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Assessment of a Transit Fare Increase: The Case of the

Southeastern Michigan Transportation Authority

DAVID L. DAMM-LUHR

ABSTRACT

The results of a study of a 15-cent across-
the-board increase in fares carried out in
July 1981 by the Southeastern Michigan
Transportation Authority (SEMTA) are de-
tailed, Data from the same riders were gath-
ered both before and after the fare in-
crease; econometric methods tailored to
these data were used. The results indicate
that sensitivities to the fare increase vary
noticeably across types of service. In par-
ticular, transit trip making in the off-peak
period appears to be nearly twice as sensi-
tive as that in the peak periods. Although
fare increases appear to be virtually cer-
tain of raising revenues somewhat, differen-
tial pricing by time of day would appear to
hold promise as a means of maximizing reve-
nues. It is clear that a wide variety of
factors influences the use of bus transit.
Even if most transit-related factors other
than fares (e.g., headways) are virtually
constant during the period of study (as was
true in the SEMTA system), many nontransit
factors (e.g., whether a person works, loca-
tion of Jjob, 1location of home) change
continually for enough riders to make a dif-
ference. Conclusions drawn about riders'
sensitivities to fare increases that 4o not
account for changes in nontransit factors
are likely to be erroneous. The implications
of the findings for pricing policies are
presented. To show the possible uses of the
results by SEMTA and other transit agencies,
examples are given of how to aggregate up to
the entire system of patrons and to predict
the effects of future fare increases on
levels of ridership and revenue. Highlights
of the analyses are also given in terms of
the relative importance of fares in the use
of transit.

Public transit agencies are increasingly constrained
by two factors in setting fares charged for services
provided. First, costs for public transit outpace
revenues In nearly all operations. Second, support
for subsidies to transit agencies has lessened (1),
particularly for federal operating assistance [based
on Section 5 of the Urban Mass Transportation Act of
1964 (49 U.S.C. 1601 et seq.)). In combination,
these two factors have put enormous pressure on
local service providers to seek out new sources of
revenue, With a history during the 1970s of offering
low fares, especially if calculated in real terms
(i.e., accounting for inflation), operators have
turned with growing frequency to the farebox (2).
Within the transit industry, it has always been as-
sumed that because the average rider is not sensi-
tive to levels of fare, raising the price of service
would, in nearly all cases, increase systemwide rev-
enues, Conceived as a business decision, turning to
the farebox to redress the imbalance between costs

and revenues would appear to be both logical and
prudent.

If experiences in the transit industry are any
indication, ralsing fares as such does not necessar-
ily result in meeting performance-related objectives
better. In addition to upsetting political constitu-
encies within a service region, some types of fare
increases could result in a worsened ratio of costs
to revenues for some parts of a system. In their
quest to control costs, transit professionals have
realized as never before that operating expenses can
vary considerably across type of service (e.g., ex-
press versus line haul), time of day (peak versus
off peak), time of week (weekday versus weekend),
and distance of trips, to name the most obvious di-
mensions. In parallel, attention given to perfor-
mance and productivity of services has been growing
(tying, for example, allocation of subsidies to mea-
sures of efficiency and effectiveness). Because rid-
erg are the consumers around whom services are de-
signed and costs incurred, it is only logical for
operators also to pay attention to how riders use or
might use thelr services when priced at wvarious
levels., Just as costs vary, so do consumers' uses of
transit. Unless there is an explicit and well-under-
stood connection made between the two, turning to
the farebox may produce mixed results.

Over the years, a number of transit agencies have
grappled with various means of charging fares in
closer relation to the cost of providing service.
Zonal or distance-based fares as well as surcharges
for express service, for example, have been tried in
a range of settings, although sometimes dropped in
favor of the administratively simpler flat-fare
structure, Flat-fare systems, however, typically re-
sult in subsidizing longer trips at the expense of
shorter trips (3) and, given our knowledge of the
incomes of riders, also subsidizing richer patrons
at the expense of the poorer. However, even if the
flat fares are held at relatively low levels, it is
not at all clear that poorer patrons' mobility 1is
improved substantially (4). Besides simple concern
over amount of revenue raised by charging a particu-
lar fare, transit operators, as public (and perhaps
political) officials, are concerned with the distri-
butional effects (or equity) of fare policies.

In this context rellable information about rid-
ers' responses to changes in transit fares has be-
come a precious commodity. Without doubt, data on
the use of transit ought to be disaggregated (i.e.,
at the level of the individual rider) as much as
data on the cost of transit. It is consequently im-
perative for operators to develop a source of infor-
mation that enables them to examine categories of
trips and, if possible, of users and then estimate
likely responses to various changes in fares (and
implicitly the resulting systemwide ridership and
revenues). If generated when preparing options for
policy makers (e.g., a board of directors), such es-
timates could be invaluable 1in identifying those
pricing strategies that are most likely to meet the
objectives of both cost recovery and equity.

MOTIVATION

Most studies of either increases or decreases in
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transit fares have been conducted with aggregate,
systemwide data (5) and have not controlled for the
many known nontransit factors that influence the use
of transit. The wldespread acceptance in the transit
industry of the Simpson-Curtin rule (6), the deriva-
tion of which is based on aggregate data and that
states that a 10 percent fare increase means a 3
percent loss in ridership, has often meant that
analysts in various agencies have given little at-
tention to distinguishing the 1impacts of fare
changes across service types or groups of riders
(7). In addition, many prior analyses focused on a
single percentage change in fares, implicitly assum-
ing that riders' use of transit would vary in about
the same way, whatever percentage of change oc-
curred. In the case of the Southeastern Michigan
Transportation Authority (SEMTA), a wide range of
relative fare increases was experienced because of
its zonal structure.

Among transit operators and analysts, there is
growing acknowledgment that not all riders, types of
trips, or percentage of changes 1in fares can be
treated identically (8-12). Fare policies based on
recognition of the range of possible responses are
more likely to meet an agency's objectives than
those simply applied uniformly. Policies can affect
riders differently (e.g., distance-based or guality-
based fares) and riders' responses may vary depend-
ing on their sociodemographic characteristics (e.g.,

income 1level). As a result, it

transit planners to understand how ridership and
revenue can vary, in some cases considerably, when
more businesslike approaches to pricing policy are
used. As Kemp (13) points out, "Price and service
quality should be adjusted as far as possible to im-
prove those aspects known to influence most the
travel choices of the people in a catchment area.”
By separating out nontransit factors, transit agen-
cies will be in a better position to identify those
aspects that can be controlled.

is {mmavbkant £aw
i8 importanc Lor

THE FARE POLICY AND ITS ENVIRONMENT

SEMTA serves the suburban portion of the Detroit
metropolitan area. Its primary service region in-
cludes Macomb, Wayne, and Oakland counties. SEMTA's
fare structure is zonal and in spring 1981 was rep-
resented by a base fare of 60 cents and 20 cents
charged for each zonal boundary crossed. In addi-
tion, surcharges of 20 cents each were apceoced for
park-and-ride services and the use of limited-stop
buses (e.g., express service). In July 1981 cash
fares rose 15 cents uniformly over the system; that
is, everyone's total fare increased by 15 cents

Ten-ride tickets rose in price correspondingly and
maintained a discount rate of 10 percent. Monthly
passes (SEMTA cards) were priced at the cost of 32
{versus the earlier 30) one-way cash trips. In addi-
tion, transfers cost 10 cents, whereas formerly they
were free., Because fares are calculated on a zonal
basis, the relative increase in fare that each rider
experienced depended on the number of zones crossed
and transfers made. For example, riders who usually
traveled within one to two zones and made one or
more transfers experienced a greater than 25 percent
increase in fare, whereas users who crossed eight
(the maximum) zones paid less than 10 percent more
than before.

DESIGN

General Considerations

To the extent possible, controls were developed for
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the many factors that influence riders' use of tran-
sit; also a frame of time was chosen in which as
much of the variation in transit use over time as
possible could be captured. The study was conceived
around the same persons (l.e., a panel) to be con-
tacted before and after SEMTA's fare increase. The
primary concern was to eliminate as many competing
explanations (i.e., not related to the change in
fare) for why people did or did not change their use
of transit. Five types of factors were considered as
sources of these explanations:

1. Transit related (e.g., fare and service),

2. Locational (e.g., home and job) for rider,

3. Attributes of the rider (e.g., age and sex),

4. Attributes of the rider's household (e.qg.,
availability of automobile), and

5. Survey specific (e.qg., dates for which tran-
sit use was reported).

By collecting identical or comparable data twice
from the same persons, it was possible to compute
changes in many variables with 1little difficulty.
Fixed factors (e.g., age and sex) served as controls
for variation in transit use across riders. It is
assumed that the 4-month period (July to October
1981) after the fare increase was not so long that
measurements made after the increase would not un-
cover the effects of the change in fares. Further

correntinne wara made for the nngsihlae hiage of the
COorreCiicong wWere mace Ifor g peESsins e 21as ©I The

final sample if those remaining in the panel had
been significantly different from those dropping
out. [A procedure similar to that of Hausman and
Wise (14) was used.]

In order to capture variation in day-to-day use
of transit, the primary unit of measurement (i.e.,
what would be compared before and after the fare in-
crease) was defined as the number of weekly transit
trips. Based on the expected responses to the fare
increase, it was then possible to propose the sam-
pling needed to detect whether a change actually oc-
curred and judge the extent that the fare Iincrease
significantly influenced riders' use of transit.

Sampling

Prior information was used to stratify the popula-
tion of SEMTA riders and thereby control for the
variation associated with each dimension. Choosing
samples within cach of five ocategorico (three types
of service, each with peak and off-peak variations,
except park and ride, which has only peak service)
afforded a better chance of detecting variation in
reaction tn the fare incrasse with reepect o un-
stratifiable dimensions (e.g., income and number of
drivers per number of automobiles in a household).
Given that SEMTA personnel produced good estimates
of numbers of riders by service type and time of
day, it presented no problem simply to make five
sets of estimates of the sample sizes needed for
analysis. Assumptions were made about the average
response to the fare increase in each of the five
categories, welghted by prior information on the
proportion of riders experiencing various percentage
increases. In addition, information on the diversity
of types of riders 1in each category was used to
judge the 1likely statistical spread of responses
(i.e., variance). Based on reasonable criteria for
statistical tests as well as corrections for ex-
pected losses of panel respondents (from the surveys
either before or after the fare increase), sample
sizes were computed by using formulas developed by
Cochran (15). SEMTA staff and their contractors ar-
ranged to distribute surveys to patrons on each bus
route as closely as possible in proportion to their

i1 E
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shares of riders within each of the five categories
of service type or time of day.

Surveys and Data

In spring 1981 patrons were contacted on board
buses. To test the efficacy of the proposed instru-
ments and procedures, SEMTA staff conducted a pre-
test during the week of May 11, 1981, followed by
administration on May 20 and 21 of the revised sur-
vey of conditions before the increase. In the fall
of 1981, SEMTA staff mailed a second questionnaire
to everyone who provided a legible, usable name and
address on the spring survey. In addition to repeat-
ing most of the first round of questions (to make
comparisons), there were gquestions on the house-
hold's income and on change in occupational and lo-
cational conditions as well as reasons for any
change in use of transit. No direct question was
agsked on the increase in fares, since prior studies
(13) showed that there is a tendency to attribute
changed use of transit to raised fares if such a
connection is explicitly suggested. On October 27,
1981, the questionnaire about conditions after the
increase was mailed out, followed on November 3 by a
reminder postcard and on December 3 by a replacement
survey form (the latter two mailed, of course, only
to those whose form had not yet been received). [A

detailed comparison of assumed and actual sample
sizes is presented elsewhere (16).]
Before the findings are dilscussed, a caution

should be stated. Inherent in sgampling on board
buses is the consequence that more frequent users
receive questionnaires with greater likelihood than
less frequent riders. Because frequency of travel
may vary by other attributes of riders (e.g., age or
sex), most analyses of transit use include appropri-
ate statistical adjustments. Not to weight the ob-
servations may mean that results will be biased in
the direction of attributes of more frequent riders.
In this case, the design of the study did not
lead to single-period data to be analyzed using con-
ventional trip-generation methods. Having two peri-
ods of data on the same persons permitted focus on
transit use after the fare increase as the prime
variable of interest. Consequently, a case has been
made that by using prior transit use as an explana-
tory variable, the sampling could be considered ex-
ogenous. That is, even though more frequent riders
may be overrepresented, the numbers of trips made
can be given a coefficient and effectively con-
trolled statistically. In this way, prior transit
use can be held to one side as the effects of other
variables on subsequent transit use are interpreted.

Model of Transit Use

Needed in making the connection between the expecta-
tions (the model) and the data collected 1s an ap-
propriate econometric structure. Because the depen-
dent variable (i.e., what was to be explained) was
the number of trips made after the fare increase
(having prior trips as an explanatory variable), the
use of ordinary-least-squares (OLS) regression was
questioned., Because there is a bunching of some ob-
servations at zero (those who no longer use transit
necessarily have zero trips per week), the assump-
tions of normality of OLS are violated. Further, if
observations with zero values were simply ignored,
the resulting estimators would be inefficient (i.e.,
not have the smallest variance among all unbiased
estimators) if it was attempted to explain the prob-
ability of observing both zero as well as positive
values,

As an alternative, Tobin (17) proposed a limited
dependent variable model, that is, a regression that
allows truncation at either lower or upper limits or
at both. Using his model, the effect of the hypoth-
esized explanatory variables on the probability of
observing both zero and nonzero values for the num-
ber of transit trips after SEMTA's fare increase was
accounted for., Tobin's model (which was estimated
using maximum-likelihood techniques) can be repre-
sented approximately as follows:

t =XB + E if XB + E > 0
t=0 if XB+E< 0 (1)
where

X = set of explanatory variables,

B = vector of coefficients, and

E = vector of random disturbances or unexplained

variation,

The dependent variable, t (number of weekly transit
trips), takes a value of zero if the person no
longer used transit in October.

RELATIVE IMPORTANCE OF FARE FOR TRANSIT USE

Transit operators can gain insight into the weight
and diversity of non-fare-related factors, which
often blur the effects of changes in fares and hence
conclusions about the merits of various policies.
The complexity of the environment of most fare
changes should become evident. In addition, transit
operators may also derive ideas for other factors
that should be controlled when fares are increased
(e.g., service levels). Analysts will find some of
the details of the specifications and statistical
analyses useful in future work. Many of the factors
for which data were collected and varilables created
are addressed for the first time here.

Exploration of Data

Transit Use

As reflected in the structure of the econometric
model, the prime interest here (and the dependent
variable) was patrons' use of transit. Since "use"
was defined in terms of weekly transit trip making,
it was possible to explore it by means of histograms
(Figure 1) and begin to identify patterns. Even if
the special nature of the raw data (i.e., skewed by
frequency of transit use) is kept in mind, these re-
sults make clear a point that recurred throughout
the analyses: A much wider range of behaviors is
indicated than was originally conceived. A sizable
proportion of riders in all categories took more
trips after the fare increase of July 1981, a find-
ing that indicates the involvement of factors other
than fare. In addition, it becomes apparent that
those who do alter their number of weekly transit
trips do not do so uniformly in either an absolute
or a relative sense.

Transit Fare

Having changes in relative trip frequency that were
spread over a wide range and that included those who
actually increased thelr use of the bus led to the
suspicion that relative change in fares paid might
also vary beyond original expectations. When average
values for selected variables within the subsample
of line-haul and peak service were compared, this
suspicion was indeed confirmed. It is evident that
analysis within separate groups is appropriate.
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FIGURE1 Changes in weekly SEMTA tiip making (line-haul off-
peak, weekday, work-school).

Because transit fare was the central policy vari-
able, considerable effort was spent in trying to un-
derstand its place 1in explaining (statistically)
variation in use of transit after the fare increase.
Because a range of relative fare changes sizably
larger than that expected was found, it was decided
to create separate varlables, depending on the pa-
tron's position in the range. It was assumed that at
leacst three separate categories exist: decrease in
fares, high increase in fares, and moderate increase
in fares. At the game time, it was theorized that
within each category, substantial differences would
be found if those experiencing a change in some
time-space constraint (i.e., location or timing of
an important activity like work) were separated from
those without such a change. [Detailed exploration
of the effects of these constraints on travel has
been presented elsewhere (18,19).] Especially for
the two extremes (decrease and high 1increase),
changes in time-space constraints were thought to be
regsponsible for the unusual values.

Definition of Varlables for a Model

Based on a priori hypotheses about the use of tran-
sit plus results from the exploratory analyses de-
scribed previously, variables for estimation of sta-
tistical models were defined. The dependent variable
was the number of weekly transit trips taken after
SEMTA's fare increase. In this way the number of
prior trips could be estimated as an explanatory
factor and not have its coefficient effectively con-
strained to a value of 1. On the explanatory side,
five groups of variables were set up. First and ob-
viously, transit-oriented factors were defined:

1. Relative change in fare (May 1981 as the base
relative to October 1981),

2. Decrease in level of service (0/1 value de-
pending on whether the person's route was affected),
and

3. Service variation by garage of the person's
bus (0/1 by garage).

Second, prior use of transit and method of paying
for fares constituted another set of variables.
Third, dummy variables were created to reflect
changes in temporal-~spatial constraints (such as oc-
cupational status, location of job or home, and
length of ¢trips). Fourth, person-specific factors
were recognized as potentially important explainers
of variation across transit users. Besides the usual
variables of age and sex, data were gathered and
used on whether it was reported that the day sur-
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veyed was typical (or, for example, that the person
was on vacation or had a disabled car). Finally,
survey-specific variables were created in the reali-
zation that the week's transit use being reported
after the fare increase might not be comparable
across respondents. After the possible periods of
response were divided into early, expected, and
late, two Aummy variables were set up.

Statistical Estimations

By examining the results of statistical estimations
across the four service types (see Tables 1 and 2),
a number of insights valuable for designing fare
policies can be obtained. Besides the regularitiles
observed within classes of variables, more general
points of note emerged. These are as follows:

1. The degree of explanation of behaviors ranged
clearly from the most homogeneous group (park and
ride) to the most heterogeneous group (crosstown);

2. A sharp break exists between peak and off-
peak periods in terms of degree of explanation, mag-
nitude of coefficients, and statistical signifi-
cance; and

3. Patrons in all categories altered their use
of transit because of many different changed condi-
tions (between May and October 1981), only one of
which was SENMTA's fare increase.

It has also become evident that patrons can adjust
to fare changes in many different ways. These in-
clude changes in frequency of transit travel, type
of service used (proportions), type of payment, and
location of boarding and alighting. A detailed dis-
cussion of the results of the statistical estima-
tions has been presented by Damm-Luhr (16).

Fare and Service

With a few exceptions, only fare varlables in the
normal range (increases of 0 to 40 percent) had sig-
nificant coefficients. Tests indicated, as one ex-
pects, that patrons in the crosstown and line-haul
off-peak (LHOP) groups were more sensitive than pa-
trons in the line-~haul peak (LHP) and park and ride
(P&R) groups. Because nearly 27 percent of all
riders actually experienced either a fare decrease or
a fare increase ahove expectation (40 or 30 percent
in the case of the crosstown group), it becomes
clear that inferences drawn on a single change-in-
fare variable will be inaccurate or even wrong.

