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Public Transit Performance Evaluation: Application to 
Section 15 Data 
GORDON J . FIELDING AND SHIRLEY C. ANDERSON 

Performance ind icator~ nre quantitative measures that enoble managers and 
policymakers to monitor the current position of an agency and outline strat
egies to improve performance. Because public services have many different 
dimensions of performance, a large number of performance indicators are 
normally used. In this paper a conceptual model is used to help select a few 
performance indicators that represent all the important performance con· 
cepts. Data were obtained from a national sample of 311 urban bus transit 
systems in the first year that data were reported under Section 15 of the 
Urban Man Transportation Ant of 1965, as amended. The steps in tho 
performarice·ovaluatlon procedure Involve defining a conceptual model of 
performance and designing a balancod set of performance indicators that 
represent all performance concepts. Factor analysis is then used to select 
the indicators that best represent all dimensions of performance. This 
smell, representative set of performance Indicators is used to analyze per
formance and to establish peer-group rankin9s. 

The results of applying a performance-evaluation 
procedure for publicly owned enterprises to a na
tional sample of 311 urban bus transit systems are 
presented in this paper. The research was sponsored 
by. UMTA to test the usefulness for performance anal
ysis of a new data bank resulting from the Section 
15 reporting requirements (1). Section 15 of the 
Urban •Mass Transportation A~"t of 1964, as amended, 
has improved the comparability and coverage of tran
sit statistics by requiring a uniform set of statis
t i cs f rom al l urban trans it appl icants f o r operating 
a ssist ance. The fir s t year of statistics r eported 
under Sec t i on 15 I fi scal year (FY) 1978- 1979) ha s 
been used in this study Ill· 

Federal and state government sponsors of local 
public services often attempt to evaluate relative 
performance of the service agencies to account for 
use of public subsidy funds and promote efficient 
and effective service delivery. Performance mea
surement is also important to management because 
performance indicators are the quantitative measures 
that enable managers and policymakers to determine 
the current position of an agency and outline strat
egies to improve performance. 

But public services typically have many different 
dimensions of performance, giving rise to large num
bers of performance indicators. In' this paper a 
conceptual model is used to help select a few per
formance indicators that represent all the important 
performance concepts. This method reduces both data 
collection and analysis requ~rements. 

PERFORMANCE-EVALUATION METHOD 

The object of any peer-group performance-evaluation 
process, such as the one to be described, is to se
lect from that group systems that have extremely 
high or extremely low performance. But two signifi
cant problems associated with performance ~valuation 
must be considered. The first is the methodological 
problem of devising a complete and workable model of 
pe r f ormance by categorizing performance obj ective s 
into concepts and us i ng uniform quantifiable mea
sures of each concept. 

Evaluation of transit performance and the devel
opment of performance indicators is not new. In 
1958 the National Committee on Urban Transportation 
specified s e r vi ce standa rds, objectives , and mea-

surement techniques (3). Many of the measures and 
standards used by transit today were documented in 
this study. Because of the limited availability of 
transit statistics, early applications of perfor
mance evaluation relied on regiona l da t a . Adapta
tion of the theoretical work on performance evalua
tion to transit in Cal ifornia was accomplished by 
Fielding et al. (4) in 1977. The per.formance con
cepts developed bY Fielding et al. are c ur r ently 
used by California, Florida, Iowa, Mich igan, and 
Pennsylvania to develop performance monitoring and 
reporting requirements 12>· The Fieldi ng conceptual 
model has been used in this study. The 12 per for
mance concepts selected are given in Table 1 as the 
group headings of 60 performance measures. 

A s econd problem associated with use of per for
mance i ndicators is the amount of data that needs to 
be collected. If many indicators are desired, then 
much data is required, and the output of the indica
tors is confusing and time cons uming to analyze. In 
this paper current Section 15 data are us ed to ana
lyze performance by finding a small, representative 
set from the 60 performance measures given in Table 
1. By using factor analysis on a set of performance 
indicators that are numerically balanced across the 
d i fferent performance concepts , an optimal number of 
independent dimensions of performance can be deter-

,1 mined. The most representative performance measures 
for each factor dimension will constitute a small 
set that covers the dimensions of the much larger 
set. 

Factor analysis is a general method for identify
ing and a nalyzing patterns of variation in a data 
set. In this method linear combinations of the var
iables in the data set (called factors) are com
puted, which are then used to (a) summarize the var
iance in the original variables, and (b) organize 
the original variables into subgroups. These fac
tors, which are uncorrelated with one another, can 
be used as a reduced set of summary performance in
dicat ors (6). Alterna tively, as done in this paper, 
the f actors can be us ed to identify a reduced set of 
performance indicators (those most strongly corre
lated with each of the factors), whose standardized 
values can then be used to rank the performance of 
the systems. 

The following alternate approaches have been ex
plored in previous r esearch Ill to solve the data 
p roblem and to rank transi t systems by performance: 

1. use of many performance indicators and a sim
ple method of analyzing the averages and totals of 
the indicators: 

2. use of all the performance measures in factor 
analysis, but a reduction of the amount of output to 
be analyzed to the sum of the factor scores: and 

3. Use of a conceptual model and factor analysis 
to select a few performance indicators that repre
sent all the important. performance concepts: both 
data collection and analysis requirements are re
duced by this method. 

The results of the three approaches to perfor
mance ranking were compared by using historical data 
on 57 u.s. bus transit systems. A Wilcoxon matched-
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Table 1. Performance measures by concept. 

Concepts and Performance Measures 

Cost-efficiency measures 
I. Labor efficiency 

Vehicle hours per employee 
Revenue vehicle hours per operating employee hour 
Vehicle miles per employee 
Peak vehicles per executive, professional, and 

supervisory employees 
Peak vehicles per operating personnel 
Peak vehicles per maintenance, support, and 

servicing personnel 
II. Vehicle efficiency 

Vehicle hours per active vehicle 
Vehicle hours per peak vehicle requirement 
Vehicle miles per active vehicle 
Vehicle miles per peak vehicle requirement 
Revenue vehicle miles per vehicle mile 
Revenue capacity miles per vehicle mile" 

111. Fuel efficiency 
Revenue vehicle miles per gallon diesel 
Vehicle miles (bus) per gallon diesel 
Revenue capacity miles (bus) per gallon diesel• 

IV. Maintenance efficiency 
Total vehicles per maintenance expense 
Vehicle miles per maintenance employee 
l ,000,000 vehicle miles per roadcall 

V. Output per dollar cost 
Revenue vehicle hours per operating expense 
Vehicle miles per operating expense 
Revenue capacity miles per operating expense• 
Revenue vehicle hours per total labor and 

fringe expenses 
Revenue vehicle hours per operations labor and 

fringe expenses 
Revenue vehicle hours per vehicle maintenance 

Revenue vehicle hours per administrative labor 
and fringe expenses 

Service-effectiveness measures 
VI. Utilization of service 

Passenger trips per revenue vehicle hour 
Passenger trips per revenue vehicle mile 
Passenger trips per peak vehicle 
Passenger miles per vehicle capacity mile3 

Passenger miles per passenger• 

Variable 

TVH/EMP 
RVH/OEMP 
TVM/EMP 
PVEH/ADM 

PVEH/OP 
PVEH/MNT 

TVH/AVEH 
TVH/PVEH 
TVM/AVEH 
TVM/PVEH 
RVM/TVM 
RCM/TVM 

RVM/FUEL 
TVM/FUEL 
RCM/FUEL 

TVEH/MEXP 
TVM/MNT 
TVM/RCAL 

RVH/OEXP 
TVM/OEXP 
RCM/OEXP 
RVH/TWG 

RVH/OWAG 

RVH/VMWG 

RVH/ADWG 

TPAS/RVH 
TPAS/RVM 
TPAS/PVH 
PASM/RCM 
PASM/TPS 
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Concepts and Performance Measured 

Service-effectiveness measures (continued) 
Vil. Social effectiveness 

Revenue vehicle hours per seivice area population 
Passengers per service area population 
Passengers per elderly population 
Passengers per automobileless population 
Frequency of service' 

VIII. Operating safety 
1,000,000 vehicle miles per accident 
Revenue vehicle hours per accident 

IX. Revenue generation 
Passenger revenue per peak vehicle 
Passenger revenue per revenue vehicle hour 
Operating revenue per revenue vehicle hour 
Passenger revenue per p3ssenger 
Passenger revenue per vehicle capacity mile• 

X. Public assistance 
Revenue vehicle hours per local capital and 

operating assistance8 

Revenue vehicle hours per state capital and 
opera ting assistancea 

Revenue vehicle hours per total ope1 a ting assistance 
Re 1enue vehicle hours per total capital and oper-

ating nsslstance 
Passeng•rs per local operating assistance• 
Passengers per total capital and operating assistance 
Passenger revenue per total capital and operating 

assislance 
Urban area population per total operating assistance 
Urban area population per total capital and 

operating assistance 
Passenger revenue per total operating assistance 
Passengers per total operating assistance 

Cost-effectiveness measures 
XI. Service consumption per expense 

Passengers per operating expense 
Passenger miles per operating expense• 
Passengers per total labor and fringe benefits 
Passengers per gallon diesel fuel 
Passenger miles per total expense• 

XII. Revenue generation per expense 
Ratio of operating revenue to operating expense 
Ratio of total revenue to total expense 

Variable 

RVH/POP 
TPAS/POP 
TPAS/ELD 
TPAS/AUT 
FREQ 

TVM/ACC 
RVH/ACC 

REV/PVEH 
REV/RVH 
TREV/RVH 
REV/TPAS 
REV/RCM 

RVH/LSUB 

RVH/SSUB 

RVH/OSUB 
RVH/TSUB 

TPAS/LOA 
PAS/TSUB 
REV/TSUB 

POP/OSUB 
POP/TSUB 

REV/OSUB 
PAS/OSUB 

PAS/OEXP 
PASM/OEX 
PAS/TWAG 
PAS/FUEL 
PASM/TEX 

REV/OEXP 
REV/TEX 

~ote: DennHions for statistics are provided in the Urban Mass Transportation Industry Uniform System of Accounts and Records and Reporting System, January 1977, Volume IL 
Dropped because of missing values or inconsistent data. 

pairs sign-rank test indicated that all three rank
ings were essentially equivalent (at the 0.05 level 
of significance). It was also determined that the 
sum of individual factor scores {number 2) was 
slightly less accurate in representing the total sel 
of indicators than a small set of one indicator per 
performance concept (number 3). Thus in this study 
the method of factor analysis and the selection of a 
small set of indicators to represent all dimensions 
of transit performance were chosen. 

APPLICATION TO SECTION 15 DATA SET 

The steps in the performance-evaluation procedure 
are as follows: 

1. Define a conceptual model of performance for 
classifying the individual performance measures, as 
in Table l; 

2. Balance the number of performance indicators 
representing each concept in accordance with a de
sired conceptual weighting scheme; 

3. Use factor analysis to find the set of fac
tors that represent all the different orthogonal di
mensions in the performance-concept spacei 

4. Select variables that have a high correlation 
with each independent factor to represent each per
formance dimensioni and 

5. Use the small representative set as perfor
mance indicators to analyze performance and to es
tablish peer-group rankings. 

Candidate Pe rformance Measures 

As shown in Figure 1, th r ee types of statistics are 
available from Section 15 data and census reports to 
represent transit performance concepts: service in
put, service output, and service consumption statis
tics. Together they can be used to monitor both the 
costs of producing service and its utilization. The 
three categories of statistics yield three types of 
performance measures: cost efficiency, service ef
fectiveness, and cost-effectiveness. Cost effi
ciency measures the resources expended to produce 
transit service (e.g., labor cost per hour); service 
effectiveness measures the extent to which service 
provided is used {e.g., passengers per hour) i and 
cost-effectiveness measures the service used against 
the resources expended {e.g., passengers per dollar 
operating cost) • 

A wide range of transit performance measures is 
possihle. As illustrated by the data in Table 1, 60 
performance measures are 1 isted and grouped into 12 
concepts that can be calculated by using Section 15 
data. There are other performance measures, but a 
sufficient number have been listed to demonstrate 
their use in transit analysis . 

In selecting performance measures, consideration 
was given to the completeness and reliability of the 
data. Financial statistics are the most reliable. 
Passenger statistics are the least reliable--partic
ularly passenger miles of travel. 

Census data were added to calculate the popula-
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Figure 1. Transit performance concepts. 

SERVICE 
INPUTS 

SERVICE 
OUTPUTS 

Ve hi cl e hours 
Vehicle miles 
Capacity miles 
Service reliability 

labor 
Capital 
Fuel 

service-effectiveness 

SERVICE 
CONSUMPTION 

Passengers 
Passenger rni les 
Operating revenue 
Operating safety 

tion and automobile ownership measures for social 
effectiveness and for the public assistance perfor
mance ratios in Table l. All demographic variables 
were taken from the County and City Data Book, 1972: 
the Rand McNally Commercial Atlas and Marketing 
Guide, 1980: or the UMTA Transit Directory. The 
population figure used for each bus system is the 
total urbanized area population (where it could be 
obtained): otherwise the most relevant city popula
tion was used. 

Controllability was another consideration in se
lecting performance measures. It is advantageous if 
performance indicators reflect those aspects that 
are under the control of the transit managers. Gen
erally, system assets (fixed facilities) and system 
environment (service area and its characteristics) 
are more or less fixed and are not under operator 
control in the short run, whereas service input and 
output can be controlled to a greater degree. Ser
vice consumption (demand) is more difficult to con
trol because demand for transit depends on system 
environment as well as disposable income, fares, and 
levels and quality of service. 

Although the performance measures were limited by 
availability, reliability, and controllability, the 
list of feasible measures is far more than transit 
managers can use when analyzing transit perfor
mance. Parts of a transit organization may use many 
individual indicators, but a smaller, more repre
sentative set is required for system management. 

