~thdrawn from the AVL business, repainng or repine/rig

the transrmttcrs was proving to be chfiScult ATA was working with other transit operators w~th

snnilar problems m an effort to ~dentify a soluUon

The odometer and AVLT malfun~ons, combined with the mabihty of the system to

chstmgu~sh buses wmtmg to begin a new ran at the end of the line from off-schedule buses, have

reduced the utdlty of the system The system generates a hst of buses that are out of schedule

tolemnos, but because of these problems thls hst Is very long, and composed mainly of buses that

are not really off-schedule Thus daspatchers must mentally cull buses requmng some action from

tlus hst Smcc there Is rarely tnne for thin m the peak period, &spatchers largely Ignore AVL

mformat~on at th~s time During the less busy tnne, chspatcbers do make an effort to tdenUfy and

contac~ buses that appear to be truly off-schedule They do this tactfully, since there ~s stall a good

poss~b~hty that the AVL ~s wrong Somctuncs they ask a driver for Ins locauon, wlule on other

occasiol~s they w~ll send an on-street supervisor to verify the schedule violation and, ff appropnatc,

cltc the driver COmon work rules specify m great detail the proocdure for handl/ng a schedule

wolat~oa, and this procedure would need to be followed no matter what the rehabllity of’he AVL )

The large number of false dewatlons from schedule reported from the AVL precludes use

of the system to monitor trends m schedule adherence The system produces a monthly report of

schedule devmtlons, but most of these arc not actual deviations for the reasons noted above Prior

to the AVL, a monthly report summarized schedule adherence based on manual observauons of on-

greet supcrwsors, but th~s praeticc ended on the expectation that the AVL would supplant ~t Thus,

~romc.aHy, ATA has less mformaUon about its systcmwide schedule adherence performance now

than It (:hd prior to the acqmsmon of AVL

Nonetheless, ATA staffbehevc that AVL is already generating benefits, and that these will

increase m the near furore At the present tune, the rnam perceived benefit ~s increased schedule

adherence ATA staff atmbute the unprovement to three sources First, and probably most

import;mr, is the darect Lrnpaet of the monitoring on the drivers Despite all the problems described

above, the AVL system still vastly increases the probability of detecting a schedule devialaon, and

ATA staff beheve that this substantmlly increases mcentaves to drivers - at least those belonging

to the "lowest common denotmnator" - to adhere to schedule Second, the system serves as a

univer:~ lame clock, thereby eliminating schedule devmtaons resulting from operators’ watches

being incorrectly set Third, the da)a from the system enables better estimates of running times,

which can then be used to modify the printed schedule so that adherence to ~t is easier A conumttee
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to carry out tbas process has recently formed It meets biweeldy and goes over data for a specific

route

Not all benefits are directly related to maproving sch~ule adherence For example, the

AVL is used to investagate alstomer complaints The AVL provid~ obje~.tve 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 additional, largely u nanticlpat~_, benefit, has been the enhanced abihty of

drivers to gwe passengers schedule mform~on When passengers request tins, drivers contact the

dispatcher, who can easily access the reformation from the AVL ~__~ base

ATA managcrnent hopes to make better use of the AVL system m the future. Although the

system had been m place for over a year at the tune of our visit, it had been providing mfomamaon

considered reasonably credible for a much shorter period Thus expenmentation w~th use of the

system was still in the beginning stages One avenue being explored was increasing the ablhty of

the &spatehers to act "pro-actavely" to improve schedule adherence Aside from contacting buses

out of schedule tolerance, staff could not identify specific pro-actwe measures, but beheved that

they would be found A second type of benefit that ATA hopes to realize from AVL is enhanced

on-street supervxslon, as a result of on-street supervisors being relieved of time check

responslbflmes This will give these personnel more tLme to provide direct assistance to riders and

interact vc~th chnvers Furthermore, management hopes that the dnver-superwsor relationshap can

become less adversanal and more suppomve In order to encourage this, the "team supervisor"

concept is being promoted Supervisors are assigned to specific drivers, ~th venom they are

encouraged to make regular contact to identify problems and oppormmtles for improving services

and working conditions Supervisors are also required to keep a log of their contacts with drivers

Tins is used as one basis for their performance evaluation AVL is probably not essential in these

efforts to improve relations between operators and supervisors, but it has evidently served as a

catalyst for watiatmg the process

3.3.3.4 Fare Payment

ATA does not have any experience w~th

technology

or active interest m advanced fare payment

3.3.3.5 Traveler Information and Paratransit Scheduling

ATA is embarking a program of technological enhancements m the passenger reformation

area It has bared a consultant to, m the words of the RFP "assist m a needs analysis, scleclaon, and

mstallataon of a Volce Response System (VRS), a computerized bus schedule and route data

system for the ATA Information Center, and an automated pamtransat routing and schedulmg
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system for the Authonty’s paratranslt program." According to the chrector of marketing, the

consullant is to

come m and assess all of these apphcauom that wc have and then to also
dctemune what ~t is that we want and help us prepare specs so that then we can
go out and get the cqmpment and the soRware and cveryflnng else that we need to
be able to nuplemcnt a more coordinated system for all these different things

The passenger reformation proje~ has been m ATA’s capital budget since 1986, but has

been delayed since many other projects have been gwen higher priority The marketing dirextor,

recogmzmg the mformataon center as a problem area, conceived of the project soon after has

arrival The mare deficiency ts the hnuted hours of operation. 6 AM to 6 PM, Monday through

Friday The chrector beheves that there Is a considerable ndershlp loss stemming from the inabdlty

to get schedule reformation via telephone at other hours Other problems include msufficmnt

capacity, resulting m queuing delays and a considerable number of lost calls, and the difficulty of

the reformation operator’s task

The job is very difficult, it’s highly stressful Most people would think ~You’re
sitting there You’re talking to people on the telephone all day What could be
eamer~’ Well that ain~ true It’s stressful because people make it stressful People
are very rude, and they are very angry Its mcrechblc the things that happen to
nfformatmn center operators They’re cussed out They’re called names They’re
totally at the mercy of folks who call m who are oRen not totally rational

As a result oftlus chfficult worlong enwronment, the operators are

prone to error There may be several options available to a person who’s calling
m There may be two or three chfferent routes that they can use. You have to
rely on the abfllty of the reformation operator to just have massive amounts of
mformatlon Frankly, they do a hell of a job They’re very, very good at absorbing
flus re_formation But again, the stress of all that data that they have be able to
draw upon, dealing with the pubhc, all of those ttungs, I felt we could help them be
more effective ff a computer was providing It Then they can provide the thing
that’s most nnportant m this - that human contact, and maybe they can do that a
httle b~t more effecuvely

To approve flus project, upper management and the board had to be convinced that it

would not have a negative impact on operating costs A major sclhng point m this regard is that the

paratrans~t rcservataon system currently operates on a computer owned by the CRy of Kansas City,

and ATA pays $50 thousand per year for this computer usage According to the assistant general

manager, the savings from runm-ng the reservation system in-house on the new mformatmn system
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are enough to enable the new system to pay for rtself m just a few years Although she rex.ailed 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 mtervaew (in which she emphasized at the

outset that she had httle chrect involvement wath techmcal matters)

3.3.3.6 Conclusions

ATA exemplifies many of the forces shaping adoplaon of APTS technologles m the transxt

industry ATA management is wary of new technologies, concerned that they wall not perform as

advertised and vall entail unantac~pated costs that wil~ increase the operating budget At the same

time, federal capltal subsiches encourage adoptaon of these technologles, along with other eapltal

projects ATA attempts to resolve this conflict by choosing capaal projects when it does not expect

them to cntall complementary operating expendltures, or, even better, when it ant~clpates a

redu~on in operating costs from adoptlon

ATA’s experiences vdth AVL along with as recently m/tinted passenger reformation

project illustrate these general princlples, but also show the challenges of implementing them In

assessing the AVL, ATA underesttrnateA the m-kind staff and managcraent effort that adopting thls

technology would require The "sttcker pnce" of the system is well below the true pnce, with the

chfference taking the form of orgamzatlonal resources It is hard, perhaps nnpossible, to know the

extent to which these resource expenditures ulttmately appear m ATA’s operating budget, but

clearly they were unantlezpated, and were not covered by federal grant money

At first, much of ATA’s orgamzatlonal effort went to aetwlt~es that were teehmeally

necessary to make the AVL operational, such as creating a computer data base of schedule

mforrnation. Now that the system operates, the effort goes toward using the mformat~on it

prowdes, such as the b~-weekly task force that is using AVL data to modify bus schedules. But

while fmture to undertake efforts of the former type would result in a conspicuous fmlure - an

AVL that does not operate - the latter type of efforts, although essential ff benefits from the

system are to be reahzed, are less obligatory It is thus reasonable to ask whether pressures to cut

operating costs m 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 m non-labor expenditures For example,

~t attaches strong tmportance to the saving the computer lease cost as a justafieation for the

passenger mformataon system When it comes to labor savings, ATA is more skeptical and less

aggresswe Despite the claims of NIACAD that AVL would reduce the costs of on-street

supervision, ATA did not take this argument very seriously, nor did tt 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 flus

Is a considered judgment about how best to rmprove the performance of the transit agency, or a

reflexive move to avoid &slocatmg 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 estabhshed in 1980 

coord~ate, mtegrdte, and expand transit service within Central Contra Costa County CCCTA ~s a

Joint Powers Agency of 11 junschctlons including the clues of, Clayton, Concord, Lafayette,

Martmez, Ormda, Pleasant Hill, San Ramon, Walnut Creek; the towns of Danville and Moraga,

and the, unincorporated areas of Central Contra Costa County. Tins Authority operates daily and

Satur&~y fixed-route se~ces and administers the dehvery of paratrans~t se~ces w~thm the

CCCTA 200 square-male service area

CCCTA provides service on 26 routes Of these, four are express routes and two are

contr~,~ed with Chevron and Pacific Bell for thexr employers, although they are open to the general

pubhc 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) statmn

The BART stations serve as major trm~fer points between BART and CCCTA, and between

routes within the CCCTA system CCCTA maintains a fleet of 112 velucles ofwluch 95 to 98 are

in service dunng peak penods Generally, service Is avmlable 5 AM to 10 PM on weekdays, and 6

AM to 7 PM on Saturdays Headways are between 30 and 60 minutes on Saturdays and 10 to 30

rnmutes dunng peak penods Total boar&ngs m fiscal year 1990 numbered 4 malhon

As of 1990, the total populataon of flus servace area was 420 thousand based on

projections by the Assocmtlon of Bay Area Governments (ABAG) Tlus represents a growth of 9 

percent from 1985 Rapid growth is expected to continue over the next decade CCCTA’s servace

area is also experiencing h/gh rates of employment growth From 1985 to 1990, there was a 31

percent growth m the number of jobs avadable In the next ten years, a 21 percent growth in the

number of jobs is expected Most of the job growth results from extenszve development of

indu~-ial parks and other major employment centers

As job growth outpaces population growth, the demand for labor living outside the service

area ~qll increase, resulting in ad&tional commute traffic on an already congested road system. A

plurahty of Contra Costa County residents cite tramportat/on as the most important problem

facing them Voters passed Measure C in 1988 and Proposmon 111 m 1990 to generate additional

funds for transportation improvement CCCTA hopes to play a part m alleviating the county’s

tramportat~on problems
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As part of thts effort, CCCTA has ~ revolved m a number of tmUafivcs It parUdpated

m tbe Contra Costa County Congestion Ma~gemcnt Plan (CMP), rmfigauon projects for the 

680/SR-24 interchange rcconstru~on project, the coordinauon of project planning for Mc~sure C

funds, and m tl~ effort to coordinate and improve p~it serdccs m C~tral County

In September of 1991, CCCTA m coordmataon with the Cay of Walnut Crock and

TriDelta Transit began to operate enhanced bus serwcc between East and Central Contra Costa

County Also in coordma~on with Alam~a-Contra Costa (AC) Transit, CCCTA has ~a~nded

servw,¢ into El Sobrantc These tmtiafivcs are the beginning of a loag-tcrm effort to improve transit

services w~th a particular ¢mphasls in/nter-systc~ transfers.

Additionally, CCCTA is a member of the Coordumting Area Transit Systems (CATS)

This consortmm includes TriDclta Transit, West Contra Costa Tzamlt and Llvermore Amador

Valley Transit (LAVTA) The purpose of CATS xs to study ways these four transit systems can

coot&hate serwccs to benefit patrons Current efforts largely focus on the development and

unplcmentatmn of a coordinated fare structure Tlus program wll occur in two phases and began

m the Fall of 1990

In January 1990, CCCTA assumed complete responsibfllty for paratrans~t serwcc m

Central Contra Costa County, wluch it contracts to a private operator. CCCTA has plans for

building a facihty to house these services in order to make them more reliable, effectlve and

effielent Groundbrcakmg is scl~duled for October, 1994 In add/tion, CCCTA Is consldenng

plans to expand as general pubhc demand responsive service, called Flex-Van

3.3.4.2 General Outlook on APTS Technology

There 15 confhctmg evidence conccnung CCCTA’s attitudes toward APTS technology

Many of our chscusslons suggest that these technologies have low pnonty on the agency’s agenda

Several respondents suggested that other types of ~mprovements have more potcntml to Lrnprove the

convcnlenc~ of the system The general manager, for example, stated that reducing headways by

adding more buses was more important than installing a soptu~cated passenger mformauon

system Other respondents artlcuhted a negative wow of APTS, as when the trmnager of Service

Development stated that he was "very skepUcal of technology. For the most part, promises are not

kept Systems do not dehvcro Ad&Uonally, costs arc high"

On the other hand, as the subsequent d/scussmn mchcat~, CCCTA has bccn actlve m the

APTS area, and Is the only case study operator that has adopted APTS umovations in all throe of

our major categories Tlus chspanty between stated attitudes and observed behawor was umque

among the agenclcs we stuched
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3.3.4.3 Vehicle Monitoring

CCCTA does not have AVL, but has shown some interest m the technology AVL was on

a list of proposed capltal kmprovements subwatted to the Regional Translt Dismct, 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

roadw~y The system was attra~ve because it would not depend on their radio system, winch ts

not adequate for AVL applications However, the firm marketing the system chdn~ have soRware to

enable them to manage the data from the system so that schedule deviaaons could be easily

ldent~fied They told the vendor to come back when they had the desired soRware, and so far it

~sn~

In ~hc view of CCCTA management, the mare advantage of AVL as that it would free up

supervisors to do things other than check schedule adherence, while at the same tune increasing the

amount of schedule adherence mformatlon available Superwsors at CCCTA have many

responslbihtles, including on-board monJtonng, chsclplme, time-keeping, and accident

investigations Consequently, they don~ have much ttme to do on-tune checks, and the tans they

allocate to that activity has many other valuable uses With more schedule adherence/rd’ormat~on,

it vclll be possible to make the schedule adjustments, or talk to mchvidual drivers, or do whatever

else ~s appropriate to improve schedule adherence Also, drivers are supposed to racho the

&spatcher whcn they are more than five minutes behind schedule Such messages, wbach generate a

large volume of racho traffic, could be elmmmted wlth an automatic tracking system.