Prior Transit Use and Form of Payment

The split in behavior between peak and off-peak
riders is clearly shown in this category. A higher
proportion of off-peak travel seems to be explained
by habit (i.e., as indicated by transit use before
the fare increase for off-peak patrons). Especially
if the LHP and LHOP groups are contrasted, there is
a sharp difference between payment with cash and
with a monthly pass. Evaluated with average values
(i.e., coefficient from Table 1 times the average
value for all riders in the category), LHP 1s 25
percent of LHOP for the cash users, whereas LHP is
50 percent larger than LHOP for card users., The con-
trast again becomes apparent in the variable for
whether a person switched the form of paying fares
(e.g., cash to monthly pass). This variable was much
more important (relatively) for off-peak users than
for peak users. BApparently, among those who change
the form of payment, there is a tendency for off-
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TABLE 1 Summary of Equations of Transit Use by Service Type

Coefficient by Service Type

P&R LHP LHOP Crosstown (all times)
(N =476) (N =608) (N =284) (N =241)
Variable? Value t-Statistic Value t-Statistic Value t-Statistic Value  t-Statistic
Dependent (constant): no, of weekly transit trips -2.14 -1.73 -0.26 -0.29 0.98 0.99 =503 —3:29
Independent
Transit specific
Fare decrease and time-space change - - -4.24 -1.81 - - - -
Fare decrease and no time-space change 2.92 1.76 - - - - - -
Fare increase 0 to 40 percent and time-space change -4.73 -1.44 -495 -2.98 -7.93 -2.47 -9.47 -3.00°
Fare increase 0 to 40 percent and no time-space change =365 —1.39 - - -14.8 -441 -9.22 -2.40°
Decrease in level of service -1.44 -194 -296 -4.50 - - - -
Bus in Wayne Division - - 0.46 1.48 - - - -
Bus in Macomb Division - - - - - - 3.29 291
Prior transit use and form of payment
No, of prior trips 0.22 3,15 0.34 7.87 0.48 8.46 0.39 6.58
Cash paid after fare increase - - 1.61 3,49 2.05  2.66 4.01 4,77
SEMTA card used after fare increase 0.98 3.20 2.61 7.46 4,18 4.49 7.76 6.71
Change in form of payment 1.11 2.77 1.00 2.49 241 2.53 2.94 2.94
Change in riders’ time-space constraints
Shift of job -1.85 —2.21 1.48 2.15 - - - -
Employment status - - =1.27 ~2.01 2,63 —2.71 - -
Job location - - -2.64 -3.13 -2.89 =1.85 - -
Perceived location = 1485 =36l -2.74 -5.58 -2.23 -241 = -
Trip length - B 1.20 2.40 - - - -
Transfer frequency - - 2.30 4,79 - - - -
Driver’s license status - - 3.11 2.09 =9.19: =3.11 - =
Person specific
Age -0.03 -2.05 - - - - 0.06 3.46
Sex 7.47 11.94 - - - - - -
Employed (yes/no) 0.97 1.64 1.69¢ 3.4l - - - -
Unemployed -430 -2.40 - - - - - -
Typical weekday 1.67 4.05 1,25 3.09 2.07 274 2.55 3.44
Likelihood of staying on panel - - -1.83 -1.81 - - e =
Survey specific
Returned post-fare-change form more than 5 weeks after receipt -0.71 -1.87 - - - - - -
Prior-survey form received during peak NA NA NA NA NA NA 1.67 2.32

Note: NA = not applicable; P&R = park and ride; LHP = line-haul peak; LHOP = line-haul off peak.
a Except those for which strong a priori or theoretical arguments could be made, variables were included if they both met the statistical criterion (t-statistic of 11.641) and could be

jnterpreted reasonnbly; dashes indicate data did not meet statistical criterion,
cI~'|u'a increase of 0 to 30 percent.
Defined as “employed or student,”

peak patrons to make greater use of transit than
those riding in the peak. With the realization that
most trips in the peak cannot be postponed or can-
celled, one can imagine that shifts in the form of
payment would be more likely to stabilize one's cur-
rent use of transit (e.g., discourage a switch to
another mode for obligatory work trips). In the off
peak, many trips are discretionary, so that switches
to another form of payment could well encourage in-
creased trip making.

Changes in Time~Space Constraints

Off-peak riders tend to be more vulnerable to occu-
pational shifts (e.g., losing or switching jobs)
than peak users and hence have a greater likelihood
of using transit less if job-related changes occur.

TABLE 2 Summary Statistics for Table 1

The results for the LHP and LHOP groups for the vari-
able representing whether one's driver's 1license
status changes contrast strongly. Because both posi-
tive and negative changes in status are reflected in
this variable, it can be inferred that sufficient
numbers of people in the LHOP group obtained 1li-
censes and that this change led to fewer transit
trips.

Person-Specific Variables

In the person-specific variables the most noteworthy
finding is that so few variables showed up as sig-
nificantly different from zero in the LHOP and
crosstown groups. Thils 1is perhaps an indicator of
the degree of heterogeneity present among these
users. Being the most work-oriented of the service

Service Type

P&R LHP LHOP Crosstown (all times)
(N =476) (N =608) (N =284) (N =241)
Statistic Value t-Statistic Value t-Statistic Value t-Statistic Value t-Statistic
Sigma 3.01 28.75 3.47 32,13 4.87 21.2 4.70 20.09
Log likelihood (LL) of full model
[L * (U)] -1,094.75 - -1,538.3] = -750.87 - -647.93 =
LL of model with constant only
[L *(R)] -1,288.46 - -1,700.09 - -832.95 - ~709.18 -
LL ratio- 2[L * (R)- L * (U)] 387.42 - 323.56 - 164.16 - 102.50 -




types, 1t 1is not surprising that analyses of the
park-and-ride group indicated significance of both
employment variables, Further, both age and sex
emerged as good explainers of variation in the park-
and-ride yroup, unlike all other service types. 4in
all cases, whether the day a questionnaire was re-
ceived was typlcal was of great relevance, indicat-
ing that a good deal of observed use of transit may
well be virtually unpredictable and certainly not
controllable.

USING THE MODEL TO ANALYZE POLICIES

Determining Sensitivity to Fare Changes

Estimated coefficlents may be thought of as numbers
representing the relative contributions of the im-
portant variables. Because the values of each vari-
able are known for each person on the panel, the
coefficients can be usad to compute the numbesr cof
weekly transit trips each traveler 1is likely to make
when the fare changes by a given amount or propor-
tion. Because the equations were developed with data
from a panel (that is, over a period before and
after SEMTA's fare increase), a do-nothing situation
is actually represented by an estimated equation
without the fare-related variables. (This assumes
that the marginal contributions of the remaining
variables stay unaltered when fare levels do not
change.) By multiplying the new value of each fare
variable by its estimated coefficient and inserting
the results in the equation for the number of weekly
transit trips, a revised estimate of these trips can
be obtained to be compared with the do-nothing case
(i.e., without the fare-related variables).
Elasticities for each service type were computed
by altering the relative change in transit fares by
1 percent. This number can be thought of as an index
for the proportion of transit trips likely to be
lost with each 1 percent increase in fares. The ef-
feots of a possible range of farc levels for each of
the service types are also estimated. Development of
the do-nothing cases and of forecasts for each ser-
vice type proceeds from the level of the individual

on the panel up to the entire SEMTA system. First
the appropriately modified equation is used to com-
pute the best estimates of the revised number of
weekly transit trips for each person. Because the
bus route 1s known on which each person received the
survey of prior conditions, these best estimates can
be grouped accordingly. Assuming that the estimates
are representative of the trip making of everyone on
a route, a factor for estimates up to the route
level can be created. If the average number of trips
per day by users in each service type is known, the
number for average daily load (i.e., numbers of
boardings) can be adapted to get the approximate
number of persons using each route daily. Once the
number of users per route is known, it is simple to
multiply the estimated number of weekly transit
trips by the ratio of users per route to users in
the panel., Summing over all routes produces the num-
ber of weekly trips for the service type given a
particular policy. Comparing the aggregated result
with that for the do-nothing case provides the fore-
casted effect of a policy (i.e., expected change in
both number of weekly trips and revenues).

A caution, however, needs to be made. The estima-
tion procedure did not include an explicit weighting
scheme to control for the higher probability that
higher-frequency riders would appear in the sample
than lower-frequency riders. Instead, it was assumed
that by having the number of transit trips taken be-
fore the fare increase as an explanatory variable,
blas was sufficilently minimized to produce acceptable
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results. It is possible that there could be as yet
undeveloped procedures that account for the bias
that may still exist. If this were true, using the
current models to evaluate policies may produce dif-
ferent outcomes than that with an improved proce-
dure. Nevertheless, it 1s suspected that even 1f the
numerical results were different, the relative re-
sults across service types would still be quite sim-
ilar. In this context, attention should not be
overly focused on the absolute values of the results
from various tests of policies.

Effects of Policies on Ridership and Revenues

Tables 3 and 4 contain the primary results of tests
of various policies. Using the do-nothing figures in
the second column, successive variations in relative
fares are compared. The third column shows the elas-
ticities or the percentage of change in weekly tran-
sit trips with a 1 percent change in fares. In
marked contrast to conventional thinking about sys-
temwide effects in the transit industry, these per-
centages of change vary noticeably across service
types. (Recall the Simpson-Curtin rule of =0.33.)
Although the peak-oriented types (P&R and LHP) are
close (-0.38 and -0.41) and not too different from
aggregate values for elasticities computed else-
where, their values are quite separate from those of
the off-peak-oriented types. In all service types,
the elasticities are negative and less than 1, which
indicates an increase in revenues in spite of a loss
in number of boardings per week, That is, an in-
crease in fare will be met by a less-than-propor-
tional decrease in use of transit, although the spe-
cific proportion depends on the type of service.
Examination of Table 4 confirms this expectation.
The lower the elasticity of trip making, the higher
the proportional increase in revenues. For example,
P&R has the lowest elasticity of trip making (-0.38)
but the highest proportional increase (+0.64) in
revenues after a 1 percent fare hike. Assuming that
riders who began using SEMTA service after the fare
increase are not systematically different from cur-
rent riders, the elasticities and policy tests
should not be affected by the way the panel was
drawn.

The other policles should be viewed in the con-
text of SEMTA's zonal structure. This means that the
values of the relative change in fares vary from
person tn person depending on the number of 2zones
crossed. When the base fare is increased, everyone's
fare changes (although at different rates). When the
zonal charge 1s altered, only those riders crossing
three or more zones experience a change. Tnoreasing
the base fare 1s a common practice for most agencies
implementing a fare 1increase. However, a growing
number have considered or are considering selective
increases (or decreases) geared to maximizing total
fare-based revenues. For example, increasing the
base fare only for peak riders probably makes sense
when those patrons seem to be likely to reduce fewer
trips than off-peak patrons. In the case of SEMTA, a
25-cent base increase for peak service only results
in a lower level of loss than a 15-cent base in-
crease across the board. Moreover, expected revenues
from the 25-cent peak-only increase would be about 2
percent more (relative to the do-nothing case).
Tinkering with changes in the zonal charges could be
associated with the costs that an agency incurs for
an average revenue mile and its desire to peg the
price of service to the distances over which patrons
travel. Increasing the =zonal charge 25 cents, for
example, clearly makes longer-distance trips more
expensive and will tend to reduce transit travel for
such distances., A variety of incentives to particu-



TABLE 3 Summary of Ridership Forecasts Using SEMTA Fare Change Model Across Service Types

No. of Weekly Transit Trips by Policy

1 Percent Fare

Increase Base 25 ¢,

Increase Zonal

Decrease Zonal

Decrease Youth

Half Fare, Off Peak

Flat 50 ¢ Fare,

Increase Increase Base 10 ¢ Increase Base 15 £ Peak Only Charge 25 ¢ Charge 5 ¢ Fare One-Half Only Off Peak Only

Service Do ) Change Change Change Change Change Change Change Change Change
Type Nothing  Value (%) Value (%) Value (%) Value (%) Value (%) Value (%) Value (%) Value (%) Value (%)
P&R 26,993 26,893 -0.38 26,154 =3:1 25,680 -4.9 24,931 =7.6 25,064 -2.4 27,383 +1.5 26,993 0 26,993 -~ 26,993 -
LHP 82,237 81,902 -0.41 79,541 =33 76,199 =73 72,719 <=11.6 74,346 -9.6 84,248 +2.4 82,280 0 82,237 - 82,237 -
I(EHOP 44,546 44247 -0.67 39,836 -10.6 38,447 =137 44,546 - 40,473 -9.1 45,499 2.1 45,670  +2.5 60,044 +34.8 50,674 +13.8

rosstown

(peak and

offpeak') 15,539 15,457 -0.53 14,103 =92 13,754 -11.5 14,607 -6.0 15289 =1.6 15,604 +0.4 16,428 +5.7 18,518 +19.2 15,891 +2.3
Systemwide 169,315 168,499 -0.48 159,634 ~5.7 154,080 -9.0 156,803 -7.3 155,173 -84 172,735 +2.0 171,372 +1.2 187,783  +10.9 175,838 +3.8

Note: P&R = park and ride; LHP = line-haul peak; LHOP = line-haul off peak.

TABLE 4 Summary of Revenue Forecasts Using SEMTA Fare Change Model Across Service Types
No. of Weekly Transit Trips by Policy
1 Percent Fare Increase Base 25 £, Increase Zonal Decrease Zonal Decrease Youth Half Fare, Off Peak Flat 50 ¢ Fare,
Increase Increase Base 10 £ Increase Base 15 ¢ Peak Only Charge 25 ¢ Charge 5 ¢ Fare One-Half Only Off Peak Only
Service Do Change Change Change Change Change Change Change Change Change
Type Nothing  Value (%) Value (%) Value (%) Value (%) Value (%) Value (%) Value (%) Value (%) Value (%)
P&R 35,510 35,738 +0.64 37,123 +4.5 37,770 +6.4 39,249  +10.5 38,992 +9.8 34,681 =28 35,510 0 35,510 - 35,510 -
LHP 70,539 70,949  +0.58 76,711 +8.7 76,939 +9.1 80,484 +14.1 75,925 +7.6 69,125 -2.0 70,539 0 70,539 - 70,539 -
LHOP 31,593 31,698 +0.33 32,675 +3.4 33,140 +4.9 31,593 - 32,415 429 31,232 =1.1 31,084 -1.6 21,243 -328 25,291 -19.9
Crosstown
(peak and
off peak) 9,502 9,545  +0.45 10,090  +6.2 10,484  +10.3 9,961  +4.8 9,755  +2.7 9,435 -0.70 9,513  +0.11 7,292 -23.3 8,680  -8.7
Systemwide 147,144 147,930  +0.53 156,599  +6.4 158,333  +7.6 161,287  +9.6 157,087 +6.8 144,474 ~-1.8 146,646 0.3 134,584 -85 140,020  -4.8

Note: P&R = park and ride; LHP = line-haul peak; LHOP = line-haul off peak.



lar groups of riders could be instituted. Several
are presented in Tables 3 and 4 to 1llustrate their
likely effects. Because off-peak patrons tend to be

mora ceneitira +ta shanmac in farae sunh. ohanond
hold promise as means to encourage increased use of
transit, although not necessarily to increase rev-

enues.

Implications for Developing Pricing Policies

Although the empirical work conducted in this study
represents a case study of a single increase in
fares for a single agency (SEMTA), a number of in-
sights emerge that have interest for service plan-
ners generally. First, treating all trips made in a
system as 1dentical results in potentially seriocus
mispredictions of the effects of any given fare pol-
icy. Stated in more positive terms, differentiating
tvpes of service enahles much more carefully de-
signed fare policies to be developed. Second, and
following from the first point, fares could in many
instances be set more closely to full cost-recovery
levels. If a single change is applied uniformly
across a system, a planner runs the risk of under-
pricing some services and overpricing others. This
means that the agency will both lose more revenues
than necessary and not gain enough revenues on var-
ious routes and service types. Third, if one accepts
the premise that service types can and ought to be
distinguished in terms of pricing policies, it
should be obvious that a mix of policies over a sys-
tem may well serve an agency's objectives (e.g.,
higher proportion of revenues from the farebox) bet-
ter than a single change applied to the entire sys-
tem uniformly. PFourth, just as the influence of
fares (or in this case, the relative change in fares
over time) varies across types of service, so too
are there different sets of variables that explain
transit use in each service category. When a more
differentiated fare policy is developed for a tran-
sit agency, these variations should be taken into
account.
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The Costs of Transit Fare Prepayment Plans
and Their Distribution Systems

PATRICK D. MAYWORM and ARMANDO M. LAGO

ABSTRACT

A cost structure is outlined for the analy-
sis of transit fare prepayment plans and es-
timates of the costs of prepayment in 11
transit companies. Twelve cost categories
are analyzed: order preparation, order de-
livery, direct sales, recording and account-
ing, design, printing, inventory, advertis-
ing, miscellaneous handling, administration,
general overhead, and cost of funds. In ad-
dition, the costs of alternative methods of
distribution (e.g., transit-operated out-
lets, public and employer outlets, direct
mail, and telephone order) are compared.
Costs of prepayment by type of plan (passes,
tickets, punch cards, and tokens) are ana-
lyzed and recommendations are developed for
cost-saving strategies.

The last few years have witnessed an increased in-
terest 1in transit fare prepayment. Spurred by the
Huron River Group, Inc., report (1) on fare prepay-
ment, UMTA's Office of Service and Management Demon-
strations has conducted demonstrations on aspects of
pricing (2-6), traveler responses (7,8), and distri-
bution methods (6,9,10). However, the knowledge
about the factors that explain the cost performance
of prepayment plans is scant. The basis of this
paper is the costing concepts developed by Ecoso-
metrics, Inc. (10) in the design of the Sacramento
demonstration on distribution systems for fare pre-
payment, and the results of research on the costs of
transit fare prepayment plans in 11 transit compa-
nies are summarized (11). The transit companies in-
cluded Southern California Rapid Transit District
(SCRTD), Los Angeles; Southeastern Pennsylvania
Transportation Authority (SEPTA), Philadelphia; Met-
ropolitan Transit Commission (MTC), St. Paul; Munic-
ipality of Metropolitan Seattle (METRO); Queen City
Metro, Cincinnati; Tri-County Metropolitan District
of Oregon (Tri-Met), Portland; SunTran, Tucson;
Dart, Delaware; Tidewater Regional Transit, Norfolk;
Greater Richmond Transit Company; and Sacramento Re-
gional Transit District. BAnalyzed as part of the
study were &0 different plans including 20 pass
plans (of which 9 were monthly passes, 2 were weekly
passes, and the rest included diverse programs such
as tourlst passes, day passes, and annual passes),
11 ticket plans (of which 5 were 10-trip ticket
books and 2 were 20-trip ticket books), 2 punch-card
plans, and 3 token plans. The distribution methods
analyzed consisted of transit-operated outlets, pri-
vate and public outlets, employer outlets, direct
mail, telephone order, and on-board sales programs,
In addition, the fare prepayment plans featured sev-
eral different methods of order delivery to outlets,
such as delivery by transit staff, courier service,
or postal service. This rich data base enabled the
authors to develop parametric approaches to the
costing of fare prepayment plans.