From the list of 60 performance indicators, 12 
had to be deleted because of missing data or mea
surement error. (Deleted indicators are marked with 
a footnote in Table 1.) All performance measures 
that used passenger mile data were deleted because 
fewer than 80 of the 311 systems reported passenger 
miles. Performance measures that used revenue ca
pacity miles were also deleted because of both a 
high percentage of missing cases and because revenue 
capacity was inconsistently measured across systems: 
i.e., many systems reported the same value for reve
nue vehicle miles and for revenue capacity miles. 
Another deletion was the frequency-of-service vari
able, which was computed by using the number of line 
miles. This variable appeared to be double-counted 
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for some systems. State and local assistance mea
sures also were deleted because there was no way of 
ascertaining whether the reported value of 0.0 meant 
no assistance or a missing value. 

The data used in the analysis were also carefully 
edited for unreasonable data values. Both the edit
ing process and missing values eliminated 50 percent 
of the systems. Nevertheless, the remaining 155 
systems constitute a substantial data set. 

Preliminary Analysis 

Several analyses were conducted before choosing the 
balanced set of 32 variables used to represent the 
performance concepts defined in Table 1 and shown in 
Figure 1. (Deleted variables are indicated by a 
footnote in Table 2,) First, a preliminary analysis 
was performed on the 48 variables listed in Table 2, 
which are grouped by the same 12 concepts used in 
Table l. The rotated factor matrix indicated that 
10 factors were sufficient to describe all 12 con
cepts. However, two of the factors represented the 
public-assistance concept, and one of these factors 
represented only the two public-assistance measures 
based on urban population. These two variables were 
then dropped because their factor was too narrowly 
defined to be useful, and also because the urban
population measure is not consistently related to 
the service-area population. For example, small bus 
systems in large cities could have the same urban
population measure as the regional transportation 
authority for that city, but actually serve much 
smaller populations. 

Second, to assure that the definition of the sim
ple structure of performance was not being distorted 
by data measurement error or by the paucity of mea
surements for the safety and fuel-efficiency con
cepts, the set of 46 indicators was further culled 
for insufficiently measured variables and was bal
anced by performance concept. Otherwise, given a 
weakness in data definition, the structure defined 
by the factor analysis with varimax rotation (which 
tends to spread the variability equally among the 
factors) might submerge the safety and fuel-effi
ciency concepts and might split other concepts into 
several subconcepts, such as public assistance and 
public assistance per population. Although only two 
indicators were available for fuel and safety, three 
indicators were used for each of the other con
cepts. The following criteria were used for choos
ing the best indicators for each concept: 

1. The consistency and comparability of the data 
values: and 

2. The ability of the variable to define a sin
gle factor: i.e., the retained variables were those 
with the highest loadings on a factor in the prelim
inary analysis. 

Based on means, standard deviations, and the cor
relations among the performance measures calculated 
for the 311 bus systems, one performance measure 
(RVM/TVM) was dropped from further analysis because 
it had so little variance among systems that it 
could not act as a discriminator of performance. 
PVEH/ADM was dropped because it was not correlated 
with any other variables and therefore did not con
tribute to any factor dimension with eigenvalue 
greater than l. This variable was subject to mea
surement error in the 1979 data set because pur
chased transportation (contract service) was re
corded as an administration expense by many systems. 

For labor efficiency, TVH/EMP and RVH/OEMP were 
dropped because they are more related to output per 
dollar and revenue generation than to any other ef
ficiency measures. One maintenance efficiency mea-
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Table 2. Variables used in analysis grouped by performance 
concept. 

Concepts , Performance Measures, and 
Variable Number Variable 

Cost-efficiency measures 
I. Labor efficiency 

1 • TVH/EMP 
2• RVH/OEMP 
3 TVM/EMP 
4• PVEH/ADM 
5 PVEH/OP 
6 PVEH/MNT 

II. Vehicle efficiency 
7 TVH/AVEH 
8 TVH/PVEH 
9• TVM/AVEH 

10 TVM/PVEH 
11• RVM/TVM 

III. Fuel efficiency 
12 RVM/FUEL 
13 TVM/FUEL 

IV. Maintenance efficiency 
14 TVEH/MEXP 
15 TVM/MNT 
16" TVM/RCAL 

v. Output per dollar cost 
17 RVH/OEXP 
18" TVM/OEXP 
19 RVH/TWG 
20 RVH/OWAG 
21 • RVH/VMWG 
22• RVH/ADWG 

Service-effectiveness measures 
VI. Utilization of service 

23 TPAS/RVH 
24 TPAS/RVM 
25 TPAS/PVH 

VI! . Social effectivenes5 
26 RVH/POP 
27 TPAS/POP 
28 TPAS/ELD 
29• TPAS/AUT 

VIII. Operating safety 
30 TVM/ACC 
31 RVH/ACC 

!X. Revenue generation 
32 REY/PVEH 
33 REY/RVH 
34 TREY/RVH 
35• REV/TPAS 

x. Public assistance 
368 RVH/TSUB 
37• POP/TSUB 
388 PAS/TSUB 
398 REV/TSUB 
40 PAS/OSUB 
41' POP/OSUB 
42 RVH/OSUB 
43 REV/OSUB 

Cost-effectiveness measures 
XI. Service consumption per expense 

44 PAS/OEXP 
45 PAS/TWAG 
46 PAS/FUEL 

XII . Revenue generation per expense 
47 REV/OEXP 
48 REV/TEX 

8 Deleted fro nt initia l set in order to form the balanced set of 32 
indicator measures. 

sure--TVM/RCAL~-was dropped because it correlates 
only with subsidy per population. This may indicate 
reporting error because there was greater-than
expected variance on this ,popular indicator. The 
three output-per-dollar-cost variables with the 
highest factor loadings and smallest number of miss
ing values reported were retained. Because REV/TPAS 
measures only average fare level rather than effec
tiveness in attracting passengers, it was dropped in 
favor of the other three revenue-generation mea
sures. The many possible public assistance measures 
were reduced to three by concentrating on operating 
assistance ratios. Operating assistance was be
lieved to be less biased against new systems than 
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total, operating plus capital, subsidy. The 48 var
iables and the final set of 32 performance measures 
used in further analyses are given in Table 2. 

The balanced set of performance measures, which 
puts approximately equal weight on each of the per
formance concepts, was then factor analyzed to de
termine the number of statistically independent per
formance concepts. Prom these results, a small set 
of representative indicators was drawn. 

Factor Analys is 

R-mode factor analysis (BMDP-P4M principal component 
analysis with varimax rotation) was performed to 
identify the basic patterns of variance among the 
set of 32 performance measures and to extract those 
factors that best represent the underlying structure 
of the data. The explained variance of each of the 
nine extracted factors is given in the VP (or 
eigenvalue) row at the bottom of Table 3. The sum 
of the explained variances equals 28.8, which is 90 
percent of the total variance in the data. Only 
those factors with an eigenvalue greater than or 
equal to l were extracted and retained. This crite
rion ensures that only components that account for 
at least the variance of a single variable will be 
treated as significant. Only nine factors are sig
nificant, which implies that several of the perfor
mance concepts have the same statistical meaningi 
i.e., concepts V and IX, VI and XI, and I and II are 
highly related to each other. 

The rows in Table 3 are arranged so that, for 
each factor, the variables most closely related to 
that factor are listed first. The concept associ
ated with each variable is listed by Roman numeral 
in the left margin beside each variable. 

Factor l is defined by the first five variables 
listed, which represent concepts V and IX. There is 
a minor loading by a variable representing concept 
IV, but this variable is more highly correlated with 
factor 7. Thus factor l represents concept V (out
put per dollar of cost) and to a lesser extent con
cept IX (revenue generation). Revenue generation is 
strongly negatively related to revenue hours of ser
vice per dollar through the impact of differences of 
city density. High revenue generation is associated 
with operation in dense cities, where high employee 
wage rates and slow average speed of operation re
sult in low output per dollar of operating expense. 
Although factor l combines twc performance concepts, 
it differentiates urban bus systems from suburban 
and rural syptems. 

Factor 2 represents concept VI (utilization of 
service) and the closely associated concept XI (ser
vice consumption per dollar expense). The ratio of 
revenue generation to peak vehicles is a complex 
variable that is associated with the two dimensions 
of performance: factors l and 2. 

Factor 3 represents concept II (vehicle effi
ciency) and also one labor-efficiency ratio (peak 
vehicles per operator). Systems that rank high in 
service per peak vehicle also rank high in the num
ber of operators per peak vehicle. Thus the rela
tionship between peak vehicles per operator and ve
hicle efficiency is negative. The remaining two 
labor-efficiency measures (concept I) are associated 
with both factors 3 and 7. 

Factor 4 measures only fuel efficiency, factor 5 
represents public operating assistance, and factor 6 
measures social effectiveness. 

Although factor 7 is highly correlated only with 
one of the two maintenance-efficiency ratios, it 
appears to represent the maintenance-efficiency con
cept. Of the remaining three variables that corre
late with this factor, one is the other maintenance
efficiency variable and another is peak vehicles per 
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Table 3. Factor analysis of 32 performance variables derived from performance concepts. 

Factor Analysis Results 

Concept Variable Factor l Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 Factor 9 

v RVH/OWAG 0.935 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
v RVH/OEXP 0.927 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
v RVH/TWG 0.924 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

IX TREV/RVH - 0.807 0.000 0.000 0.000 0.000 0 .000 0.000 0 .000 0 .000 
IX REV/RVH -0.705 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
VI TPAS/RVM 0.000 0.889 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
XI PAS/OEXP 0.000 0.887 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
VI TPAS/PVH 0.000 0.877 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
XI PAS/TWAG 0.000 0.866 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
VI TPAS/RVH 0.000 0.859 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
IX REV/PVEH -0.489 0.502 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
II TVM/PVEH 0.000 0.000 0.885 0.000 0.000 0.000 0.000 0.000 0.000 
II TVH/PVEH 0.000 0.000 0.877 0.000 0.000 0.000 0.000 0.000 0.000 
I PVEH/OP 0.000 0.000 -0.802 0.000 0.000 0.000 0.000 0.000 0.000 

II TVH/AVEH 0.000 0.000 0.633 0.000 0 .000 0.000 0 .000 0.000 0 .000 
Ill TVM/FUEL 0.000 0.000 0.000 0.987 0.000 0.000 0.000 0.000 0.000 
III RVM/FUEL 0 .000 0.000 0.000 0.986 0.000 0.000 0.000 0.000 0.000 
III PAS/FUEL 0.000 0.000 0.000 0.958 0.000 0.000 0.000 0.000 0.000 
x REV/OSUB 0.000 0.000 0.000 0.000 0.989 0.000 0.000 0.000 0.000 
x PAS/OSUB 0.000 0.000 0.000 0.000 0.978 0.000 0.000 0.000 0.000 
x RVH/OSUB 0.000 0.000 0.000 0.000 0.977 0.000 0.000 0.000 0.000 

VII RVH/POP 0.000 0.000 0.000 0.000 0.000 0.926 0.000 0.000 0.000 
VII TPAS/POP 0.000 0.000 0.000 0.000 0.000 0.865 0.000 0.000 0.000 
VII TPAS/ELD 0.000 0.000 0.000 0.000 0.000 0 .851 0.000 0.000 0.000 
IV TVM/MNT 0.000 0.000 0.000 0.000 0.000 0.000 0.934 0.000 0.000 

I PVEH/MNT 0 .000 0.000 -0.483 0.000 0.000 0.000 0.784 0.000 0 .000 
IV TVEH/MEXP 0.540 0.000 0.000 0.000 0.000 0.000 0.643 0.000 0.000 

I TVM/EMP 0.000 0.000 0.497 0.000 0.000 0.000 0.643 0.000 0.000 
XII REV/OEXP 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.960 0.000 
XII REV/TEX 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.933 0.000 

VIII RVH/ACC 0 .000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.944 
VIII TVM/ACC 0.000 0.000 0.000 0.000 0 .000 0.000 0.000 0.000 0 .924 

VP 5.217 4 .667 3.606 3.052 3.011 2.677 2.623 2.036 1.948 

Note: The above factor·loading matrix has been rearranged so that the columns appear in decreasing order of variance explained by factors. The 
rows have been rearranged so that for each successive factor, loadings greater than 0 .5000 appear first. Loadings less than 0.4500 have been re-
placed by zero. 

maintenance, support, and servicing personnel 
(PVEH/MNT) , which is an example of a variable that 
measures two concepts--labor efficiency and mainte
nance efficiency. The remaining variable measures 
labor efficiency (TVM/EMP). The labor-efficiency 
measures used do not represent a separately measur
able statistical construct, but instead are closely 
related to the maintenance-efficiency and vehicle
efficiency factors. Because labor expense by func
tion had many missing values, the information could 
not be used in the analysis. A more accurate and 
complete listing of labor expense by function in 
future Section 15 reports may provide a better def i
nition for labor-efficiency measures than those used 
in this research. 

Factor 8 is defined by the two revenue-genera
tion-per-expense indicators: ratio of passenger 
revenue to operating expense and ratio of total rev
enue to total expense. Finally, factor 9 represents 
the two safety-performance indicators. 

Selectio n o f Representat i ve I ndicat o rs 

A small set of nine performance indicators was then 
created by using a single measure to represent each 
of the statistically independent dimensions of per
formance variation. Either the best statistical or 
the more logical measure was chosen from the vari
ables that had the highest loadings on each factor. 
These measures are given in Table 4. All nine mem
bers of the set, except the first, were the vari
ables that had the highest loading on a particular 
factor. Nevertheless, the variable RVH/OEXP, which 
had the second highest loading on factor 1, was 
chosen to represent that factor. Hours per operat
ing expense appears closest to representing the 
range of cost- and revenue-per-hour variables that 
loaded on factor 1. The variable RVH/OEXP is widely 

Table 4. Factors and representative performance indicators. 