There is a relatively simple computer system for tracking maintenance, based on miles

driven The maintenance manager has done mve~galaons to get more appropriate mileage

mcrernents for chfferent types of preventlve maintenance The effort to make better use of existing

mformatlon have proven successful, resulting in new mileage norms that generally exceed the prior

ones ~md thereby save maintenance expenchturcs On the other hand, although the racho system

"has the capability to momtor all lands of things about the coach," CCCTA does not use thls

capabihty "every sensor creates a need for maintenance," compronusmg the functlonallty of the

SySt~,q.

CCCTA has recently installed devices on e,s buses that count the number of times bus

acccleratmns exceed acceptable levels The system is "closed-loop" - drivers record ex~ce

counts at the end of their shift, but xt Is not used for formal performance evaluation The system

appc~xs to be workang well The number ofexceedances has gone down, and beret driving can also

be se~m visually
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3.3.4.4 Fare Payment

CCCTA Is c~ren@ engaged m a program called Trz~lz~ the purpose of which is to

create a common ~ medium for BART and the bus systems feeding It Bus t~cket vahdators

(BTVs) are being installed on CCCTA bums These will process the same wasn~ ~c fitrec,~ used

on BART.

The Translmk program ts an outgrowth of a joint effort by AC Translt, BART and the

Bay Area Metropohtan Transport~on Commission (MTC) to establish a common fare mochum.

Tlus tmtaal effort began m the mid-1980s and resulted m the formation of the AC/BART Plus

t~cket m 1987 The orJ~,tal cornn~ttee grew to become the Mulnopemtor Steering CommiRee The

conurattee conststs transit general managers and representa~ves of MTC

Because of pricing conflicts w~th AC/BART Plus ticket, this group decided to pursue a

more &reet form of payment It was m tl~ committee that a conser~us arose that CCCTA was the

best eqmpped for demonstrating such a fare payment device CCCTA had conneetaorm to BART

and was small enough to perform a demonstrataon Consequently, CCCTA m cooperation wath

BART and MTC ~bnutted a proposal for a Federal grant for demonstrating the Translink BTV

When CCCTA obtained fimdmg, it was expected that an erastmg device, already tested m

Hong Kong, would be used However, the size of the existing device was incompatible with

CCCTA vehicles and had to be redesigned A one-route test vcith the system was started in the first

quarter of 1992 Some adjustments, such as the ad&taon of an audao s~gnal to the counting funeUon

of the device, have been Identified Once these modtfi~ons have been made another test will be

performed CCCTA expects to eqmp all thetr ve’tucles with the dewces by the end of 1992.*

CCCTA is opttrmstac that the Translmk program will increase service convemence, as well

as generate subsl&ary benefits such as faedltatmg the collection of patronage data and reducing

driver tedmm m handling transfers and counting passengers (The system has aroused some

concerns from drivers, however, because it will keep a log that could be used to determine when

drivers are not doing what they are supposed to.) They hope to keep the program going past the

demonstrataon period, and might be willing to absorb some of the costs ff necessary. On the other

hand, It was clear that CCCTA would not have undertaken the program ff demonstr~on funds had

not been available

3.3.4°5 Traveler Information and FaratransR Scheduling

CCCTA has gone further than many other agencies in providing information at bus stops

Thts "Iow-teeh" program revolves placing a panel at ~ch stop with "reformation on every bus that

comes by there It tells you where it goes and comes from, and dJsplays a route map°" This

* This was actually completed during 1993
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program is deslgned "to make the service more user-friendly for the occasional rider" Although the

markcang manager expects that the system vall be difficult to keep up to date, he is confident ~at

flus can be done CCCTA did not conslder more advanced technologies, which might make the

updating task easier, due to their lugher cost

CCCTA’s efforts to nnprove passenger mformaUon systems will continue In the same

sprat as the Transhnk project, there xs interest m developing a "more umversal" telephone

mformaUon system so that passengers can get schedule information for thfferent operators by

chalmg a single number Phone system automation is not considered attractive, both be~_~-~_use the

"persor~l touch" would be lost with these technologies, and because ~be persons who use [the

telephone informaUon system] more are those that would like [automation] less -seniors, students,

etc ~ The costs of these technologies are also considered too tugh The emphasis on low-tech,

economical approaches to "get mformaUon out without bankrupting the system," alr~dy apparent

m the bus stop slgnage program, Is also evident m CCCTA’s plans to place afforrnation hosks m

ccnU~l locaUons, such as BART stations

Another reason, m addmon to cost, that may cause CCCTA to downplay the need for

sophsficated mformat~on systems ~s that ~ts market is primarily commuters According to the

marketing manager, "By and large repeat users are the majority You can get n~formafion tO repeat

users very qmcldy regardless of mode You could use news medm, announcements on buses, direct

ma~l, cewspaper ads"

In paratrans~t operations, there ~s some interest m vclncle routing and scheduhng software,

since "computers are more efficient than humans and less prone to errors" The accessible services

manager would also hke to see technology for tracking vehicles m order to allow real tune

chspatchmg, which "~s an efficient way to chspatch If you are using taxis and vans then you know

where they are - ~t’s much more efficient" The highest priority item, however, is the phone system

- "Our worst mghtmare The demand is so great We have one of the lughest number of phone

clerks per vehicle and we still can~ satisfy everyone They’re on hold, they are wmtmg, can~ get

through" Since many paratranslt chents have Alzhenner’s or other hnutations, automatton ts not an

option, but there is interest in finding a better way for managing the queues m the current system

3.3.4.6 Conclusions

CCCTA’s flunking concerning APTS technology ts shaped by two main themes. First,

there is interest in APTS technology as a means for increasing compatibihty among different

trans~ operators in the East Bay’s balkanized transit industry This mtercst derives in part from a

perceptaon that compatiblhty is maportant and that APTS technology can contribute to It It may

also derive from the fact that efforts L,a flus area, smce they are inherently collective m nature,

mvolve less risk to CCCTA management
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Second, CCCTA managers perceive most APTS t~hnologies to be less cost-effectlve than

alternalave capltal investments, such as acqumng more buses for example Tins judgment Is not

based on detailed study To the contrary, CCCTA has not carefully mvesu~ted most APTS

technologles because of the behef that scarce managerial resources are better devoted to other

matters However, one specific concern voiced by several interviewees was that the soRware to

extract useful trtfonnaUon from the data gathered from APTS ~ehnolog~es ts lacking, rinsing the

prospect that, m the words of the maintenance manager, "rnor~ reformation won’t do more than put

paper on the shelves"

An nnportant lesson from CCCTA ~s that a eomaratment to mfonn~on technology need

not imply a comrmtment to advanced mform~on technology CCCTA’s bus stop sign,~e and kiosk

programs underscore the maportance the operator attaches to getting reformation to customers The

efforts by the maintenance manager to increase mileage between maintenance funcUons through

expenmentatlon and data armlyms demonstrates a behef m using mformatlon to increase efficlency

It is posslble that efforts such as these could yleld more gains ff they were coupled wlth the

enhanced data APTS technologles could provlde, but this ~ 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 Tramlt District (GET) was created to provide servace for the

greater metropohtan Bakersfield area During the 1970’s, GET added thai-a-ride servace for the

disabled During the 1980~s GET tmproved serwce levels by decreasing headways, initmtmg

wbeelehmr-access~ble ser,nce on all routes, extending the D~smct boundaries to include service to

htgh growth areas and elm~inatmg unproductive route segments In September 1986, the District

switched from a rachal system, focusing on the downtown, to a cross town system

GET serwces the city of Bakersfield and the eommuniUes of Oildale, Rosedale,

Greenacres, and Greenfield The service area includes approximatdy 315 thousand people, 85

percent of whom live within one-quarter mile of a bus route. The Ductrict has a fleet of 61 vehicles

Peak service utihzes 53 buses whale the base penod utilizes 38 buses Service hours are from 6

AM to 7.30 PM GET operates at headways ranging from 15 ndnutes m the peak to 60 minutes m

the base period GET has a flat fare of $ 50, unchanged since 1982

3.3.5.2 General Outlook on APTS Technology

While not completely uninterested m APTS technologies,

renovation m tlus area The general manager summarizes the attitude-

GET xs unlikely to l~d
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When people come m and want to gwe us a new system I want to say WChat eight
transit systems have you used it on g’ and 1~Iow many years has it been m
existenceg’ and %Vhat’s the parts avaflabihtyg’ and so on

This at6tude derives m part from experiences with APTS technologies, described below

GET’s general manager also cites organization’s experience with computers ha explaining his

cautiol~ay wew of new technology They purchased a Quantel computer system that

was able to combine all the funetaons of the organization rote a cohesive whole
[But]if I had ~t to do again I’d go wlth PC networks. Most people smaply need the
word processing fune’uon.. You used to hear people say that tf you put computers
m you’d save a lot of tune and that there would really be an economic benefit
Every tune I look around we need to buy another computer or one of them ~s
breaking down or we need an electrome techmc~an to take care of them I haven~
really seen any people savings - I see greater demand for reformation from the
Federal government They want us to supply mformaaon because we have the
eapabfllty ofassembhng It

Somewhat surprisingly, GET is playing a leadership role aa one area - the use of

compressed national gas as an alternatave fuel The general manager attnbutes this seeming

anonmly to several factors First, he has great froth m his maintenance manager, and l~s

maintenance manager Is confident that they can make the technology work Second, wlth

Bakersfield located m one of the most polluted mr basins m the country, and with GET marketing

ltself as the "polIutlon solution," "our biggest polmcal problem is that puff of smoke that comes out

of the back end" Finally, GET management takes a dim wow of the more commonly used

altematwe fuel, methanol, because it ~s hard on the engine and poxsonous Thus, m this instance,

the combination of the general manager’s confidence m his maintenance manager, the urgency of

the problem the technology addresses, and the lmuted relevance of earlier experiences w~th APTS

technologies to this particular mnovataon, have overcome GETs chstaste for technological

leadetslup

3.3.S.3 Vehicle Monitoring

GET has a radio system vath mechamcal alarms that alerts the dispatcher when the engine

is ove:rheatmg or the oil pressure Is nsmg Aceorchng to the maintenance manager, the system gave

at least as many "phantom" as true alarms "It’s a pare ... Most alarms are false We go out there

and tlaere is nothing wrong" GET is presently acquiring a new racho system that will not mchide

mechamcal alarms

On the other band, the maintenance department has had good expenenee with Transpaek

mam|enance software, which keeps track of bus mileage and mchcates when there is overdue
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maintenance, and the DDEC computer &agnosac system, which reports mechameal problems

based on r~dmgs ~om electromc sensors locked m &fferent parts of the bus engine The latter

originally generated "phantom codes" - reports of non-eyastent problems, but this has been

eliminated by adding spike suppressers to filter the szm~l r~cking the &aSnostic device

GET does not have AVL, and the prospect for acqmr/ng ~ technology is remote A

salesman recently showed the general manager a Loran-C system ~th~ sounded fmrly attm~ve to

me" However, others in the orga~i-~len, partlcularly the operations manager, were less
hnpressed According to the latter, GET

Is looking for proven technology in widespread use With a small agency, we have
to make sure that ~t’s easy to use and you don~ have to create a new department to
slt there and momtor velucle location I’d want sometlung the chspatchers could use
m thelr normal dutles

Samlarly, the maintenance manager, wlnle lachng specific reformation on the subject, stated that

he expected there would be "considerable expeme" to maintain AVL.

While concerns over costs are clearly ewdent m GETs amtude toward AVL, there is also

doubt about its benefits The operatzons manager considers schedule adherence to be "the very

heart of transit," but he beheves that while the AVL equipment "would tell us how we’re

performang, but would not necessarily make ~t any better" L~kew/se, the maintenance manager,

perhaps recalling the problems with the mect’~rfical alarm features of the radio system, stated that

an AVL system would be of no value for maintenance

Others, generally those in less semor posmor, s, had a more optmustic wew of AVL

benefits Among the benefits c~ted were emergency response, schedule adjusanent, passenger

mformat~on, 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 m part because they are a potentially rich source of transit patronage data, wr&

capabllmes to provide mfommtion for in&wdual route segments and for dafferent tunes of day

Unfortunately, the fareboxes required drivers to make complicated keyboard entries in order to

gather this mfommtioa, and the soRware often failed when an incorrect entry was made Thus, it

has proved Lrnpra~eal to use the f~a-eboxes to gather anything other than gross route data, and

even m this case there are recurring problems with dr/vers entering the wrong codes and triggering

a soRware shutdown Further, parts prices for the fareboxes increased steeply a few years aRer

purchase Consequently, GET ~s replacing the Cubic Western equipment with less sopta~eated
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GFI models These problems notwathstandmg, drivers appreciate the ability of electronic fareboxes

to reduce fare disputes by &splaying the amount that has been deposited m the farebox

GET is currently looking at TRIM machines The perceived benefits of the TRIM machine

include reduced boarding times, avoldmg disputes over whether transfers are vahd, and the

possib~hty of preselling tackets as BART and Washington Metro do. Still, GET managers view this

technology cautaously. The operauon manager emphasizes the importance of having a card r~acr

that "can deal Wath 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, %Ve don~ want to test ~t. We want someone else to test it and

use R for a year, and then we buy it" Adds the marketing manager, speaking of advanced fare

payment technologies m general

It Is difficult for a small system to implement new technology ORen new
technology has bugs m it We haven’t the ability to maintain it and get the bugs
out, and be able to nxtplement each new generation that comes along

3.3.5.5 Traveler Information and Paratransit

GET ts aclavely considering electromc dispatching software for GET-A-LIFT, the system’s

paratr~mslt serwcc They hope that the software will allow the system to handle more people

without additional vebacles The system they favor Is that it suggests several alternatave routmgs,

aJlowmg the dispatcher "to take the human element into account - for example, if there is a new

driver who is slower"

GET’s approach to flus system typifies its cautious attitude toward new technology A

GET manager ongmaUy saw the program at a technology conference, and considered it promising

Later, the vendors gave an on-site demonstration, and agam GET staff were favorably unpressed

They have now budgeted money for the system, but are spending tlns year evaluating rt A

neighboring city, Glendale, has adopted the system, and the operations manager "wants to make

sure they have a lot of experience Wath it under then" belt and then Ind go and spend a day with

them" to make sure that the system is a wise investment

The marketing manager has mvestagated passenger informataon systems, particularly the

Telender system She considers the technology to be "an outstanding idea" and envisions a system

enabl~ag communication from dispatchers and buses so that passengers have up-to-date

mforrnatlon When it comes to adopting such a system at GET, however, she sees little potential in

the n~ir future Fn.st, there is 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 mforma__~on system That system is busiest on working hohdays, with

most people who call swnply wanting to know if there is serwce (the system shuts down for the

major hohdays) However, she has found that most customers arc not ~_sfied with a recorded

message stating there is scrvlce - they insist on recclving flus nfformaUon from a human operator.