OVERALL STRUCTURE OF THE PARAMETRIC APPROACH

The costing methodology employed consisted of a se-
ries of building blocks that related resource re-
quirements (i.e., productivity parameters) and basic
resource costs, such as wages and postage (resource
parameters), to cost-driving variables {(program pa-
rameters), such as the number of outlets, number of
prepayment instruments sold, and so on.

The cost-estimating relationships were expressed
in parametric fashion to gain flexibility in their
use. The parametric representations of productivity
relationships were standardized across many settings
and systems to permit generalizations to other tran-
sit settings, thereby incorporating some of the fea-
tures of standardized costing. Although the costing
methodology traced the cost of incremental activi-
ties associated with prepayment plans, it neverthe-
less 1included the costs of inherited resources
within the prepayment program, resources that were
valued at replacement costs, In the discussion that
follows, a fare prepayment instrument refers to the
individual item purchased (e.g., 30 Iinstruments may
refer to 30 monthly passes, to 30 weekly passes, or
to 30 ten-trip ticket books). A fare prepayment
transaction refers to the actual sales activity and
is usually equal to the number of instruments sold.
An exception is the monthly pass with zone stamps,
which corresponds to two instruments but only one
sales transaction.

COST CATEGORIES

Both capital (one-time) expenses and recurrent oper-
ating costs were considered. Capital costs included
vehicles, equipment (e.g., pass counters, token
wrappers, photographic equipment, telephones, and
ticket or pass shredders), and promotional advertis-
ing campaigns. The recurrent or operating costs in-
cluded labor (wages and fringe benefits), materials
(envelopes, postage, business forms, etc.), space or
rent, and miscellaneous services, such as commis-
sions to outlets, courler service, design and print-
ing, and normal advertising activities. All capital
costs were amortized using capital recovery factors
at 12 percent interest rates.

FUNCTIONAL ACTIVITIES AND COST CATEGORIES

The operation of a fare prepayment program may in-
volve as many as 21 separate activities, which were
grouped Into the 12 major cost categories presented
in Table 1. These cost categories range from order
preparation and delivery to sales outlets, recording
and accounting, and other miscellaneous functional
activities. From an analytical viewpoint these cate-
gories can be grouped into the two basic categories
presented in Table 1. Transaction-oriented costs
were those affected by the size and frequency of
fare prepayment sales and deliveries. A second set
of cost categories had been grouped into non-trans-
action-oriented costs because they were not directly
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TABLE 1 Key Variables Affecting Prepayment Costs by Functional Activity and Sales Distribution Method

Cost Category

Cost Element

Sales Distribution Method

Lransit-vperdiea
Sales Outlet

FUunilc danu ¢rivdie
Sales Outlet

Lirect mall
Program

Lelephone Oruet
Program

Uu-budtd

Pass Sale

Transaction oriented
Order preparation
Sales outlet
On-board sale
Order delivery
Staff
Courier
Certified mail
Direct sates
Transit-operated outlet
Public and private outlet
Direct mail program
Telephone order program
Recording and accounting
Recording sales
Accounting sales
Accounting on-board sales
Non-transaction-oriented

Labor, equipment
Labor

Labor, vehicles
Courier service
Postal service

Labor
Commissions
Labor, materials
Labor, materials

Labor
Labor
Labor

Per outlet served

Per outlet served
Per outlet package
Per outlet package

Per transaction

Per transaction
Per transaction

Per outlet served

Per outlet served
Per outlet package
Per outlet package

Per revenue dollar

Per transaction

Per transaction

Per transaction
Per transaction

Per design change

Per unit of volume
printed

Per unit of volume
stored

Per instrument
handled

Per instrument
advertised

Per program size

category

Per transaction

Per transaction
Per transaction

Per design change

Per unit of volume
printed

Per unit of volume
stored

Per instrument
handled

Per instrument
advertised

Per program size

category

Per day issued

Per day issued

Per unit of volume
printed

Per unit of volume
stored

Per instrument
handled

Per instrument
advertised

Per program size
category

Design Design service Per design change Per design change
Printing Printing service Per unit of volume Per unit of volume
printed printed
Inventory Storage Per unit of volume  Per unit of volume
stored stored
Miscellaneous handling Labor, equipment Per instrument Per instrument
handled handled
Advertising Labor, media Per instrument Per instrument
advertised advertised
Adminictration Labar Per nrogram size Der program size
category category
General overhead
Transit-operated outlets Labor Per dollar of labor
Headquarters Labor Per dollar of labor
Cost of funds Interest 22

Per dollar of labor Per dollar of labor
Per day of delay " - e

Per dollar of labor Per dollar of labor

related to the transaction per se, although in a
loose sense they may have been correlated with total
sales volume (e.g., advertising). This segmentation
of the 12 major cost categories into the two cost
groups provided the basis for the structure of the
cost model.

In Table 1 each cost category is disaggregated
into detailed components all the way down to the
cost elements. Also presented in Table 1 are the key
variables that dominated the cost behavior within
each function. Table 1 summarizes the analytical
framework of the cost methodology and its building-
block structure.

Ag shown in Table 1, order preparation and order
delivery costs were driven primarily by the number
of sales outlets served. Direct mail and telephone
order programs did not require bulk order prepara-
tions or deliveriec because each order taken by mail
or telephone was processed 1ndividually. Direct
sales costs at transit-operated outlets and at head-
quarters for direct mail and telephone order pro-
grams were a function of the number of sales trans-
actions. The only sales costs recognized for public
and private sales outlets (including employer pro-
grams) were the expenses incurred in sales commis-
sions. This does not imply that there were no other
costs 1nvolved in these activities but simply that
these costs were not borne by the transit company.
Similarly, there were no costs for recording indi-
vidual sales transactions at public and private out-
lets because thils function was performed at the out-
lets at no extra cost to the transit company.

Finally, the costs of some functional activities
{e.g., design, printing, and inventory) were in-
curred irrespective of the sales distribution method
used. Overhead costs were computed separately for
transit-operated outlets because the rent and sup-
plies for this space were usually independent of the
transit company's headquarters offices.

DESCRIPTION OF COST CATEGORIES

Order Preparation Costs

Order prcparation oonsisted of preparing a new sup-
ply of fare prepayment instruments for distribution
to sales outlets and on-board sales. In the case of
sales outlets (transit operated, public, and em-
ployver) these costs included the labor and equipment
costs involved in assembling and packaging the ap-
propriate number of instruments for each outlet and
preparing invoices for the outlets.

The labor requirements of order preparation for
sales outlets varied from a high of 1.20 to 1.40
man-hr per outlet preparation in los Angeles and

Seattle to 0,11 man-hr per outlet preparation in

Philadelphia. These labor requirements appeared to
be more dependent on internal procedures followed
than on the size of orders. Some transit companies
required that the contents of each order be care-
fully recorded (e.g., noting serial numbers) before
distribution to outlets. Typical labor requirements
for this function were 0.25 man-hr per outlet prepa-
ration when normal procedures were followed. Equip-
ment requirements consisted of token wrappers, three
of which were used by Cincinnati's Queen City Metro,
and a pass counter, used in Sacramento.

The order preparation costs of on-board sales
covered the labor requirements of preparing passes
for driver pickup. These labor requirements varied
between 15 min per day of pass sales in Sacramento
to 30 min per day for weekend passes In St. Paul and
Tucson. Some economies of scale appeared to be pres-
ent as shown by the longer preparation time per day
for weekend day passes than for the daily pass
program,

Order Delivery Costs

Delivery of fare prepayment instruments to outlets,

Il E
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whether transit operated, public, or employer, was
performed by one of three modes: transit staff,
courier, or certified mail. Half of the transit com-
panies interviewed used transit staff delivery, 1If
not for all outlets, at least for those outlets with
the greatest sales volume. Staff delivery times per
outlet were found to decrease by city size and dis-
tance between outlets. In Seattle the 25 outlets
served by staff were located downtown, thereby re-
quiring only 10 min of delivery time per outlet de-
livery. In Portland the staff delivered plans to all
109 outlets, some located 18 miles from downtown
Portland, thus requiring 60 min per outlet delivery.
Half of the transit agencles used vans for staff de-
livery and the other half used large or intermedi-
ate-sized automobiles. Philadelphia's SEPTA used an
armored truck for staff deliveries.

An alternative to the high costs of order de-
livery by transit staff was courier service. SEPTA
was the only transit system interviewed that used a
courier service. In that case 75 packages were de-
livered each week to outlets at a cost of $5.00 per
package delivery. However, because of the limited in-
surance coverage of local messenger service, addi-
tional insurance coverage was secured by the transit
company.

The U.S. Postal Service was used by 4 of the 11
transit companies interviewed to service low-volume
outlets. However, certified mail was 1nadequate to
serve the distribution of ticket books and tokens,
which were too heavy to be sent economically by this
method. Another problem of using the mail was its
inadequate insurance coverage. Because the maximum
liability of insured mail was only $400, only 20
monthly passes valued $20 apiece could have been
sent per maill package. Guidelines will be presented
later for choosing between these alternative de-
livery methods.

Direct Sales Costs

The direct sales costs included labor, materials,
commissions, and equipment costs of selling prepay-
ment instruments at outlets and by direct mail and
telephone order. Of the 11 transit companies ana-
lyzed, 8 operated their own outlets. The labor re-
quirements for effecting a prepayment transaction at
transit outlets varied between 1.5 and 2.5 min per
transaction; the time per transaction was inversely
related to the number of sales transactions. At out-
lets where many photographs are taken for the pre-
payment instruments, the labor requirements exceed 4
min per transaction, Equipment requirements and
costs included photographic equipment, validation
stamps, and so forth.

All the transit companies analyzed used public
and employer sales outlets. These included banks,
savings and loan institutions, department stores,
hospitals, schools, and employers. A significant
number of the outlets charged a commission on sales.
These commissions could be based either on a per-
centage of prepayment sales or on a fixed rate per
instrument sold. Commission rates ranged from none
to 3 percent (Los Angeles). In general, the larger
companies appeared to incur greater commission rates
than the smaller ones.

Direct mail sales of prepayment plans were con-
ducted by five of the transit companies analyzed.
The direct mail costs included labor requirements
and materials, such as order forms, envelopes, and
postage. Material costs alone were approximately
$0.50 per direct mail transaction. On the basis of
the records of the companies analyzed, no relation-
ship was discernible between the sales time per
transaction (which varied from 1 to 6 min) and the
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number of transactions. The reason for this was that
other factors unique to each company, such as re-
porting requirements, credit card verification, and
bad check follow-ups affected the transaction times.
Telephone sales were similar to direct mail order
in that the transactions took place at the transit
company headquarters. However, telephone orders were
placed by charges to the customer's major credit
card. Only one site, Wilmington, operated a tele-
phone order service, and their records indicated
that their labor requirements (3 min per transac-
tion) were not significantly different from those of
a direct mall program. Equipment and material costs
included telephone installation and monthly service
charges ($30 to $50 per month), bank credit card
service charges (4 to 6 percent of sales), window
envelopes (at $0.03 each), and first-class postage.

Recording and Accounting Costs

A recurrent task 1in prepayment transactions was re-
cording all sales and accounting for all revenue in-
come. These two tasks were usually performed by dif-
ferent personnel at different times., Recording fare
prepayment sales was a function that applied only to
transit outlets and headquarters. Sales were re-
corded by a fare agent at the time the sale was
transacted. No recording costs were incurred by the
transit company at public and employer outlets. The
labor requirements for recording sales depended on
the procedures used and the volume of transactions.
These labor requirements ranged from 0.25 min per
transaction in the large outlets and headquarters to
3 to 4 min at the smaller transit-operated outlets.

Accounting costs were incurred in all the prepay-
ment sales methods. Accounting operations included
several activities, primarily posting the accounts
receivable by the transit company accountants or
making a book entry on the consignment accounts on a
periodic basis as the sales outlets were serviced.
Economies of scale were present in this function.
The labor requirements per transaction varied from
0.08 min in the larger companies (SCRTD, SEPTA, and
MTC) to 0.35 to 0.45 min per transaction in Norfolk
and Tucson.

Accounting for on-board sales transactions also
exhibited economies of scale. The accounting labor
requirements varied from 1.0 to 3.5 hr per day, de-
pending on the number of transactions.

Design Costs

Designing prepayment plans included choosing the di-
mensions of the instrument, the type of paper stock,
and the artwork on both sides of the instrument.
Tickets, tokens, and punch cards incorporated simple
standardized designs with inconsequential costs.
Passes were different altogether in that more atten-
tion was placed on the design and artwork to make
the pass attractive, functional, and counterfeit
free. The design costs of pass plans ranged from as
low as $57 per design for punch cards in Tucson to
$3,500 per design for passes in Philadelphia. De-
signs were changed every 6 months in some instances
(Norfolk and Portland) and every 2 to 3 years in
other cases (Tucson and Philadelphia). In general,
these costs were minor, amounting to at the most §5
(in 1981 dollars) per 1,000 instruments printed.

Printing Costs

Except for SunTran in Tucson, all the other transit
companies analyzed used outside professional print-
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ing companies for printing the prepayment instru-
ments. As a general rule, printing costs were af-
fected by four factors: the type of prepayment
plan, the quallty OL materials and printing, tie
volume printed annually, and the printing frequency.
There were economies of scale in printing; the unit
cost of printing materials diminished until order
sizes of between 100,000 and 200,000 instruments
were reached and remained constant after this level
had been reached. Costs per 1,000 instruments
printed (in 1981 dollars) for orders of 150,000 and
more were $25 for passes, $20 for ticket books, 87
fur punch cvards, and 875 for brass tokens of
0.984-in. diameter.

Inventory Costs

Inventory costs included the storage of prepayment

instruments. Two factors aiffecited the space requiie—
ments for fare prepayment storage: the type of pre-
payment plan and the size of each printing order.
Thus, there was a cost trade-off between printing
frequency and inventory space. Normal space require-
ments were 220 instruments per cubilc foot for con-
ventional plans. The storage costs were estimated as

$0.06 (in 1981 dollars) per cubic foot per month,

Miscellaneous Handling Costs

Three of the 11 transit companies analyzed performed
special functions on the operation of their ticket
and pass programs. Norfolk, for example, counted all
new passes arriving from the printer and destroyed
unsold passes during the month that the passes were
still valid. Wilmington and Portland both separated
tickets from the farebox, welghed them, and de-
stroyed the tickets with a shredding machine.

Advertising

Few of the transit companies interviewed operated
on-going advertising programs. Three companies
(SCRTD, SunTran, and METRO 1In Seattle) incurred
monthly advertising and publicity costs. In addition
to these companies, three others (Tri-Met, Sacra-
mento Reglonal Transit District, and SEPTA) incurred
one-time promotional campaigns to introduce new pre-
payment programs or to advertise new sales outlets.
In amortizing the effect of advertising expenses, it
was assumed that recurrent advertising expenditures
would have a short-term effect on sales fully depre-
ciable during 1 year. The one-time introductory pro-
motional campaigns were assumed to have a sales ef-
fect within an 18-month period. These assumptions
corresponded to the amortization rates of advertis-
ing for nondurable and durable goods (12). The costs
of one-time introductory campaigns were estimated at
$0.03 to $0.05 (1981 dollars) per instrument sold.
The recurring expenditures were estimated to vary
between 8$0.12 per instrument sold for the Los An~
geles monthly pass to the much larger $0.65 to $0.80
per instrument sold in Tucson and for the Los An-
geles tourist pass.

Administrative Costs

Administration of the prepayment programs included
operations such as staff supervision and administra-
tion of transit-operated outlets. In addition, there
were the expenses of support and maintenance of the
existing public and employer outlets and the market-—
ing efforts in outlet expansion. The administrative
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costs depended on the extent of effort committed to
outlet promotion and expansion. In Philadelphia,
where no significant outlet expansion programs were
in eifeci, 3z man—hi per moailh werle 3penit in supcs

visory activities. In St. Paul and Seattle, which
had significant outlet promotion efforts, 100 to 173
man-hr were spent by supervisory personnel per month.

General Overhead Costs

The program overhead costs included general sup-
plies, telephone, utilities, maintcnanoc, and rent.
These expenses were estimated as percentage of di-
rect labor costs. The general overhead costs of the
transit companies were estimated as a percentage of
direct labor costs from the Section 15 Reporting
System (13) and applied to all the direct labor
costs incurred in the transit fare prepayment pro-

nMram
Sram.

SUMMARY RESULTS OF THE COST ANALYSIS

The costs incurred at each of the 11 case sites were
analyzed in detail in order to develop the para-
metric cost equations that appeared in the technical
report (11). A summary of the results of this analy-

sis is presented here.

Fare Prepayment Plan Costs by Transit Company

The 11 transit companies reviewed offered a variety
of fare prepayment plans to their riders. Nearly all
of them offered at least one pass plan (usually a
monthly pass) and an unlimited-duration ticket or
token plan. The number of plans offered varied be-
tween one and four.

The principal plans offered by the 11 transit
companies are presented in Tahle 2 along with their
unit costs. Monthly passes in NLos Angeles cost $0.95
each, whereas in Norfolk they were only two-thirds
that price. However, because Los Angeles pass hold-
ers used their pass more than 70 times each month,
the cost per monthly pass trip in Los Angeles was
only slightly higher than the cost per trip in Nor-
folk. Of the 11 transit companies, only those in
Norfolk and Portland offered comparable programs,
and their costs were remarkably similar. Both tran-
sit companies sold monthly passes and 10-trip ticket
books. Costs per instrument were slightly higher in
Norfolk than in Portland because of the difference
in the size of the two programs. More than eight
times as many plans were sold in Portland than in
Norfolk, which reduced its unit costs by about 25
percent.