No. Definition Performance Indicators Chosen to Represent Factors 

Output cost Revenue vehicle hours per operating expense 
(RVH/OEXP) 

2 Service Total passengers per revenue vehicle mile 
utilization (TPAS/RVM) 

3 Vehicle Total vehicle miles per peak vehicle (TVM/PVEH) 
efficiency 

4 Fuel Total vehicle miles per gallon of fuel consumed 
efficiency (TVM/FUEL) 

5 Public Passenger revenue per operating assistance 
assistance (REV/OSUB) 

6 Social Revenue vehicle hours per urban population 
effectiveness (RVH/POP) 

7 Maintenance Total vehicle miles per maintenance employee 
efficiency (TVM/MNT) 

8 Revenue Passenger revenue per operating expense (REV/OEXP) 
generation 
per expense 

9 Safety Revenue vehicle hours per accident (RVH/ACC) 

and fairly consistently collected by transit sys
tems, and its loading on factor 1 was only 0.005 
less than the top-loading variable RVH/OWAG, for 
which data might be less consistent. 

(Reviewers of this paper have commented on the 
emphasis given to the beet statistical measure as 
the representative indicator for each of the 12 di
mensions of performance. we acknowledge that other 
high-loading indicators might be more appropriate 
for some studies. Analysis of the FY 1980 data is 
currently in progress, and improvements in the data 
set may yield other indicators.) 

None of the indicators for social effectiveness 
was particularly helpful. What is actually needed 
is a measure of the market share gained by transit 
within the transit service area. Population of ser
vice area is not reported in the Section 15 data, 
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and attempts to obtain sufficient data from opera
tors were unsuccessful. 

The objective of this paper was not to advocate 
the superiority of the nine indicators listed in 
Table 4. Rather the objective was to develop a 
methodology that could be improved by using subse
quent, and more complete, Section 15 reports. 
Transportation agencies require unnecessarily large 
amounts of data from operating agencies for perfor
mance analysis when a smaller data set would satisfy 
the requirements. In this paper the thesis that a 
small set of data can be used to represent the major 
dimensions of transit performance is substantiated, 
and how the data might be used is described. Speci
fication of an ideal set of indicators must wait 
until factor analysis can be conducted with a larger 
set of master variables on each dimension. The in
dicators given in Table 4 are proposed as being rep
resentative of the dimensions. 

The representative set was used as the basis for 
ranking system performance and grouping the bus sys
tems into peer groups. The standard or z-scores 
(defined as the variable value minus its mean and 
divided by its standard deviation) was computed for 
each of the nine performance indicators. 

Use of Individual Performance Indicators 

Performance indicators based on individual factors 
can be used to identify strengths and weaknesses 
within a transit system relative to a standard, a 
peer-group average, or to its own past performance. 
The eval uation may be oirected toward f nternal man
agement or to external audiences such as state and 
federal funding agencies. One use of performance 
indicators might be in conjunction with a two-tier 
system of public financial assistance: a base level 
of support plus a second tier of incentive subsi
dies. The incentive subsidies would be designed to 
reward improvement of performance relative either to 
the previous year's performance or relative to some 
established standard or industry average. The in
centive subsidies could also be designed to result 
in a loss of some portion of the subsidy for nega
tive changes in performance indicators. The Los 
Angeles Transportation Commission has implemented 
such a two-tiered system (8) • 

The identification of relative strength and weak
ness in particular systems may require costly on
site visits to investigate the causes. Therefore, 
some method of distinguishing the most significant 
subgroup of high and low performers must be followed 
to ration scarce resources for costly follow-up 
analysis. An example of such a method was the pilot 
phase of the Michigan transit performance analysis 
program (2_). Step 1 in the performance evaluation 
was to calculate indicator values that were out
liers, which were defined as values beyond one stan
dard deviation from the group mean. Step 2 was to 
sum the number of outliers for each system. The 
high- and low-performance systems (i.e., those with 
the largest numbers of outliers) were selected as 
candidates for follow-up analysis. 

A similar method that used z-scores was at
tempted. The number of Z-scores greater than 1 or 
less than minus 1 for each system were tallied, and 
the 50 systems with the largest number of such out
lier values were identified. An alternative method 
would be to sum the nine z-score values to distin
guish the high and low performers. 

Perf ormance Ra nki ng 

Differences in performance across transit operators 
can be calculated from the standard or Z-score of 
each transit system on each of the nine performance 
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indicators. The sign (positive or negative) of each 
Z-score indicates a value greater than or less than 
the group mean for each of the performance indica
tors. Also, the size of tl>e standard value indi
cates the distance from the mean in standard devia
tion units. 

A ranking scale was developed by summing the nine 
performance-indicator z-scores for each transit sys
tem. The ranking scale, called ZSUM, indicates the 
overall performance of a bud systemi a poditive ZSUM 
value indicates overall performance greater than the 
mean for the group of 155 systems that had reported 
sufficient data to be included in the analysis. 
Each of the nine performance indicators was given 
equal weight in calculating ZSUM. If an agency 
wished to emphasize either the efficiency or effec
tiveness dimensions of performance, then the se
lected z-score would be weighted more heavily, and 
different rankings would result. 

The bus systems were then sorted in descending 
order by ZSUM value. After ordering the systems by 
the ZSUM overall-performance measure, the mean and 
standard deviation of ZSUM were calculated and six 
groups were created to indicate categories of devia
tion from the mean of ZSUM (see Table 5). The re
port by Anderson and Fielding (1) contains a com
plete listing of the nine perform~nce indicators and 
the ZSUM score for each system, sorted into the six 
groups of Table 5. 

Differences in system operating environments or 
data-collection methods, as well as in management 
practices, cause differences in transit system per
formance. The performance-evaluation methodology 
presented here can be used to make overall perfor
mance comparisons and to identify outlier systems. 
Additional information would be required to explain 
apparent differences in performance. For example, 
if outlier systems are defined as all those systems 
with ZSUM scores beyond one standard deviation from 
the mean, then systems in groups 1 and 6 (Table 5) 
would receive a follow-up investigation. Detailed 
evaluation of outlier systems might include employee 
questionnaires and personal interviews with manage
ment. 

This study used inaugural year Section 15 data. 
When information from subsequent years becomes 
available and is more reliable, performance indica
tors can be used to compare a system with itself 
over time and to examine trends in performance in 
comparison with peer-group systems. Rate-of-change 
analyses of performance combined with peer-group 
comparison can identify systems with emerging prob
lems or improving condit;,ons relative to overall 
performance of the transit industry. 

CONCLUSIONS 

Performance evaluation should start from a concep
tual framework that defines the different, measur
able dimensions of performance and represents the 
desired weight of each in the analysis. Use of a 

Table 5. Groups based on deviation from mean overall 
performance (ZSUM). 

Group 

I 
2 
3 
4 
5 
6 

No. of Standard 
Deviations from Mean 

Above +I 
Between +0.5 and +I 
Between mean and +0.5 
Between mean and -0.5 
Between -0.5 and -I 
Below -I 

aTotal number of systems in analysis. 

No. of Systems 

14 
28 
33 
43 
21 
16 

155 
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small subset of performance measures that represents 
each concept reduces the cost of data collection and 
focuses attention on a manageable number of perfor
mance indicators. 

The comprehensive coverage of Section 15 data 
belies the many missing or erroneous values reported 
in the inaugural report (_3). Only 155 of 311 bus 
systems could be used in this analysis. Data re
porting could be simplified by selecting a concep
tual framework of performance and requesting only 
two or three different performance measures to rep
resent each performance dimension. Sufficient data 
would then be available to monitor trends in the 
transit industry as well as to provide data that 
management could use to improve the performance on 
each property. 
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Method for Estimating the Costs of Drivers' Wages for 

Bus Services 
ANNE HERZENBERG 

To plan changes in bus transit service it is often necessary to estimate the costs 
of individual routes. Unfortunately, it is difficult to isolate the cost of one 
route from the costs of an entire network. A model for estimating only the 
marginal costs of drivers' wages for individual bus services is presented. The 
model shows that union work rules and an uneven demand for service influ
ence labor costs, and that the marginal cost of drivers' wages is higher du ring 
peak hours than during off-peak hours. The model, developed for the Massa
chusetts Bay Transportation Authority'(MBTA), is used to estimate how much 
the MBTA would save if any of 12 currently operating routes were dropped. 
This application reveals that the model is simple to use and can be applied by 
any agency considering increasing or decreasing bus transit service. The results 
demonstrate that the model is extremely accurate for routes for which the ratio 
of peak service to base service is similar to the ratio for the entire system. For 
peak-period-only bus service, or routes offering concentrated service during 
peak hours, a technique is presented for establishing a range in the cost of 
drivers' wages. 

To plan changes in bus transit service it is often 
necessary to estimate the costs of individual ser
vices. For example, a transit agency might want to 
know how much it costs to run route x, or how much 
would it cost to add a bus to route y during the 
evening peak period. Such questions are difficult 

to answer because they force the agency to decide 
which, if any, administrative or overhead costs to 
allocate to individual routes. Furthermore, for 
agencies that assign individual drivers and buses to 
multiple routes, it is difficult to allocate the 
costs of wages, benefits, fuel, and maintenance to 
isolated services. 

A model for estimating the marginal costs of 
drivers' wages for bus services is presented in this 
paper. The model deals only with drivers' wages for 
two reasons. First, drivers' wages are usually the 
largest single expense associated with bus services: 
therefore, an operator cannot estimate the total 
cost of a service accurately unless the drivers' 
wages are estimated accurately. Second, because the 
factors controlling drivers' wages (such as union 
work rules) are different from the factors control
ling expenses such as fuel, maintenance, and admin
istration, a separate model is necessary for driv
ers' wages. 

The paper is divided into 
first section the difficulty 
ers' wages associated with 

five sections. In the 
of estimating the driv
individual services is 
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explained. In the second section techniques used 
elsewhere for estimating wages are briefly re
viewed. In the third section the model is presented 
and calibrated for the Massachusetts Bay Transporta
tion Authority (MBTA) • The results of applying the 
model to 12 MBTA routes are discussed, and in the 
fourth section the techniques are given for esti
mating drivers' wage costs in cases where the first 
model appears likely to be inaccurate. 

COST-ESTIMATION PROBLEM 

The difficulty in calculating precisely how much a 
tranait agency spends on dr ivere' waqee for a bus 
route is that wage rates vary within agencies. If 
there were a single wage rate, a transit agency 
could calculate the cost of wages for a route simply 
by multiplying the flat rate by the number of bus 
hours associated with the route. However, union 
work rules and the peaked nature of the demand for 
transit service create such significant variations 
in wage rates that this simplistic approach would be 
unrealistic. 

Spread penalties and the 8-hr guarantee create 
most of the variation in wages, and they appear in 
the union contracts of most transit agencies. (Note 
that a spread penalty is equivalent to a split-shift 
premium.) A spread penalty is a bonus paid to any 
driver whose daily assignment, or run, keeps him on 
duty more than a specified number of hours after he 
begins in the morning. For example, an MBTA driver 
receives 1.5 times the basic wage rate for the time 
he works in the eleventh hour after his run begins, 
and he earns double pay for work in the twelfth and 
thirteenth hours. (Note that this paper includes 
several examples involving the MBTA. These examples 
are out of date because the MBTA now hires part-time 
drivers and thereby avoids much of the expense asso
ciated with the work rules discussed. Nevertheless, 
the examples illustrate problems still facing the 
majority of public transit agencies.) 

Accordingly, an MBTA driver's daily pay can be 
anywhere from $88.38 to $116.00. A driver earns 
$88.38 if he is on duty for 8 continuous hours be
cause the hourly wage is $11.0475. If, however, the 
driver is on duty for 8 hr during a 13-hr spread, he 
can earn $116.00, as follows: 

Item Cost !$! 
5 hr at $11. 0475 55.24 
2 hr at $22.095 44.19 
1 hr at $16.571 16.57 
Total 116.00 

Although spread penalties lead to variation in 
daily pay, the 8-hr guarantee leads to even greater 
variation in the amount that drivers earn for each 
platform hour. [Note that a platform hour is an 
hour in which a driver is responsible for a bus. It 
can involve driving time (on, to, or between routes) 
or scheduled layover time between trips. A nonplat
form hour is an hour for which a driver is paid, al
though he is not responsible for a bus.] An 8-hr 
guarantee forces a transit agency to pay each driver 
for 8 hr of work even though the total daily demand 
for service is too low to provide 8 hr of driving 
for every driver needed during the peak periods. As 
a result, many drivers are productively employed for 
fewer than 8 hr a day, and their runs include slack 
time or nonplatform hours. 

To calculate how much a driver earns for a par
ticular platform hour, the driver's daily pay is 
divided by the number of hours he drives a bus. For 
example, a driver who earns $88.38 per day and 
drives for 7 hr and 50 min costs the MBTA $11.28 per 
bus hour, but a driver who earns $116.00 and drives 
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for 7 hr (3 hr during the morning peak period and 4 
hr during the afternoon peak period) costs the MBTA 
$16.57 per bus hour. What then is the wage cost of 
the vehicle hour? 

Many transit agencies answer this question by 
calculating an average cost per platform hour. They 
divide the total amount they spend on drivers' wages 
·by the number of hours of servi~ they provide. 
Then, to calculate the cost of wages for an isolated 
service, they multiply the average cost per platform 
hour by the number of platform hours associated with 
the service. In doing so they implicitly assume 
that drivers earning spread penalties or driving 
fewer than 8 hr per day are evenly diatributed 
throughout the day. As Figure l shows, drivers 
earning high wages for each platform hour are heav
ily concentrated in the peak periods. 