The general manager Is also skepucal about the role of autom~t~ nu~ormation, noung that "there

are a lot of Vanes, when people are not fmuihar with a Lransit system and don~ know how at

operates, that they don~ know what quc~on to ask"

3.3.5.6 Conclusions

A series of unsuccessful experiences with APTS technologies, combined with the inherent

linutat~ons of a small Wans~t operator serving an auto-dominated area, have made GET what

Rogers (1983, p 246) terms a "late majority" adopter of APTS Whlle not a slave to trachtaon,

GET has at least a healthy, and perhaps an exce.ssivc, skeptaclsm about new L~chnolog~es On the

other hand, GE’rs approach to the automated paratranszt scheduling system shows that a cautmus

attatude toward new technology nccd not preclude the actave explomtxon and conszderaUon of

pronusmg new products Also, GETs pioneering efforts vclth compressed nataonal gas demonstrate

that mnovat~veness is context specific, so that operators who are conservative wLth 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 Transportataon Author/ty (OCTA), wtuch now includes the former

Orange County Transit Dasmct, provides a variety of serwces for Orange County OCTA

operates fixed route scrdcc, along wlth paratransit and ridcshare servlces The new OCTA Is also

responsible for future rml opcrataons

OCTA’s fixed route serwce accounts for approxmmtely 84 percent of serwces provided.

OCTA operates 500 buses on 50 routes arranged m a one-rmle grid network Weekday service

operates from 5 AM to 9 PM with some selected hnes remaining in service until 11 PM. Headways

range from 7 to 70 minutes with 40 percent of the service opc~g on 30 minute headways

OCTA also operates two express routes to Downtown Los Angeles. Greyhound provides flus

service under contract

OCTA has a Market Development program that provides sennce to lower density markets

not yet capable of supporting large buses Part of th~s program also includes serwce offered in

coopemUon w~th the Cahforma Depa~hnent of Transportation as part of the I-5 widening project.

Serwcc as operated at 30 minute headways with some exceptions When sufficacnt ndersh~p has

developed OCTA converts Market Development routes to fixed routes served by large vclncles
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The paratranSlt operation, Neighborhood Dial-A-Ride, Is provaded by various private firms

under oontract to OCTA, using District-owned small buses and vans The system operates a zone

dcmand-responswc serwce There are five zones of approxanately 10-12 square males OCTA

hmrts .,;ervice to seniors and the disabled except during peak hours when a subsenpUon service/s

avmlable to the general public

3.3.6.2 General Outlook

OCTA is well suited to ix) an APTS innovator in several respects R has a young, well

educated, management team, including several individuals with experience m high technology

mdu~les Its assistant director Is a l~der m the APTS movement, acavely revolved in IVHS

Amen(a, the Transportation Research Board (TRB), and the American Public Transit Assocmtion

(APTA) Its past experience with APTS teclmologies has been considerable, and for the most part

favorable Also the salary structure of the district is evolving to make a eas~er to recruit and retain

m&wduals vexth high levels of technical expertise

On the other hand, the District’s service area is both heawly auto-dominated and

cconormcally distressed, making chstriet management extremely eautious about investing in APTS

technology with its own funds Instead OCTA hopes to participate in a multi-modal Intelligent

Vehicle and I-hghway System (IVHS) program, under which it can be subsidized to aeqmre certain

technologies, partieularly AVL, in exchange for sharing the data generated by these tcehnologles

with slate and local agencies responsible for traffic management

3.3.6.’) 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

dmgnostlcally, and also to determine when bus maintenance costs have reached the level where

replacement of the vehicle is warranted There is also a system m place for automatically

moratonng the consumptaon of fuel and oil and flag situataons where ex~sswe consumpUon

indicates the need for mecharacal servicing Finally, OCTA uses Detroit D~esel electrome engines,

which collect engine performance data and generate fmlure codes when appropriate

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 is

us’z:d both to diseiplme drivers and for management funelaons such as determining the appropriate

number of extraboard drivers The assignment of extraboard drivers has also been auton~_~tcd

Prior to this, six employees, two at each base, made these assignments, and transfer of extraboard

chavers from one base to another was not possible The automated assignment eliminates the need

for ~te six employees, whale allowing for mterbase transfer of drivers, greater aeeuraey, and
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reducing driver ovemme Despite some mmal complaints from drivers who were accustomed to

rece~wng their assignments from a human being, the system has worked well

OCTA hopes to obtain financml assk~nee to acqmre an AVL system, m exchange for

sharing the dam collected from the sy~ w~th ~ate and local traf~c operations centers. Th~s idea

appears to have been ongh~ly suggested by the City of Anaheim One of the pioneers in IVHS,

w~th demonstration projects dating back to 1986, the C~ty approached OCTA in 1990 w~th the idea

of using selected buses to help colle~-t traffic htfon~.afion, and accessing the D~ct’s information

on street closures and service detours Although the zdea has yet to reach fruilaon, OCTA

management appears strongly commiRed to It as a way of pursuing APTS technology while

sharing the nsks and costs wlth others

Thzs is not the first tune OCTA has considered AVL It explored such a system several

years ago, primarily m order to reduce needs for on-street superwsson and more effectsvely momtor

daal-a-ride operatsons OCTA dad not adopt AVL because staff beheved the technology was not

"very pohshed" and that "not many people have used st effectsvely" While there is still doubt as to

whether AVL could be .Tu~fied m terms of the benefit for the tmnslt system, OCTA staff beheve

that using AVL-eqmpped buses as traffic probes would substanually alter the balance of costs and

benefits

OCTA would benefit under this arrangement m several ways First, It could use more

sophisUcated control strategses For example, dispatchers would be able to ldenufy ssma~ons m

which buses are pmrmg and instruct drivers to use a leap frog strategy to make up Ume

Dispatchers do th~s now, but only when a driver calls m to say he/she is overloaded Second,

OCTA could use the m_format~on m conjunctlon w~th automatic passenger counters to rework the

schedules, sdcnufymg mtersecuons to avold and stops that are unproductive Third, the mformaUon

could be transmitted to bus stops and dassen~nnated esther orally or VLsuaUy to passengers Fourth,

more effecuve response to a bus breakdown would be posssble, for example, by clivertmg a

nearby bus to plck up the stranded passengers. Finally, there Is the possib~sty of reducing

personnel needs, although several respondents were skeptical of th~s In the word of one "There’s

always the promise of reduced personnel It never seems to work" Indeed, OCTA managers

anucspate that addat~onal costs - particularly maintenance - associated with AVL will more than

offset the cost saving ~t generates

There ss some interest m adding real rune engine momtoring to the system Mam~ance

staff enwmon a system that collects data on the bus and alerts the chspatcher when something Is

wrong Tl~s could prevent catastrophic failures by identifying sstuaUons when performance is

degrading more quickly Also, the system could control for factors such as velucle load and

aocelerauon when setting windows for acceptable fuel and oil consumption
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The manager of Contract Services sees some opportun~cs to use AVL m paratransit

operations This would allow more effecUve response to situations m wbach a vehicle falls to arnve

for a pick-up at the scheduled tune, and/or a chent canceLs a sernce request Addiaonally,

chspatc:hers could use the system to detemune when vehmlcs enter and exit the bus yard This

reflecU; a concern that paratranslt drivers may collect undue overtime by no: checking m

Lrnmcdmtely upon entering the yard

OCTA has already begun planning the AVL system They are planning on acquLnng a new

radio system m the next year, and will ensure that it is AVL-c, ompatible They also expect to

include a "basic AVL budget" m then" short range transit plan. However, they hope to share AVL

costs, with OCTA paying for the basle radio system and others (presumably Caltrans) funding the

AVL feature They expect to use satellite technology, probably using a system from Westinghouse

and Trtmble Nawgatlon They find Westinghouse attractwe because st is a big company wilhng to

"force the ~ssue" of system integration, by dealing wath many supphers to get then. different

macl~nes to talk to each other. In the vlew of the maintenance manager, the lack of U S

compames willing to play tlus role ~s one of the major reasons why APTS technology diffusion in

U S transit operators lags belund that m Europe

OCTA staff expressed little interest m adding colhs~on alarms or other safety devices to

the bus They compared such alarms wth the buzzer used for wheelchalr hRs, whlch many drivers

presently disable using tape According to the maintenance manager "dnvers are m the bus I0-12

hours a day - they get sick of buzzers" Another drawback is that each new devlce both adds more

cost and represents another tlung that can break It Is easy, according to the maintenance manager,

"to have the cost (of a bus) go from $220k to $500k and reduce rehabihty The bus might 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 aeqmsltion is t~cket reading and lmpnntmg, or

TRIM, machines, manufactured by GFI The machmes generate rnagnetlc tickets, and also read

them to determine whether they are vahd for boarding a particular bus OCTA adopted this

technology to replace ~ts paper transfer system, abuse of which was thought to be costing the

syst~la substantial revenue The general manager, however, indicated that another motwalaon was

the abihty to have automated ticket vending maehmes throughout the service area, perhaps

eliminating the need for agents who presently serve tlus ftmction The system can handle multiple

rides by issuing tickets for more than one ride and then deduetmg each tnne the ticket ~s used It

can also handle tlme windows Among other things, ttns capability can be used to discourage lacket

shanng by reqmring a certam time interval between one use and the next
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OCTA was originally slated to be the third U S operator to install TRIM mach/nes, but

for various reasons has turned out to be the first They have had a few problems, partacularly with

the machine &spensmg muluple tlck~ stuck together, and wl~ passengers who, shae~ they are

unused to the system, crumple up their rackets Also, they are becoming more aware that the

will entmI ad&tionaI mamteruance costs that they dad not fully appre~mte at the tram they

considered the mvestraent Stall, they expect to recoup the $1 6 milhon ac4msmon cost within two

years, through increased farebox revenue

While several unterv~ewees expressed interest an Smart Cards, they do not dunk that transit

agencies are m a position to trnplement this technology on their own In the words of one,

implementing smart cards "is lt&e introducing a new form of money" and would require state or

nat;oral Iegislataon

3.3.6.5 Traveler Information and Paratransit

OCTA has pioneered an automated paratransa scheduling and &spatcbang system

introduced as part of an UMTA demomtmtaon project m 1980 The system offers real time

scheduling, and features eomrnumcation between the &spatcher and the vehicles wa CRT

terminals When a serwee request comes m, the computer identifies the appropriate ve’mcle for the

pick-up, wtuch is then contacted through the terminal OCTA considers their system the most

advanced ha the country However, changing clrcumstanees have led them to decide to replace it

wathm the next few years The change ts necessitated by a shift away from real time to pre-

scheduled serwce, m order to reduce circmtry of routmgs and cut back on the number of hours

operators must be on duty Also, their current system lacks certmn features that are becoming

increasingly important For example, when a client is too heavy for the driver alone to assist, it is

desirable to call another driver who happens to be close by rather than send one out from a base

There are chffer’mg vaewpomts concerning the success of the paratranslt sofh~rare In the

view of the paratrans~t service manager, the system has worked well, and as sopbast~cataon is

ewdently 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, m her view, development of the system must not have been a vase use of

taxpayer dollars

OCTA is gavmg serious attentaon to A’I’IS The current telephone informa~on system Is

¢nlarely manual, and considered archaic by the general manager They are exploring &fferent

possiblhtaes for automating the system One particular issue is whether they should develop a jo/nt

system with the Metropohtant Tramportataon Authority, ha which case both operators would have

to agree on a single vendor OCTD itself is leaning toward acqumtaon of an off-the-shelf system,

and one that revolves a human operator keying m servace requests and then conveying output
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through a variety of means, including voice, fax, and mall. There Is httle interest m an automated

telende-type system where stops are assign~ phone numbers OCTA staff considers this format

too confusing to the customers, who "already have enough numbers" to deal with according to the

nmnager of Commute Servw, es

In ad&Uon to the benefits to travelers, OCTD anticipates marketing advantages from an

automated mformaUon system Serwce request enmes will generate information on customer travel

needs The Commute Services manager compares the advantages to those mrhnes reakze from

then" computer reservation systems

3.3.6.6 Conclusions

With respect to APTS, OCTA appears a well-informed, conservatave, consumer

Management Is open to mnovatmn, and has glven APTS technologies conslderable thought and

study On the other hand, OCTA reqmres strong evidence of tangible benefit before allocating

resou~,ces to a new technology In the present econormc and fiscal envn-om, nent, the benefit must

translate rote cost reductlons or revenue gains Experience has taught OCTA management to be

skept~cal of clalms that APTS or any other technology can cut labor costs Its most recent APTS

technology aequlsitlons, the MAPS system for mmntenance management and the TRIM machines,

yleld other lends of benefits - extending bus hfe and enhancing revenue respec~vely If these

technologles also produce labor savings, that will be "icing on the cake°"

The collaboration with the clty of Anahenn has substantlally increased the potential for

APTS mnovatmn at OCTA Whale not convinced that AVL could generate adequate levels of

interim] benefits to justify its cost, OCTA enwslons st as a key component of a multJ-modal tm~c

mar~gcrncnt system Through this ws~or~ OCTA Is able to pursue technological posslblhtles that

would be out of reach tf It were acting alone Further, using OCTA buses as traffic probes will

glve the transit agency, currently a marginal player in an auto-dominated, conservatwe area, an

expanded role m the regional tra~portanon system

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

3.3.7.1 Description

The Santa Barbara Meh~opohtan Transit District (MTD) serwce area consists of 52 square

rmles from Goleta to the Venmra County border, in the southern coastal region of Santa Barbara

Cot~ity MTD serves the commumtles of Santa Barbara, Goleta, Montecito, Summerland and

Carpenteria The communities are linked by serwce through a central transfer facility in downtown

Santa Barbara Major destmatlons include the Umverslty of Cahforma~ Santa Barbara campus,

the mumclpal mrport, downtown Goleta and Santa Barbara, and Santa Barbara C~ty College
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MTI) serwce consists of 26 in&vidual lines opemang on a fixed route and schedule The

Distnct does not operate any demand responsive serwce Bums operate year round w~th the

excepuon of New Year’s, Thanksglvn~ and Chnsmms Most routes are m operation from 7 AM

to 7 PM, wtfile a few routes have hours extending to 11 PM and starting around 5 AM.