The unit cost per fare prepayment transaction has
been disaggregated into 1ts cost categories and is
presented in Table 3 in order to provide an opportu-
nity to compare costs across sites. As shown in
Table 3, among the transaction-orlented costs, those
for order preparation were fairly consistent across
sites. Cincinnati was the most costly site in this
category because of the cost of wrapping tokens.
Norfolk had unusually high order delivery costs be-
cause all outlets were serviced by staff and rela-
tively few passes were sold, thereby bringing the
average cost up. Direct sales costs were extremely
high for the four largest transit systems because of
commissions paid to sales outlets. In Richmond and
Tucson neither sales outlets were operated nor com-
missions were paid to public outlets. Accounting
costs were relatively low for most programs except
for Cincinnati's, and design costs were insignifi-
cant.
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TABLE 2 Prepayment Costs in Selected Transit Companies

Cost ($1981)

Location and Instrument Per Instrument Per Trip
Los Angeles

Monthly pass 0.95 0.016

Tourist pass 1.82 0.171

Individual ticket (10)? 0.38 0.038

Ticket book (10-trip) 0.56 0.056
Philadelphia

Monthly pass 1,02 0.018

Weekly pass 0.77 0.055

Token (10)? 0.54 0.054
St. Paul

Monthly pass 0.96 0.020

Ticket book (10-trip) 1.45 0.145

Punch card (10-trip) 0.92 0.092

Token (20)? 1.44 0.072
Seattle

Annual pass 8.91 0.018

Monthly pass 0.90 0.021

Ticket book (20-trip) 0.96 0.048

Ticket book (40-trip) 0.96 0.024
Cincinnati

Token (20) 0.48 0.024
Portland

Monthly pass 0.45 0.009

Ticket book (10-trip) 0.41 0.041
Norfolk

Monthly pass 0.61 0.013

Ticket book (10-trip) 0.49 0.049
Sacramento

Monthly pass 0.58 0.012

Token (20)? 0.57 0.028

ID card 2.7 N.A.
Richmond

Weekly pass 0.15 0.014

Ticket book (10-trip) 0.13 0.013

Ticket book (20-trip) 0.13 0.007
Ticket book (45-trip) 0.13 0.003
Wilmington

Monthly pass 0.42 0.009

Strip ticket (10-trip) 0.11 0.011
Tucson

Semester pass 2.96 0.019
Monthly pass 0.34 0.008
Punch card (20-trip) 2.96 0.148

8 Assumed sold in quantities indicated.

Focusing on the non-transaction-oriented costs,
printing costs were high in Philadelphia, Seattle,
Cincinnati, and Norfolk. In Seattle and Norfolk rel-
atively small volumes were printed of some of the
plans; in Cincinnati costs were exclusively minting
costs for tokens. A special printing process was
used in Philadelphia to reduce the opportunities for
counterfeiting, which explained its high printing
costs. Inventory and miscellaneous handling costs
were minor for most systems. Advertising costs were
insignificant for most programs, although they were
significant in some systems. More than $0.10 was
spent on each fare prepayment instrument sold at the
three sites with advertising programs. Administra-
tive and overhead expenses were high for the large
fare prepayment programs and the two demonstration
sites.

As a percentage of cost, direct sales costs
clearly increased with the size of the program. Once
again this reflects the fact that managers in small
programs could usually persuade banks and department
stores to sell fare prepayment plans without charg-
ing a commission. At large volumes, however, most
public outlets required a commission on sales or an-
other form of payment,

Order delivery, accounting, printing, inventory,
and overhead costs generally increased as a percent-
age of total costs as the size of the program de-
creased. Thus, although direct sale was the dominant
cost factor in large programs, accounting, overhead,
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printing, and delivery incurred the most costs in
small fare prepayment programs. Understanding the
differences in the cost elements 1s critical when
planning a fare prepayment program.

Generally, large fare prepayment programs in-
curred a higher unit cost than small programs as
shown by the data presented in Table 3. Transit com-
panies with large fare prepayment programs spent
proportionally more money in two aspects of the pro-
gram than companies with small programs. These in-
cluded

1. Sales commissions to public outlets (small
transit companies could usually secure a network of
public outlets without having to pay commissions) and

2. Advertising (small transit companies with set
programs usually did not advertise).

As shown in Table 3, the largest fare prepayment
programs spent $0.86 (in 1981 dollars) for each in-
strument they sold. Average-sized programs spent
90.44 per instrument and small programs spent only
$0.14. In both Sacramento and Tucson high costs were
incurred, in part because of the demonstration ac-
tivities at these sites.

Costs by Type of Prepayment Plan

The prepayment plan cost estimates for the 11 tran-
sit companies are summarized in Table 4 according to
the major types of instrument. In this section a
comparison of the unit costs of the fare prepayment
plans in all 11 transit companies are presented. For
a true cost comparison, however, the standardized
costs of operating selected fare prepayment plans
are also presented. As shown in Table 4, the cost
per trip was generally higher for the short-term in-
struments (such as 10-trip ticket books and weekly
passes) than for prepayment instruments of longer-
term duration. The cost of issuing a weekly pass was
only two-thirds the cost of issuing a monthly pass
because the normally higher volume of weekly passes
sold each month resulted in some economies of scale.
A weekly pass program, however, was twice as expen-
sive as a monthly pass program on a per-trip basis,
This was generally because of the higher printing
and delivery costs.

However, because the prepayment programs at the
11 sites were not identical, too much should not be
read into the comparisons presented in Table 4. In-
stead, the costs of a typical program have been es-
timated by standardizing some of the resource costs
and program parameters. Thus, the standard costs
presented in Table 5 assumed 1981 wage rates of
$8.25 per hour for order preparation, delivery, and
outlet personnel; $9.50 per hour for accounting per-
sonnel; and $11.00 per hour for supervisory per-
sonnel. Fringe-benefit rates of 36.2 percent and
headquarters overhead rates of 39.5 percent were as-
sumed. Prepayment instruments were assumed to be
sold at headquarters, at two transit-operated out-
lets, and at 150 outlets, of which two-thirds
charged 2 percent commissions on sales. Staff de-
livery times were assumed to be 30 min per outlet
delivery. No promotional expenses were included
among the costs. The resulting costs by type of plan
are presented in Table 5.

As shown in Table 5, weekly passes and l0-trip
ticket books were the most costly of the six plans
to implement because they were consumed and replaced
so rapidly. Tokens were slightly more expensive than
tickets of the same quantity. Monthly passes and
40-trip ticket books, the two plans with the longest
duration, were the least expensive. Thus, when de-
cisions are made on the selection of an appropriate



TABLE 3 Unit Transaction Costs by Cost Category, 1981

Cost Category® ($1581)

Recording
Order Order Direc: and Miscellaneous

Site Preparation  Delivery  Sales Accounting  Design Printing Inventory  Handling Advertising ~ Administrative = Overhead Total Cost
Los Angeles 0.017 0.010 0.6C1 0.033 0 0.040 0.002 0 0.116 0.025 0.049 0.893
Philadelphia 0.002 0.015 0.432 0.054 0.001 0.153 0 0 0 0.005 0.082 0.744
St. Paul 0.026 0.020 0.839 0.026 0.001 0.045 0.001 0 0 0.034 0.026 1.018
Seattle 0.059 0.004 0.3&8 0.027 0 0.117 0.001 0 0.260 0.029 0.036 0.925
Cincinnati 0.075 0.044 0.0C4 0.131 0 0.110 0.002 0 0 0.023 0.09: 0.480
Portland 0.016 0.038 0.174 0.070 0.002 0.044 0.002 0.010 0 0.007 0.062 0.425
Norfolk 0.020 0.105 0.112 0.079 0.003 0.129 0.004 0 0 0.002 0.063 0.537
Sacramento 0.027 0.033 0.223 0.070 0.003 0.028 0.001 0 0 0.153 0.225 0.773
Richmond 0.006 0.030 0 0.030 0 0.018 0.002 0 0 0.004 0.045 0.137
Wilmington 0.002 0.002 0.014 0.043 0 0.030 0.001 0.013 0 0.005 0.022 0.134
Tucson 0.029 0.037 0 0.068 0.001 0.066 0.006 0 0.431 0.057 0.134 0.829

Weighted avg 0.017 0.017 0.4€3 0.043 0.001 0.079 0.002 0.001 0.063 0.021 0.061 0.768

Percent of total 2.2 2.2 60.3 5.6 0.1 10.3 0.3 0.1 8.2 2.7 8.0 100.0

aComputed by dividing each cost by the tctal nuniber of month.y transactions at each site.

TABLE 4 Average Unit Costs for Selected Prepayment

Plans

Cost ($1981)

Per
Instrument Instrument  Per Trip
Annual pass (one plan) 8.91 0.018
Semester pass (one plan) 2.96 0.019
Monthly pass (nine plans) 0.69 0.014
Weekly pass (two plans) 0.46 0.035
Ticket book (20-trip) (two plans) 0.55 0.028
Ticket book (10-trip) (six plans) 0.53 0.053
Token (20 each) (three plans) 0.83 0.038

TABLE 5 Standard Costs per Instrument for Six Fire Prepayment Plans by Cost

Category
Instrurnent Cost ($1981)
Monthly Weekly 10-Trip 20-Trip 40-Trip 20-Token
Cost Category Pass Pass Ticket Ticket Ticket Roll
Order preparation 0.010 0.010 0.002 0.005 0.010 0.020
Order delivery 0.025 0.025 0.006 0.012 0.023 0.012
Direct sales 0.303 0.080 0.080 0.147 0.281 0.147
Recording and ac-
counting 0.044 0.023 0.023 0.030 0.044 0.030
Design 0.002 0.001 0 0 0 0
Printing 0.038 0.038 0.020 0.020 0.020 0.026
Inventory 0.002 0.002 0.002 0.002 0.002 Negligible
Administration 0.011 0.003 0.003 0.005 0.010 0.005
General overhead 0.035 0.024 0.014 0.021 0.033 0.027
Total per instrument 0.470 0.206 0.150 0.242 0.423 0.267
Total per trip 0.011 0.021 0.015 0.012 0.011 0.013

vT
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fare prepayment plan, the relative costs presented
in Table 5 should provide an indlcation of the
monthly and unit costs that will be incurred.

Standard Delivery Costs by Alternative Delivery
Methods

As discussed earlier, three methods were generally
used in the delivery of prepayment plans to outlets,
namely, transit staff delivery, courier delivery,
and certified mail delivery. To compare the costs of
alternative delivery methods, standard costs of a
typical system were developed by using identical as-
sumptions to those presented earlier.

Based on these three methods of delivery, the
standard cost of delivering fare prepayment plans to
each sales outlet can be as low as $2.05 per outlet
with certified mail or more than $20 per outlet if
staff are used for the delivery. The actual cost per
outlet in a particular setting will depend on the
number of outlets served, the average distance be-
tween outlets, the density of the city, and the num-
ber of fare prepayment instruments delivered to each
outlet. Given this information, it 1is possible to
choose the least costly method of fare prepayment
delivery.

Figure 1 shows the costs of servicing each outlet
in a medium-density environment. All three methods
of fare prepayment delivery are represented. Certi-
fied mall costs increase as the number of passes
sent per outlet increases. Courier delivery costs
are not affected by the volume of passes sent to
each outlet but rather by the number of outlets
served. It is assumed that more than 50 sales out-
lets are served during each delivery period. Transit
staff delivery costs depend on the distance (and
time) between outlets. The delivery costs per outlet
for 1- and 2-mile average distances between outlets
are shown in Figure 1.

With the costs of the three delivery methods su-
perimposed on Figure 1, it is possible to determine
which method results in the least cost to the tran-
sit company at different volumes of passes de-
livered. Certified mail is the least costly method
at volumes below approximately 50 passes per outlet.
Beyond that volume, transit staff delivery 1is the
most economical method if outlets are typically
spaced 1 mile apart. If the distances between out-
lets are greater than 1 mile, courier service is
less costly.

Any one of the three methods can be the lowest-
cost delivery method depending on the set of condi-
tions under which the transit company is operating.

15

Moreover, because the same volume of passes is usu-
ally not sent to all sales outlets, utilization of
more than one delivery method could result in the
lowest operating cost to a transit company. For ex~
ample, in a low-density site where outlets are typi-
cally spaced 2 miles apart, transit staff should be
used for the delivery of passes to high-volume out-
lets only; that is, staff delivery should be em-
ployed only when more than 50 passes are delivered
to an outlet. For those outlets receiving less than
50 passes, certified mail should be used. Thus, the
combination of staff and certified mail delivery
will result in the lowest operating cost for the
program.

Standard Sales Costs by Sales Method

o ——— —

Standard costs following the assumptions presented
earlier were developed for five sales methods, in-
cluding transit-operated sales outlets, public and
employer sales outlets, public outlets with sales
contracts such as the Seven-Eleven contract with
Portland's Tri-Met, direct mail order, and telephone
order programs. The standardized sales costs by
sales method are summarized in Figure 2, which also
shows that with the exception of sales contracts
that provide variable commission rates, sales dis-
tribution methods exhibit economies of scale at rel-
atively low sales volumes. At high volumes all five
methods have constant average costs.

As shown in Figure 2, telephone order and direct
mail programs are relatively expensive programs to
operate with 1little or no economies of scale. In
order to make them cost effective, they should only
be employed at low volumes and marketed to those
transit users without access to the less expensive
sales outlets.

Depending on the sales commission rates asked by
public and private sales outlets, it may be less ex-
pensive for the transit company to staff and main-
tain a sales outlet if high outlet volumes are
obtained. In this analysis it was found that a
staff-operated outlet is less expensive than public
outlets charging more than 2.5 percent in commis-
sions only at volumes of more than 10,000 pass sales
per month. Because few staff-operated outlets meet
this test, most staff-operated outlets must there-
fore be judged and justified on grounds other than
pass sales. Finally, transit managers should seri-
ously consider negotiating a contract with a retail
chain for the distribution and sales of fare prepay-
ment plans, because such contracts can be less ex-
pensive if public outlets charge higher commissions.
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In addition, contracting for the distribution and
sales of fare prepayment plans frees the transit
company from these activities.

CONCLUSION: THFE NFED FOR COST REDUCTIONS

The authors have shown in a recently completed paper
(7) that the potential benefits of transit fare pre-
payment programs can be between $0.78 and $1.05 per
prepald instrument sold. At these benefit levels,
fare prepayment programs are cost effective if prop-
erly priced to avoid farebox revenue losses because
the potential benefits exceed the costs presented in
Tables 2 and 3. However, a conscious effort should
be made by managers of large fare prepayment pro-
grams to reduce costs because Lhere is no technical
or operating reason why the unit costs of large pro-
grams should be greater than the unit costs incurred
in medium-sized programs.

The opportunities for reducing the prepayment
program costs are several. Staff dellvery of fare
prepayment plans to outlets should only be used when
the distance between outlets is short. A cost-effec-
tive alternative to staff delivery is either a cou-
rier service or certified mail for the smaller sales
outlets. Because the largest single cost of prepay-
ment plans is the sales commission at the larger
companies, every attempt should be made to develop a
network of sales outlets without paying commissions.
Finally, a more prompt collection of funds from
sales outlets is warranted so that the transit com-
pany can earn interest on the revenues from prepay-
ment collected in advance of services being rendered
and thus take advantage of one of the benefits of
pPrepayment programs,
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Performance Assessment Methods and Results for
Transit Automatic Fare Collection Equipment

JOSEPH M. MORRISSEY

ABSTRACT

Performance assessment methods and results
for transit automatic fare collection (AFC)
equipment are presented. The methods devel-
oped are based on the experience gained from
a series of performance assessments con-
ducted at elght U.S. and three foreign tran-
sit systems. The methods are intended to
agsist rail transit systems in their assess-
ment of equipment, promote uniformity in ap-
plications, improve communications between
companies, and help achieve a better under-
standing of problems and issues. The devel-
opment effort has been conducted as part of
the UMTA Rail Transit Fare Collection Proj-
ect, the overall goal of which is to aid in
the development of improved AFC systems for
rall transit. The expected benefits from the
project 1include improved operating effi-
clency and reduced labor and maintenance
costs at the transit systems. In this source
document for assessment methodology key AFC
terms and concepts are defined, and perfor-
mance methods as well as the results of the
systems assessments and industry AFC con-
tract specifications are presented and dis-
cussed.

UMTA, U.S. Department of Transportation, initiated
the Rail Transit Fare Collection (RTFC) Project in
1979 in response to a critical need by the U.S.
transit industry for improved automatic fare collec-
tion (AFC) systems.

Currently there exists a clear lack of standardi-
zation in both performance measurement and specifi-
cation of fare collection equipment. This has re-
sulted in, among other things, increased procurement
costs and the need to regularly "reinvent the

wheel.” In recognition of this, the RTFC Project was
targeted at the development and application of uni-
form AFC performance assessment methods.

In this paper uniform performance assessment
methods for AFC equipment are presented. In addi-
tion, the results of the systems assessments are
summarized and discussed and compared with industry
performance specifications.

AFC SYSTEMS AND EQUIPMENT

An AFC machine is a self-service device that pro-
vides a fare collection revenue service or function
and that represents a complete unit to a passenger.
AFC machines include farecard or ticket vendors,
automatic gates, addfares, transfer dispensers, and
change makers for bills or coins or both.

An AFC machine subsystem is a part or assembly of
parts that accomplishes a specific revenue function
or transaction service and can be considered, for
the sake of maintenance, a discrete unit, Major sub-
systems of AFC machines include bill validators,
coin acceptors, ticket transports, transfer dis-
pensers, barrier mechanisms, and control logic units.

Of the operating rapid rail and commuter rail
systems in the United States, the following cur-
rently use AFC equipment: Metropolitan Atlanta
Rapid Transit Authority (MARTA); Washington Metro-
politan Area Transit Authority (WMATA); Bay Area
Rapid Transit (BART), San Francisco; Port Authority
Transit Corporation (PATCO), Philadelphia and Cam-
den; Illinois Central Gulf (ICG), Chicago; Chicago
Transit Authority (CTA); Port Authority Trans-Hudson
Corporation (PATH), New York and New Jersey; Massa-
chusetts Bay Transportation Authority (MBTA), Bos-
ton; New York City Transit Authority (NYCTA); South-
eastern Pennsylvania Transportation Authority
(SEPTA), Philadelphia; and Baltimore Metropolitan
Transit Authority (BMTA). In addition to these, the
Metro-Dade Transportation Administration (MDTA) sys-
tem currently under construction in Miami will use
AFC equipment.
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In general, in the older transit systems (e.q.,
NYCTA, MBTA, CTA, PATH, SEPTA) the AFC systems con-
sist primarily of gates that accept coins or tokens
A hath. Tn the relativelv new transit systems
(e.g., ICG, PATCO, MARTA, BART, WMATA, BMTA) the AFC
systems consist of farecard wvendors or farecard-
accepting gates or both, In addition, equipment
function and complexity vary from the simple (e.q.,
NYCTA, MBTA, and PATH gates) to the more complex
microprocessor- or computer-controlled equipment
(e.g., WMATA, BART, and MARTA gates).

Foreign transit systems also use AFC equipment.
The RTFC Project investigated three that use state-
of-the~art microprocessor-controlled equipment. The
systems were Tyne and Wear Transport Executive
(T&W) , Stuttgarter Strassenbahnen (SSB), and Régie
Autonome des Traneports Parisiens (RATP). These sys—
tems operate In Newcastle, England; Stuttgart, West
Germany; and Paris, France, respectively.

USES OF PERFORMANCE ASSESSMENT MEASURES

The performance measures generated from the methods
presented are reliability, availability, and main-
tainability. These can be used for a variety of pur-
poses. Three key uses are

1. To provide information for monitoring compli-
ance with equipment procurement specifications
(e.g., acceptance testing),

2. Yo provide operational data for management
information systems (e.g., to monitor maintenance
productivity) , and

3. To generate baseline data for modification
programs and aid in the development of a reliability
data base similar to that which already exists for
rail transit vehicles [the Transit Reliability In-
formation Program (TRIP)].

DEFINITIONS OF PERFORMANCE MEASURES

Reliability

Reliability is a measure of egquipment performance
that indicates the rate at which a machine or a sub-
system of a machine successfully accomplishes its
functional task or mission. It can be expressed in a
variety of ways. Two common measures used are mean
transactions per failure (MTF) and mean time hetween
failures (MTBF).

MTF = total transactions divided by total failures.

MTBF = total in-service time divided by total

failures.