Figure 1 shows the number of buses in service 
from one MBTA garage during each 0.25 hr of a week
day. It also shows the number of drivers working on 
each of four different driver shifts. The horizon
tal axis gives the time of day, and the vertical 
axis gives the number of buses or drivers in ser
vice. The figure shows that there are more than 
twice as many buses in service during the morning 
and afternoon peak periods as there are during the 
rest of the day. It also shows that a high percent
age of the drivers working during the peak periods 
have expensive shifts (with spreads between 12 and 
13 hr), although none of the drivers working in the 
middle of the day has such expensive shifts. As 
shown in Figure 1, schedulers assign drivers to in
expensive shifts whenever possible, but in order to 
operate peak-period service, it is impossible to 
avoid spread penalties and slack time. It is a fine 
art to fill the driver requirement at minimum cost 
to a transit agency, and some agencies use computers 
with automated run-cutting programs such as RUCUS to 
aid this process. 

In summary, the cost-estimation problem is that 
driver s' wage costs vary throughout the day, and any 
accurate model must deal with this problem. 

PREVIOUS WORK 

Because drivers' wages depend on the scheduling pro
cess, the most accurate way to calculate the driv
ers' wages associated with a particular route is to 
compare the costs of two sets of drive.rs' runs, only 
one of which provides drivers for the route in ques
tion. For minor service changes, such as adding a 
route involving one bus and one driver, this may be 
a feasible technique , but. fo r substant ia l changes 
that involve a number of drivers it can be prohibi
tively time consuming (except for agencies that cut 
runs by computer). Consequently, scheduling methods 
are rarely used to estimate costs. At the other ex
treme, the least-accurate method for estimating the 
cost of drivers' wages is average costing, which was 
described in the previous section. 

To bridge the gap between these two extremes, 
transit agencies and researchers have developed a 
number of techniques for estimating driver costs 
without creating entirely new schedules. Cherwony, 
Gleichman, and Porter (1) reviewed some of these 
techniques and evaluated their applicability to ser
vice planning. As they explain, none of the avail
able models is entirely satisfactory. The simpler 
models ignore the variation of labor costs through
out the day, and the models that reflect this varia
tion (such as the Bradford model, the Northwestern 
model, and the Adelaide model) tend to be complex. 
These models express the cost of labor for a bus 
service as a function of the driver hours needed for 
the service. [Note that driver hours, which are 
also referred to as pay hours, worked hours, or man 
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Figure 1. Driver requirement for one MBTA garage. 
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Note that the figure shows the driver requirement for the Charlestown garage for the schedule period beginning June 22, 1981 . 

hours, include both actual driving time (platform 
hours) and slack time (nonplatform hours).] For ex
ample, the Bradford model expresses cost as a func
tion of pay hours, and the Adelaide model involves 
worked hours, among other variables. Consequently, 
the application of these models involves three sepa
rate steps. First, the user must calibrate the 
model, i.e., the cost of 1 pay hour or 1 worked hour 
for the agency in question must be estimated. Sec
ond, the number of pay hours or worked hours re
quired for ;;i particular service must be estimated. 
Finally, the user substitutes the estimate of driver 
time into the calibrated model to estimate the wage 
cost of the service. The first two steps are com
plex because they force the user to consider the 
idiosyncratic work rules and scheduling practices of 
a particular agency. 

Some simpler models that reflect the temporal 
variation of wages have been proposed, but few have 
been tested for accuracy. One such technique is the 
Arthur Andersen model, which assumes that a driver's 
pay for each platform hour is a weighted average of 
a fixed hourly pay for driving in the base period 
and a fixed hourly pay for driving in the peak pe
riod. This appears to be a reasonable approxima
tion, but the model did not give reasonable results 
when calibrated for the MBTA (2). 

After reviewing the available models, Cherwony 
and Porter (3) developed a model that, like the 
Bradford, Northwestern, and Adelaide models, re
flected the variation in labor costs throughout the 
day and considered the scheduling practices of the 
agency in question. The Cherwony and Porter model 
shared several common shortcomings with these models: 

1. Although the model reflects the temporal var
iation of labor costs, it assumes that the unit cost 
of driver time is constant during large segments of 
the day. (It divides the day into five segments: 

early morning, morning peak, midday, evening peak, 
and evening.) 

2. The model expresses cost as a function of 
driver hours rather than vehicle hours. As a re
sult, the user must consider the scheduling prac
tices of the agency in question twice: once to cal
ibrate the model (i.e., to estimate the cost of 1 
driver hour), and again to estimate the driver time 
necessary for a particular service. The model would 
be easier to use if it expressed cost in terms of 
vehicle hours so that the user would only have to 
consider the scheduling practices of a particular 
agency once: to calibrate the model. 

3. The model assumes that the cost of one unit 
of driver time during a specific part of the day is 
equal for all services operating during that part of 
the day. Unfortunately, this is not so. For ex
ample, both peak-period-only and all-day services 
operate during the evening peak period, but the unit 
costs of these services a;:e not equal. An agency 
might be able to eliminate one split-shift driver by 
eliminating only 6 or 7 hr of peak-period-only ser
vice, whereas it would have to eliminate 8 hr of an 
all-day service in order to eliminate one straight 
shift. 

MODEL FOR ESTIMATING DRIVERS' WAGES FOR A 
BUS SERVICE 

The model presented in this section reflects some of 
the principles of the models mentioned previously 
but avoids some of the shortcomings. It uses a sam
ple set of drivers' runs for the agency in question 
to calculate a separate unit cost of drivers' wages 
for each o.s hr of the day. It takes into account 
that 

1. The mixture of shift types used to operate a 
schedule varies throughout the day, and 



10 

2. Slack time (nonplatform hours) and spread 
penalties are unevenly distributed among runs. 

Other important features of the model are as follows. 

1. Simplicity: The model expresses the cost of 
drivers' wages for a bus service as a function of 
platform hours. Because platform hours are equiva
lent in number to vehicle hours, a planner can use 
the model without estimating the total number of 
platform and nonplatform hours associated with a 
particular service. 

2. General applicability: Any transit agency 
could calibrate the model to reflect its own union 
work rules and use it to estimate the drivers' wages 
associated with its own services. 

Calibration 

To calibrate the model for a particular transit 
agency, a sample of drivers' runs is used and a sep
arate wage per platform hour for each 0.5 hr of the 
day is estimated, For example, to estimate the cost 
of a platform hour between 6:00 and 6:30 a.m., the 
steps are as follows. 

1. Identify all runs (i) with at least one
quarter of a platform hour between 6:00 and 6:30 a.m. 

2, For each run (i), divide the total daily wage 
(Wi) by the number of platform hours in the run 
(PHi). This gives wi, the average wage per 
platform hour for run i. 

3. Find the average value of wi over all i. 
This average is an estimate of the wage per platform 
hour between 6:00 and 6:30 a.m. 

This can be stated as follows: 

ti 

W6:00 to 6:30 a.m. = ~ [(W;/PH;)/n] (1) 
i=l 

where 

w6:00-6:30 a.m . wage per platform hour 
6:00 and 6:30 a.m., 
total daily wage for run 
number of platform hours 
i, and 

between 

i, 
in run 

n ~ number of runs (i) with at 
least one-quarter of a platform 
hour between 6:00 and 6:30 a.m. 

Figure 2 helps clarify this procedure. The fig
ure represents all of the drivers' runs for one MBTA 
garage for a weekday. The horizontal axis gives the 
time of day, and each two-part horizontal bar repre
sents one driver's run identified by the driver's 
number. For example, driver 1031 leaves the bus 
garage shortly after 7:00 a.m. and remains on duty 
until 11:00 a.m., when his first half ends. His 
second half begins at 2:00 p.m. and ends at 6:00 
p.m. The figure shows only the platform hours in 
each run• Runs with fewer than 8 platform hours and 
with various spread penalties are also indicated. 

The vertical column helps with the first step in 
calibrating the model by isolating all of the runs 
with platform hours between 6:00 and 6:30 a.m. From 
these runs, the planner can identify those with at 
least one-quarter of a platform hour inside the col
umn, and then complete step 2 by calculating the 
wage per platform hour for each run. (Some of these 
costs are given in the figure as multiples of the 
basic hourly wage rate.) The final step is to aver
age these wages per platform hour. 

To calibrate the model completely, the planner 
must repeat the three steps for each O. 5 hr of the 
day. 
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Figure 3 is a plot of the wage per platform hour 
for each 0.5 hr of the MBTA day. The curve th~ough 
the points is hand fit. The shape of the curve is 
not surprising, considering the mix of shifts used 
to fill the driver requirement at each time of the 
day (see Figures l and 2) • In the early morning, 
midday, and evening hours most of the active drivers 
are on straight shifts (shifts with spreads less 
than 10 hr). In the peak periods, however, most of 
the active_ drivers are on swing shifts with high 
spread penalties. Figure 3 shows that the highest 
values of the wage per platform hour occur in the 
outer peak-per io~ hours. As Figures l and 2 show, 
the MBTA schedules a group of runs with spreads of 
about 11 hr and low spread penalties between 7: 00 
a.m. and 6:00 p.m. Because these runs do not reach 
the outer peak-period hours, the MBTA has to use 
shifts involving higher spread penalties to fill the 
driver requirement in the outer peak-period hours. 

Because the total driver requirement is much 
higher in the peak period than in the off-peak pe
riod, many of the runs with platform hours in the 
peak period include nonplatform hours, and the wage 
per platform hour for these runs is usually one
sixth to one-seventh of the total daily pay for the 
run. (The wage per platform hour for a straight run 
is about one-eighth of the total daily pay for the 
run.) This is one of the reasons that the wage per 
platform hour is higher in the peak period than in 
the off-peak period. 

Application 

Once the model has been calibrated for a particular 
transit agency, the cost of drivers' wages for an 
isolated service can be calculated as follows: 

C,= ~ P,xWx 
all x 

where 

Cr =cost of drivers' wages for router, 

(2) 

Prx number of platform hours required for route 
r in period x, and 

Wx z wage per platform hour for period x. 

Figure 4 shows how the model is used to calculate 
the cost of drivers' wages for a single route. On 
the left of the figure a route profile shows the 
number of buses and drivers needed to operate the 
MBTA's route 60 during each 0.25 hr of the day. The 
first column gives the number of platform hours 
needed for each 0. 5 hr of the day, and the second 
column gives the wage per platform hour for each 0.5 
hr (expressed as a multiple of the basic wage 
rate). The third column gives the cost of wages for 
all drivers working on route 60 in each 0.5 hr 
(again as a multiple of the basic wage rate). Each 
entry in the third column is the product of the cor
responding entries in the first and second columns. 
The total cost of drivers' wages for route 60 is the 
basic wage rate multiplied by the sum of the entries 
in the third column. In this case the total cost is 
$827. 

In the example, each wage per platform hour is 
read from the hand-fit curve in Figure 3. (In using 
values read. from the curve rather than the exact 
values calculated from a sample of runs, it is as
sumed that fhere would be a smooth, continuous rela
tionship between the wage per platform hour and time 
if enough runs and sufficiently small time intervals 
were used in calibrating the model.) 

EVALUATION 

How accurate is the model? Ideally, this question 
would be answered by applying the model to actual 
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Figure 2. Driver runs for one MBTA garage. 
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Figure 3. Wage per platform hour for MBTA driven. 
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2 4 

Figure 4. Application of model to estimate the cost of driven' wages for MBTA route 60. 
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routes and comparing the resulting estimates with 
estimates developed through rescheduling, but this 
approach is beyond the scope of this paper. 

A quicker alternative would be to compare the 
model's estimates for a sample of currently operat
ing routes with the wages paid to the drivers 
actually assigned to these routes. But even this 
approach is complex because the drivers in many 
transit agencies each work on several routes during 
a single day. Nevertheless, the actual cost of 
drivers' wages can be estimated for the individual 
routes in a network by allocating each driver's 
wages to his multiple routes in proportion to the 
time spent on each route. 

The data in Table l compare estimates that result 
from the model with the actual costs of drivers' 
wages for 12 currently operating MBTA routes. (The 
data also explain precisely how the actual cost of 
each route was calculated.) The results prompt some 
significant conclusions about the model. 

The model yields extremely accurate cost esti
mates for routes on which the driver-requirement 
profile is approximately the same shape as the 
driver-requirement profile for the whole MBTA net
work. These routes include routes 60, 96, 220, 222, 
300, and 700. (The driver-requirement profile for 
route 60 is shown in Figure 4.) 

Table 1. Costs of drivers' wages for MBTA routes. 

Route No. Actual Cost• (S) Model Estimate($) 

60 
96 

220 
222 
300 
302 
304 
305 
325 
326 
700 
701 

824 
1,024 

849 
568 
766 
298 
860 
562 
285 
296 
651 
805 

818 
1,023 

838 
570 
737 
268 
914 
511 
289 
294 
639 
751 

Note: NA= not available. 

3 Actual costs are calculated as follows: 

c, = I: (PHri/PHi) · W; 
ielr 

where 

Cr= daJJy cost of drivers' wages For router, 
PHri =platform hours that driver i spends on router, 
PHj =number of platform hours in driver i's run, 
Wj = driver i's daHy pay, and 
11 =set of a11 drivers working on router. 

Thus, in order to calculate the actual cost of route r, 

1. Identify all drjversworking on router, 

Upper Boundb ($) 

NA 
NA 
NA 
NA 
860 
328 

1,148 
607 
332 
347 
NA 
901 

2. Determine the fraction of each driver's platform hours spent on router. 
3. Mu1Uply each driver's daily pay by the fmc;tion fou nd for him in 2, and 
4. Sum the productf found in 3 over all drlYc-1s idenUO~d in 1. 

bThe derivation of the upper bound is discussed in the section on Refinements. 

Nevertheless, the model yields low estimates for 
routes on which most or all of the service is of
fered during the peak periods. Such routes include 
routes 300, 302, 304, 305, and 701. This result is 
not surprising because the estimates are based on 
the average wage per platform hour for all drivers 
with platform hours at a given time of the day. 
Strictly speaking, the cost of drivers' wages for a 
service is the marginal cost of wages, i.e., the 
amount the operator would save by eliminating the 
route. For peak-period-only services, or mostly 
peak-period services, the marginal cost of drivers' 
wages is considerably higher than the average cost 
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because these services are responsible for spread 
penalties and slack time. If an operator eliminated 
a peak-period-only service, then the shifts that 
cost far more than the average could be eliminated. 