MTD uses 53 buses in the peak and 42 ha the base penocls Saturdays and Sundays

require 27 and 20 buses respeeUvely MTD maintains an acUve fleet of 69 vehicles with 4 inacUve

and 2 demonstration vebaeles The demo~-~atton vebacles are electric powered and used for a free

Downtown Waterfront Shuttle m Santa Barbara In 1988 MTD received 20 small vehicles for use

in res~dentaal emaronments

The basic fare increased from 50 cents to 75 cents m September 1989 The &strict has a

contractual agreement wlth the Umvcrsxty of Cahforma, Santa Barbara that allows all students to

ride for free wlth a vahd reglstxa/aon card MTD has &scounted punch cards available to student,

elderly, and &sabled passengers, and a commuter pass program w~th firms employing more than

29 people The passes are sold &reedy to the firm on the bas~s of 100 percent employee enrollment

MTD’s mare concerns at the present ttme revolve around coping with aa increasingly

demanding poht~eal, economic, and operating environment MTD beheves government

overregulates small transit operators, forcing them to "convert bus ~rv/ce into office workers" and

to expend resources to convert buses to alternatave fuels Econormcally, the mare problem Is that

the costs of hwng, particularly housing, m Santa Barbara make it &fficult to attract qualified

workers at typical transit pay scales Many drivers also work other jobs, forcing MTD to "watch

real closely that they’re not too burnt out when they come to work for us m the morning from

whatever else they’ve done" Operationally, MTD is having to cope with increasing levels of tra~c

eonge~on, slowmg buses and thereby increasing the number of buses it must deploy to maintain

the same headways, and w~th greater numbers of "problem passengers," whose antasoclal behavior

increases driver stress and creates chscomfort for other riders

3.3.7.2 General Outlook on APTS Technology

MTD’s general manager considers his considerable experience wath computer mstallataon

at transit agencies representalave of the problems transxt agcnczes face using APTS technologies

One lesson he draws is that a ehampxon is necessary

Unless you can find somebody who’s coming from the outside or internally (to
dmmp~on the technology) it’s not going to happen to the f~allest potentaal You
have more of tins wonderful mformaUon processing capability, but you are using
10 percent of ~t.. It just never works unless someone takes ~t all the way You
have to beat an orgamzataon up into working with it It’s aa essenfia~ element
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MTD ~s in the midst of coping vath what its general manager calls "a period of rap~d

technological change" - not in mformaUon technology but m alternaUve fuels The perceived

challenge xs not so much the technology itself but the uncertainty over what Is "the correct path to

follow" and "which way the politicians (who are sccn as the key dccls~onmakers 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 quahty chstnct to also use compressed

natural gas Since each energy source roqmres Its own infrastructure investment, there is concern

that MTD wall invest m the wrong altemaave fuel ~.hnology and wa~ a lot of money, or end up

vath a fleet using several d/fferent types of fuel and thus have Ix) saddled with mulUple fueling

~uctures

The driver’s umon poses another type of challenge in the shift to altematxve fuels that may

also be of relevance to certmn APTS technologies The drivers of electnc velucles rcqmrc spccm]

tram~;, and MTD therefore desires to concentrate the first electric velucle assignments among a

handfu~ of drivers Smcc tlus would represent a departure from normal b~d procedures, umon

agreement ~s nettled The umon has, however, firmly resisted this change However, when

management raised the prospect of contracting out the electric vclude routes, the union became

more o~operauvc

Another major ~tem on MTD’s technology agenda Is the mstallatmn of a PC computer

net~ork along w~th new sofhvare to handle nmmtcnancc, scheduling, and other activities. The now

system vail r~lacc a Quantel numcomputcr and several stand-alone PCs MTD staff expect the

new system wall allow "management to work in a more efficient manner and use less paper and

save tune by having qmckcr access to the reformation that we all need from each other" Hardware

and soRwarc decisions have yet to be finalized W~th regard to the soRware search, MTD Is

undertalong a "mult~-faceted approach" to finding the best products, including consulting with

private contractors, the American Public Transit Assocmtlon (APTA), and others It appears that

the new system will increase the level of computerization at MTD For example, the scheduling

ruwcuttmg, and bidding processes will probably be computerized for the first tnne

MTD is also planning on eqmppmg ~ts non-electrlc buses vath D-Deck electromcally

&agnosed engines, hoping their sopl-a~cated diagnostic capabiht~es vall streamline maintenance

and extend vehlcle life

These above ~tems constitute a large technological agenda that has stretched manager:~l

resources at MTD "Everyone is occupied with something more mnportant to the daily effort" than

the pu rsmt of APTS Further, MTD is loath to rely on consultants m these c~rcumstances, bexau~

they usually wind up taking more tlme and money than is worthwhile Thus, "if we can~ do It m-

house, we usually don~ do it"
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3.3.7.3 Vehicle Monitoring
MTD is planning on acquxdng a new radio system m the next few years They axe not

moving on this at the moment, m part because other atems have h~gher pnon~, and tu part because

they see the technology evolving rap~lly, and want others "to work out the bags? Two features that

they want to include m the new system are a way of ~dentifying what bus is calling m, and a silent

alarm. There axe cor~ig~ng opinions of the latter, however The assastant general manager

considered flus feature a top priority, and a driver stat_~_ that at would be "a great idea" The

general manager is less enthusiastxc, est~na~g that incidents calling for a silent alarm occur only

once every 5-6 years

Although MTD nmnagement as qulte fanuhar w~th AVL technology, they do not consider it

to be of much value for their system W~th no more than 55 vehicles on the road at any one ume,

they conslder radio cornrnumcatlon adequate for tracking vehicles According to their general

manager, the chspateher has "a map of Santa Barbara m [us head" developed a "saxth sense" that

enables htm to know the locataon of velucles, as well as the availability of "booster" buses that can

respond when extra capacity is needed, without frequent momtonng. Since flus m&vidual is blind,

conventional A VL technology clearly has httle to offer hun. Further, management does not

consider MTD’s schedule adherence a serious problem, and the system ~s small enough that,

according to the asszstant general manager, "I can tell you just off the top of my b~d exactly where

we have a scheduling problem" Although there as only one on-~reet supervisor available for Ume

checks, most routes stop at the downtown Transat Center, allowing MTD staff to regularly momtor

schedule adherence at that point, whde also prowchng flus ufforrnation to travelers. The ad&tional

Urne-check capabihties of AVL are thus not cons,tiered critical, even though schedule momtonng ~s

"very important, 3ust down from drug te~"

Vducle tracking was considered poteWaally useful m two contexts, however The first was

the downtown shuttle service, where short headways make a given level of schedule deviation more

s~gmficant Wath a tracking system, more even spacing between buses on the hne could be

maintained The second was emergenc,es, particularly when the driver ~s too shaken or otherwise

affected to correctly identafy lus locataon, or when a bus has to remain stopped m order to wait for

emergency assistance to reach st. Wath a hacking system, the bus could m some cases continue on

its route, reducing the degree of schedule &sruption

Interest in vebacle control technologies vaned among those inter~newed. The driver,

although clearly concerned about safety ("At the end of the day I thank the Lord I made It through

the day w~thout hurting anybody or myself ") does not see much promise for technology to improve

xt On the other hand, the assistant general manager, while not expecting to pioneer this area,

thought that the benefits could be significant, paxtlculaxly as a defense against liability claims.
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3°3.7.4 Fare Payment

MTD, like Bakersfield, acqmred Cubic Western fareboxes several years ago Although the

umts include devices for processing magnetic farccards, MTD does not use thorn due to relmbihty

problems The devices read fare cards correctly only 80 percent of time, and writs on thorn

correctly only 50 percent of tune According to the general manager, the rchability ts low because

the emaronment on the bus Is "too harsh" MTD beheves that many proponents of advanced transit

tschnologles do not adequatsly ¢onsldcr ttus factor To illustrats, he spoke of how buses arc

cleaned

A guy gets m the back wlth an mr hose and blows all tl~ [dirt and dust] up rote
the mr and it gets sucked out from the door right through the farebox and card
reader That’s a key conslderation I think it gets lost There’s your (speaking of the
mtervlewcr as a proponent of APTS) side of the business where you see things as
really bcneficlal, but nobody reahzes tlus Is how the) clean the buses

The Cubic Westsrn fareboxes require drivers to cntsr routs identification mforma~on at

the beginning of their run, and then at the beginning of each trip along their routs The rehabihty of

tlus process has been a problem at MTD The biggest problem occurs when a dnver must shift

from one route to another during lus slur and forgets to reset the farebox Also, although aUempts

have been made to collect data on &ffercnt sections of a route by having the driver reset the

farebox at the beginning of each scctaon, drivers often fail to do tlus It is also not unusual for

drivers to madvertently press the wrong keys, partly because the keypad is poorly ht and &fficult

for drivers to reach

3.3.7.5 Traveler Information and Paratransit

The general manager "has always been kind of intrigued w~th" automated traveler

mformatlon systems, but he is not excited by the potentml for a small operator such as MTD

First, he feels that MTD should continue to project a "homespun" unage Second, he sees httle

opportumty for labor savings, since the same Transportataon Center adwsors who proxade phone

mfonnatlon also perform other duties such as tlcket sales and answenng ques~ons from "walk-

ups," and "it Imsn~ been a great burden on them to perform those duties sunultaneously" The

asslslant general manager, while concumng that automation in flus area would not save money,

thought that it could be of value from a marketmg standpoint by increasing the number of locations

wher(~ transit mformataon ~s available

MTD does, however, expect to take one step m the &reetaon of computsnzed information

when, ~t installs the new computer network The network wdl include ternunals at the downtown
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Transportation Center, from w~lch advisors will be able to get up-to~te (though not real time)

schedule reformation

MTD Is looking for other low-cost ways of improving the quality of tm~zt reformation

Through using the service himself, the manager of transit development has become aware of the

"anxieties somebody goes through that’s not familiar w~th ndmg the bus There is a simple little

sign that says what you’re line number xs up there I had no cord~idence that I was going to get to

my place on tm~e or that I knew where I was going" He and the general manager agree that "there’s

got to be somahmg we can do w~hout spending $2 million - I’m sure we could find something if

we had that money - that makes the system ~endlier" particularly to new riders or riders going to

new destinations One specific need Is a way of reforming passengers when they should get off the

bus The Washington Metro, in w’mch all stops and transfer points are ~,tounced over an m-

velucle speaker, was clted as an exemplar m this regard

3.3.7.6 Conclusions

MTD is a comparatively small and simple transit system, and its information technology

needs are comparatively modest Its current APTS efforts revolve around attmnmg 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 pnonty items compared to velucle electrification, electromc engine diagnosis, and

computerization of management functions It seems likely, therefore, that MTD vall continue to be

fall into the "late adopter" category w~th regard to APTS

Like Bakersfield, MTD is taking a more aggressive stance m alternative fuels technology

than m APTS There are several reasons for this First, there ts far more external pressure to

eliminate diesel engines than to improve schedule momtonng or passenger ImCormation Second,

whereas vehmle electnficatlon harmonizes wath (or at least docsn~ undermane) MTD’s "homespun"

n’nage, the agency perceives APTS technologms to be less compatible m this regard Finally, the

benefits of electrification do not hinge on labor savings, winch, in a small organization where many

individuals 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 m our introduction. Each of the following sections proposes

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

The mere existence of a technology does not ensure that operators wxll consider adopting

It. As a first prereqmsae, members of the ~,mt orgamzaUon must know that the technology exxsts,

and that their orga,-nzataon could concewably make some use of it We found that tlus prerequmte

v~as generally saUsfied Virtually everyone we spoke with was aware of the various APTS

technologms, and of some of their posslble uses. Such knowledge Is not, however, sufficient to

make operators ac~vely consider adoption of a technology, since there are many other items

compemag for the attentmn that such active consideration would require.