Availability

Availability is defined as the probability that AFC
equipment will be operating satisfactorily at any
point in time. Availability is calculated by divid-
ing the total in-service time by the total operating
time and converting the result into a percentage.

A = total in-service time divided by total operating
time.

Maintainability

Maintainability is a measure of the amount of time
it takes to repair a failure. It 1s commonly ex-
pressed as average downtime (ADT) and mean time to
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repair (MTTR). Average downtime indicates the aver-
age time AFC equipment can be expected to be out of
service per failure.

ADT = total downtime divided by total raiiures.
MTTR indicates the average length of time required
to respond to and repair a bhard failure (described

in the following) of AFC equipment.

MTTR = total downtime (hard fallures only) divided by
total number of hard failures.

FAILURE

Definition and Classification

An AFC equipment failure is defined as any instance
of malfunction that prevents a successful transac-
tion or necessitates intervention by tramnsit system
personnel. The classification scheme for AFC fail-
ures consists of three failure types: jams and soft
and hard failures. As defined in the following, the
concepts of soft and hard fallures indicate the gen-
eral nature and relative severity of failures, All
failures are either soft or hard. The concept of
jam, on the other hand, specifies the symptom of the
failure. Jam is used as a failure type because jam-
ming is a common {(and often the most freguent) prob-
lem with AFC equipment., Like all fallures, jams are
also classified as either hard or soft failures.

Jams

A jam is defined as any instance in which something
is stuck in the processing or dispensing path of an
AFC machine preventing the completion of a success-
ful transaction or rendering the machine or one of
its subsystems inoperative.

Soft Fallure

A soft failure is any instance of malfunction of AFC
equipment that necessitates a minor adjustment,
minor repair, or a clearing or cleaning action. Ad-
justment refers to the resetting or rearranging of a
subsystem, component, or subcomponent that has
changed ito poeition and thus is malfunctioning.
Repair refers to the fixing of a subsystem, compo-
nent, or subcomponent that has become damaged
through use or abuse. Minor is defined as requiring
less than 20 min of total technician active repair
time.

Hard Failure

A hard faillure is any instance of malfunction of AFC
equipment that necessitates a major adjustment,
major repair, or replacement. Major is defined as
requiring more than 20 min total technician active
repair time.

Causes

Jams and soft and hard failures indicate the general
nature or severlty of the problem encountered. Jams
and soft and hard failures do not indicate the cause
of the failure. For the day-to-day administration
and management of an AFC system, eight failure
causes are defined. These are as follows:

- Technical: A failure when it can be shown that
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the machine has malfunctioned on its own, that
is, as a result of normal operation and not as
a result of the other causes listed here, which
includes, among others, failures related to
equipment and parts design and manufacture and
fallures related to normal aging of the equip-
ment.

- Operational: A failure due to oversight or er-
ror on the part of maintenance personnel, which
includes such diverse situations as operating
equipment beyond 1life expectancy, faulty in-
stallations, and faulty maintenance.

~ Environmental: A failure due to the operation
of the equipment in adverse environmental con-
ditions that exceed specifications.

- Vandal: A faillure resulting from damage or
tampering by vandals.

- Administrative: A failure due to oversight or
error in nontechnical functions of the machine,
which includes sgituations such as improper
loading of ticket or transfer stock, being out
of tickets, and so on.

- Passenger-Induced: A failure caused by im-
proper insertion of fare media or interference
with the normal action of a machine by passen-

gers.
- Media: A failure caused by fare media such as
coins, tokens, or farecards, whether they are

dirty or defective, which subsumes some pas-
senger—~induced failures but is a separate cate-
gory because in many cases it is not clear that
the passenger is responsible for the failure.

- No Defect Found (NDF): A common situation in
which a machine has been put out of service by
an agent suspecting a failure but when checked
no defect is found; in some cases, transient or
intermittent failures are the cause of the
problem.

Chargeability

In order to generate, report, and use equipment per-
formance measures, a determination must be made as
to what failures to use. Chargeability refers to the
concept of considering a particular failure as
countable in the generation of such measures. Cur-
rently, differences exist among transit systems in
terms of failures deemed chargeable. As might be ex-
pected, this has made it difficult to compare per-
formance measures.

PERFORMANCE ASSESSMENT METHODS

Several methods exist to determine and monitor
equipment performance. The results generated will
vary depending on the failures deemed countable and
the nature of the data. The former refers to whether
all failures or a subset (i.e., specific fallure
causes) of all failures is used. As mentioned ear-
lier, this depends on the intended use of the mea-
sures. The latter refers to whether data are ob-
tained from dedicated in-service surveys or from
transit system operational records.

Three methods for assessing performance are de-
scribed in the following. The reliabilities gener-
ated should be evaluated in conjunction with infor-
mation on maintainability, availability, and failure
distributions. Transit systems may select the meth-
ods that best fit their needs.

Reliability Based on All Failures

An overview of equipment performance can be obtained
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by considering all failures as countable, regardless
of cause. As might be expected, when all failures
are counted, reliability measures are at their low-
est levels., This measure could be used in a number
of ways. Similar to all the performance measures
presented, tracking such a measure would be useful
in spotting trends. In addition, such a measure
could provide an indication of the frequency of pas-
senger assistance required and of expected delay.
These in turn could be used to determine the re-
quirements for new equipment and manpower of both
agents and techniclans.

Reliability Based on Transit-Plus-Technical Failures

Another method 1s to determine the reliability based
on all failures less those caused by vandals and
passengers. These are defined as transit-plus-tech-
nical failures. This method provides a performance
measurement based on all failures over which the
transit system, in theory, can exercise control. As
a management tool, this measure can be used to mon-
itor not only equipment performance but also the
productivity of those responsible for administrative
functions such as vault pickups and ticket and
transfer stock refills.

Reliabilities Based on Technical Failures

A third level of performance monitoring requires
that only technical failures be counted in the de-
termination of reliability. Such measurements could
be generated for all soft or hard technical failures
or both. These measurements could assist transit
systems in monitoring performance of equipment under
test or warranty and also indicate to management
specific technical problems.

Maintainability

Maintainability measures provide another indication
of overall system effectiveness and the effective-
ness of maintenance procedures, policies, and tech-
nigques. ADT can be used to determine whether unac-
ceptable delays are being placed on passengers. Both
ADT and MTTR could be used to indicate improving or
declining performance of both the equipment and the
maintenance personnel.

Availability

Availability measures provide a basic indication of
service provided to passengers. They can be used to
determine the probability of delay and as a general
indication of maintenance response times.

Failure Identification

Recording and monitoring of individual AFC equipment
failures should be undertaken in conjunction with
the generation and monitoring of performance mea-
sures. Tracking failure data can often indicate spe-
cific problems or types of improvement. Interpreta-
tion of performance measures is complete only when
failure distributions and trends have been investi-
gated.

PROCEDURES FOR OBTAINING DATA FOR PERFORMANCE
ASSESSMENT

Two procedures exist for obtaining data for perfor-
mance assessment: in-service surveys and extraction
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of data from transit system records. The data re-
quirements of each method are the same: failure,
transaction, and operating time data.

The t1rst TtWo METNOAS preseuied Loi measuring so-
liability performance require that in-service sur-
veys be taken. Given the large percentage of jams
that occur and the small amount that shows up in
records at most transit systems, a survey nmust be
performed to record such failures. In addition, a
survey would have to be undertaken to determine re-
liabilities based on transit-plus-technical failures
because of the need to collect data on passenger-
induced failures. For the computation of reliahility
based on technical failures, maintenance and trans-—
action records should suffice because the assumption
that every technical failure eventually generates a
maintenance report seems to be valid throughout the
industry.

DATA ANALYSIS

There are three statistical types of analysis that
can be used for evaluating AFC performance mea-
sures: confidence intervals, t-tests of propor-
tions, and the chi-square test.

A confidence interval indicates the region within
which there is a specified probability that the true
performance value iies. A t-test 1s used to dater-
mine whether an AFC machine or subsystem exhibits a
performance measure of a specified minimum value. A
t-test can also be used to determine whether retro-
fits improve equipment performance. The chi-square
test determines whether wvariations in performance
among equipment are due to chance or performance
characteristics.
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ASSESSMENT RESULTS

A key part of the approach to the establishment of
nnifarm performance assessment methods has been a
series of assessments on the performance of AFC
equipment at 11 rail transit systems. Data for the
assessments were gathered from in-service surveys,
from transit system records, or from both, Where
possible, the results are reported according to the
three assessment methods described earlier. However,
in some cases, data limitations made this impossible.
In Tables 1 through 4 the reliability results for
vendors and gates are summarized. The results are
reported separately for data from in-service surveys
and for data from transit system records because in-
service data include Jjams and passenger-induced
failures, wherecas transit records, in general, do
not. This accounts for the relative differences be-
tween reliabilities based on in-service data and
those based on data from transit system records.

Vendors

Vendor reliability results based on in-service data
are summarized in Table 1. Vendor reliabilitles
based on all failures ranged from a low of 120 MTF
to a high of 4,708 MTF. The higher performance mea-
sures were for the state-of-the-art microprocessor-
controlled European vendors.

When vendor reliabilities were generated based
only on hard failures, significant increases re~
sulted, Computable reliabilities ranged from a low
of 860 MTF (WMATA preretrofit) to 6,891 MTF (WMATA
retrofit B), For the T&W wvendors, no hard failures
occurred.

The reliabilities for coin acceptors, ticket

TABLE1 Summary of Vendor Reliability Based un In-Service Data

Major Subsystem Reliability (MTF)

Machine Reliability (all failures)
Transit No. of MTF (all MTF (hard MTBF (all Ticket Coin Rill
System Vendors failures) failures only) failures) (hr) Transport Acceptor Validator
ICG 9 167 2,510 5.6 g 3,698/0% 1,026
BART (all) 17 141 1,401 3.8 849 1,038° 33gP
BART (IBM) 9 149 2,065 5.1 1,033 1,112° 321"
BART (cubic) 8 133 1,043 2.5 714 969° 3570
WMATA-P¢ 40 120 860 2.0 376 844 358
WMATA-A® 14 133 2,293 1.7 575 1,0589 4594
WMATA-B® 6 265 6,891 2.8 3,455 1,027 572
T&W 19 4,708 14,123/0 7.7 7,062 ND NA
SSB 10 1,621 5,464 45.2 NA ND NA

Nnte: ND = no data: NA = not applicable; MTF = mean transactions per failure; MTBF = mean time between failures.

2 This notatlon indicates no failures.

CImllT coin acceptor and bill validator reliabilities based on tickets sold, not coin or bill insertions.
WMATA-P refers to proretrofit equipment. WMATA-A and B refer to retrofits A and B, respectively.

Subsystem not retrofit,

TABLE 2 Summary of Vendor Reliability Based on Data from Transit System Records

Machine Reliability (MTF)

Major Subsystem Reliability (MTF) (excluding

vandalism, patron-induced, and NDF)

Transit-Plus- Excluding Vandalism,
Transit All Technical Patron-Induced, Ticket Coin Bill Needlepoint
System Failures Failures and NDF Transport Acceptor Validator Printer
ICG 92 103 118 439 ND ND NA
PATCO 310° 310° 311 637° 8,681% 2,736% NA
T&W 3,284 6,908° 6,908 14,227° ND NA ND
SSB 3,311 4,573 6,203 NA ND NA 32,497

Note: ND = no data; NA = not applicable; MTF = mean transactions per failure;

iVandalism and patron-induced not cited in PATCO failure data.

T&W data did not ¢ite patron-induced or NDF,

NDF = no defect found.
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TABLE 3 Summary of Gate Reliability Based on In-Service Data

Machine Reliability

Major Subsystem Reliability (MTF)

(all failures)
MTF (transit-
Transit No. of MTF (all plus-technical MTF (hard MTBEF (all Ticket Coin Transfer
System Gates failures) failures) failures only) failures) (hr) Transport Acceptor Dispenser
MBTA 30 1,558 ND 46,740 10.2 NA 2,032 NA
PATH 31 1,989 3,519 137,239 5.0 NA 4,300 NA
CTA 14 904 2,862 8,586 8.6 NA 6,263 546
ICG 28 4,570 6,680 86,842/0 20.5 5,108 NA NA
BART (all) 27 1,136 ND 75,518 8.0 1,842 NA NA
BART (IBM) 18 1,969 ND 76,772/0 15.0 4,798 15,354* NA
BART (eubic) 14 790 ND 37,134 5.1 1;125 NA NA
WMATA-P® 24 502 ND ND 1.1 858 NA NA
WMATA-A" 18 712 ND ND 2.2 1,477 NA NA
WMATA-B? 7 2,220 ND ND 4.2 11,274 NA NA
MARTA 26 1,740 ND 12,015 6.1 5,340 3,266 2,874
T&W 16 10,299 10,299 20,597/0 91.1 10,299 NA NA
Note: ND = no data; NA = not applicable; MTF = mean transactions per failure; MTBF = mean time between failures.
:Rellahllity based on total entries, not coin insertions,
WMATA-P refers to preretrofit equipment. WMATA-A and B refer to retrofits A and B, respectively.
TABLE 4 Summary of Gate Reliability Based on Data from Transit System Records
Machine Reliability (MTF) Major Subsystem Reliability (MTF) (excluding
vandalism, patron«induced, and NDF)
Transit-Plus- Excluding Vandalism,

Transit All Technical Patron-Induced, Ticket Coin Transfer

System Failures Failures and NDF Transport Acceptor Dispenser Logic

PATH 12,672 12,6722 12,672% NA 30,446 NA ND

ICG 2,507 3,037 3,509 ND NA NA ND

PATCO 5,907 5,907° 5,907 15,096 NA 783 ND

MARTA 3,225 3,225 3,567° ND 24,225° 6,849° 21,742¢

Note: ND = no data; NA = not available; MTF = mean transactions per failure; NDF = no defect found.

2 PATH data did not include NDF,
by andali :
2 and p

Excluding administeative failures also.

transports, and bill wvalidators are also shown in
Table 1, based on all failures. Coin acceptor relia-
bility ranged from 844 MTF (WMATA preretrofit) to
the reliability of ICG coin acceptors, which did not
experience any failures during 3,698 transactions.
Ticket transport reliabilities ranged from 376 MTF
(WMATA preretrofit) to 7,062 MTF (T&W). Part of the
difference in performance between the ICG and PATCO
vendors and the SSB and T&W vendors is due to the
age of the equipment and the design of the ticket
delivery sgystem. The ICG and PATCO machines use a
ticket stacker system. T&W machines use a ticket un-
roller, and SSB vendors use a sprocket feeder. For
bill validators, reliabilities ranged from 321 MTF
(BART IBM) to 1,026 MTF (ICG). The extent of bill
checking that exists between the validators accounts
for some of the differences.

Vendor reliability based on data from transit
system records is summarized in Table 2., Reliabili-
ties based on all failures ranged from a low of 92
MTF (ICG) to 3,311 MTF for the SSB microprocessor-
controlled machines. When reliabilities were based
on transit-plus-technical failures, the reliabili-~
ties of the European vendors rose dramatically, in-
dicating the extent of the vandalism problems in
Newcastle and Stuttgart. When instances where fail-
ures were reported but no defects were found were
excluded from transit-plus-technical failures, the
ICG reliability rose to 118 MTF, that of PATCO to
311 MTF, and that of SSB to 6,203 MTF.

Vendor subsystem reliabilities based on data from
transit records are also shown in Table 2. These are
based on all failures less wvandalism, passenger-
induced, and NDF.

A review of failure distributions indicated that
jams make up the largest category of vendor failures

1 not cited in PATH, PATCO, and MARTA failure data.

based on in-service data. Bill jams were the largest
subcategory followed by farecard Jjams.

Gates

Reliability results based on in-service data are
given in Table 3. The gate reliabilities based on
all failures ranged from 502 MTF (WMATA preretrofit)
to 10,299 MTF (T&W). The wide range reflects in part
the differences in the design and complexity of the
equipment and in the number of functions performed.

Reliabilities based on transit-plus-technical
failures ranged from 2,862 MTF (CTA) to 10,299 MTF
(T&W) . For computable reliabilities based only on
hard failures, the range was 8,586 MTF (CTA) to
137,239 MTF (PATH). Three sets of gates did not ex-
perience hard failures during in-service surveys:
BART IBM, ICG, and T&W. The high PATH reliability
reflects the simplicity of the equipment; PATH gates
accept only nickels, dimes, and quarters in separate
slots.

Major subsystem reliabilities are also presented
in Table 3 based on all in-service failures. Ticket
transport reliabilities ranged from 858 MTF (WMATA

preretrofit) to 11,274 MTF (WMATA retrofit B). For
other gate subsystems, reliabilities ranged from
2,032 MTF to 15,354 MTF (coin acceptors) and from

546 MTF to 2,874 MTF (transfer dispensers).

Gate reliability results based on data from tran-
sit system records are summarized in Table 4. Reli-
ability based on all failures for ICG gates was
2,507 MTF. For PATH, reliability based on all fail-
ures was 12,672 MTF. For MARTA and PATCO, the fig-
ures were 3,225 MTF and 5,907 MTF, respectively.

When transit-plus-technical failures were used,
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the ICG reliability increased to 3,037 MTF. When
NDFs were also excluded, ICG reliability increased
to 3,509 MTF. MARTA gate reliabilities increased to

were excluded. (The MARTA data allowed for the ex-
clusion of administrative failures.)

Table 4 also presents gate subsystem reliabili-
ties based on data from transit system records. The
reliabilities, with the exception of PATCO transfer
dispensers, are relatively high. However, in the
case of coin acceptors, this is true although the
overwhelming majority of jams are not included be-
cause they are cleared by agents. For gates, as
might be expected, the majority of failures were
jams due to the medium inserted.

SUMMARY OBSERVATIONS ON VENDOR AND GATE PERFORMANCE

Based on the results from the performance assess-
ments, the following observations can be made on the
performance of the equipment.

Vendors
Observations on vendor performance are as follows:

1. The microprocessor-controlled European ven-
dors performed significantly better than their Amer-
ican counterparts based on both in-service data and
data from transit system records. A smaller ticket,
the method of ticket delivery, and the absence of
bill validators in the European machines appear to
have had an impact.

2. Based on in-service data, ticket transports
of the American vendors tend to be 1less reliable
than coin acceptors and slightly more reliable than
bill validators.

3. Based on in-service data, bill jams made up a
slightly larger percentage of vendor failures than
coin and farecard jams. However, other ticket trans-
port fallures accounted for the lower reliability of
ticket transports compared with coin acceptors.

4, Based on the data from transit system rec-
ords, transports of the BAmerican vendors are less
reliable than both coin acceptors and bill valida-
tors. This is substantiated by the high percentage
of ticket issuer failures for the ICG and PATCO ven-
dors.

5. Vendor avallability results were consistent
with reliability results and maintenance policy.
Where agents and technicians were in stations and
few complex failures occurred, availabilities were
relatively high (e.g., T&W, SSB, WMATA retrofit B).
Where one or both of the asitnations were not true,
availabilities suffered accordingly (e.g., ICG,
WMATA preretrofit).