Similarly, if an operator were to delete an all
day service with a steady driver requirement 
throughout the day, then only the shifts that cost 
less than the average could be eliminated. The cut 
would not allow for the elimination of spread penal
ties or slack time from the schedule. If the model 
were used, the savings from the cut would be overes
timated because the model attributes the costs of 
spread penalties and slack time to all routes oper
ating while any drivers with expensive shifts are on 
the road. 

For the same reason, Cherwony and Porter drew 
this conclusion about their model (1_) : 

Adjustments should be made • • • when the ser
vice-change profile significantly differs from 
existing service levels by time period. For ex
ample, a service change calling for an additional 
express trip in the morning and evening peak pe
riods would not result in driver assignments and 
types similar to the entire system. 

Despite this problem, the estimates given in 
Table l for peak-period-only routes are approxi
mately 5 to 10 percent off the actual costs. (Note 
that the estimates for routes 325 and 326 are almost 
identical to the actual costs given in Table l for 
these routes, even though these are peak-period-only 
services. This is merely a coincidence, which shows 
that the actual-cost calculation used in Table l is 
inappropriate for these routes. Although routes 325 
and 326 offer service only during the peak periods, 
their drivers, whose wages are reflected in the ac
tual costs in the table, have about B platform hours 
each in their runs. If either route 325 or 326 were 
eliminated, schedulers might succeed in eliminating 
slack time from the schedule by assigning the dr iv
ers from route 325 or 326 to other peak-period-only 
routes and eliminating drivers with slack time in 
their runs from these other routes. Therefore, it 
appears likely that the actual costs given in the 
table for routes 325 and 326 are lower than the true 
marginal costs of these routes.) 

REFINEMENTS 

Because the model tends to underestimate the mar
ginal costs of drivers' wages for peak-period-only 
services, two methods for obtaining more reliable 
estimates for such services are suggested in this 
section. 

Some operators could recalibrate the model spe
cifically for routes with high peak-to-base ratios. 
This would require a set of drivers' runs specially 
designed (or cut) to supply drivers for. mostly peak
period services. Some agencies have this data. For 
example, the MBTA cuts independent sets of runs for 
each of its garages, and the peak-to-base ratio of 
the services operating from some garages is higher 
than the peak-to-base ratio of the system as a whole. 

Even if an agency did not have the necessary runs 
on hand, it could cut them. This would be time con
suming, but much less so than rescheduling runs to 
estimate the costs of wages for individual services 
(which would be done to obtain the exact cost of 
wages for a route) • Inevitably, a planner would 
have to judge how much time to trade for accuracy. 
An agency willing to recut runs could recalibrate 
the model any number of times, and each version 
could be used to estimate the costs of runs with 
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peak-to-base ratios within a narrow range. 
Without recalibrating the model for services with 

high peak-to-base ratios, a transit agency could use 
the model to determine a range for the drivers' 
wages associated with such service, assuming that 
the model gives the lowest possible cost of drivers' 
wages for routes with high peak-to-base ratios. An 
upper bound can be calculated by assuming that the 
upper bound for the wage per platform hour in a 
given period of the day is the wage per platform 
hour of the most expensive driver on duty at that 
time. 

By ueing a complete set of drivers' runs for one 
agency, the steps for calculating the upper bound 
for the cost of drivers' wages for route r are as 
follows. 

1. Identify all runs (i) with at least one
quarter of a platform hour during period x (see Fig
ure 2). 

2. For each run (i), divide the total daily wage 
(W il by the number of platform hours in the run 
(PHi). This gives wi, the average wage per 
platform hour for run i. 

3. Rank the runs in descending o rder of wage per 
platform hour to determine Uxlr the wage per plat
form hour of the most expensive run in period xi 
ux2 , the wage per platform hour of the second most 
expensive run in period xi and so on. 

4. Determine the number of platfdrm hours needed 
for route r during period x (see Figure 4). 

5. Calculate the cost of route r during period x 
by assuming that the first platform hour costs u l' 
the second costs u2, and so on. 

6. Repeat steps 1 through 5 for each period of 
the day and sum the results. The sum is an upper 
bound for the daily cost of drivers' wages for route 
r. 

The data in Table l give upper bounds for the costs 
of seven MBTA routes with high peak-to-base ratios. 

SUMMARY AND CONCLUSIONS 

The model presented in this paper can help any tran
sit agency estimate the cost of adding or cutting 
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service in an existing bus network. It simply and 
reasonably accurately predicts changes in drivers' 
wages caused by small or moderate changes in service. 

The application demonstrated in the previous sec
t ion of the paper indicates that the model is ex
tremely accurate for service changes for which the 
required vehicle hours are distributed throughout 
the day in the same manner as the vehicle hours re
quired for the entire system. The model is less ac
curate for service changes with unusually high peak
to-base ratios. Nevertheless, the model provi des a 
lower bound for the costs of wages for peak-period
only services. Furthermore, the model can be recal
ibrated specially for service changes with atypical 
t .emporal distributions, although this procedure 
could involve considerably more effort than cali
brating the basic model. 

The model does not replace scheduling as a means 
of determining the exact cost of a service change. 
Nevertheless, it is a useful sketch-planning tool, 
and it is considerably simpler than the previously 
proposed models for estimating drivers' wages with
out scheduling. The essential simplifying step is 
to calculate the average wage per platform hour dur
ing each 0. 5-hr period of a day, thereby c apturing 
the impact of an agency's idiosyncratic work rules 
on the labor cost during each period. 
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Assessment of Operational Effectiveness, Accuracy, and 

Costs of Automatic Passenger Counters 

JOHN ATTANUCCI AND DAVID VOZZOLO 

The research results of an assessment of the operational effectiveness, accu· 
racy, and costs of various bus transit automatic passenger counter (APC) 
technologies are presented. The primary objective of automated passenger 
counters is to efficiently acquire accurate data on passenger activity and 
transit travel times. These data, which are essential for ongoing planning and 
scheduling activities, may include boardings, alighting., passenger loads, and 
vehicle running times. Automated techniques enable the reporting and analy· 
sis of these data in varying levels of detail. The current applications of APC 
technology in 12 North American transit properties are assessed on the basis 
of four technological factors: accuracy, equipment reliability, data turn
around time, and cost. Findings indicate that APC technology and its 
creative use may not be the magical solution to the bus transit monitoring 
dilemma; however, APC technology does offer a reasonable cost-effective 
option that operators can seriously consider to satisfy their data-collection 
needs. 

The change in planning emphasis from capital-inten
sive transit improvements to short-range transit ef
ficiency actions, plus growing fiscal pressures, 
have increased the importance of transit system sur
veillance. It is important to design a data-col
lection program to obtain reliable data at a reason
able cost. To do this transit managers need answers 
to questions such as how much data should be col
lected (i.e., what size sample should be obtained), 
which data-collection techniques are most appropr i
ate, and how often data should be collected (e.g., 
once a year or at every schedule change). 

The objective of a current UMTA-sponsored re
search study (known as the Bus Transit Monitoring 
Study) is to provide transit operators with the in
formation they need to design their own comprehen
sive, statistically based data-collection programs. 
In the first phase of this study a technical manual 
was prepared for use by operators in the design of a 
data-collection plan consisting of manually col
lected data (1). As part of that effort, several 
observations were made. 

1. The costs of manual data-collection activi
ties and subsequent processing requirements are sig
nificant. For example, based on typical industry 
data requirements and property characteristics, a 
manually performed monitoring program would require 
1 to 2 full-time checkers for a 50-bus property and 
10 to 19 traffic checkers for a 1,000-bus property. 
In addition to relatively high costs, several prop
erties that use manual techniques report difficulty 
in obtaining reliable data, and they experience long 
turnaround times between data collection and report
ing. 

2. A growing interest in automated surveillance 
techniques has been expressed by transit proper
ties. The shift to automated methods is in response 
to the relatively high costs and operational prob
lems associated with manual data-collection programs 
(such as the introduction of tinted window buses, 
which hinder wayside point checks) • 

Previous investigations of automated surveillance 
techniques suggest that they can be used success
fully on a regular basis. Nevertheless, there has 
been no comprehensive assessment of how automated 
surveillance techniques have been and can be used in 
ongoing data-collection programs. Recent research 

attempted to synthesize available information about 
automated surveillance technologies and to report on 
their operational characteristics, overall cost-ef
fectiveness, and current use in more than a dozen 
North American transit properties (2). One part of 
this research is reported in this paper--the assess
ment of the operational effectiveness, accuracy, and 
costs of various automatic passenger counter (APC) 
technologies. 

HOW AUTOMATED PASSENGER COUNTERS WORK 

Automated data-collection techniques count the num
ber of passengers boarding and alighting a vehicle 
at each bus stop. Passenger activity is detected 
either by infrared beams or ultrasonic rays pro
jected across the front and rear doors of the bus or 
by pressure-sensitive mats placed on the steps. 
Most of the experiments to date have involved de
vices that record the number of passengers boarding 
and alighting, the time of day, and an odometer 
mileage reading every time the bus stops and the 
doors open. 

Most of the early research and applications fo
cused on the use of APCs as components within an 
automatic vehicle monitoring (AVM) system (3-15). 
AVM systems are designed to provide continuous in
formation on vehicle locations, emergency status, 
and schedule adherence. Automated passenger data 
are periodically transmitted through a radio or an
other communication network to a central processing 
location. This information is used by transit con
trollers to modify bus schedules as conditions war
rant on a real-time, instantaneous basis. This 
information is also used off-line to perform opera
tional analyses. 

Recently, there has been considerable interest in 
using APCs as separate surveillance tools. The dif
ference between this approach and AVM systems is 
that data are not transmitted instantly, but are 
stored on board the bus on either magnetic tape or 
solid-state memory. At a later time the data are 
transferred to a central processing location for 
validation and analysis. 

The primary objective of automated passenger 
counters is to efficiently acquire accurate data on 
passenger activity and transit travel times. These 
data, which are essential for ongoing planning and 
scheduling activities, may include boardings, 
alightings, passenger loads, and vehicle running 
times. Automated techniques enable the reporting 
and analysis of these data in varying levels of de
tail (i.e., route, trip, route segment, or bus stop). 

There are four basic steps in collecting and 
analyzing APC data that are common to all APCs (see 
Figure 1) : 

1. Data acquisition, 
2. Data recording and storage (on board), 
3. Data transfer to a central computing facil

ity, and 
4. Reporting and analysis. 

Several hardware and software components are used 
in these steps. Counting sensors located at each 
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Figure 1. Basic steps and components of APC techniques. 
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doorway of the bus detect passenger activity. A 
data-processing unit located on board the bus uses a 
logic algorithm to translate the counts into board
ings and alightings. Generally, these boardings and 
alightings are then stored in a way that permits 
easy stop referencing of the counts . This is done 
through the recording of time or distance measure
ments, or from signposts (located at designated in
tervals along the route) that transmit coded signals 
to the bus. After the data have been stored for a 
period of time (usually several days), some mecha
nism is used to transfer the information from the 
on-board processing unit to a central computing fa
cility. Finally, the data are input to Roftware 
packages and the desired reports are generated. 

CHARACTERISTICS OF CURRENT APC SYSTEMS 

Twelve North American properties are now operating 
or are about to implement APC systems (Table 1). 
These properties can be grouped into three catego
ries: 

1. AVM systems (three properties), 
2. Operational APC systems (non-AVM) (two prop

erties), and 
3. New APC systems (seven properties). 

Three types of counting-sensor technologies have 
been used (i.e., dual infrared beam, multiple infra
red beam, and treadle mats), although currently the 
dual-beam counters have proven most popular with 
eight systems in use (or proposed) , Half (six) of 

the current systems use or plan to use signpost lo
cation referencing technology. 

The earliest applications of APC techniques were 
in coordination with comprehensive AVM systems. In 
Cincinnati, the General Motors Transportation Sys
tems Division experimented with an AVM system that 
used infrared-beam counters. Signposts located at 
scheduled time points transmitted location code sig
nals to passing buses. At frequent intervals the 
raw data collected on the bus were sent over the 
radio to the computer for processing. (The full 
Cincinnati system has been moved recently to Wind
sor, Ontario, Canada.) In 1976 the Toronto Transit 
Commission designed and installed 100 dual-beam 
counter units and 16 signp(>sts as a part of its 
overall AVM surveillance program. They have also 
been experimenting with treadle mats due to dissat
isfaction with the accuracy of the beam-counting 
logic. Finally, an UMTA-sponsored demonstration in 
Los Angeles has implemented a broad-beam signpost 
AVM system that uses pressure-sensitive treadle mats 
for passenger counting. The 200 units have been 
used exclusively on four heavily patronized bus 
lines. 

Two transit properties have extensive experience 
with APCs, which are used to collect passenger data 
and store it for later processing. The Seattle 
Metro installed a treadle-mat system on 56 buses in 
early 1978, and it has installed signpost identifi
cation systems in 1982. OC Transpo in Ottawa, On
tario, Canada, installed 49 dual-beam counters in 
1978-1979 and acquired 16 more units in 1982. 

Three u.s. systems have more recently installed, 
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Table 1. APC systems in North America. 