When Is an APTS mnovatmn able to surmount tins obstacle9 We identified several types

of circwm’tances under wbach this occurred m our case studaes

1 A spec:al opportumty to acqmre an APTS technology may arise

All of the operators who acqmred AVL dad so because it was avadable as a feature of a

radio communication system, wluch they had already decided to acquire Thus the radao system

acqms~taon provided an opportumty to adopt AVL

OCTA’s interest m AVL has been spurred by an opportumty to partaclpate m aa IVHS

project, and receive financml assistance for the AVL in return for sharing the reformation it

generates w~th traffic operations centers Smularly, OCTA is considering traveler mformataon

technol¢~es because ~t has the opportumty to partlclpate m a common system with a nelghbonng

transit c)perator

2 A member of a transit orgamzatton dec:des to serve as a "champlon"for the technology

All three AVL adopters included individuals that acted as champlons - the radao engineer

at MTA, the head of the Planning Department at TRT, and the superintendent of transportataon at

ATA "[he head of Marketing at ATA is champmnmg traveler mformatmn technology Paratranslt

managers at MTA, GET, and OCTA are charaplonmg computer scheduling technology

Motwataons for adopting the champion role vary. At MTA, the milaal advocates seem to

have been attracted because of their tedameal ortentataon and resulting behef that a AVL-equipped

radio system was both feasible and far superior to one providing voice communication only TRTs

AVL champion was motavated more by a general predisposition toward techracal innovataort, while

at ATA both the AVL and traveler information champions were aware of specific problems in their

area of respons~blhty that the technologies would address The various paratmm~t managers have

similar molavations for champmning computer scheduling
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3 The transit agency has sujficzent managerial resources to add an APTS adoption decision to

tts agenda

Respondents m several agencies expressed the wew that they had too many other issues to

deal with, precluding corts~deration of APTS. For example, MTD Is m the nudst of important

decisions regarding alterna~ve fuel technology TRT is still preoccupied with getting its AVL to

work properly At both of these agencies, sources cited these poLnts as an explanation for not

pursuing some APTS technology These examples suggest that technology adoptaon decisions

compete wath one another for a place on a tramzt agency’s agenda Perhaps agencies imphcltly

estabhsh a "budget" - a fixed mount of rnanagenal time and effort - for such matters.

4 The transtt agency becomes aware of a particular problem whwh may be helped through use

of an APTS technology, or of an APTS technology that may help a recogntzed problem area

All three agencies that adopted AVL consldered schedule adherence a serious problem

MTA had found through passenger surveys that poor rehabihty was a major reason for its loss of

ndersbap m the 1980s ATA had become aware of problems w~th driver &sclphne, while TRT’s

adoption of pulse transfer scheduhng made schedule adherence, and appropnate response to

schedule devmuon, criucal Issues Also, at TRT, upper management consldered street supervlsion

to be excesswely costly

TRT and OCTA considered adoptaon of TRIM machines soon aRer thelr mtroductaon,

because they considered transfer handling a major problem area Sm~larly, the widespread

rccogmt~on of the problems v, ath manual fare collection - partacularly as use of paper money

increased - spurred a rap~d transltaon to electronic fare collection both ha our case study operators

and throughout the industry The Translink program at CCCTA gemmed from recognitaon of a

more specific problem - the need to preserve autonomy of m&vidual transit operators m setting

fares wlule faclhtating transfers between the operators

Ltkewlse, the obwous inefficlenc~cs and inconvemence resulting from having each transit

operator prowdmg reformation about Its own system only prompted CCCTA’s interest m traveler

mformataon technology At ATA, interest in traveler mformataon technology resulted from

recogmtaon of problems w~th the existing mformataon system, including Inmted hours of operation,

operator stress, and tendency for operators to make m~stakes

Finally, the widespread interest m computer paratransit scheduhng observed in our case

stuches stems from recent passage of the Americans w~th Disabihties Act The resulting prospects

for increased service demand and requirements for expanded services have created pressure to

contain costs At the same tame, and probably for the same reason, a new generation of scheduling

software products is reaching the market
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5 The Agency has a Posmve Attitude Toward TechnologTcal InnovatTon

Cer*am transit agencies take an aggressive stance toward the adoption of new technologies,

wlule others take a conservative posture TRT, for example, has been a consistent early adopter of

new technologies, while GET and ~ have been generally been unwilling to play ttus role These

tendencies appear to correlate w~th attitudes that prechspose agencies toward or against the

adoption of new technology For example, TRT became interested m AVL partly because of the

perceptaon that it was "flashy and lugh-teeh" At MTD, m contrast, there was httle interest m

certain APTS technologies because they were percewed to conflict with the agency’s "homespun"

image

The contrasting attitudes derive from several sources, including the character of the

community, 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 ts

evidence of a scale effect, with small operators less likely to lead renovation Tlus effect is

consistent with findings of many other studies ofteehnologmal adoption and renovation (Tornatzlcy

and Fleishcer, 1990, pp 161-162) Our case studies suggest several factors that may account for

the relationship between scale and nlnovativeness These Include the orgamzation costs associated

with the investigation and m~plementat~on of new technologies For example, while MTA had an

entare group devoted to Systems Technology that could take responsibility for assessing AVL

technology, at MTD ttus would fall on the general manager and his staff, who have many other

matter:~ to contend with In addition, the benefits of certain APTS technologies may be greater for

larger operators For example, smee the areas served by such operators tend to have more traffic

and crime, AVL may be more attractive Likewise, since large operators have larger, more

complex, route systems, automating travel irfformataon serances may pronuse greater benefits

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

After an APTS innovation receives aelave consideration, a decision on whether to adopt it

must be made. Just as an agency must lmut the number of items reaching its agenda, it must also

reach decisions about items on the basis of lmuted reformation and analysis On the basis of our

ease ~,’m&es, several generalizations emerge concerning the factors that agencies consider in

arriving at these decisions These include

1 Operating Cost Impact

The impact of adoption of a technology on operating costs is a primary concern Federal

capltzd subsidies tend to reduce the importance of capital cost as a cons~derataon, if’a federal grant

is awdlable, the capital cost ts very low, ff not, adoption is unhkely to be seriously considered
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T _ran_tit managers are ex’tr~ady con~mcxi, however) with the prospect that adoptton of a new

technology will result m un~ticlpated operating cost penalues Since anplcmenm~g a now

technology is hkely to entail ad&Uonal operating ~, a key qu~-’Uon is whether these can be

offset by savings m other areas In practice) such savings often prove to be eluswe, and operators

therefore tend to &scount the potentaal for such savings Operators are most likely to give cre&t to

such claims when they revolve expense Items other than labor, or, if" they do revolve labor, when

they do not require layoffs or other slgmficant daslocataon For example, elunmanon of computer

leasing fees at ATA, and of _tt-ar,~fer printing costs at TRT, were consider~ unportant fairs

favoring adopaon of APTS technologles At MTA, planners anticlpat~l slgnificant sa~ngs from

replacing part-time passenger counters, generally rctared drivers already drawing a substantml

penslon, vath automated counters° On the other hand, operators &d not antac~patc savings from

layoffs of on-street supervxsors m assessing AVL, or of mformataon operators m assessing ATIS

2 TechnologwalMatunty

A second factor considered extremely tmportant by many of the agencies was the rnatunt3,

of the technology At virtually all of the case study operators, in~rvlcwe~s expressed the concern

that vendors bring transit APTS technologies to mark~ before they have ad~uatcly tested or

refined them Agencies rely on peer networks, consultants, and m-house expertase in aa effort to

assess whether a gwen technology as sufficiently mature for their orgamzaUon The level of

maturity rcquxred vanes from property to property Some (GET for example) are tugldy susplclous

of any system that is not already m operaUon at a slgmfieant number of other operators Others

(such as TRT) are prepared to adopt systems so long as they are "off-the-shelf," even ff they are

"Verslon I 0" and have not been proven by others Finally, the most technologlcaIly adventuresome

operators (MTA among our case study operators) &d not hmat themselves to "off-the-shelf’

systems, although they still sought systcw~ whose in&wdual components they consldered mature

3. Consultant RecommendatTons

Finally, as already mchcated, consultant recommendations are influential to adoplaon

decisions In the eases 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 ~re the same consultant, acquired identical AVL systems

suggests that the influence of the consultant ts considerable It also suggests (but certainly does not

prove) that consultants tend toward standard recommendations that do not vary according to the

individual circumstances oftbeir chents
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3.4.3 Bow Delibe, .e and Rational are APTS Adoption Decisions?

In the tmmtt agencies we visited, decisions to adopt APTS tedmology were not made

casually Neither, on the other hand, were the analyses supporting these decisions exhaustive. How

can we generahze as to where between these extremes the decision making fell ¢~ We found that

decision making fell short of the rational ideal m two mum respects.

1. L~mlted AlternatTves were Consldered

Generally, the declmon was framed as one of whether to adopt or not adopt a given

technology Since m most cases a technology reached a translt agency’s agenda because it promised

to remedy some problem, one would expect that a wide range of alternative responses to that

problem - some revolving APTS, and some not - would be considered In reality, operators rarely

dad thv~ One possible exception to this is ATA’s traveler mformatlon project Unlike the others,

this decision making process Is beginmng with a problem, and ATA and its consultant are planning

to comader many alternative solutions to It

2 L~m’e Effort was Made to Quanqfy Benefits

Quantlficauon was attempted only when st was very straightforward, such as the cost

savings from avoiding computer lease fees at ATA, or the elimination of transfer pnntmg costs at

TRT Most of the benefits of APTS technologies are not nearly so easy to assess in monetary

terms AVL as a good example Improved schedule adherence is oRen cited as a benefit of this

technology, and It was clearly a motivating factor m our case studies It m difficult, however, to

predict the degree of unprovement that AVL can deliver, or assess the value of that improvement

The agencies we studaed attempted neither of these Satisfied that adopting this technology would

cost little (at least of their own money), they relied largely on their subjective judgment that the

benefits were sufficient to justify adoption

3.4.4 How are APTS Innovations Implemented?

The process of tmplementatlon involves selection of the vendor or vendors to supply the

system, development of data bases required by the system, training of agency personnel, and

modaficattons of standard procedures necessary for the system to operate properly

Although vendor selection as ostensibly a competitive process, we found that operators

were usually strongly predasposed toward particular candidates In part, flus reflects the lmuted

number of possible suppliers of new technolosy Furthermore, since the technology is munature,

products offered from the various vendors are fmrly dasunot fi~orn one another, and operators are

thus ~mhkely to be completely mchfferent among them Finally, as already noted, consultants play a
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strong influence m agency decislons concerning APTS, and we saw evidence that consultants are

pre&spos~ ~ward cer~n vendors

Agencies sometimes used the specifieatlon process to tilt the selection process toward

preferred vendors In light of the &fferences among the various products, it was not di~cult to

write spec~fieations that strongly favored certain compeators Tins process was not ent~ely

mampulaUve, since the specification included many of the same attributes that made the preferred

vendor’s products desirable to begin with. However, it appeared that there were also instances

where products were overspec~fied in order to acl~eve a destred outcome

Development of data bases proved an unexpectedly &iticult challenge for many of the

operators This derived both from the volume and the accuracy of the data required The TRT

AVL experience, in whxch &stances between ra&o sxgnposts were measured three ttmes before the

desired accuracy was obtained, ~s m&eative of the problems operators encountered w~th data base

development

Training of agency personnel vaned m extensiveness and effectiveness Drivers trained on

AVL m 15-30 minutes, and those responsible for momtormg the system also seemed to have

learned the system fairly easily The greatest deficlenc~es m traimng were those reported by TRT,

where staff learned neither the full range of their AVL system’s reporting capabflmes, nor how to

program the system to exploit them Tins suggests a pattern m wiach training for routine actiwties

associated with the system proved more successful than training for non-routine acu~ues

Occasionally, even routine use proved difficult For example GETs electronic farebox, because of

its comphcated keyboard, proved &fficult for drivers even after they bad been using the umts for

some time

Implementation of an APTS technology often reqmred adjustments to system operations

that agencies had not anticipated when they made the adoption decision The need for such

adjustments denve from Imutataons in the range of inputs to whch the new system could

appropriately respond For example, the slgnpost AVL required that drivers always use the same

route in turmng around their buses at the end of a run Some lame points also had to be relocated m

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 unposed new constraints on a system While not of great s~gnificance m mid

of themselves, these requirements, particularly m the case of AVL, contributed to the nnpresslon

that nnplementation was more difficult and compheated than the adopting agencies had ar~cxpated
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3.4.5 How are APTS Innovations Utilized?

As discussed m Chapter 1, one can categortz~ the benefits of APTS according to the

manner m wluch they help the transR operator (or any other adopter) momtor and respond 

disturbances n’npingmg on ~t from its enwronment The APTS technology may reduce the cost of

momtonng chsturbanccs (for example, cutting labor costs for on-street supcmsion) The APTS

technology may also anprovc the abday of the transit operator to respond appropriately to various

chsturbanccs R :nay prowde better mforma_t~on on the disturbance, for example, ldentJfymg the

exact l.~.aUon of a disabled bus so that zt can be assisted more quiddy It may also increase the

range eft posslble responses, for example, chvertmg a nearby bus from Its normal route in order to

plck up the passengers on a chsabled bus. These chfferent cat.ones of poten~al benefit provide a

convement basle for chscussmg the patterns of APTS utdmation observed m our case studies.

APTS technologles arc frequently used wlth the mtentaon of reducing momtormg costs All

three agencles that adopted AVL have substantmIly cut back ttrne checks by on-greet superv~ors

TRT Ires reduced the number of on-street supcrv~ors At MTA and ATA these personnel are

expect,~i to enhance thelr acuvmes m other areas, such as customer relatlons Even at TRT, the on-

street superwsor cutbacks have been more than offset by increased gaffing m the radio room for

purposes ofmomtonng the AVL and by the adchUonal labor reqmred to maintain the system These

expert(races support Lhc view, voiced often m our case study mtcrwews, that labor cost savings

rarely result from new technologies On the other hand, ff freeing on-street supervisors from th, nc-

check respons~biht~es actually enhances their performance m other areas, there may sUll be a

substantml benefit

There were several other examples of APTS tedmologies being used to attain cost

reductions In the area of advanced fare payment, TRT expects to save transfer prmUng costs as a

result of adopting TRIM machines, as well as some run-trine savings (and reductions m driver

stress) from the reduction m fare disputes resulting from thls technology CCCTA’s Translmk

system vall reduce "transaetaon costs" - prunanly m the form of passenger mconvemence -

associated w~th payment of fares for trips using more than one transit operator

Although our ease study operators had linuted experience vath traveler mformaaon

technology, ~t was clear that cost redueaon - to both the ageney and its customers - would be a

major conslderataon m the use of such systems Agency cost savings included reductions m training

tmle, and possibly smf~g levels, for telephone mformalaon systems Respondents anttclpated cost

savings to passengers m the form of increased convemence, including reduced queuing for service,

and egtended hours of serrate availabihty

UtdlzaUon of APTS teehnologaes for purposes of improving regulataon of the system was

also ibarly common With regard to AVL, the most maportant form of regulatory enhancement was

the "closed loop" feedback to drivers, which enabled them (witlun lmuts) to speed or slow their
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vehicles to reduce schedule dewa(aons In adchuon, AVL enabled dispatchers to play a larger role 

regulating schedule adherence, by either contracting drivers dareztly or alerting on-street

supervmors m the event of an apparent dcva~on Finally, operators used AVL information to

adjust schedules to reflect run times more accurately.