6. Vendor maintalnability results, although data
were limited, were consistent with the statements
made in item 5. Both PATCO and ICG maintainability
figures reflected large response times due to area
coverage requirements by techniclans (i.e., a tech-
nician has responsibility for equipment at more than
one station).

Gates
Observations on gate performance are as follows:

1. Based on in-service data, the microprocessor-
controlled T&W gates performed significantly better

than the other gates and turnstiles, including less
complex gates such as those at MBTA and CTA.
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2. Based on in-gservice data, farecard- or
ticket-accepting gates performed slightly better
overall than coin-~ or token-accepting gates because
thaore wae laga dammina in the latter.

3. For each transit system, based on both in-
gservice data and data from transit system records,
the largest category of gate failures was jams from
the medium inserted.

4. Similar to the situation for wvendors, gate
availabilities reflected maintenance policy and in-
cidence and severity of failures. Gate availabili-
ties were generally higher than those for vendors
because gates are, in general, less complex machines.

5. Gate maintainability measures were consistent
with the factors presented in item 4.

PERFORMANCE RESULTS VERSUS SPECIFICATIONS

Of the eight American rapid ra2il traneit svstems
surveyed, all have performance specifications for
AFC equipment. Among these eight systems, perfor-
mance specifications for AFC equipment vary because
of differences in failure definitions and charge-
ability of failures as well as in equipment design,
function, and complexity. For example, the PATCO
specification for farecard-accepting gates delivered
in 1975-1976 called for a reliability of 160,000
mean operations between fallures (MOBF). A failure
was defined as an event in which an element of the
system failed to perform the function intended by
the design and thereby caused the unit in which it
occurred to fail to meet specifications (this did
not include jams caused by external conditions). In
order to be chargeable, such a fallure had te be
reproducible and witnessed by a maintenance tech-
nician.

In comparison, BART reliability specifications
for its farecard-accepting gates were based on three
measures: 7,500 mean cycles between ticket fjams
(MCBTJ), 2,500 mean cycles between soft failures
(MCBSF), and 15,000 mean cycles between hard fail-
ures (MCBHF). A soft failure was defined as any in-
stance, including a ticket jam, in which the AFC
equipment did not complete the transaction initiated
and the equipment was returned to normal service
without replacement, repair, or adjustment of any
part. A hard failure was defined as any incident
that rendered the AFC equipment inoperative or that
required adjustment, repair, or part replacement to
restore the equipment to normal service.

Other differences in definition and chargeability
exist. The MARTA specification for entry gate reli-
ability was 34,000 mean cycles between failures
(MCBF) . WMATA set its rellability specification for
gates at 720 hr MTBF, Under the MARTA specification,
only independent failures were chargeable. A failure
was independent when it was not caused by malfunc-—
tion of other equipment, component abuse, incorrect
maintenance procedures, or errors, Errors included
intermittent failures and ticket, bill, and coin
jams. Under the WMATA specification, an eguipment
failure occurred when any one or a multiple of ma-
chine function modules within the eguipment ceased
to function and required repairs by a trained main-
tenance technician.

The two newest rapid rail systems in the United
States--BMTA and MDTA--have also issued reliability
specifications. Each uses the concepts of relevant
and nonrelevant failures. The BMTA specification de-
fines relevant failures as all failures that can be
expected to occur in revenue service operations. A
nonrelevant failure is caused by a condition ex-
ternal to the eguipment and not expected to be en-
countered in field revenue service. MDTA has similar
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TABLE 5 Comparison of Vendor Reliability Assessment Results
and Specifications

Performance Results (in-service data)

Transit MTF (all MTF (hard
System Specification failures) failures only) MTBF?
BART 3,500 MCBTJ 3.75
200 MCBSF 14]
2,500 MCBHF 1,401
WMATAP 920 MTBF? 265 6,891 2:19
Note: MTF = mean transactions per failute; MTBF = mean time between failures;

MCHBTS = mean cycles between ticket jamu; MCBSFE = mean cycles between soft failures;
MCBHF = mean cycles between hard fallures.

AMTBF in hours.
Retrofit B.

definitions. The reliability specification for BMTA
gates is 70,000 MCBF; for MDTA gates, the reliability
specification is 65,000 MCBF. Both specifications
are based on relevant failures.

Comparisons were made between the performance re-
sults and specifications for vendors and gates,
(Comparisons were difficult because of the differ-
ences 1in performance measures used and failures
deemed chargeable.) The results for vendors of those
systems for which specifications existed (BART and
WMATA) are summarized in Table 5. It is important to
note that the vendors are quite similar in design
and in the functions they provide. For BART, the
survey overall machine reliability result of 141 MTF
approximates the MCBSF specification of 200. How-
ever, 17 percent of the BART failures were ticket
jams. This results in a (derived) MCBTJ of 824 (not
shown in the table), well below the specification of
3,500 MCBTJ. In addition, the survey result of 1,401
MTF based on hard failures is below the 2,500 MCBHF,
which is based on a similar but more stringent hard-
failure definition. (The specification definition
includes all adjustment, repair, and replacement ac-
tions.)

For the WMATA specification, the 2.79 MTBF from
the in-service survey pales in comparison with the
specification MTBF of 920. (Only retrofit B is shown
in the tables because it represented the best WMATA
results.) This agreat difference is due in part to
the many exceptions to the definition of a charge-
able failure in the WMATA specifications, For ex-
ample, not included as failures in the computation
of the WMATA specification are damage due to vandal-
ism, preventive maintenance operations and repair,
malfunctions not related to component failure, and/
or those malfunctions that can be cleared by author-
ized personnel. The last exception covers quite a
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number of in-service situations that, for other sys-
tems, are chargeable faillures and that were used in
the generation of MTBF measures from survey data.

In Table 6 gate reliability results and specifi-
cations are summarized and compared. For BART gates,
similar to the situation for vendors, the MTF based
on all in-service failures is less than the MCBSF
specification. However, in contrast to the situation
for vendors, the performance of the gates based only
on hard failures is five times the MCBHF specifica-
tion of 15,000. (Recall that the specification defi-
nition is more stringent.) For WMATA, the situation
for gates parallels that of vendors: an MTBF speci-
fication that 1s much greater than that measure
based on survey data.

The MARTA specification of 34,000 MCBF is much
greater than the reliability of 12,014 MTF based on
hard fallures. This difference is due in part to the
extent of failures excluded from the MARTA failure
definition (e.g., those failures associated with
equipment that senses fare media or generates,
stores, transfers, reads, or writes digital data).

The CTA specification is close to the survey re-
sults based on hard failures. The CTA failure defi-
nition is simple and without a list of exceptions.
It defines a malfunction as any failure to operate
in a normal manner or allow passage because of in-
operative mechanical or electrical components. Under
this definition, jams due to media are not consid-
ered chargeable. This accounts for the large dif-
ference between the specification and the reliabil-
ity based on all failures of 902 MTF.

SUMMARY AND RECOMMENDATIONS

As described earlier, there is currently a clear
lack of standardization in transit fare collection
equipment performance measurement and specification.
In this paper the performance measurement problem
has been addressed by presenting uniform performance
assessment methods and procedures.

A review of the performance results in Tables 1-4
reveals an absence of complete data. This situation
indicates a need for more data to be collected and
analyzed. However, before more data are collected,
standardization criteria should be established. The
difficulty in comparing performance results with
equipment specifications underscores this need for
uniformity in terms, concepts, and performance meth-
ods and procedures.

Much has been done under the UMTA RTFC Project to
address these problems. A preliminary assessment
method was developed and refined through its appli-
cation to 11 AFC systems as well as through industry

TABLE 6 Comparison of Gate Reliability Assessment Results and Specifications

Performance Results

In-Service Data

Transit System

Transit MTF (all MTF (hard Data (all
System Specification failures) failures only) MTBF? failures)
PATCO 160,000 MOBF 5,907
BART 7,500 MCBTJ 8.0
2,500 MCBSF 1,136
15,000 MCBHF 75,518
WMATAP 720 MTBF? 2,220 ND 4.2
MARTA 34,000 MCBF 1,740 12,014 6.1 3,225
CTA 10,000 MCBF 902 8,586 8.6
Note: ND = no data; MTF = mean transactions per failure; MTBF = mean time between failures: MOBF = mean
ti between fail MCBT) = mean cycles between ticket jams: MCBSF = mean eycles between soft

rnrltutua: MCBHF = mean eycles between hard fallurés; MCBF = mean cycles between failures.

BMTBE in hours.
Rutrofit B.
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input into the development process. It is believed
that implementation of the following recommendations
would represent a final step in the process of de-
velopiny and appiyiing unifcrm porformance aaccessment
methods for AFC equipment. It is recommended

1. That transit systems use the set of uniform
definitions, classifications, performance measures,
causal factors, chargeability criteria, and assess-
ment methods and procedures for AFC equipment de-
talled in this paper;

2. That transit systems schedule performance
surveys on a regular basis, using data from both in-
service surveys and from internal records;

3. That performance results and fallure distri-
bution information be generated on a reqular basis
and made available to other propertles thiough a
system such as TRIP;

4. That surveys and statistical analysis tech-
nigques as presented in this paper be undertaken to
measure and compare the performance of retrofit and
nanratrafit eauipment:; and

5. That based on the established definitions and
an adeguate amount of performance data, equipment
specifications be set that reflect achievable and
uniform criteria as well as industry experience.
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An Examination of Transit Telephone Information Systems

WALTER J. DIEWALD

ABSTRACT

Some of the tindings are reported of an cx-
amination of transit passenger information
systems with particular emphasis on their
technology-related subsystems and of an in-
dependent survey of the U.S. transit systems
regarding telephone information systems cur-
rently in place. The first study examined
the telephone information systems at three
transit authorities, representing three cat-
egories: (a) a simple labor-intensive man-
ual telephone system (Nashville--Davidson
County Metropolitan Transit Authority), (b)
a computer-assisted manual system (Washing-
ton Metropolitan Area Transit Authority),
and (¢) an automated system (Hamburg, West
Germany) . Each of these systems is designed
to provide transit users with answers to
their inquiries regarding transit system
schedules, routes, and itineraries. A de-
scription of each of these systems as well
as other components of passenger information
systems is presented. The survey was carried
out as part of a corporate-sponsored effort
designed to provide new information about
the type of telephone information system in
place on transit authorities of wvarious
sizes in the United States. Information
about planned changes and improvements is
also provided.

In this paper some of the findings are reported of
an examination of transit passenger information sys-
tems with particular emphasis on their technology-

related subsystems and of an independent survey of
U.S. transit systems regarding the type of telephone
information system (TIS) currently in place. The
former was conducted as a part of the project en-
titled Assessment of Transit Technologies carried
out within the New Systems Alternatives Program for
UMTA; the latter was carried out as part of a corpo-
rate-sponsored effort.

PASSENGER INFORMATION SYSTEMS

Pagsenger information systems are generally part of
a broader transit marketing effort that includes
everything involved with making a transit system at-
tractive for the transit users in a region. Because
passenger information systems in general, and the
T1S in particular, are pagct of the overall transit
marketing effort, it is important to keep in mind
that although the information system performs an im-
portant service function, it is also an important
marketing activity. In recent years it has become
widely accepted that transit, like any other indus-
try, is in the business of selling a service to its
customers. The marketing activities of a transit
agency are aimed at tailoring services to potential
customers and meeting their transportation needs.
Serving the transit consumer is at the heart of the
transit business. Market research and planning stud-
ies are used to identify the various segments of the
market defined by travel characteristics and ability
to pay. The purpose of advertising is to inform the
public, to stimulate demand, and to change attitudes
toward the product advertised. Advertisina is used
to bring information about the system and its ser-—
vices to the public's attention.

Passenger information consists primarily of maps,
schedules, and signs. It is used to educate the po-
tential rider on the use of the transit system and
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to turn potential users into riders. It helps people
use the service by answering some basic questions
that they may have. Typical questions and the infor-
mation aids used to respond to them include the fol-
lowing (1):

Question Aid
What kind of service is of- Information on regular

fered? route service, spe-
cial service (dial-
a-ride, subscrip-
tion, charter,

contract, and so

forth)

Where does the system go? Maps

When can I use the system? Schedules

Where can I catch the bus? Shelters and bus stop
signs

How much are the fares? Fare schedules and
promotions

Schedules, maps,
signs, promotional
materials

How can I use it?

The passenger information system has two main
functions to perform. It provides general informa-
tion (e.g., types of transit service, how~to-use in-
formation) that tells the potential passenger how to
make a trip and where to get more specific informa-
tion (e.g., detailed routing, station and stop loca-
tions, schedules, fare information) and it provides
specific trip information so the passenger can find
his way through the system, as illustrated by the
following.

Figure 1 shows the major components and subcompo-
nents of a transit passenger information system and
which of the functions each component of the infor-
mation system performs. The darkened squares indi-
cate the type of information listed at the top of
the column that each component 1s capable of deliv-
ering. A newspaper ad, for example, can include
basic information about the transit system and the
service it offers or sell a particular service such
as express buses for baseball games. How-to-ride in-
formation may fit into the ad as well.

TELEPHONE INFORMATION SYSTEM

The TIS is most effective when used for delivering
specific information. It is usually used by passen-

25

gers who have a general idea of where the systenm
goes and how to use transit (a first-time rider
knowing nothing about the system calls to find out
if he can use it to reach his destination). Tele-
phone systems are the most complete single source of
detailed transit information.

Useful as it is, however, a telephone system can-
not stand alone as a passenger information system.
Because telephone information is not printed, it has
a short life. Unlike a timetable, it cannot be re-
ferred to again en route. The information it conveys
is extremely specific; normally it is used for only
one itinerary. Whenever the rider wants to change
his destination or his travel time he must make an-
other call.

The objectives and to a large extent the accom-
plishments of a TIS can be summarized as follows:

- Personalized service: The telephone system can
give the prospective rider all the exact infor-
mation needed to make a particular trip. An in-
formation agent can tell the caller where and
when to catch a bus or train, where to transfer
if necessary, and where to get off as well as
fare and other information.

- Convenience: The telephone provides a method
of giving out transit information when it is
convenient for the rider. Bvery other informa-

tion component requires the rider to obtain
some form of printed information from the
agency.

- Special information: The TIS is a good means
for the transit agency to disseminate informa-
tion about service interruptions, special ser-
vices, or new routes and schedules. MAccurate
information can be passed along to the passen-
gers in less time than it takes to print new
schedules and maps.

CATEGORIZATION OF TIS

The component parts of a TIS are determined by many
factors, including size and complexity of the tran-
sit system, marketing budget, and number of incoming
calls., Four broad categories have been chosen that
encompass all the functions of the information sys-
tems and the majority of eguipment currently in use.
These are manual systems, microfiche-assisted manual
systems, computer-assisted manual systems, and auto-
mated systems.

GENERAL INFO SPECIFIC INFO
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System map
Route map/timetable
Station orientation map
Timetables
Bus stop signs
Vehicle destination signs
On-board signs
Newspaper ads F"“'
Flyers/Brochures
How-to-ride booklets
Information displays

Orivers/Station attendants

Telephone Information

FIGURE 1 Functions of passenger information system components.
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Manual Systems

Manual systems are the least complex in terms of
technology and also the most common amuny WoLLh
Amerlcan transit systems. A manual TIS requires an
information agent for all communication with the
caller and for determining the response to the
caller based on some type of hard-copy data base.
The data base can consist of route maps, local
street maps, headway sheets, drivers' schedules,
timetables, notes and memos the agent uses as memory
aids, dally bulletins on service interruptions or
street closings, and other such information. The
data base also includes the information the agent
may have memorized over the course of his employment
with the transit authority. Memorized information
can be the most valuable, because it requires no re-
trieval time and thus results in the fastest call
handling. It is of course crucial that the informa-
tion memorized be up to date.

Microfiche-Agsisted Manual Systems

Microfiche systems operate in much the same way as
manual systems, with the exception of information
storage. Instead of paper copies of maps and sched-
ules, these data are microfilmed onto sheets, typi-
cally 4 x 6 in., (10.2 x i5.2 cm). The amount cof
space needed to store the route and schedule infor-
mation is reduced immensely. Sorting can also be im—
proved if some thought is given to the order of the
pages as they are microfilmed.

Microfiche, with an automatic retrieval reader,
may speed up the task of searching for information,
changing the task from one of flipping through pages
of schedules to keying in the route number on the
reader. Bulletins, notes, and changes would still be
kept on paper at each agent's station.

Computer-Assisted Manual Systems

Computer systems can give the information agent more
capabilities than a microfiche system, or they can
be used as a simple electronic data storage device.
If used to project route and schedule information,
computers have two advantages over microfiche.
First, information retrieval is faster, and second,
changes in the data base can be processed immedi-
ately, without need for refilming and printing mi-
crofiche for every agent station.

A computer-assisted system can also be designed
tn caleulate itineraries, transfers, and fares for
the caller, with appropriate inputs regarding ori-
gin, destination, and time of travel. The Automated
Information Directory System (AIDS) 1n use at the
Washington Metropolitan Area Transportation Author-
ity (WMATA) has this capability. For a complex tran-
sit system, the ability to calculate itineraries can
save an agent a significant amount of time in the
handling of difficult calls. Information agents at
WMATA, including the more highly skilled agents,
value the ability of the computer to calculate trips
based on a desired time of arrival, complex suburban
trips, and long-distance trips. OQuestions about
these trips are the most difficult ones to answer
because of the necessity of backing up through suc-
cessive timetables on different routes to determine
the correct departure time.

The heart of a computer-assisted manual system is
the computer. It can be time shared with other de-
partments of the transit authority or dedicated for
the use of the information section. The latter is
preferable, because it will be in use constantly as
the agents search and retrieve data and time-sharing
activities can delay the system retrieval time.
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Each agent should have a video display terminal
(VDT) along with a complete set of paper schedules
and maps. Because the fastest method of call han-
2ling hoz proven ke he a mix of memory and manual
and computerized information handling, it is impor-
tant that all the materials required for a manual
system be present for a computer-assisted system.

There may not be any money saved in training or
printing costs by switching to a computer-assisted
system, but 1t can be expected that the overall
call-handling rate and the consistency of responses
of the information center will improve.

Automated Systems

Because they are the most technologically sophisti-
cated of the four categories, automated systems are
somewhat difficult to describe. Nearly every auto-
mated system is unique, both in capabilities and in
hardware. Telerider systems are designed to answer
one particular kind of question (arrival time of the
next bus at a particular bus stop). Telerider uses a
unique telephone hookup: Instead of there being a
general information number and having all callers
answered by a central facility, each bus stop has an
individual telephone number. The Telerider data base
and voice synthesizer equipment provide the desired
response. The act of calling Telerider is also the
information reguest; the automatic response iz ini-
tiated by the telephone call.

The automated telephone information system in use
in Hamburg [Automatische Fahrplan Information (AFI)]
is a fully automated operation with a user-machine
dialogue utilizing synthetic volce generation. The
caller asks a question by dialing a preselected se-
quence of numbers. AFI selects the optimum route for
the caller from among the feasible connections be-
tween the origin and destination points and presents
it to the caller together with fare iInformation via
a speech synthesizer.