Property No. of Units 

AVM systems 
Windsor 27 counters, 

(formerly Cincinnati) 3 7 signposts 
Los Angeles 200 counters, 

5 00 signposts 
Toronto 100 counters, 

16 signposts 
Operational APC systems 

Ottawa 49 counters 
(16 new units 
anticipated) 

Seattle 56 counters 
(acquiring 250 
signposts) 

New APC systems 
Calgary 5 counters 

(demonstration) 
California Department 25 counters 
of Transportation (obtaining 65 
(Caltrans) units from Los 

Angeles) 
Columbus 6 counters, 

8 signposts 
Kalamazoo 20 counters, 

3 0 sign posts 
Minneapolis-St. Paul 44 counters 
Portland 50 counters 

Quebec City 3 counters 
(I 0 new units) 

or are planning to acquire, automated counter 
units. Michigan is sponsoring a demonstration in 
Kalamazoo. Twenty buses have been equipped with 
dual-beam counters, and 30 signposts have been in
stalled for stop referencing. The purpose of the 
demonstration is to examine the applicability of APC 
techniques in the service monitoring programs of a 
small transit system within the state. Tri-Met in 
Portland, Oregon, implemented 50 dual-beam uni ts in 
1982. Tri-Met made the decision to initiate an op
erational program after 2 years of experience with 
two prototype units. The Central Ohio Transporta
tion Authority (COTA) in Columbus has made a rather 
unique arrangement. A consultant has been con
tracted for a 14-month period to provide 6 dual-beam 
counters and 8 portable signposts, collect data on 
all routes and bus runs, and generate detailed re
ports appropriate for route planning activities. 

The Metropolitan Transit Commission (MTC) in Min
neapolis-St. Paul purchased 44 dual-beam systems in 
1979. However, due to contractual difficulties with 
the manufacturer (and the resultant nondelivery of 
on-board storage units), use of these systems has 
been limited. Although the existing units display a 
cumulative count of boardings and alightings on 
board the bus, no mechanism for data storage is 
available. Drivers are required to record count 
readings at designated points in order to use the 
counters. Because these problems have not been re
solved, MTC does not currently use the counters as 
part of their ongoing data-collection program. 

In 1979 Caltrans began a demonstration program 
with 6 small transit systems in the state (Bakers
field, Golden Gate Transit, Montebello, Monterey, 
Sacramento, and Santa Cruz) by acquiring 25 multi
ple-beam counters. Caltrans is currently also nego
tiating for the acquisition of 65 units originally 
purchased for Los Angeles. The purpose of the test 
is to determine whether the APC technique is prac
tical for small properties. Currently, all hardware 
(i.e., 25 units) has been installed, and processing 
software is being developed in Sacramento. 

Four other Canadian cities have some experience 

Type of Counter 

Pro-Data dual beam 

Dynamic Control 
treadle mats 

Dual beam (self-
designed) 

Pro-Data dual beam 
(Paul Isaacs 
infrared beam) 

Dynamic Control 
treadle mats 

Paul Isaacs 
infrared beam 

Dynamic multiple 
beam 

Pro-Data dual beam 

Honeywell dual 
beam 

Pro-Data dual beam 
Paul Isaacs infrared 

beam 
Pro-Data dual beam 

(Paul Isaacs 
infrared beam) 

Implementation 
Date 

1981 (1977-
1981) 

1980 

1976 

1978-1979; 
1982 (new 
systems) 

1978 

1982 

1979 (purchase); 
1982 (imple
mentation) 

1982 

1982 

1979 (purchase) 
1982 

1980;1982 
(new systems) 
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with the implementation of APC systems. In Calgary 
five infrared-beam counter units are currently being 
installed on a demonstration basis. In Quebec City 
13 units are being used in. a systemwide monitoring 
program to identify problem routes that may require 
more detailed manual data collection to identify ap
propriate service changes. One APC unit is cur
rently being tested by the London, Ontario, transit 
system to determine if a full-scale program should 
be developed. In Edmonton, Alberta, two prototype 
APC units were developed in 1977-1978, but after 
testing the program was discontinued primarily be
cause of high development and implementation costs. 

ACCURACY OF APC TECHNOLOGIES 

Most assessment of automated counter techniques have 
concentrated almost exclusively on the issue of 
counter accuracy. As with manual data-collection 
techniques, the implications of selecting desired 
accuracy levels must be carefully considered. The 
use of the data and the increased cost of obtaining 
more accurate data must be weighed in selecting ap
propriate accuracy levels and, consequently, data
collection methods (]:). 

The results from accuracy tests presented in the 
research literature are addressed in the following 
sections. Findings from tests performed by several 
transit properties operating APC units are then dis
cussed. 

Research 

In 1979 an evaluation of three commercial passenger
counter systems (one treadle-mat system and two in
frared-beam systems) was conducted to assess their 
potential performance for the Los Angeles AVM system 
( 15) • Accuracy and environmental tests were con
ducted in the laboratory and on board an operating 
transit bus. Test data indicated that the counter 
that incorporated treadle mats exhibited superior 
counting performance over the two infrared-beam sys
tems. The mat APC system yielded correct (100 per-
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cent accuracy) boarding counts 93 percent of the 
time and correct alighting counts on 90 percent of 
the observations. In general, all three counter 
systems . were more accurate on boarding counts as 
compared to alighting counts. Also, all three sys
tems tended to undercount rather than overcount pas
senger activity. 

In March 1982 UMTA, through the Transportation 
Systems Center, sponsored research to conduct a lim
ited-scale accuracy field test to provide an indica
tion of the relative performance of APCs and on
board, manually taken ride checks. The test covered 
a range of boarding conditions on routes exhibiting 
fr.om 1 to 12 passengers boarding at any given stop. 
The field test was conducted on five properties: 
Seattle, Minneapolis-St. Paul, Columbus, Kalamazoo, 
and Los Angeles. The counter technology used on 
three of the five properties was a dual-infrared 
beam: on the remaining two properties, pressure-sen
sitive treadles (mats) were tested. 

The results of the field test did not indicate a 
significant difference in performance between the 
APCs and the on-board ride checkers. A summary 
analysis of a composite sample of approximately 
8,600 transactions yielded the following results. 
The APCs were in absolute agreement with truth for 
78 percent of the transactions compared with 86 per
cent for conventiona l on-bo ard ride checkers: with a 
variance of ±1, the performance of the APC was 95 
percent compared with 96.5 percent for the ride 
checkers. In terms of total passenger counts for a 
sample size in excess of 20,000, the data acquired 
by using APCs was 94 percent of the truth compared 
with 96 percent for the on-board ride checkers. 

Operator Experience 

Most APC transit properties have undertaken loose 
accuracy checks and concluded that counters appear 
to be accurate enough for their purposes. Yet few 
properties have implemented extensive accuracy test
ing through comparisons of APC-generated counts with 
manual counts. 

In the winter of 1978-1979, Seattle Metro under
took a series of accuracy tests on both standard and 
articulated buses equipped with automatic counters. 
In general, the treadle-mat counters were extremely 
accurate. For example, standard bus accuracy is 98 
percent for boardings and almost 94 percent for 
alightings. These accuracy measures are even higher 
when examined on the basis of stop records being 
within ±1 or ±2 of manual counts. These find
ings are somewhat consistent with the 1979 Los 
Angeles AVM study, which indicated that the treadle
mat counters were highly accurate. Test results on 
standard buses also confirm previous findings that 
counters are more accurate for boarding measurements 
than for alightings. It is interesting to note that 
the articulated test results do not agree with this 
finding. Although there is a slight tendency toward 
more accurate measurement of alightings, accuracy 
levels are generally identical. In ongoing opera
tion, Seattle Metro has found that about 80 percent 
of the boarding and alighting totals for a full-day 
bus operation are within 10 percent of each other 
(the standard established for retention use of the 
APC data in Seattle). 

The London Transit Commission in London, Ontario, 
has been experimenting with one APC-equipped bus 
that uses pressure-sensitive treadle mats. A series 
of accuracy tests were performed during the winter 
and spring of 1982. In March 1982, peak hours were 
surveyed for 1 week by two checkers who manually 
recorded passengers boarding and alighting at each 
stop and recorded the count from the APC equipment. 
Accuracy was compared on the basis of number of pas-
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sengers boarding at the front door, alighting at the 
front door, and alighting at the rear door. Tests 
concluded that APC counts for front-door boardings 
and rear-door alightings were extremely accurate in 
comparison with manual checks (93.9 and 97.6 per
cent, respectively), whereas front-door alighting 
counts exhibited 84.8 percent accuracy. The APC 
units tended to overcount on rear-door alightings. 
The test results present accuracy data separately 
for stops with relatively low passenger activity (1 
to 5 boardings or alightings) and high passenger 
activity (6 to 10 boardings or alightings). Find
ings indicate that, at stops with high passenger 
activity, APC counts are 100 percent accurate within 
±1 of the manual count. At stops with low passen
ger activity, APC counts were 98 to 100 percent ac
curate within ±2 of the manual counts. 

Accuracy tests were also performed in Cincinnati 
as part of the evaluation of the transit information 
system. The Cincinnati results differed from previ
ous findings in that alighting counts were more ac
curate than boardings. The Cincinnati results are 
consistent, however, in that the APCs tended to un
dercount. 

During the winter of 1980-1981, the MTC in Min
neapolis-St. Paul performed accuracy tests on its 
APC-equipped buses. Because MTC did not have a com
plete set of APC equipment on their buses (no on
board memory) , the automated count data was tabu
lated by drivers reading off the counter at the end 
of each trip. These numbers were then compared with 
the manual count data on a trip and run basis. As a 
result of this methodology, no stop-level analyses 
were possible. The MTC tests indicated that the ac
curacy of APC boarding counts was extremely high 
(i.e., 95 percent). On the other hand, the accuracy 
of alighting counts was somewhat lower (i.e., 85 
percent). The difference is particularly evident 
when the percentage of runs and trips that are 
within ±15 percent accuracy (90 percent for board
ing!! and 54 percent for a lightings) are examined. 
As with previous test results, the MTC data indicate 
that the automated counters tend to undercount 
rather than overcount passenger activity. 

In the MTC test results, the fact that the 
accuracy of boarding counts is so high appears to 
indicate that the counting sensors are performing 
extremely well. Nevertheless, the significant dif
ference between boarding and alighting accuracy may 
be due to the location of the sensor in the rear 
stepwell or some other minor flaw. Experiences in 
other APC properties have revealed that sensor loca
tion for infrared-beam counters is a major determi
nant in count accuracy. Even a slight movement of 
the light-beam sensor (also referred to as light
head) toward the skin of the bus can yield substan
tial improvements in count accuracy. 

In addition to altering the location of counting 
sensors, there are other measures that can be taken 
to compensate for differences in boarding and 
alighting accuracies. In cases like the MTC, where 
there is a systematic error resulting in undercounts 
of alighting activity, these data can be factored by 
the boarding count on a trip or run basis in order 
to yield matching and consistent counts. For ex
ample, OC Transpo calculates and applies such a fac
tor within their analysis and reporting software. 
For individual APC-equipped vehicles, the software 
calculates the systematic undercount of alightings 
(from the previous day's data) and computes a factor 
that is then applied to the count. 

Generally, the available data have indicated that 
APC data obtained from properly installed and cared 
for units are reasonably accurate, especially when 
boarding counts alone are considered. 
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EQUIPMENT RELIABILITY 

An issue of special concern that transit operators 
frequently raise when discussing APC technology is 
the reliability and durability of counting-sensor 
hardware, on-board microprocessing uni ts, and elec
trical connections. Transit properties are not able 
to use 100 percent of the data potentially collected 
with APC equipment. Operators report that only 85 
to 90 percent of the APC units are in working order 
at any given time and, of these, only about 80 per
cent produce acceptably accurate readings on spe
cific bus runs. In some cases there have been me
chanical problems that have hampered the effective 
use of the counting technology. Most properties 
have been able to overcome these technical diff icul
ties: however, there remains skepticism regarding 
the reliability of the APC equipment. 

Only one operational system (Seattle Metro) was 
able to provide an estimate of continuing equipment 
availability. In Seattle Metro's case, 35 to 36 (90 
percent) of their 40 operating units are generally 
in working order on any given day. For those in 
working order, Seattle Metro generally has to dis
card about 20 percent of the individual vehicle trip 
readings because of unsatisfactory or inconsistent 
data. 

The reliability issue is addressed in the follow
ing sections by examining typical mechanical mal
functions and the various actions taken to solve 
them. In general, problems of equipment reliability 
experienced by North American transit properties 
that have implemented APC programs can be grouped 
into the following categories: sensor malfunction 
or nonalignment, electrical disconnections, odometer 
readings, and environmental factors. 

Sensor Malfunction 

In Los Angeles the treadle mats with counting sen
sors were originally installed on the first and sec
ond steps of the stairwell at both the front and 
rear doors of the 1Jus. The mat on the first step 
was often damaged or destroyed when buses turned 
close corners and hit the curb. To minimize damage, 
the installation procedures were changed and the 
mats were moved to the second step and the plat
form. This alteration successfully minimized the 
problem. In addition, Los Angeles experienced dif
ficulty when mats tended to set on the stairwell: 
that is, after some time the mats occasionally set
tle in over the treadle pins, with the result that 
pins are no longer activated and counts are not reg
istered. This malfunction can be corrected by re
placing the mat and resetting the treadle pins. 

One major difficulty with infrared-beam counting 
sensors concerns maintaining the proper alignment of 
the paired units of lightheads at each doorway. 
Improper alignment of the two lightheads means that 
the light source is being emitted, but it is never 
received: therefore, no counts are registered. 
Front-end collisions may damage or change the align
ment of the lighthead sensors. The location of the 
sensor units within the doorway also makes them 
highly susceptible to general abuse and movement by 
crowded passengers. In addition, counting units may 
be vandalized on board the bus. To minimize these 
problems, the counting sensors require frequent mon
itoring and inspection to identify and correct prob
lem units. 

Electrical Disconnections 

Buses have an extensive series of electrical connec
tions weaved throughout the frame of the vehicle. 
The electrical wiring complicates APC installation 
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procedures and often requires special body work to 
insert the wires and connectors for the APCs. Elec
trical disconnections or other malfunctions occa
sionally occur. For example, Seattle Metro experi
enced difficulty when its data dump operation would 
unexpectedly hang up. Maintenance personnel origi
nally thought it was a noise spike from the bus 
electrical system. After examination, it was dis
covered that one of the electrical sockets merely 
had a bad connection. As a result, what was origi
nally feared as a major electrical problem turned 
out to only require a few dollars for a new connect
ing socket. Clearly, there have been other in
stances where APC applications have experienced more 
extensive electrical malfunctions. One interesting 
note concerns the Los Angeles automated counter 
units. At one time Los Angeles was having diffi
culty on chair-lift installations because cables 
running under the mats on the floor were being 
guillotined by wheelchairs. 