Advanced fare payment technologies are used primarily to e~hanez regulation IM

machines increase the ability to correctly determine whether a transfer is valid Staff at CCCTA

expect the Translmk system to both increase the probabihty of correct fares being paid, and to

allow agencles increased flexibfllty aa set~g fares (faresettmg itself being a regulatory process)

Regulatory enhancement benefits of traveler mformatlon include more accurate determination of

routes and schedules, both because of a reduction in human error and (possibly) availabihty of real

tmae schedule informatmn

Although the case stu&es showed that APTS technologms arc bcmg used to enhance

transit agency’ regulatory processes, It appears that only a fraction of the potentaal is being reahzed

Examples of opportumUcs that are not being exploited are numerous None of the AVL operators

attempt to use locauon mformatmn to prevent bus pamng (for example, by delaying a bus that is

galmng too rapidly on the bus m front of It) Nor are aggressive efforts being made to supply AVL

mformatmn to mformatmn operators or &rectly to travelers Operators use mechamcal alarms

simply to alert the driver to look for an on-vebacle warning light, rather than to alert maintenance

personnel and thus spce, d thelr response to a breakdown Emergency alarms are sometmaes ignored

because drivers often trigger them inadvertently Although ~ maclunes allow vastly more

soph~sncated pricing strategies, there appears to be httle interest m exploltmg flus eapabdlty

There are several explanatmns for these foregone oppormmtxes Doubts - oRen justified -

about the rehabflzty of the technologies results m a cautious attltude toward using them the greater

the rehance on the reformation, the more that can go wrong if the nfformatmn Is incorrect Second,

increased use of these technologies reqmres, at a mimmum, changes to standard operating

procedures, and perhaps changes in orgamzat~on structure. The efforts and resources requnzd to

make these changes can be extensive, and unhke the technologies themselves federal grants do not

pay for them Tlnrd, m many instances the fundamental knowledge necessary to declde upon these

clmnges is lacking Although much could be learned from expenmenratiort, such actlvity Is also

resource intensive from a manager:ml 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 objecave of federal tranmt pohcy is to encourage ~cgmological progress w~thm

tlns sector Pohcymakers intended capltal subsidy and demom~-atlon programs to encourage

adoptaon of new technologies by reducing the costs and risks of doing so As with other
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Government R&D programs, this pohcy Is based on the prenuse that innovaaon genera~ external

benefit;, in the form of technical knowledge that may be of v~Aue to other operators Our case

smches provide support for ttns premise At virtually every agency, respondents c~ted the benefits

that lat~.*r adopters of a new technology gain f~om the experience of earlier ones

Desplte the importance of the external benefits, the ultimate value of technologies depends

on hog, they benefit mdivldual operators Operators who make adoptaon choices with the goal of

maxm~zing the benefits of new technology for thezr own agencies are also likely to generate the

most valuable lessons for those who follow them The goal of pohcy, then, is not merely to

encourage the adopuon of new technologles, but also the choice of appropriate technologies to

adopt Tins suggests that pohcy analysis focus on idenufying, and proposing tmtagaUons for, bmses

and barriers that chstort adoption choices of mdavidual operators. Our case studies suggest a

number of such measures, wluch fall under two general headings

1 Encourage Adequate Constderanon of Internal Resource Requirements

Adoptmn of an APTS technology requires an investment, not just of money, but of

orgam.rataonal tame and effort In several instances, most notably those revolving AVL, dccmlon

makers undcrestunatcd the latter In some Instances, this may result m dlverszon of internal

resources away from other, potentaaUy more valuable, actlwties In other cases, the necessary

interred resources may not be provided, resulting m curtailed implcmcntataon, or even

abandonment, of the mnovataon Transit agencies can avoid these outcomes tlu’ough better foresight

of the orgaal~tmn resources that adoptaon of a new technology cntatls

One way of addressing tlus problem is to slur as much adoption responsibility as possible

from l~e orgamzataon to outside supphers Tlus approach has a number of advantages, and ts

further &scussed below Still, no slgnificant adoptaon can occur without conslderable

orgaruzataonal effort To better gauge the internal resources reqmred, and ensure that they are

provided, three measures should be consldered First, mforrPo.aon concerning the nature and

quant~,ty of internal resources required for adoption of various APTS technologies should be

developed and &sscminated Second, proposals for capltal unprovement projects involving

adoption of new teclmologies should include estmmtes of internal resource requirements, along

with ~ conumtment to fulfill them Thlrd, policy makers should give consideration to prodding

pamal rennbursement for these m-land contnbutaons - which we have argued represent

"mve.,)~nents" just as much as purchases of capital goods-through existing capital" subsidy

programs
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2 Encourage Problera-Dnven Dec,ssonmalang

As noted above, the transit agencies typically view adoptton decisions as binary choices

pertaining to pamcular technologies This approach has several &~_~d_vantages Fr.rst, decision

makers view new technologies in Lsolatton, rather than as part of integrated strategies for solw~

well-defined problems Although AVL adopters frequently cacti improving schedule adherence as a

reason for acquiring AVL, none of them had developed a eomprehenswe strategy for deahng wlth

tins problem Second, decasion makers &d not consider alternatives to adopuon, other than no-

acuon Even ff a new technology promises s~gn/fieant benefits, there may be superior altcmaUves.

For example, traveler/nformafion could be improved through some advanced technology system,

or by posting scheduled arrival times at bus stops L/kcwise, agencies can acquire TRIM maekines

as one means of reducing costs and revenue leakage assocmted w~th transfers, but they could also

consider vastly stmplif)qng, or even elmunatmg, transfers

If such reform m APTS adoption dee:sion making Is to occur, appropnate mcenttves from

federal and state izan&ng sources will be necessary One avenue for accomphshmg flus would be to

require grant proposals to include alternatives analysis Reahstaeally, such an approach can work

only ff funding agencies provide support for a preferred altenmtwe based on its anticipated

effe.maveness, not ~ts level oftcchnologleal soplustlcataon

These reforms would entml a considerably larger effort m the preparataon of grant

proposals Pohcymakers should recognize that thls effort represents a capltal invesm~ent just as

much as facihty construetaon or equxpment purchase does Accordingly, such efforts should qualify

for capital subsldles Perhaps, therefore, the application of capltal subslches for APTS technologies

(or some more cost-effectlve altcrnatwe) would have two parts In the first phase, agencies would

apply for a grant to study a specified set of problems and assess altcmatwe actions for addressing

them In the second phase, agencies would request funding to/mplemcnt their preferred solution. In

both phases of ttus process, funding agencies would evaluate proposals on the basis of their

pronuse for remedying signuScant problems m a cost-effeeuve manner, rather than on the basis of

the specific technologies they revolve

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

There ~s much that can go wrong when a transit operator implements an APTS technology

Much of the problem results from the fragmentation of respons~bdity between the vendor and the

operator, and someUmes between dLfferent vendors For example, AVL and ATIS systems require

the operator to assemble large data bases required as inputs by these systems Shnilarly, vendors

and agencies share responslbility for training The former must a’npart the knowledge required to

operate and rnamtam the system, whale the latter must both atmm thls knowledge and determine

when their trammg is sufficient
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Ths diwsion of rcsponsiblhty oRcn results in the prcm~are departure of vendors from tl~

nnplcmcntat~on process Vendors can ¢lam~ that they have fulfiUed thor obhgatlons, even though

the sys~n LS not yet running properly While this position may b¢ legally supportable, It is

¢~tr~’nely damaging to the prospects for m~plcmvntataon, since the vendor is in a much bct~r

posrdon to &agnosc probl~ns wlth the new system

Some operators, such as TRT, have attcrnp~ to confront ths problem through an

acceptance process deszgned to e~surc that the system is operatmg properly before the agency

ascots that term of the contract has been fulfilled Funding agencies should mandate such

acccptzmce process, as a condiuon for grant support, for all APTS technology acquisltlons The

accepvmce process should rcqmre passage of a rigorous set of tests that ensure that hardware is

operal~ng properly, that data bases arc accurate, and that training is adequate

Such strict reqmrements have the effect of sluRmg overall rcsponsibdlty for

nnplementat~on to vendors, since their financml interest will be U~ to successful operation of the

overall system, rather than just the components @icy deliver to that system Tins may reduce

vendols to take aa expanded role m implcmentatlon Vendors may, for example, develop the data

bases ~hcmselves, or substan)aally upgrade thelr training activmcs Such changes ¢ntml adchuonal

costs, wluch they must pass on to their customers Even ff the nominal cost for ac, qmrmg the

system increases, the reductaon m agency resources required both for tmtzal mstallataon and

subs~[ucnt fine tuning should more than compcnsat¢ for flus

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

Effecuve utdlzatlon of APTS technologies by transit operators Is hampered by the

problems previously described If internal resources are insufficient, ff adoption choices arc made

outsldc of integrated, problem driven ~tratcgles, If Lmplcmentafion results m inadequate training or

a malfunctzonmg system, then u(alizataon of the Lochnology ts bound to fall short of ~ts potentml.

Measures to reduce these shortcomings will tmprove utfllzat/on as well

Beyond tins, effective utll~ation of APTS technologies requires thorough analysis of how

mfom~atlon tcchnologlcs, whether advanced or pntrdtive, shape and constrain regulatory processes

vathln a transit orgamzatlon Such analysis may result m strat~cs very ¢hffercnt from those in use

today For example, operators view AVL as a means ofunprovmg schedule adherence However, if

/nformatlon from AVL were readily available to travders, perhaps schedules could b¢ dimmated.

DispaZchcrs could concentrate on maintaining he~_dways ana ¢nsunng rchable amval times over a

short tlme horizon Likewise, TRIM maduncs, whose adoptzon 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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potentaal for vastly more soplu~cated pncmg strategms, based on a timc-ofMay, mute

e~ractenstacs, and other variables

It Is unreahs~c to expect these ultimate capabilities to be unmccha~ly real~ed However,

explicit mttention to informaUon technologies and fl~ctr hnutatmas m ongoing planning efforts can

encourage progress A logical bcg/nmng point Is to inventory regulatory processes and the key

informaUon bottlenecks that hamper them Examples of such bottlenecks nught/ndude

-lack of rcal-tlme schedule mforma~on requires use of fixed, printed schedules,
-fare structures are con~wained by the lmted abdity of the collemaon system to apply
complex rules,
-lack of adequate passenger count mformaUou and rehance on fixed schedules hampers
abdtty to detect and remedy poor-performing routes;
-lack of adequate engine performance data limits ablhty to perform preventwe
maintenance

An inventory of this sort, when combined with knowledge of how different technologtes

can remove mformaUon bottlenecks, allows systematic identxfication of opportumties for exploiting

APTS technologms Transtt agencies can use this mformaUon either as an input to the problem-

clnven decision process described previously, or as means of improving uUhzaUon of technologies

they have already adopted

These endeavors, lflce those advocated for adoptaon and maplementatton of new

technologies, entml substantial mtcmal resources We reiterate that operators make such

expenditures, hke other capital investments, m the present to secure gains m the future This

returns us to the baste point that funchng agencms should not Imut capitol subsidy to the purchase

of cquzpment and construction of facdmes Such a bias wdl invariably result m transit operators

with access to soplmsttcated technology, but ~thout the sophistacataon to choose, or use, that

technology effecttvely Wahout a balanced program of mvestment m physical, orgamz.atlonal, and

human capital, transit operators nsk becomang casualties, rather than beneficiaries, of the

InformaUon Age
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CHAPTER 4:
TRANSIT OPERATOR VIEWPOINTS OF APTS TECHNOLOGIES - A SURVEY

4.1 Introduction

In tins chapter, we report on the results of a survey of transit agency staff concerning their

experiences vath and amtudes toward transit applica~ons of APTS technology The survey was a

follow-up to the case studies &scussed m the previous chapter Unlike the case stuches, the survey

empha~nsed closed-ended questmns so that responses could be statically analyzed. The survey

also ~geted a larger number of agencies, making its results more representatmve of the U.S transit

industry as a whoIe 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

mtende~ to complement one another

The remainder of th~s chapter ~s orgamzed m three main secuons F~rst, we chscuss the

survey design Next, we analyze survey results The final sectaon offers conclusions

4.2 Survey Design

4.2.1 Questionaire

Appendix 1 contmns a copy of the survey It was designed to obtain two mare types of

mforrnaUon First, we wanted to characterize transit operators’ experience w~th APTS technologies

Toward tlus end, we asked (Questmns 2a-x) whether the operator had acqmred various APTS

technologies For each that It had acqmred, we asked several quesuons pertaining to the adopuon

dec~slon and the expenence w~th unplementat~on

Wlule our interest m Question 2 ~s m the expenence of operators that have adopted APTS

technologies, m Quesuon 3 we focus on expenence pnor to the adoptaon decasmn. We are

particularly interested m determmang what sources of mformat~on adopUon decisions are based on,

what s,~eps non-adopting operators have taken to find out about various technologies, and whether

their non-adopUon represents exphcit rejectmn or deferral of a final decision.

In formulating the quesuons about experience, we used the same categonzaUon for transit

APTS technologies employed m earher phases of flus research The three categories are advanced

traveler informatmn systems (ATIS), automatac vehicle momtonng 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 ts not usually viewed as such We did this

for two reasons in order to have a widely-used technology as a benchmark against which

expev, ences w~th other technologies could be compared, and in order to sustain the interest of

respondents fi’om agencies who have not adopted any of the other, more "advanced", APTS

technologies Also, since some respondents may consider an mnovataon outside our categories to be
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"advanced technology," we added an "other" category (In practlce, the technologies mentioned

under t/ns heading turned out to be "low-tech" ones such as fast passes and multi-ride tlckets that

are not w~thm our research scope )

In Questions 4-11 we explore respondents’ ~m_’tudes reward APTS technologies In

Questions 4-9, we determine the prevalence of certain general a~tudes that case study particzpants

expressed Questions 10-11 ask respondents to assess obstacles to APTS adoption that had been

identified m the case studies

In addition to the technology-relak~ questions, we also asked a few questions about the

charactensties of the respondents’ agencles, with the intentlon of analyzing the effect of these

characterl~cs on experiences wf~h and aratudes toward APTS technology Question 1 asks the

respondent to ~dentffy the agency’s ’~p priority for change" Questions 12 and 13 are designed to

assess the level of techmcal knowledge av-,ulable w~thm the agency Finally, Question 14 concerns

the agency’s orgardzatlonal structure Answers to these questlons did not prove very useful in our

analysis, and we do not chscuss answers to them here

4.2.2 Sample Selection

We used a cluster sampling strategy, m 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 Idenufied based on mformaZon

prowded m the Federal Transit Admmas~ratlon ff’rA) publication "Advanced Public

Transportation Systems The State of the Art" (FTA, 1991) In hght of resource constrmnts, we

dad 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 adopters.