ASSESSMENTS OF THREE REPRESENTATIVE SYSTEMS

Assessments of three representative TISs are summa-
rized that range in technical complexity from labor-
intensive manual systems to fully automated comput-—
erized systems. The manual system examined was that
at the Nashville--Davidson County Metropolitan Tran-
git Authority (MTA). The MTA, with approximately 115
buses in peak service, is a medium-sized system but
larger than 75 percent of all U.S. bus systems; if
systems of this size have a TIS, it is likely to be
2 manual one. The second system examined was AIDS,
in operation at WMATA in Washington, D.C. Conceived
as a demonstration program, AIDS has evolved into an
operating system that forms the basis of all WMATA
TIS operations. AIDS is a computerized data storage
and retrieval system that automatically provides
route, schedule, itinerary, and fare data to the in-
formation agents. The third system examined was the
AFI system in Hamburg; AFI is a fully automated,
computerized system with which a caller can carry
out an inquiry dialogue.

MTA Manual System

The Nashville--Davidson County MTA operates approxi-
mately 115 buses during the peak periods over 531
mile? (1,377 km?). The MTA telephone information
center operates from 6:00 a.m. to 7:00 p.m. Monday
through Friday and from 8:00 a.m. to 5:00 p.m. on
Saturday. The average number of calls per day is
1,400, the maximum about 4,500. An information agent
handles an average of 250 calls per day and a maxi-
mum of about 500 calls per day.
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The telephone information center is perceived as
a public service operation provided for customers
seeking any information about MTA service. Telephone
information agents respond to all calls, including
those that are not related to MTA business; informa-
tion on schedule or route changes during weather (or
other) emergencies is considered extremely important
{(call volume increases noticeably during such peri-
ods). The information center personnel believe that
transit users are dependent on them for system oper-
ations information, particularly for work trips.

No surveys have been conducted by MTA with regard
to the nature of telephone inquiries. It was indi-
cated that the center gets all kinds of calls; the
telephone information center number is highly pub-
licized as a general information number and callers
seek all types of information, including on occasion
time and temperature. The information agents are lo-
cated in a single office with six desks for the in-
formation agents and a partitioned space and desk
for the Director of Information; no additional
dividers or sound-deadening materials are used.

At the time of this study the system hardware
consisted of six call directors with a rotary system
(definitions of equipment hardware are given in a
later section). Seven incoming lines are used by the
information center; an eighth 1line, dedicated to
ridesharing information, is also manned by the in-
formation agents. An automatic answering device is
used when the phones are not being manned. There is
a TTY system (an electromechanical device that en-
ables a telephone to be used to communicate between
two typewriting devices) for the hearing impaired at
a specially designated number.

The system has been in operation since 1974 and
MTA reports that it has had no problems with the
equipment. While the study was in preparation, MTA
purchased an automatic call distributer (ACD) system
that can serve up to 8 lines and 8 agent positions
and is expandable to 32 lines and 32 positions.

The MTA information agents respond to inquiries
from memory or through the use of printed schedules,
route maps, and route descriptions that they keep at
their desks, The caller is generally asked to pro-
vide information regarding his location, his desti-
nation, and his arrival or departure time or both.
Once these inputs are established the agent can de-
termine the appropriate response and convey it to
the caller. In addition to providing immediate ver-
bal responses to caller questions, the information
agents take requests for route or schedule informa-
tion and mail it out; they also fill out inquiry
forms for the ridesharing program.

MTA estimates that the average time per call is
less than 2 min and that 60 percent of the calls are
1 min or less. An internal study of agent activities
revealed that there are few lost calls and that a
call is usuvally answered within three rings. No
lost-call information 1is available, although it
would be possible to request that it be collected by
the local phone company. The data collection period
would have to be from 8:00 a.m. to 4:30 p.m., the
hours of operation of the phone company.

Although MTA does not isolate all costs directly
related to the information center, it was possible
to estimate the cost of the system from the data
available. An internal report indicates that the an-
nual operation (service charge) cost of equipment is
approximately $6,200. Annual cost of agent salaries,
fringe benefits, and overhead is approximately
$132,000 for a total of $138,200. Based on the
weekly call records the annual number of calls an-
swered is between 300,000 and 400,000, The cost per
call therefore ranges between $0.30 and $0.37.
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WMATA AIDS Computer-Enhanced System

AIDS, used by WMATA in Washington, D.C., is one of
the most sophisticated transit telephone information
systems in North America and has been the subject of
an extensive development program. AIDS is a comput—
erized data storage and retrieval system that allows
information agents to provide detailed routing and
schedule information for trips on the fifth-largest
multimode transit system in the United States.

WMATA operates some 1,767 buses over 775 bus
routes (143 bus lines). There are four rail lines at
present covering 42.4 miles (67.8 km). When it is
completed, the rail system will have five lines cov-
ering 101 miles (162 km). The transit ridership in
1981 was 182,532,237 passengers.

The objective of the WMATA telephone information
system is to provide a transit customer with per-
sonalized information about transit system service.
For customers who do not possess printed transit
schedules or maps, calling the transit telephone in-
formation service is a guick and convenient method
of learning how to make a particular trip via tran-
sit. Even customers who possess printed transit
schedules or maps often find it useful to call a
telephone inquiry service in order to interpret or
verify information. The AIDS project was sponsored
by UMTA as a demonstration effort to develop and
evaluate a usable and effective computer-aided tran-
sit information system that could be used throughout
the United States, particularly where companies op-
erate a complex transit network (2).

The information staff consists of 57 agents and 7
supervisors with one trainer and an AIDS coordina-
tor. There are at most 30 agents on duty at any par-
ticular time. The average call load per agent is 180
calls per day; the maximum is approximately 300
calls per day, although one agent logged a record
700 calls during a blizzard (this was before AIDS).
On that day there were a great many short calls in-
quiring about a change in the transit schedules for
workers going home early or ingquiring whether fed-
eral employees would be released early. Such calls
are common during bad weather. It is assumed that
because there are so many workers with one employer
(the federal government), the transit system will be
forewarned when the commuting pattern is changed,
which does not occur at this time.

WMATA's Stromberg-Carlson ACD is equipped with a
peqg counter that counts the number of calls received
and the number of calls answered. The difference be-
tween these two indicates the number of calls lost.
The counter is read hourly, and although it can be
reset, this is not done. The counter will reset it-
self to 000 after 999 calls have been counted. It
will also count the number of calls handled at each
agent position. The counting of calls is by work
station rather than by agent identification. No re-
ports are available on average caller waiting time,
average call length, or trunk condition.

The AIDS system uses Hazeltine 1510 VDTs and two
identical Hewlett-Packard HP-3000 Series II comput-
ers, installed in 1978, and it is in the process of
being expanded with an HP-3000 Series IIT computer.
The two Series II computers are being upgraded to
Series III models as well. The computers are dedi-
cated to the information system during the hours it
is in operation; in the off hours they are used for
related activities, including generation of bus-stop
files, landmark files, and lists of routes for cost
allocation. These data are readily available through
the AIDS data base and can be used for planning and
scheduling.

The applications program for the AIDS system was
custom written for the system. It includes data base
search, retrieval, and handling. The computer does
not store the entire data base in internal memory
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during operation. Data called up most recently stay
in internal random-access memory, and periodically
they are all copied onto a disk. Data used most
often tend wo stay in internal memnrv. which pro-
vides shorter response times. The programs will cal-
culate itineraries based on shortest travel time,
shortest wait time, or shortest walking distance as
requested by the caller.

AIDS uses a geographic data base constructed by
overlaying a grid of squares 25 ft (7.6 m) on a side
on the Washington region; 13,000 bus stops, 700
routes, 26,000 streets, 40,000 intersections, and
other landmarks are located by coordinates on the
grid.

The AIDS system provides agents with a prompting
method of data entry. The system displays on the VDT
a series of statements and blanks Lo bLe £illed in by
the agent. When all entries have been completed, the
gystem evaluates the entries to determine the type
of gGuery and sclection ranking. Tt then performs the
calculations and displays a reply.

At any point during the entry and processing of a
query, the agent may correct or alter any entry al-
ready made. The AIDS system recognizes erroneous en-
tries and displays a prompting message so the agent
can reenter the data. Once the entry has been made
properly, the system continues handling the transac-
tion normally.

Infcrmation agents at WMATA are given a 5-week
training course in the transit and teiephone infor-
mation system before they are put to work full time.
The training manual used by WMATA emphasizes the
sales aspects of the job. Information agents are
trained to think of themselves as WMATA's first
sales contact with the customer. As a result, the
attitude and courtesy of the agents is considered
very important.

System familiarization is made up of two parts:
learning the routes and schedules from maps and
headway sheets and learning the routes and route
surroundings from riding trains and buses, Trainees
are encouraged to take their area maps with them
while riding the system and to mark down the route
as they travel, writing in landmarks and other aids
for future calls. Altogether, system familiarization
takes up more than half of the time spent on train-
ing.

Operating costs for the AIDS system are estimated
at approximately $1,743,950 annually, and the total
capital cost of the AIDS system was approximately
41,258,000, Daily call counts are approximately
6,000 calls, averaged over a week, resulting in an
annual total of 2,190,000 calls. The operating cost
per call, therefore, is on the order of $0.72. 1If
the AIDS development costs were amortized over a 10-
year period, this would add $0.06 to each call for a
total of $0.78 per call.

The implementation of AIDS, as stated earlier,
was originally a demonstration of new technology
rather than the application of existing technology.
UMTA's goal was to determine whether a computer sys-
tem could be developed that would provide for auto-
mation of the telephone information function and to
determine the cost of such a system. AIDS must be
evaluated as being a first-of-a~kind application. In
comparing the results of the AIDS system with the
system goals and the expected benefits, it appears
that UMTA's goal of demonstrating computer technol-
ogy for a TIS has been met satisfactorily. The sys-
tem is workable, useful, and, after the initial de-
bugging period, has not required an inordinate
amount of maintenance and repair. As a result of the
AIDS demonstration, information has been obtained
that will prove useful in reducing errors and avoid-
ing unnecessary costs in other deployments.

An AIDS evaluation study (3) indicated that bhe-
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fore AIDS, 72 percent of the calls lasted 2 min or
less; after installation 72.5 percent of calls were
of this same duration. The percentage of calls 3 min
or less was 86.5 percent and 87 percent before and
after, respectively. There is some 1naication vi a
reduction in call length since AIDS was implemented.
It was expected that the longest calls would be most
affected because they involve more complex calcula-
tions. The computer should speed up these calls, so
there would be fewer calls on the long end of the
spectrum.

WMATA does not have the ACD equipment and soft-
ware necessary to monitor and compare a single
agent's performance while uging AIDS and while rely-
ing on manual techniques. Should they acquire such
equipment in the future, it would be useful to moni-
tor the system in a controlled experiment to get a
better idea of productivity changes.

The information agents indicate that AIDS pro-
vides reliable information while making a greater
quantity of information availabie for callers. Tt is
also reasonable to assume that when the agents use
AIDS, they will be drawing from a consistent data
base and, particularly for complex inquiries, the
agent response will be consistent throughout the
section for the same inquiry. The penalty attached
to a longer call that provides improved quality and
quantity of information is considered acceptable.

The expected benefit of reducing the amount of
time needed for agent training has nct come ahont.
The agent training course now is as long as it was
before AIDS implementation. However, with AIDS, once
training has been completed, the agent achieves an
acceptable level of productivity more quickly.

The computer system does not collect information
on agent performance., It can keep track of the
length of time required to key in a gquery, the data
retrieval time, and the length of time before an~
other query is input, but these numbers may have
little to do with how long it takes an agent to an-
swer a caller. The AIDS system is not connected with
the ACD in any way and does not colleot data on how
long the telephone is in use for each call. Agent
performance data can be collected with a state~of-
the-art ACD or private automatic branch exchange
(PABX) , and although WMATA does not have this kind
of equipment at present, it is in the process of
purchasing a computer-based ACD.

WMATA has also considered installing remote ter-
minals connected to the AIDS computer so that pas-
senger information can be accessed without a tele-
phone. Likely places for such an installation are
the two metropolitan airports, large shopping cen-
ters, hotels, and so forth. Hardware procurement was
being planned in lake 1982, WMATA is actively pur-
suing other spin-off applications of the AIDS system
and its data base, including market and planning re-
search, graphics, and bus-stop information. Consid-
eration is also being given to the integration of
AIDS with interactive cable television and informa-
tion systems.

Hamburg AFI Automated System

The automated TIS in Hamburg was examined to present
a description and assessment of a system that oper-
ates in a large multimodal transit system and pro-
vides 24-hr access to full, spoken schedule informa-
tion. The Hamburg AFI system is a highly complex
passenger information system that is fully automated
and capable of user-machine dialegue using synthetic
voice generation. AFT has no human information
agents.

The conventional central TIS has been in opera-
tion since 1980, It is completely manual and concen-
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trates previously decentralized functions under one
published telephone number at the Hamburg Transit
Association. Total staff for the manual TIS is five.
The service operates on weekdays from 7:00 a.m. to
10:00 p.m. In the absence of the automated TIS, ap-
proximately 500 to 600 calls per weekday are ser-—
viced by the manual system. Of these calls, about 60
percent are related to schedule information, about
28 percent to fares, and about 12 percent are clas-
sified as other.

From June 1979 until May 1981, AFI was operated
as a demonstration and test system in Hamburg, Dur—
ing the demonstration, periodic changes were made to
hardware and software, and accompanying studies were
performed. In these studies user surveys were con-
ducted to measure acceptance, c¢ost-effectiveness,

and influence on user behavior.
At the completion of the demonstration, work was

continued on development of final modifications to
the hardware, software, and operation of the system.
This work is nearing completion. The implementation
of such a system with full access for the total ser-
vice population is being planned. Hamburg is inter-—
ested in having the first fully implemented AFI sys-
tem; other cities and regions are also interested in
acquiring such a system.

The AFI automated TIS as demonstrated in Hamburg
consists of three main parts:

1. A central processor unit (CPU), which stores
all schedule data and computes the best connection
based on trip request inputs;

2. Five automated auxiliary machines, which pro-
vide hard-copy printouts of the trip information
after user input of destination code numbers; and

3. The telephone interface system, which in-
cludes the speech~generation component.

The caller communicates with the system via either
the keyboard on the automated auxiliary machines or
a telephone at home or any public telephone in the
local call area.

A PDP 11560-CD from Digital Egquipment Corporation
(DEC) was used as the CPU, This unit has a 1l6-bit
processor and a 128K memory capacity. For the speech
output, nine CAMAC telephone interface modules were
used, one for each line, Each module had one tele-
phone connection dedicated to one output. The output
from the CAMAC telephone interface module is routed
through the appropriate channel of the multiple call
director to the correct outgoing telephone line.

The system software is programmed in FORTRAN IV.
The main part of the program is the route search
routine, which is designed to select the optimum
route for the caller from a large number of possible
connections between the origin and destination
points. The trip recommendation is determined in
four steps:

1. Search for feasible connections,

2. Preliminary evaluations of connections,
3. Determination of trip data, and

4. PEvaluation and selection.

Feasible connections between origin and destina-
tion are searched and calculated by using a stepwise
approach. In the first step connections with a mini-
mum number of transfers are calculated. The second
step establishes connections with one additional
transfer required, If a second step connection is
not feasible, the third step is initiated and con-
nections with more transfers are searched.

Once a set of feasible connections has been es-
tablished, a preliminary evaluation is performed.
This is done to reduce computer time, because both
accessing schedule data and evaluating connections
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are time consuming. In the preliminary evaluation,
the connections are evaluated by using factors that
are available without disk access. These factors in-
clude average ride time between stations or stops
and average transfer times. The preselection routine
results in a rank ordering of connections.

Operation of the system via telephone requires
the user to first look up the code numbers for his
origin and destination station or stop in an address
directory, which includes simple instructions for
system use. After making telephone connection with
the system, the user starts his dialogue, during
which the system takes the speaking part and the
user responds by dialing code numbers on his tele-
phone.

The dialogue sequence starts when the machine re-
quests the required inputs from the user. The caller
then dials the code numbers for departure station,
destination station, the weekday, the desired time,
and a number for designating the desired time as de~
parture or arrival time. Special note pads are pro-
vided to assist the caller. If the caller makes an
input error, dialing 99 allows him to start the se-
quence again from the beginning without losing the
connection. The number of digits to be dialed is 14
plus the telephone number to access the system.

The Hamburg automated TIS application was a test
and demonstration program. Therefore, a system with
only limited capacity was installed. To avoid over-
loading the system, the distribution of directories
and the number of automatic auxiliary machines in-
stalled was limited. Several surveys and accompany-
ing studies have been performed during the more than
2 years of system operation to measure system per-
formance and acceptance by the user.

At system startup, directories enabling callers
to use the system were distributed to 1,500 house-
holds that statistically represented the service
area. After the system software and hardware were
performing well, an additional 8,000 directories
were distributed to interested persons.

After the issuance of both the first and the sec-
ond set of directories, user frequency was high.
However, after some initial fluctuations in demand,
the user frequency stabilized. The average demand on
the system was about 1,000 calls per day and 100
calls per peak hour. An extrapolation of the experi-
enced~user frequency from the test households to the
750,000 households in Hamburg was performed, It was
projected that if the system were made accessible to
all households in Hamburg, approximately 10,000 to
12,000 calls per day would be made. The peak-hour
frequency would be approximately 1,000 calls per
hour.

It takes approximately 3 min to obtain a trip
recommendation over the telephone. Many users became
adept with the system and needed only 2 min or less.
Lost calls were not a problem. According to German
communications regulations, all telephone systems
must be sized so that no more than 3 percent of in-
coming calls encounter a busy line.

Data on the system availability during the dem~-
onstration period were not made available. The sys-
tem was maintained by the supplier (Dornier). Based
on the demonstration experience, the operator ex-
pects an availability of 99 percent when the final
expanded system is installed. This expanded system
will have 80 incoming lines to £ill the demand as
outlined previously.

Cost estimates for the planned expanded system
with 80 incoming telephone lines and sufficient ca-
pacity for 10,000 to 12,000 calls per day have been
made by the operator in cooperation with the sup-~
pliers. It is estimated that the capital costs will
be 85 million. The annual costs, including operation
and maintenance, are estimated to be $1.8 to $1.0
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million and approximately $1 million for annualized
capital costs.

A potential 1limitation in some applications in
Cormany ie the 1amk nf accessibility with some tele-
phone systems from outside the local call area. In
Hamburg, the system could only be accessed by local
calls. Long-distance call use was not possible.
Touch-tone telephone systems provide unlimited ac-
cess. Special technical provisions by telephone com-
pany authorities are needed for non-touch-tone tele-
phone users to allow code number input to such an
information system.

Three surveys were performed during the operation
of the system. In the first 4 weeks after system op-
eration started, 26 percent of the subjects used the
system an average of eight times each., This user
freguency stabilized at 10 percent of the test popu-
lation using the system an average of 1.4 times per
week per subject.