Odometer Readings 

Another equipment problem is inaccurate odometer 
readings. Odometer readings are required to stop 
reference count data. Inaccuracies of the odometer 
readings can produce distance-calibration errors. 
Odometers are extremely sensitive measuring de
vices. Several properties mentioned problems expe
rienced with distance calibration. For example, 
Caltrans and OC Transpo have 'both observed variation 
in odometer readings. OC Transpo keeps a record of 
distance-calibration accuracy for each APC-equipped 
bus and introduces a correcting factor that is ap
plied to the distance measurement in the software 
processing. 

Environmental Factors 

Environmental factors can affect the accuracy and 
reliability of counting sensors. For example, 
Seattle Metro has problems with their treadle mats 
because of leaking and water penetration. Although 
the mats have been redesigned, there are still some 
linkage problems, particularly on the lower mats. 
Seattle operating personnel believe that the major 
defect is the design of the mats, in that they do 
not hold strongly in place on the step. 

Infrared-beam sensors are · also susceptible to en
vironmental factors, particularly cold weather, ice, 
and snow. OC Transpo experienced malfunction prob
lems with sensors, particularly lightheads located 
closest to the skin (exterior) of the vehicle, as a 
result of ice produced by the extreme cold weather. 
The problem was solved by redirecting the flow of 
warm air from a nearby heater vent toward the light
head. The added warmth has been extremely helpful 
in minimizing the problem. 

Another environmental problem is light reflec
tions. OC Transpo observed that boarding and 
alighting counts are extremely inaccurate when APC 
buses are traveling directly into the sun, particu
larly in early morning and late afternoon periods. 
On the other hand, passenger counts are excellent 
when the vehicle is moving away from the sun. They 
have observed that vinyl clothing (e.g., raincoats, 
parkas) or other shiny objects reflect light and in
terrupt the operation of the light-beam counting 
sensors. 

There are a number of specific actions that can 
be taken to minimize problems with equipment relia
bility. Preliminary testing of the equipment can 
help avoid potential technical difficulties. Many 
of the successful automated passenger counter pro
grams started with a few prototype units before they 
introduced the total system. For example, Portland, 
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Ottawa, Quebec City, and Calgary all gained experi
ence with prototype units and worked out the tech
nical bugs before defining desired equipment and 
performance specifications. In addition, these 
properties shared information and were able to learn 
from the mistakes of others. 

Proper installation techniques can also minimize 
reliability problems regarding beam alignment. For 
example, the appropriate location of the sensor, 
protective brackets, hidden wiring, and secure doors 
can protect the lightheads from vandalism and gen
eral abuse, 

Finally, monitoring of the equipment and its per
formance can be critical to the effective use of APC 
technology. Several transit operating personnel 
stated that it is important to develop a close work
ing relationship among APC supervision personnel and 
maintenance, body shop, and electrical staffs, Al
though it is clear that APC equipment needs a degree 
of special attention that other vehicle subsystems 
generally do not require, the properties that use 
APC systems believe that equipment reliability and 
maintenance needs do not pose major obstacles to the 
successful operation of an APC system. Yet greater 
industry acceptance of APC technol ogy appears to 
hinge on an improvement (and solid documentation of 
this improvement) in the operational reliability of 
such systems. 

DATA TURNAROUND TIME 

One of the major concerns regarding the collection 
of transit operating data is the turnaround time be
tween observation and analysis. The automated pas
senger counter technique appears to be superior to 
manual data-collection turnaround time. APC data 
are read directly from on-board storage into the 
central computing facility. Software is then used 
to generate the desired reports and analyses. Man
ually collected data, on the other hand, requires 
assembling all ride and load count sheets, keypunch
ing, and finally reading the data into software 
packages. A significant amount of time can be saved 
by using an APC system. In fact, several properties 
that currently use manual data-collection programs 
have experienced excessively long turnaround times 
(e.g., up to 1 year) between observation and data 
reporting and analysis. The Southern California 
Rapid Transit District (SCRTD) in Los Angeles is 
currently experiencing this ,problem. The longest 
delay in the typical process includes the time for 
data validation, editing, and keypunching. 

Specific information on data turnaround times for 
APC applications is limited. Little information was 
discovered on direct comparisons between turnaround 
times of APC and manual data-collection programs. 
Nevertheless, interviews with operating personnel 
from properties that implemented APC techniques did 
provide insights on turnaround time. 

The average turnaround time at Seattle Metro is 
between 5 and 6 days. A portion of this time in
cludes a day or two during which the data are stored 
on board the bus in solid-state memory. Because of 
personnel and APC scheduling conflicts, it sometimes 
takes 2 to 3 weeks to provide the information re
quested from a transit manager and the generated 
analyses. Despite these minor time lags within the 
data-collection program, Seattle Metro personnel 
noted that this turnaround time represented a major 
improvement over the manual system previously used. 

OC Transpo assembles all APC-generated data into 
a series of management reports at the end of each 
quarterly service period. OC Transpo also assembles 
data from APC-observed bus runs for spot analyses 
for purposes of short-term planning and s cheduling. 

Transportation Research Record 947 

APC count and time data are transferred from on
board storage to the central computer facility on 
the day following data collection. A series of 
automated processing procedures then separate each 
bus run into individual trips and segments. Finally, 
stop-by-stop listings of APC count data are produced 
and become available for spot analyses 1 or . 2 days 
after the initial observation. 

Metro Trans it in Kalamazoo specified within their 
contract' with the APC vendor a maximum of a 1-week 
turnaround time from pulling the data tapes from on
board storage to generation of reports. currently, 
all data processing is undertaken at the vendor's 
computing facility. Operating personnel at Metro 
Transit stated that turnaround time may be reduced 
significantly if the processing capability is main
tained in-house rather than off-site. Nevertheless, 
the current l-week turnaround represents a signifi
cant time savings over the manual system. 

COSTS OF APCs 

An obviously critical step in the assessment of 
automated passenger counters is to examine the costs 
of acquiring and operating such systems. Two major 
aspects of APC cost factors are considered in this 
discussion: (a) the actual costs experienced by 
North American APC applications, and (b) the costs 
of APC systems as compared with the costs of manual 
data-collection programs (on a hypothetical basis). 

Ranges of Actual APC Costs 

The costs of acquiring and operating APC systems 
have been disaggregated into discrete cost compo
nents. These major cost components, divided into 
expenditures for hardware and software, are given in 
Table 2 along with the range of (unit) costs en
countered by the 12 properties that use APCs. As 
noted in the data in Table 2, the costs of acquiring 
and operating APC systems (for both hardware and 
software) vary significantly among transit proper
ties. Several different types of systems have beer:i 
implemented to serve a variety of data analysis and 
reporting functions. Consequently, the costs of 
these systems also differ, depending on the type of 
information desired and the accuracy required. 

APC hardware costs cannot be easily estimated be
cause the market for such equipment is so small. 
Manufacturers of APC co.mponents have come and gone 
over the past decade, and virtually every procure
ment has involved tailor-made specifications. As a 
result there are few, if any, off-the-shelf compo
nents currently on the market or in production. Al
though it is difficult to make meaningful compari
sons of the component costs among systems because of 
the different specifications and dates of acquisi
tion, a potential user of APC equipment would do 
well to review the specific experience of the sys
tems currently in use (_£,16-18). 

Table 2. APC system costs. 

Component 

Equipment 
Counting sensors 
On board microprocessor 
Signposts 
Transfer mechanisms 

Installation 
Maintenance 
Software 

Development 
Ongoing processing 

Unit Cost Range($) 

500-750/bus 
2,000-3 ,500/bus 
300-450/location 
2,000-6,000 (l or 2/garage) 
350-750/bus and post 
450-1,000/bus annually 

I 50,000-250,000 initially 
50,000-70,000 annually 
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Comparison Between APC and Manual Data-Collection 

~ 

The conventional method of data collection used by 
most transit properties involves the use of traffic 
checkers to perform point (or load) checks, riding 
checks, or the collection of boarding counts by the 
bus operator. To make a valid assessment of auto
mated counter techniques, it is necessary to compare 
APC costs with typical expenditures for manual data
collection programs. Few of the transit properties 
that have implemented APC techniques were able to 
provide detailed comparisons between the current 
budget and previous expenditures for manual data 
collection. 

COTA in Columbus awarded a $31,000, 6-month con
tract to a consulting firm to collect, process, and 
report data for each run in the system. Although a 
direct comparison is not available, one COTA repre
sentative stated that a similar effort attempted 
manually in-house would cost in excess of $200,000, 
and most likely would not be completed within the 
same 6-month time period. 

oc Transpo previously employed eight full-time 
traffic checkers, with an annual cost of $160,000 
for the manual monitoring program. OC Transpo 
currently operates 49 APC-equipped buses, and it is 
in the process of equipping 16 more vehicles. The 
current staff consists of two people who are now 
responsible for other administrative duties, but do 
occasionally perform trailing checks or load counts. 
oc Transpo believes that the APC system paid for it
self in its first 2 years of operation. In addi
tion, they believe that much more useful data are 
being collected and reported than was possible with 
the manual program. 

Because there have not been many direct compari
sons, an analysis was made of typical expenditures 
for APC and manual programs. Major cost components 
within a budget for manual data-collection programs 
generally include the following: 

1. Personnel needed to collect data on board 
buses or on the street, 

2. Administrative or supervisory tasks (e.g., 
the detailed scheduling of checker work assignments), 

3. Data preparation (coding and keypunching of 
completed forms), and 

4. Data processing, editing, and reporting. 

Costs for manual checkers and supervisory person
nel were based on an estimated $23,000 annual salary 
(including benefits). Software costs for manual 
data-collection systems were obtained by using pro
fessional judgment and experience. For example, the 
study team is currently undertaking a comprehensive 
software development effort as part of the Bus Tran
sit Monitoring Study. The study team is currently 
spending approximately $125, 000 for software devel
opment to analyze both ride and point checks as well 
as driver boarding counts. The APC hardware and 
software costs use ranges of expenditures actually 
experienced by APC properties of that size (and doc
umented in Table 2). 

In general, the cost estimates used in the analy
sis can be considered conservative in favor of the 
manual technique; that is, lower estimated costs 
were applied to the manual system, whereas higher 
estimated costs were applied to the automated 
counter system. The comparison considers the costs 
accrued over a 5-year period. Consequently, manual 
costs incorporate checkers' salaries (and benefits) 
over the 5-year period, and APC costs incorporate 
the initial purchase expenditure and installation 
and maintenance costs (assuming a 5-year useful 
life) ; both manual and APC system costs include 
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software development and ongoing processing costs. 
Estimates were used to develop a cost comparison 

between manual and APC systems for properties of 
different sizes (Table 3). The number of APC units 
and checkers required for each size property was es
timated based on statistical sampling requirements 
as identified in the Bus Transit Monitoring Study 
(.!_). Unit costs for manual personnel and APC hard
ware acquisition, installation, and maintenance are 
the same for different sized properties. Adminis
trative and supervisory personnel requirements 
change proportionally with varying property size. 
However, the estimation of software costs for both 
manual and APC systems does not change in strict 
linear proportion with the size of the transit prop
erty or with the number of APC-equipped buses. 
There is a relatively high initial start-up cost for 
software development and file creation that is dif
ficult to minimize, even with small properties and 
few APC units. In addition, large properties with 
many APC units experience significantly higher pro
cessing costs because the volume of data increases 
and the processing routines become more complex. 

The comparison of costs for manual and APC data
collection programs (Table 3) indicates that, for 
most sized properties, APC systems can be less 
costly than manual techniques. When costs are ac
crued over a 5-year period, the high up-front costs 
for APC hardware and software development are lower 
than the ongoing costs for manual checker salaries 
and benefits. Nevertheless, the analysis indicates 
that for those transit properties below 100 to 200 
peak-period buses (using less than seven checkers or 
APC units), the difference in costs between the two 
data-collection techniques is minimal. Note that 
many of the costs associated with APC systems (e.g., 
equipment, installation, initial software develop
ment) are eligible for reimbursement from federal 
capital grants, whereas the bulk of manual collec
tion costs falls into a local operating budget. 

In addition to the difference in costs between 
manual and APC techniques, note the decreasing cost 
per APC unit as the number of APC-equipped vehicles 
increases. The decreasing marginal cost is primar
ily because software development and processing 
costs make up the major expenditures, and these 
costs tend to increase at a decreasing rate for ad
ditional units. The significance of the marginal 
cost is illustrated by noting that the annual cost 
of using one additional checker equals approximately 
$23,000, whereas the annual cost of using (install
ing and monitoring) one additional APC-equipped bus 
equals approximately $6,000. 

CONCLUSIONS 

This assessment of current applications of APC tech
nology has reviewed a number of issues that should 
be carefully considered by any bus transit property 
investigating the utility of APC systems. Perhaps 
the most important issue is the realization that the 
technology currently exists to adequately count pas
sengers and record time-related bus performance data 
with little or no direct human interaction. Never
theless, it should be noted that some technological 
improvements are still desirable. In particular, 
more attention needs to be given to making the APC 
equipment more reliable, perhaps by standardizing 
the design of several of the most troublesome com
ponents. Also, it is clear that operators contem
plating the use of APC equipment should be aware of 
related software needs (i.e., broadly defined in 
terms of the potential use of APC techniques, as 
well as potential data processing requirements). 

Transit managers should be extremely careful in 
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Table 3. Cost comparison for different sized transit properties. 