The second group consisted of bus operators not on the FTA lust, and with at least 23

velncles m peak period servace (based on the Federal Transit Admmistra~on Sect/on 15 Statlstlcs

for 1990) * A random sample of 21 operators was chosen flora tins group, using a random digit

table

For each selected operator, we targeted three individuals for the survey. Generically, these

were the "d/rector of tmmporafion," "the director of planning" aad "the director of marketing"

Since orgamzational structures and posmon titles vary, these targets served merely as a guide

during our mitml inqmries Once an agency was conmc~I, the actual indaviduals targeted were

*One smaller operator, the Western Contra Costa County Transit Authority, w~th seven buses in peak
service, was also included
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based on a combination of their managerial responsibilmes 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 m&wdual at every agency We then decided to give priority to g~mmg as vade a

representation of transit operators as possible, rather than getting multiple respondents from any

one agency The mchvidual 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 their agency had adopted some form of advanced technology for

traveler reformation, velucle momtonng, or advanced fare payment (other than electrome

fareboxes) The remaining 36 reported no such adoption

4.2.3 Survey Mechanism

We admlmstered the survey via telephone Compared to a mini survey, the advantage of

flus method Is that tt generally increases the response rate The disadvantage Is that it dramatically

increases the cost per completed survey We considered the response rate to be partacularly cntieal

for flus survey because of the sxgrnficaat potentaal for self-seleetaon bias When the response rate to

a surv,W Is low, the valt&ty of the survey results depends upon the extent to whaeh survey

respondents are representatwe of non-respondents If we had used a mail survey, it ts hkely that the

respondents would have been those with partmularly strong interests in APTS TMs would have

skewed our results substantially. Although the process of completing telephone interviews proved

time consunung and frustrating, and the size of our sample was was well below our lrutial hopes,

we are confident that the sample is relatively free of self-selection bias

To faedltate the telephone interviewing process, we usually faxed a copy of the survey,

along ~mth a sheet explaining the terminology used, to the respondent in advance In a few eases,

the pmtleipant had actually prepared answers by the tmle we called, and simply read them back

over ~,e phone In most cases, the faxed copy served as an additional cue to assist the respondent in

understanding and remembering the questions and alternative answers as they were read over the

phone

4.3 Results

Tables 4-2 and 4-3 summarize responses for Question 2, concerning operators’ experiences

w~th td~TS teehnologtes Table 4-2 shows that the majority of respondents reported that their

agen~ had adopted electronic farebox technology, wlule most &d not report experience w~th the

other technologies Similar propomons are obtained 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(lOO%)
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
reported adoption.

respondent
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operator level * These results are not, of course, representalave of the population of transit

operators, since they were intentionally drawn to oversample APTS adopters. A low number

report~l adopuon of advanced fare payment technology for the reason gwen m Section 4.2.2.

Table 4-3 sununanzes ratings of adopted technologles Although we present results for

AFP, they cannot be meaningfully interpreted because of the small number of responses on wlneh

they are based Of the other three technologaes, the EFB was rated highest, followed by AT[S, and

finally by AVM The &fference between the former two technologies is stata~c.ally insignificant

one c~amot reject the null hypotheses of equal populaaon means for their ratings w~th regard to

ease of nnplementalaon, saasfaetion with vendors, or system performance On the other hand,

AVM ratings are well below those for EFB, with the differences stalastacally sigmfieant at the .02

level for ease of tmplementalaon and satmfaction with vendors, and at the .15 level for system

performance Ratings &fferences between ATIS and AVM are smaller and less staUsttcally

SlgnlfiCant The hypothesls that these technologies offered equal ease of tmplementation can be

rejcet~xl only at the 10 level, while the hypothesls of equal satasfaetaon wlth vendors can be rejected

only at the 15 level The difference m the overall performance of these technologies Is stalastically

msxgnificant Overall, these results indacate that the gr~t_est differences in respondents’ assessments

of EFB, ATIS, and AVM concern the ease of nnplemcnting them, while ratings of thezr

performance, once implemented, are fairly snmlar

Table 4-4 reports the expenence of non-adopters with APTS technologies, based on

Question 3 The results presented in the table are based only on respondents from what we term

"defimte non-adopter" agencles - those whose survey parficlpants all stated that a glven

technology had not been adopted Each entry reports the percentage of such properUes where at

least one respondent reported the event in question In general, the level of awareness of non-

adopters is lugh This derives m part from our vibrant system of free enterpnse- for every

technology, a majority reports contacts from salespeople Many non-adopting agencies have also

taken acUve steps to explore these technologies The most common such steps are deslgnatmg an

hachxaclual or group to mvestagate 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 eases when respondents from the same agency differed about whether a
teehnology had been adopted There was ¢hvergent responses at six agencaes over whether advanced
traveler mformaUon systems had been had been adopted With regard to vehicle momtormg and advanced
fare [~yment adopuon, the number of agencies with such different responses were two and three,
resp~avely These dascrepancaes are probably due to a variety of causes, mcluchng hrmtattons m
knowledge, uncermmues concerning definitions, and a few instances where, because adoplaon was
mmunent, respondents had dafferent mterpretatmns of the phrase "currently have" as used m Que~on 2

For purposes of developing Table 4-2, an agency is considered to have adopted a technology ff
any one of the respondents from that agency so inchoate
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working with consultants or other government agencies to mve~igate the technologies Since these

steps typleally entail monetary exp.&tares or other orgamzational comrmtments, it us not

surprising that they are less common Among the new technologies, AVM Is the one for winch

these ~ps have been most commonly taken This is surprising in light of the substantaaUy lower

ratings tl~s ~.~hnology received from those who have adopted it (Table 4-3)

Table 4-5 characterizes defimte non-adopting operators’ pre-adoptmn ~ence based on

Questum 3g, m which respondents were asked what stage thelr investigations of each technology

had reached As m Table 4-4, we consider here only the responses of those representing defimte

non-adopters, and aggregate these responses to the individual property level.* EFB non-adopters

have progressed the furthc~ v~th 44 percent about to nnplement and 56 percent past the point of

infornt~tmn gathering In contrast, 72 percent of the agencies who have not adopted ATIS report

that their agencies are not past the mform~on gathering stage. Of the 24 percent having reached

some decision (that ls~ that have made a grant applicatmn, are about to implement, or have de~:~ded

not to pursue) two-thirds have dec~ded not to pursue tins technology With regard to AVM, non-

adopters report having progressed further than they have with ATIS but not as far as they have

w~th EFB 61 percent report that they are past mformatmn gathenng, while 46 percent have

reached a decmon, two-thirds of these m favor of nnplementation Finally, 37 percent of AFP non-

adopters report being past the mformataon gathenng stage, and of the 15 percent who have reached

a decunon all are e~ther 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 momtormg technology, despite

recelwx~g lower ratings from adopting operators than the other APTS technology categories, is

diffusing more rapldly

Tables 4-6 and 4-7 summarize results concerning attatudes toward APTS technologies For

these questmns, inchwdual responses, rather than ones aggregated to the transit property level, are

considered Table 4-6, based on Que~ons 4-9, summarizes respondents’ level of agreement or

disagreement w~th a set of statements Results are &saggregated by whether the respondent’s

agen~, has adopted some APTS technology, excluding EFB The sigmfieance level for rejeetmg

the h)pothesls that the levels of agreement for the adopting and non-adopm,.g groups are equal is

also presented The lower the significance level, the more significant the difference m response

bewveen the two groups

Respondents m both eategones largely chsagreed with the statement that APTS

technologles "are more trouble than they are worth" Adopters disagreed somewhat more strongly

* The aggregauon procedure was as follows For agencies with two respondents, we used the response
mchc~ung the furthest progress For agencaes with three respondents, we used the median of the three
rcspo~scs In one case the responses to flus questmn directly contradicted one another, th~s case was
thrown out
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Table 4-5. Stage of Consideration of APTS Non-Adopters
(Percent of Non-Adopters Reporting Each Stage)

Electronic Traveler Vehicle Fare
Farebox Info Monitoring,, Payment

Have Not 22% 24% 12% 21%
Researched
Information 22% 38% 27% 42%
Gathering
Experiment/ O% I0% i5% 9%
Demonstration
Deciding about O% O% O% 12%
Adoption
Grant 11% 5% O% 3%
Application
About to 44% 5% 31% 12%
Implement
Decided not to 0% 19% 15% 0%
Pursue
Total Usable 9 21 26 33
Responses*
Percentages may not add to 100 due to rounding
*Number of usable responses from defimte non-adopting agencies Reponse is tmusable when chfferent reslxmdents
from agency glve n~reconc21able ~mve~s, or when response ~s don~ know
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than non-adopters This difference, wl~ch is of margirml smt/~c~ s1~,mf~eance, may be due to the

fact that a more favorable a priori view of APTS technologies encourages adoplaon, but also

indicates that thxs atatudc is maintained (although It may be weakened or strengthened) through the

adoptmn experience Both adopm~g and non-adopting respondents agreed___ that then" agency would

adopt ad&tional APTS technologies if the money were available. There was httle agrecng’nt with

the proposltlon that personnel hours could be reduced by _~doptmg these technologies. Thus, while

respondents have a posiUve view of APTS technologaes, they do not ¢xlx~ them to pay for

themselves through labor savargs

Adopter and non-adopter respondents were, on average, in weak disagreement with the

statement that lack of information about APT$ technologies is a bamer to adoptaon Lack of

nffonnafion is clearly perceived to be a less important factor than lack of money. Sinoe adopters

and non-adopters expressed about the same level of agreement, It does not appear that ace.s to

reformation ~s an important deternunant of whether adoption occurs

Wlule adopters and non-adopters both in&cared that laek of money constrained their

nnplernentauon of APTS technologles, and that lack of reformation was a minor constraint, their

wews &verged on the need for organmatmnal changes to successfully implement these

technologles Non-adopters agreed more wlth the statement that successful implementataon of

APTS technologies rcqmres organizational changes This is the only chfference m atutudes between

adopters and non-adopters that Is slgn/fieant at the 05 level, and suggests that concern about the

orgamzatlonal ranuficaUons of anplementmg APTS technologies may be a slgmficant hindrance to

adoption On the other hand, stze of the mctropohtan area is not wewed as an important factor.

both adopters and non-adopters expressed, on average, shght &sagreement wath the statement that

APTS technologies are most appropriate for major metropolitan areas

Table 4-7 summarizes results of Question 10, in winch respondents are asked to rate the

tmportance of various obstacles to APTS adoption As above, money m seen as a paramount

concern Operating cost is the most unportant, but capital cost is only shghtly less so. Thus,

desplte the high level of capitol subsxches provaded by the federal government, a capital expenditure

for an APTS technology is not perceived as "free. ~ This may reflect opportumty costs when the

supply of capital is fixed, or the local match reqmred to obtain the federal assmmnce

Uncermin~ of benefits and prex~ence of other imtm~ives arc also s~n as important

obstacles to adoptmn, although they arc somewhat less knportant than those related to cost. While

adopters and non-adopters attach the same tmportance to benefit uncertainty, the latter attach a

somewhat higher ~nportance to precedence of other intltmtivcs, although the &fference is

stati~cally slgnifieant 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 lame is seen as the least tmportant Since the

impo~mce of th~s obstacle is judged to be considerably less than that of other watlatives talang

precedence, we must conclude that compeUtlon from other watiauves is rehted primarily to

resourc~s other than staff ttme Rather, such competation probably revolves capital and operating

funds, and possibly managerial resources as well

4.4 Conclusions

Several findings emerge from flus survey Ftrst, ratings of the various APTS technologles

by personnel m adopting agencies incheate that vehicle moat’toting has been considerably less

successful than the other technologies considered Notwithstanding this, vehicle momtoring has the

strongest near-terra prospects for further diffusion Tlus could be an indicaUon that operators are

choostag the wrong technology to pursue Altematwely, ~t may be that with the recent

Lmprovements m vehicle momtormg technology -- m pameular the move from szgnpost to route

independent systems - as emerging popularity is ju~fied despite the lh’mted success of the systems

currently ha place. In any event, we would like to know more about why diffusion of AVL is

outpaehag that of other technologies at the present tune

Transit operators who have not adopted the various APTS technologies are, by and large,

taking steps to mvestzgate them Strong majorities of non-adopting agencies report having at least

begun gathering mformatlon, and a substantaal proportion (m the vacuuty of 50 percent, but

varying by technology) have designated a person or group to lead these investigations It Is hkely

that vas~ts by salespeople, reported by a majority of operators for all four technology categories,

have played aa Lmportant role m precipitating these act~vR~es

Although most non-adopting agencies have begun mvesUgating these technologies, the

majortt3’ have yet to reach a conclusion about adoption The deels~ons of those who have reached

closme offer some interesting harbingers for the future For example, of the s~x propemes who

have reached a dects~on about traveler informaUon technologies, two-tlurds have dectded not to

adopt, while two-thirds of the nine agencies who are decided have made the opposite choice for

velucle momtormg technologies These results, hke those cited above, stand m sharp contrast to the

ratings of the technologies by operators who have adopted them, however the small sample size

&crates cautaon in interpreting the results

Results from the a~tuchnal queslaons enable us to paint a fairly coherent picture of the

main factors that determine APTS adoption decls~ons Funding is dearly of paramount tmportance

Th~s reflects not only that these technologies cost money, but also that their benefits are not

expected to appear m transit agencies’ financial results In addalaon to monetary eonsideratlons, we

found evadence that non-adopting operators are s~gnificantly more concerned with the

orga~azalaonal ramifications of adopting APTS technologies, and a httle more hkely to attach bagh

106



prionty to other items on thctr ag~das All of the~ results ate coas~st~t vath the findings from

our case stu&es On the other band, the survey results suggest that access to mfommaon about the

t~zlmologles and urban area size arc r~atlvely ummportant factors m adoption outcomes These

findings, particularly the lair one, conflic~ with the atatudes expressed m the ca~ smches Further

r~carch Is ncc.essary fit, s &scr~ancy ~s to bc resolve.