Survevs indicated that more than three-quarters
of those calling the system also made a trip. One-
third of the test population made transit trips for
which private automobiles would have otherwise been
used. Normalizing the statistical results shows that
0.053 transit trip per household per month 1is made
for which an additional fare needs to be paid. It
should be noted that in Germany use of passes or
multitrip tickets is much more common than in the
United States. Most of the trips resulting from use
of the information system were nonwork or occasional
trips, for example, 26 percent for visits, 21 per-
cent for shopping, and 17 percent to special enter-
tainment. This shows that such a system not only can
attract riders but also increases revenue. The high
proportion of occasional riders also increases tran-
sit use in the off-peak hours.

NEW TECHNOLOGY: TELERIDER TIS

Telerider is an automated schedule information sys-—
tem that enables a caller, by dialing a special
telephone number, to obtain information regarding
the scheduled arrival of buses (usually the next two
to arrive) at a particular stop as well as prepro-
grammed status information and public service
messages for the route or the transit system in gen-
eral. Each bus stop can be assigned its own tele-
phone number, and the computerized Telerider data
base and voice digitizer equipment provide the spe-
cific information desired within a short period of
time and without the cost or delays of human infor-
mation agents.

A call to Telerider represents the information
request funclion; the system ic capahle of only one
response: the time of the next (one or two) bus ar-
rival or arrivale at that gtop. The caller selects a
particular bus stop by the number that he dials; he
cannot provide any other information or make other
inquiries. The response information is stored in the
Telerider computer and the call into the system ini-
tiates the automatic response.

An advantage of the Telerider system is that once
implemented, it can provide responses quickly, effi-
ciently, and reliably without using information
agents and without busy signals. Schedule changes
can be accommodated almost immediately from output
from a computer program (RUCUS) or direct input into
the data base.

The system includes an automatic message-shorten-
ing capability that is activated when most of the
telephone trunk lines are busy. This provides an au-
tomatic capacity increase in the event of high de-
mand without the cost of adding more capacity; it
also provides more flexibility for system sizing. In
the rare event that all trunk lines are busy and ad-
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ditional calls come in, excess calls receive a busy
signal.

The Telerider computer (both DEC and IBM Series I
hardware have been used) has two basic data bases, a
STtop riie, and a scieduiée fiic. Mo incoming 2211 an-
tuates the stop file first (because each telephone
number identifies a unigue bus stop) and then a re-
quest is made to the schedule file for information.
Additional messages can be accommodated and any
voice can be used to present the message; the volce
used may be chosen on the basis of its information
clarity or its promotional value. Messages regarding
route status information, route or weather emergen-
cies, and route or fare changes are particularly
useful.

Telerider uses digitized speech because it is
considered to be simpler and of higher quality than
formant synthesized speech. Telerider modifles &%
isting off-the~shelf equipment to suit its purposes.

Test applications of Telerider systems in Ottawa,
Ontarlo, and Cclumbue, Ohio; have heen deemed suc-
cessful by the local transit agencies. Expansion to
full system coverage has been implemented in Ottawa
and has been initiated in Columbus. Other tests are
under way in a number of U.S. and Canadian citles.

7/

TIS SURVEY
There i35 little information available regarding the
state of the art of the transit TIS; in particulari,

little has been documented about the nature and
types of TISs currently in place throughout the
United States. Information about the TISs in 28
transit systems has been included in the Mitre TIS
workshop proceedings (4). However, the auther knows
of no update or additional information of this type.

In an attempt to expand on and update the Mitre
information, a one-page information request was pre-
pared and sent to 130 transit authorities in the
United States. The request form is shown in Figure
2. The information requested includes items that
were of most interest in the study described earlier
and that were most often mentioned by transit au-
thority representatives with whom the project was
discussed. Careful attention was given to preparing
a single-page request form; an introductory letter
and an addressed return envelope were also included.

The results of 73 returned information request
forms (5) are presented in the following in the same
order as the items on the information request form.
In some cases a composite result has been prepared;
in others, averages or ranges of values are given,
Where appropriate, the results are presented by cat-
egory; each category is defined by a range of number
of buses according to the following: small ({8},
less than 100 buses; medium (M), 100 to 250 buses;
medium-Ltarge (ML}, 255-500 buses; and large (1),
more than 500 buses.

Objective

The composite response to the first question is ex-
pressed as follows: The objective of the TIS is to
provide accurate and timely information on sched-
ules, routes, fares, and other services in a courte-
ous and efficient manner to customers and potential
customers.

Hours of Operation

The responses to this question are presented in
Table 1 in relation to the categories of systems
discussed previously. L systems have longer hours of
TIS operations, reflecting the longer hours of oper—

[ B i)
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With regard to your telephone information system (TIS) please provide the following
information. If it is helpful to attach additional sheets or forims which provide the
requested information, please feel [ree to do so.

1. What is the primary objective of your TIS?
2. TIS hours of operation: Weekdays ___ Weekend s
3. TIS information agent:

(a) Stalf positions _ (d) Salary range

(b) Staff positions filled (e) Supervisory positions
(c) Peak agent loading
4, What skill level do you require for entry level TIS agents? -

How long is your training program?
5. Where is the TIS located in your organization (marketing, operations, etc.)?
6. Number of incoming trunk lines for your TIS

Number of stations for TIS information agents
7+ TIS equipment in place and year of installation.
8. TIS equipment you would like to have.
s What changes/improvements would you make to your TIS?

Add work stations /1 Improve TIS agent relerence materials

-1
Improve call traffic data /] Improve TIS agent training programn  /_/

Install cornputer data base /]

10. Do you assume that a TIS inquiry generates YES /] NO /]
a transit fare, or a portion of one?
1f yes, what is the basis for your answer?
1f no, would an estimating procedure be helpful to you?
11, Please provide data on calls per hour and calls per day for an average or

typical day and week.

12, Is there any information you would like to have which you think would help you
to evaluate the service provided by your TIS? What is it?

FIGURE 2 Information request form.

ation of the transit system. Every responding system
has a TIS in operation between 8:00 a.m. and 5:00
p.m.

Information Agent Staffing Data

This information 1s summarized in Table 2, which
presents average sizes for the responding systems in
each category; the average number of staff posi-
tions; the average number of staff positions filled;
the average number of supervisory positions; and the
average salary range for information agents,

Qualifications for Information Agents

Although it 1s difficult to develop a consensus in
view of the range of qualifications reported, most
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transit agencies require someone with a high school
education or eguivalent, supplemented if possible by
clerical skills and communications skills. Agent
training ranges from 1 or 2 days to 6 months; in
most cases 3 to 4 weeks of training are given.
Larger transit systems have longer periods of train-
ing, This is reasonable because the requirements of
the job must be learned along with the transit
system. Because route structure complexity increases
with increasing system size, the job demands are
much greater for larger systems.

Location Within Transit Organization

All the L systems and most of the ML systems have
the TIS located in a marketing group or a customer
service group within a marketing section or depart-
ment. In M and S systems, the TIS is primarily lo-
cated in a marketing group or operations and admin-
istrative units. These differences appear to reflect
the 1increasing specialization and organizational
diversity of larger systems.

Number of Trunk Lines and Agent Stations

In Table 3 the information provided on trunk lines
and agent stations is summarized with respect to the
system sizes. Preliminary statistical analyses
yielded no useful information relating size to
either trunk lines or agent stations. (Further anal-
ysis was under way at the time of the preparation of
this paper.)

TIS Equipment in Place

Information provided on equipment in place is sum-
marized as follows:

No. of Items

by Category
Equipment S M ML L
Call distributor or standard phone 8 5
Call sequencer 5 2
PBX or PABX 2 2 2
ACD 6 9
Unidentified or miscellaneous 15 10 2 2

In order to fully explain these results, a number of
definitions of generic equipment types from the
study mentioned earlier (4) are presented in the
following.

Call Director

A call director gives every telephone receiver di-
rect access to all incoming trunk lines via keysets

TABLE 1 Number of Transit Systems and Hours of TIS Operation

HOUR

CATEGORY 1A 2A 3A 4A 5A 6A 7A B8A 9A 10A

LIA 12N 1P 2P 3P 4P 5P 6P 7P 8P 9P 10P [IP 12M

S I 4 10 20 23 23 23
M 2 2 2 2 3 12 19 19 19 19
ML I 6 6 6 6 6
L | | t2 3 9 11 12 12 12

23 23 2% 23 23 W] L v 4 2 1 1
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TABLE 2 TIS Information Agent Staffing Data

CATEGORY
S M ML L
Avg. Size of Respondents
{No. of Buses) 69.2 168.5 356.8 1,091.0
No. of TIS Positions 2.7 5.9 11.6 23.4
No. of Positions Filled 2.7 5.8 10.8 22.6
No. of Supervisors 0.7 1.2 1.4 2.8

Avg. Salary Range ($) 10,018-13,671

that include a hold button so that each receiver can
be used to put callers on hold. There is no priority
queuing on this system; calls are taken off hold at
random, with no relation to how long each caller has
been waiting. Agents select which call to answer and
how long to take before answering calls.

Call Sequencer

A call sequencer can be used with a call director or
with a PABX (see the following). All incoming trunks
connect to the call sequencer, which places incoming
calls in a holding queue and then signals all the
receivers which call is the oldest (first in line)
with a light that flashes faster than the others, Tt
is designed to be used with keysets, but because it
is an interface between trunks and receivers, it can
accommodate more trunks, and therefore more callers,
than a straight call director. Agents can select

9,126-12,145 11,410-15,980 15,139-19,541

which £all to answer and how long they will wait to
answer, but a signal indicates the oldest call in
line and agents are trained to answer that call
first. In addition, call sequencers are available

with additional features such as voice recordings
and music.

ACD

An ACD takes incoming calls and puts them on hold if
necessary. In this respect an ACD incorporates some
of the same features as the call sequencer, but it
differs in having a feature called call forcing. An
ACD will automatically route calls to available
agents instead of allowing agents to connect them-
selves to incoming calls by pushing a button. An
agent's receiver in an ACD system can be a single-
line set. Receivers do not have any access to trunks
unless routed by the ACD, which acts as a sequencer

TABLE 3 Number of Trunk Lines and Agent Stations Versus Size of Transit Authority

Incoming Agent Incoming Agent

Type of System No. of Buses Trunks Stations Type of System No. of Buses Trunks Stations
Small 54 2 3 Large 520 14 10
74 S 6 599 25 20
54 3 2 2,500 36 30
58 3 1 837 34 20
78 1 4 1,300 22 21
52 4 2 1,004 26 23
57 4 2 528 10 10
70 3 1 Medium-large 365 20 i0
44 4 2 33§ 36 9
&z 3 5 445 10 13
82 4 5 366 23 23
86 5 4 254 8 6
99 3 2 310 10 9
58 3 2 456 8 i
77 8 3 323 10 8
65 4 2 Medium 210 3 3
64 1 2 223 15 15
80 3 4 101 6 13
85 5 4 228 12 12
81 5 4 102 1 1
93 8 3 163 2 7
54 8 1 196 1 7
60 5 3 115 2 3
59 4 3 116 4 3
53 1 3 111 4 3
83 5 3 106 8 4
60 3 2 212 8 4
45 3 1 235 16 4
81 5 1 235 4 4
Large 997 35 23 220 3 4
554 21 13 217 7 9
1,069 39 19 102 4 5
1,202 16 16 118 6 4
557 11 il 100 8 3
1,059 23 15 2l 11 9

| 8 ]
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and an automatic switch. There are several ways to
route calls to agents; in most cases, calls enter
and leave in a first-in first-out (FIFO) pattern.
This ensures that all calls are served with an ap-
proximately equal wait, and none are lost by being
accidentally ignored. Other methods of routing are
first available agent, uniform c¢all distribution
(levels agent workload), longest available agent,
terminal hunting, and circular hunting. At peak
traffic periods, it is desirable to connect incoming
calls to information agents as rapidly as possible.
In this case, as soon as an agent becomes available,
another call should be routed to him. As a result,
the speediest and most efficient agents will end up
taking the most calls, thus increasing their work-
load.

PBX or PABX

A PBX or PABX is a user-owned internal telephone
switch. The PBX uses a switchboard with an operator
and is all but obsolete, having been replaced by the
PABX, which uses an automated switch. A PABX allows
all in-house phones to dial each other, to receive
incoming calls, and to dial outside. All calls to or
from the outside go through the PABX switch. Trunks
terminate in the PABX, which switches them among
users as required. The newest generation of PABX
equipment is computerized. Although the switch it-
self may be electromechanical, analog, or digital,
the computer control gives it much greater capabili-
ties. Among these are call forwarding, transfers,
conference calls, call parking, and so on. Hardware
is usually modular, with a set number of ports (for
trunks, receivers, and features like recordings and
music) that can be expanded two, four, or eight at a
time. Generally the electronics are rack mounted
with pull-out printed ecircuit boards (cards) that
determine the configuration of lines and trunks. An
ACD installation based on a computerized PABX, as
most of them are today, can easily be tailored to
meet individual transit authority requirements by
simply adding or removing specific features.

Centrex System

A Centrex system is owned and operated by the local
telephone company, which performs the same function
as a PABX. The only difference is that the switch is
located in the telephone company central office in-
stead of on user property.

Management Information System

The Management Information System (MIS), also known
as Station Message Detail Recording (SMDR), is a so-
phisticated form of traffic reporting and perfor-
mance measurement for the telephone systems de~
scribed above. MIS is one of the major features of a
computerized ACD or a PABX. In these systems, it is
software oriented. No additional hardware is neces-
sary; the only task is to write and integrate the
programs that will read the data generated by the
PABX and organize it into reports that are valuable
for the user. An MIS reports on agent performance
(number of calls routed to the agent, calls handled,
and average length of calls), traffic information
(calls offered, calls handled, calls overflowed,
calls abandoned, average waiting time, and average
talking time), and trunk use (calls handled, total
calls by line or by trunk group, call seconds of
use, number of busy signals, percent of times all
trunks are busy, and trunk condition).
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Equipment Desired

The results of the question about equipment desired
are summarized by category in Table 4.

Desired Changes and Improvements

The results of the question about desired changes
are summarized by category in Table 5.

Generation of Transit Fare

Does a TIS inquiry generate a transit fare and if
so, what is the basis for the affirmative response?
The responses to this gquestion are summarized in
Table 6. It is interesting to note that the number
of respondents who do not think that a TIS inquiry
generates a transit fare is largest in the L and S
systems.

TABLE 4 TIS Equipment Desired

Number of Respondents Indicating
Desire for Specific Equiptnent

Equipment Type 5 M ML L
Independent systern 1
Display board |
Autoinatic hold 1
Recorded messages 1 2
Computerized system 3 2 2 4
Automated system 2 3 1
MIS 2 5 1 3
Call sequencer 2 3 3
Furniture 1
ACD 1 I 4

TABLE 5 TIS Changes and Improvements Desired

Number (%) of Respondents
Reparting by Category

Changes/linprovements S M ML 1}
a. Add work stations 7 (14) 3(.08) 1 (.05) 3(.08)
b. Improve call traffic data 13 (.27) 11(.3) 3(.16) 10 (.25)
c. Install computer data base 10 (.2) 10 (.27) 7 (.37) 11(.28)
d. Improve TIS agent reference

materials 10 (.2) 7 (.19) 6 (.32) 9(.23)
e. Improve TIS agent training

program 9 (.27) 6 (.16) 201 7(.18)

TABLE 6 TIS Generation of Transit Fares

Number of Respondents
Reporting by Category

Response S M ML L
No 7 2 2 6
Yes: ridership increases in relation to call increases | 1 2 L
Yes: calls are about schedules 2
Yes: specific information request 6 5 | 2
Yes: correct information stimulates ridership 3 3 L
Yes: callers are transit dependent 1
Yes: callers are first-time users 3 3 1
Yes: blind faith/optimisin 2
Yes: passenger feedback/surveys 3 | I
Yes: no evidence 3 ] 3
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TABLE 7 Number of Calls per Time Period Versus Size of Transit Authority

No. of Calls Calls Calls No. of Calls Calls Calls
Toptsigssien Rucac ner Hour ver Day per Week Type of System Buses per Hour per Day per Week
Small 54 25 225 NA Large 599 410 3,875 NA

74 43 346 NA 2,500 NA 7,000 NA
54 20 NA NA 837 NA 4,700 NA
58 35 250 NA 1,300 NA NA 33,903
78 20 270 NA 1,004 3175 5,000 25,000
52 20 200 NA Medium-large 365 164 2,460 17,220
57 NA 150 NA 335 68.25 1,092 NA
70 38 304 NA 445 200 2,500 NA
44 NA 170 850 366 NA 3,000 NA
56 21 175 NA 254 NA 1,000 NA
82 NA 385 NA 310 123 1,234 NA
96 NA 140 NA 456 165 2,729 19,101
99 38 400 NA 323 NA 2,000 10,000
58 21 172 NA Medium 210 NA 510 NA
65 NA 300 NA 232 167 2,500 NA
64 NA §75 NA 101 28.6 258 N
80 NA 450 NA 228 50 2,000 NA
85 65 621 4,346 102 20 170 NA
81 NA 300 NN 163 NA 800 NA
93 115 700 NA 196 58 700 NA
54 50 413 NA 115 8 65 NA
83 NA 670 3,360 116 NA 800 NA
60 30 250 NA 106 67 845 NA
45 40 500 NA 212 NA NA 5,000
Large 997 NA NA NA 235 NA 550 NA
554 NA 2,505 NA 220 63 991 NA
1,069 340 6,000 37,000 217 NA 2,500 NA
1,202 309 3,708 16,173 102 60 800 NA
557 NA 1,120 NA 118 36 394 NA
1,059 178 2.530 17,807 211 75 600 NA
520 240 3,000 16,500

Number of Calls

Data on number of calls per hour and per day are
summarized in Table 7.

Evaluation

Information that would be helpful in evaluating the
service provided by the TIS is summarized as follows:

No. of Respon-
dents Report-

ing by Category

Response § M ML L
MIS 5 4 2 2
TIS source information 1 1

TIS state-of-the-art information i 3
Accuracy of outgoing information p ¢ 1
Evaluation of public perception

of service 1 1 1

SUMMARY COMMENTS

The majority of TISs in use are manual systems. Few
transit systems are of the size and complexity to
require a more sophisticated information data base
than paper schedules and route maps. It has been
suggested by some transit agencies that improved
filing of these materials helped their information
agents increase their speed and that the main bene-
fit of using microfiche was that it forced attention
toward filing and information retrieval.

Communications technology, on the other hand, has
changed so radically in recent years that there may
be opportunities for all but the smallest transit
authorities to make improvements. The cutoff at
which a PABX or computerized ACD becomes economi-
cally feasible is not certain, but estimates indi-
cate that it is somewhere between 10 and 25 informa-
tion agents., Additional analysis needs to be carried
out to determine equipment requirements.

The three TISs that were examined in detail--the

MTA manual system, the WMATA AIDS, and the Hamburg
AFI system--represent the range of technical com-
plexity of these systems and also point out the lack
of data and information available about these sys-
tems. Much more information is needed about the per-
formance characteristics of the various TIS compo-
nents and how various components can be efficiently
combined to provide a transit authority with the
most appropriate equipment.

The survey results (5) give some indication of
what is in place and what transit authorities think
about their systems and what they hope for in the
future. However, further investigations are neces—
sary to determine the primary transit system, ser-
vice area, and service population characteristics
that are important to the selection and operation of
TIS equipment.
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