In smmmLry, the resul~ of the survey show that APTS azavlty is following the

dcccntral~_d model of technical ~’~ovafion that federal transit rescazch and development pohcy

has favored for the last two decades (see Chapter I) Most opcra~rs who have not abbey adopt~cl

a technology are considering It Th~ appear wiUmg to devo~c st~ff tune and other initial

resources to determine whether a g~vcn tex~olog), is approprm~ for thorn Moreover, operators

vislt (and, presumably, otherwise commurticat¢) wlth one mother to learn how well the

teclmologles work On the basls of these activities, operators make dcclslons about wh~er to

nnplemcnt tschnologles, and from lumtcd evidence It appears that most w~ll choose to do so Such

an outcome, bowcver, depends on a continual supply of f~eral and state funding for APTS capital

investments, smc¢ APTS iav~nents arc not generally perceived to "pay for themselves" m an

accounting sense It thus rcmauts for the state and federal govcram~nts to assess transit agcncles’

clauns m favor of these tcchnologles, and balance these agau~ the bcnefi~ of other forms of

transit capital c~-~n&ture, and other uses of money generally.
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CHAPTER 5:
RECOMMENDATIONS

5.1 Introduction

In Chapter l, we argued, m general terms, that state and federal goverranents can play a

constmctave role m facihtatmg transit renovation wlth APTS technologies In Chapters 2-4, we

have d~eloped informa~on about these technologies, and about transit operators’ experiences w~th

and am~tudes toward them Also, m Chapter 3, we identified some general ways in whch the APTS

/rmova1~on process could be improved We are now m a posmon to return to the question of

government roles dascussed in Chapter 1 Based on our findings fTom the prewous chapters, we

argue (hat Caltrans should take a pro-active role in Lmprovmg the process of APTS innovation

among Califorma transit operators We also argue that Caltrans° acavity should be carefully

targeted, and designed to complement exJstmg programs

5.2 The Need for Action

There ~s already considerable act~wty on the part of m&vidual transit propemes, federal,

state, and local governments, and the private sector designed to promote APTS technologies It Is

natural to ask whether there is a need for yet another program Based on our findings, we beheve

that there are tmportant gaps and shortcomings in existing APTS efforts, and that a coherent,

focussed program can and should be developed to address these problems The specific

shortcomings that the program should address are as follows

I Inadequate Declszonmalang

As &scussed in Chapter 3, transit operators often fail to g/ve adequate consideration to

decisions revolving adoption of APTS technologies They often do not antzclpate the internal

resources needed to successfully unplement and utihze these technologies Moreover, adoption

decmons rarely revolve systemaUc consideration of ~,PTS alternatives that may t~arther the same

goals. Consequently, actaon xs required to encourage more reformed and systemauc APTS adoption

decisions

2 Inefficient Implementanon

The process of tmplementing APTS technologzes Is prone to problems and failures that can

undezmine the effectiveness of an otherwise pronusmg system It is all too common for vendors to

walk away from a system before ~ts installation has been thoroughly debugged or personnel

adequately trained Action is needed to reduce such occurances
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3 Limited Utdlzation

Even when zmplementataon xs successful, our case stuches suggest that, m many cases, only

a smalI fractaon of the potentml benefits of APTS teclmolog~es are actually realized These

technologies are often adopted m response to a specff/c problem, so that potentzal apphcat~ons

unrelated to that problem may be overlooked Further, many poumttal benefits cannot be real~!

without modifying the responszbdaaes and discretionary authority of positaons throughout the

orgamT~ataon Finally, since the consequences of many potentml apph~uons are &fficult to forsee,

and operators often welg,h the potential costs of failure more heavily that the potential benefits of

success, there is a natural b~as against APTS appheatlons involving too much of a departure from

conventaonal practace For all of these reasons, aeUon as required to enable more effe.cUve,

imagmatave, and aggressive utiltzat~on ofAPTS technologles

5.3 Shortcomings of Current APTS Efforts - A Diagnosis

Why do the above problems exast9 We beheve that the essential reasons are that exastmg

APTS programs are

Hardware-oriented These programs are oriented primarily toward assisting agencies m

purchasing partacular hardware systems In this respect, the purchase of a new APTS system is

treated m much the same way" as the purchase of a bus But st is obvaous that these are very

&fferent s~tuat~ons m almost every respect - from how purchase dectsions are made, to the

procurement process, to lmplementataon, to utihzatzon The fundamental dafference is that ha the

case of a bus, the software is already in place * Agencies know how what they need, how to obtain

it, and how to use st - they just need the money Strmlar software for APTS systems is not in

place Agencaes have httle ~dea of what APTS systems to acqmre~ how to acquire them, or how to

use them The APTS program should therefore provide transit agencies with support m developing

software as well as purchasing hardware

Fragmented APTS assistance programs are fragmented m two respects First, as already

noted, assistance as normally m the form of funds for acquinng a specific technology Ttus may

chscourage operators from developing coordinated APTS programs designed to explolt syaergaes

between different technologies Also, since the often monumental task of developing software for

any gwen technology ~s left to the operators, they show a natural tendency to move incrementally

To dlustrate, although there seems to be a natural fit between AVM and APTS technology, most

agencies acqmre these systems separately At best, this means that one of these systems wall be

*We use the terra "software" to mean the pales governing how hardware - wluch includes any phys~eal
devace from a computer to a bus - ~s used and operated
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ope~ for a tnne wlthoul yieldlng its full potentml benefit Even worse, such plecemeal

acqumUon may compronuse the abdlty of these systems to functlon m an integrated fashion

APTS ass~tance Is also fragmented m the sense that it often fails m recogmze that APTS

technology represents no more than a subset of the means available to unprove translt performance

For e)aunple, many operators acqun.e AVM technolgy because they percelve schedule adherence to

be a p~oblcm But, as operators soon leant, ~t takes more than AVM to solve this problem It is

even possible that the more cost-effective stra~gies for doing so would not even include AVM

Instead of supporting concerted efforts on the part of transit opera~rs to address weUdlefmed

problems. APTS assistance supports operators m taking a single isolated step wl~ch may or may

not be a part of the optimum solutJon

D~ffuse It is in the nature of government programs to distribute resources wldely m order

to mmntam broad-based polmcal support, and on equity grounds as well The mclmatlon to

&stnbute APTS support, along v~th other forms of capital asslstance, w~dely and shallowly has

much ~:o do wlth the shortconungs IdenUfied above It encourages APTS efforts oriented toward

fun&ng an A VM system here, and a smart card system there It does not encourage integrated

programs including both hardware and soRware elcrncnts, or revolving multiple APTS technolgoies

that work synerglstlcally, or that encompass a coordinated series of steps designed to address

specific problems

S.4 A Proposed Solution: The MOT-US Program

MOTUS stands for Model Technology U.~ser The MOTUS program is designed to be

strong m precisely those areas m whlch existing programs are weak It would included both

hardware and soRware elements It would be l~ghly integrated and mtenslve Of necessity, it would

also be l~ghly sdectlve, concentrating resources on a handful (perhaps as few as two at any one

time) Iranslt agencies wl~ch can serve as exemplars for other agencies If there ~s a model for

the MOTUS program, It is the Object Lesson Roads of the early 20th century (Federal I-~ghway

Admuustration, 1976) At that time, the Office of Public Road Inqmry (part of the Department 

Agriculture) sought to chffuse knowledge of roadbuildmg techmques by budding a short stretches

of "model" roads at many locations around the country. Experts employed by the agency traveled

from place to place, working wlth locals to build the roads, and hopefully nnparting to these

mchwduals know-how that they would continue to put to use. At the same Ume, by budding roads

throughout the county, the experts were able to refine then" techmques to suite a wlde range of local

con&lions Like the Object Lesson Road program, MOTUS is prechctated on promoting best

prac~ce in a small part of the mdus~ on the expectation It will subsequently diffuse more wldcly

Although including capltal asslstance for acqmrmg new technology, MOTUS is also fundamentally

a program for developing human capital Lastly, even more than the Object Lesson Road program,



MOTUS is a program of two-way learning - the experts will learn from the parlacipatmg agencies

while the agencies learn from the experts

A rough outline of the MOTUS program ts as foIlov,~s Caltrans would select a small

number (2-4) transit agencies to be MOTUS operators Seleet~on would be on a competltave basis,

based on (1) agency recogratton of opportunitaes to improve ~ts performance through APTS

technology, (2) agency willingness to collaborate with outside pames for the 5-year duralaon of the

agreement, pamcularly by having its representataves participat~ m a working groups wath outside

experts and Caltram personnel, (3) agency agreement to maplement recommended a~ons, rano~ng

from aeqmsmorts of new technology, to changes m agency operating procedures, to reorganizauon

of line personnel, recommended by the working group; and (4) agency willm~ness to support and

participate m performance moratoring efforts destgned to e-caluate the effeetaveness of these

aetaons In applying these cnterm, at vail be necessary to not merely rely on the matertal contained

m a written apphcatlon, but also on contacts wath m&~duals from throughout the orgamzataon

Successful partlcpatlon m the MOTUS program will require orgamzataon-wlde interest and

eomrmtment

In exchange for this participation, trar~xt agencles will receive substantial financial and m-

kind assistance The assistance will take the form of fro’As for equipment purchases, personnel

training, and eompensataon for staff costs arising from partaclpation m the program In-land

benefits will be m the form of learning of in&viduals throughout the organmataon m how to

effectively manage and parttcipate m APTS programs

The program would proceed as follows lmtlally, a working group, conststing of agency

representatives, consultants from industry and acadenua, and Caltmm representalaves would be

formed This group would ldentafy a set of perforraance areas in wbaeh (1) traprovement is deslred

and considered a high priority and (2) apphcataon of APTS technologies promise substantml

benefit Out of this set, a set of one to three prionty areas would be idertt~fied The remainder of the

program would consist of developing and maplementmg agency-wide mataataves designed to

improve performance ha the priority areas

In developing these tmtiataves, the working group (which may at this point divide into

subgroups) would emphasize a coordinated program conszstmg of a variety of elements, including

but not resmeted to APTS technologies It might even be determined that the most cost-effeetave

program would mchide no such technologies If such technologies are mchided, then It would be

necessary for the program to specify how they are to be used to further performaace objectives of

the tmlaatave Regardless of the role of APTS technologies m the matlatave, the agency would

receive assistance from the program in tmplementing it It is central to the MOTUS concept that

assistance not m any way be tied to the specific elen~ents an mittatwe includes The only

118



requu~.q-aent IS that it be deemed the most cost-effective approach to addressing aa m~rtant
agency concern

Once the program ts designed, ~t would be implemented. Caltrans would pay for all one-

Ume costs associated wath unplementaaon It would not be responmble for rccurnng costs, since

the agency should be willing to absorb these once its pamclpaUon in the MOTUS program has

ended However, It is recognized that nnplcmentatlon costs may be recurred over an extended

length of time, so that problems can be worked out and refinements made Thus, the program must

cxtcrgl over a conslderable number of years

In the event that muuat~ves revolve APTS technologies, there would also be an ongoing

program to extend apphcation of these technolog/es beyond thetr tmtial use Tlus program would

consis~ of ~dent~fymg "nfformation bottlenecks" - as descnbed at the end of chapter 3 - that the

w.chnology could dtmmate Thus the MOTUS program would combine two modes of technological

mqmry assessing technologaes as soluUons to problems, and looking for problems that parUcular

technologies amy help solve

Aa additional element of the program is a systemaUc process of performance momtormg

deslgned to measure the effectaveness of the int~atlves Thin would begin soon after the

ldenuficaUon of the priority performance areas and extend through Lrnplcmentatmn

Finally, the program would include elements designed to ensure that the lessons learned arc

widely shared These would include chrect contacts between MOTUS agencies and other transit

operators, as well as technology transfer actnqties on the part of Caltrans

5.5 Closure

Tins chapter has developed the concept for a program deslgned to increase the capacity of

transit agenmes to effectively employ APTS technology The program differs from existing ones

because It Is mter, slve, balances hardware and software elements, and cmphas~ses intcrgratmg

APTS technologles rote broader efforts to improve performance While we have attempted to add

further dcfuutlon to the proposed program, we recognize that the deslgn is rough and incomplete It

is the core concept that we w~sh to emphas~e

The MOTUS program wall be expensive on a ~r ~ency bas~s - wath costs running rote

the n~lhons of dollars. The payoffs, however, could be substantial Transit operators would learn

how to use specific APTS technologaes wisely, and the entire industry would learn where the lugh

and low-payoff APTS opportuniues really are Equally nnportant, though less tangible, Is the

pot~mal for transit operators to learn more general lessons concenung how to harness continually

evolving technologies rote broad-based efforts to improve agency performance

Moreover, creative financing methods could substantaally reduce the State’s burden Just as

manufacturers donated roadbmldmg equipment for the Object Lesson Roads, so they aught be
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convinced to donate products to MOTUS participants h may also be possible to link MOTUS to

existing Federal capital asslstance programs, perl~ps by set~g aside some of these funds for

MOTUS operators Fmally, mechamsms for c.~turing the value of the program to the transit

agency and the commumty it serves should be explored These ~lude encouraging, through the

selection criteria, matching contribuUons from local governments, as well as agreements to return

to the State a portion of any cost reductions or r~cenue gains attributable to the program

It Is recognized that, m these times of constrained resources, justification for Caltrans’

involvement in a major new uutlatwe must be compelling It is beyond the scope of flus rescaxch to

assess what Caltans’ role in the Cahforma tram~t mdus~y should be At the present tune, it is also

unknown whether APTS technologies can stand up to rigorous eeononuc scrutiny It is clear,

however, that ff promoting APTS is to be part of Caltrar~’ reassaon, the most important

contribution at can make it to increase the capacity of mdawdu~d transxt agencies to deploy and use

this technology judaclously and aggresswely Gwen tlus end, we beheve that a program hke

MOTU$ as the most appropriate means
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