No. of No. 
Annual Costsb ($) Annual Costs per Unit b ( $) Traffic of APC-

Peak Checkers Equipped Manual APC Manual APC 
Buses Required" Buses a Program Program Program Program 

25 I 1 59,000 82,000 59,000 82,000 
50 2 2 86,000 84,000 43,000 42,000 

100 4 4 142,000 121,000 36,000 30,000 
200 6 6 200,500 141,500 33,400 23,600 
300 7 7 227,000 149,000 32,000 21,000 
500 13 13 385,000 196,000 30,000 15,000 
750 15 15 436,000 225,000 29,000 15,000 

1,000 19 19 532,000 245,000 28,000 13,000 
2,000 38 38 1,027,000 398,000 27,000 10,000 

3 Assumes the maximum number of units (checkers or APC buses) required, as estimated in the Bus 
Ttonsit Monitotlng S1U d )1 (!). 
b.A$Sumes a USt(ul li ft (Ot APC equipment of 5 years, and all other costs are accrued over a 5-year period 
(discount rates were not applied to annualized costs). 

defining just what might be expected from APC data
collection techniques so that equipment and data 
processing needs can be anticipated in advance of 
any decision to proceed with a new data-collection 
program. If nothing else has been learned to date, 
experience has revealed that a number of current APC 
users initially underestimated the time and effort 
required to implement and maintain automated data
collection systems. A general lack of prior infor
mation and the need to use unproven equipment some
times resulted in the trial-and-error efforts in 
installing equipment and maintaining it, much 
higher-than-expected data editing and processing 
costs, and the underutilization of available equip
ment capabilities. Fortunately, much can be learned 
from the experiences of users of current APC tech
nology. Any operator contemplating a move to APC 
data collection would do well to contact the proper
ties discussed in this paper. 

A number of specific considerations should be re
viewed in planning for the initiation of an APC sys
tem. 

1. Both of the major types of APC units cur
rently in use (infrared beams and treadle mats) per
form satisfactorily. In general, the treadle mats 
have been found to be slightly more accurate, but 
they appear to require more maintenance and may need 
to be replaced more frequently than comparable in
frared units. 

2. The accuracy of the APC units currently in 
use is adequate for most purposes to which the data 
are put. Data from a recent U.S. Department of 
Transportation test revealed that the APC units were 
remarkably close to counts taken by a human ride 
checker. 

3. For medium to large-sized bus properties 
(those with more than about 100 buses), the cost of 
an APC system compares favorably to manual (ride 
check) data-collection costs over the long runi how
ever, because different equipment and data-collec
tion techniques will provide different types of data 
(and data detail), a property should perform a care
ful cost analysis before moving forward with any new 
program. 

4. Although the use of APC signposts for loca
tion referencing may reduce the overall cost of the 
postprocessing needed to get the raw APC data into 
usable form, recent developments by Portland Tri-Met 
indicate that an odometer-linked referencing system 
may provide an equivalent level of accuracy in stop 
referencing. 

5. It is extremely important for potential APC 
users to define in detail the potential uses of APC 
data. These uses will affect the design of the data 
recording and counting algorithm internal to the APC 

counter uni ts, as well as the extent of the data 
processing development that will be necessary to 
produce fully usable reports. A careful anticipa
tion of the full range of potential uses and re
quired data reports will undoubtedly reduce the 
overall cost of implementing a new system. 

6. Potential users of APC equipment should be 
aware of the need to carefu l ly i nstal l and maintain 
the equipment. Preplanning should include the dis
cussion and agreement on interdepartmental respon
sibilities, and all personnel involved should fully 
understand the need for the APC data and the impor
tance of regular, careful attention to ensure that 
the system operates to its fullest capability. 

In addition, more attention should be paid to 
sampling issues concerning planning and use of APC 
technology. Initially, the number of APC units to 
be ordered should be based on a detailed design of 
an ongoing data-collection program (1) • Several pilot 
units might actually be purchased or leased to help 
monitor a number of routes before the major procure
ment in order to calculate route data variances to 
be used in estimating route and system sampling 
rates. Once the necessary units have been obtained, 
it is important to determine individual line sam
pling rates so that all line data obtained are of 
comparable accuracy levels (rather than only having 
equal sample sizes). APC equipment also offers the 
advantage of allowing an operator to determine sea
sonal variation in line performance during the first 
several years of use, thus allowing a better deter
mination of the number of times a year an individual 
line should be monitored. 

More can still be learned about the use and capa
bilities of APC technology. With the initiation of 
fully supported operational programs in Portland, 
Kalamazoo, and Seattle, the information available 
regarding the potential problems and opportunities 
related to automated surveillance techniques will 
grow significantly during the next several years. 
Although APC technology and its creative use may not 
be the magical solution to the bus transit monitor
ing dilemma, it offers one more option that opera
tors can seriously consider to more effectively sat
isfy their data-collection needs. 
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Potential of Graphical Information Support for 

Transit Decision Making and Performance Evaluation 

CAROLYN A. RINDERLE AND ALAIN L. KORNHAUSER 

The objective of this paper is to examine the potential of the graphical infor
mation system (GIS) to increase transit operator control over performance 
by improving decision-making effectiveness. The GIS is based on the distinc
tion between data and information; data are collected facts, but informa
tion is only that data useful for a particular purpose and perceived as such by 
the user. The GIS increases both relevant information and its perception. 
The GIS is effectively used in semistructured decisions where it enhances the 
ability of the user to apply creativity and judgment in solving novel problems. 
An example illustrates the potential of the GI S to convey patterns, trends, 
and relationships, thereby enhancing the ability of the user to filter relevant 
information from extraneous data. Several graphic profiles of a bus route are 
contrasted with the corresponding tabular summary. All are derived from 
the same data, but because of data format they convey significantly different 
information. 

Inadequate information to support decision making is 
a fundamental problem in increasing the ability of 
the transit operator to control performance. Control 

is exercised through two types of decisions: (a) 
decisions that identify problems, and (b) decisions 
that specify problem correction. To increase con
trol, the transit operator must be able to identify 
and correct problems effectively. 

Effective decision making, however, is often 
constrained by a lack of information. Despite masses 
of collected data, little true information may be 
available to support decision making. 

This paradox indicates the significant distinc
tion between data and information. Data are a col
lection of facts, but information is that data sub
set that is useful for a particular purpose and 
perceived as such by the user. Information is knowl
edge for the purpose of taking effective action <1> 
and is context specific. 

Graphical information systems (GISs) offer the 
transit operator a powerful tool to increase the 
information available for control decision making. 
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As referred to in this paper, a GIS is a type of 
decision support system (DSS) (2). 

The GIS is a conversational, interactive com
puterized system that offers the user the capability 
to access and graphically interface with the analyt
ical power, models, and data bases held in the com-
puter. . 

The work in progress at Princeton University in 
developing a prototype GIS for New Jersey Transit 
Bus Operations (NJTBO) to ,support bus route monitor
ing and evaluation is presented in this paper. The 
two objectives of this work are to (a) characterize 
the decision contexts for which GIS is an appropri
ate techne19"Yr and (b) illuetra-t~ the f*>tential ef 
the GIS to increase the availability and perception 
of information. 

MATCHING GIS TO DECISION CONTEXT 

To increase the availability and perception of in
formation, the GIS must be properly suited to the 
particular decision context as defined by the deci
sion task and the decision maker. 

The GIS is an appropriate technology to support 
semistructured decisions. These are decisions for 
which some aspects of the problem can be precisely 
defined or programmed, although other aspects are 
inherently intractable to structuring (-3_). 

This type of problem is best solved through some 
combination of specified rules and subjective analy
sis. These problems typically require some manipula
tion or computation on a data set as well as the 
judgment and reasoning of the decision maker. Such 
problems are often solved iteratively: the decision 
maker specifies the necessary computations or model
ing, assesses the results, and specifies the next 
step in the analysis. The process continues until 
the decision maker is satisfied that an adequate 
solution has been reached. 

The majority of decisions under the control of 
the transit operator are semistructured. These 
include decisions involving performance evaluation, 
routing, scheduling, network planning, and demand 
analysis and forecasting (3). 

Three characteristics ~ the GIS are particularly 
advantageous in solving semistructured problems. 
First, as a computer-based system· the GIS can accu
rately search or manipulate large data sets and 
perform complex operations, thereby allowing the 
user to focus on analysis rather than computation. 
Second, as an interactive system the GIS rapidly 
interfaces with the user, thus allowing vaguely 
defined solution strategies or hunches to be pursued 
with minimal interference. 

Finally, as a graphical system the GIS facili
tates perception of semiquantitative information. 
This type of information is often critical in semi
structured problems, especially in the problem-find
ing process. By presenting data in graphical rather 
than tabular formats, .the GIS enhances the ability 
of the user to filter relevant information from 
extraneous data and facilitates perception of pat
terns, trends, relationships, deviations, an.Q con
formities. 

CASE STUDY: N~ JERSEY TRANSIT BUS OPERATIONS 

An example taken from NJTBO illustrates the poten
tial of the GIS to increase the availability and 
perception of information in semistructured de
cisions. 

Bus schedules are revised quarterly at NJTBO. 
Problem finding is the first step in this process, 
and it is primarily based on the trip summary report 
(Figure 1) • This report details total weekday pas
senger data by trip, differentiated by inbound or 
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outbound direction, for a 3-week period. The manager 
scans across the rows, attempts to determine trends 
for each trip, and balances the trends against prior 
knowledge of the system and external conditions 
(such as weather). This tabular format requires the 
manager to focus on detailed numbers: it hinders 
perception of semiquantitative information for prob
lem finding. 

In contrast, Figures 2-10 are examples of graph
ical formats available with the GIS. These graphs 
have all been derived from data recorded on the trip 
summary report, yet they convey significantly dif
ferent information. 

Figure 2 uses a linear time scale in plotting 
average inbound ridership versus trip time. Each 
vertical line represents an individual trip, and the 
line density indicates service concentration. This 
format allows the user to easily relate ridership to 
service frequency and may indicate where service 
could be more effectively timed. For example, the 
graph suggests increasing the headways between the 
5:46 and 5:47 a.m. trips and the 7:40 and 7:43 p.m. 
trips to increase ridership. 

This information would typically be complemented 
with the corresponding information on outbound 
trips, as shown in Figure 3. The operator may know 
that the 5:46 a.m. trip turns around and becomes the 
7 :00 a.m. outbound trip, which is well patronized: 
consequently, the operator may decide not to change 
the 5:46 a.m. trip. 

Figures 4-6 contain the same data as Figure 2, 
but they are plotted by using a nonlinear time 
scale. As a consequence, these formats facilitate 
the comparison of ridership between specific trips. 
Figure 4 uses a bar chart to display totals, whereas 
Figure 5 uses a scatterplot and Figure 6 uses a 
lineplot. Although trips are discrete, and thus the 
line segments in Figure 6 have no inherent meaning, 
this format is preferable to the scatterplot for 
many users. The lines focus the user's attention on 

Figure 1. Trip summary report. (Note that this is a copy of an original 
document.) 
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figure 2. Average inbound ridership by trip. 
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Figure 3. Average outbound ridership by trip. 
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Figure 4. Average inbound ridership by trip (barchart). 
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Figure 5. Average inbound ridership by trip (scatterplotl. 
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Figure 6. Average inbound ridership by trip (lineplot). 
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fluctuations as they occur by time of day, rather 
than permitting the eye to randomly jump around the 
display. The GIS allows the user to select which
ever format is preferable. 

Figures 7 and 8 are examples of how the GIS en
ables the decision maker to examine performance by 
day of week. Figure 7 plots total ridership by 
weekday, whereas Figure 8 plots ridership for an 
individual trip by weekday. This information allows 
the decision maker to discern cyclical ridership 
fluctuations i thus it indicates how service should 
be adjusted. In addition, unusual deviations by 
trip may suggest problems with on-time performance. 
For example, unusually high ridership may indicate 
that the bus was running late and picking up riders 
who would have normally taken the next bus. 

Figures 9 and 10 plot cumulative inbound and 
outbound ridership versus time of day, respectively. 
These graphs enable the rate of ridership to be 
easily related to service frequency, either as an 
absolute measure or as a percentage of the total. 
For example, from Figure 9 it is quickly seen that 

TRIP TIME 

50 percent of the inbound ridership is achieved 
before 8:00 a.m. and 90 percent before 6:00 p.m. 
Service is heavily concentrated between 7:00 and 
8:00 a.m., and the rate of ridership is high, with 
almost one-quarter of the total inbound riders 
gained in this period. Together these plots of 
inbound and outbound ridership may be used to indi
cate how service can be more effectively timed to 
increase patronage. 

CONCLUSIONS 

The GIS can greatly increase the decision-making 
effectiveness and ability of the transit operator to 
control performance. By increasing both the amount 
of available information and its perception, the GIS 
enhances the effectiveness of the decision maker in 
solving semistructured problems. It permits the 
user to rapidly access and filter relevant informa
tion from extraneous data, thus enhancing the 
ability of the user to apply creativity, judgment, 
and reasoning in solving novel problems. 
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Figure 7. Total ridership by weekday. 
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Figure 8. Weekday ridership on the 7:55 a.m. trip. 
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Figure 9. Cumulative inbound ridership. 
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Figure 10. Cumulative outbound ridership. 
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The Fare Cutter Card: A Revenue-Efficient and 

Market-Segmented Approach to Transit Pass Pricing 

RICHARD L. ORAM, FRANK SPIELBERG, AND VINCENZO MILIONE 

Recently, many transit properties have studied or instituted prepaid passes as 
part of marketing programs designed to retain existing riders and attract new 
riders. At the same time, transit properties are facing severe financial problems. 
As a result there can be conflict between the marketing department that wishes 
to offer an attractive fare mechanism that offers a substantial discount and 
the financial department that is concerned about lost revenue and free rides. 
To resolve this conflict, the Greater Bridgeport Transit District (GBTD) has 
introduced the Fare Cutter Card as part of a comprehensive demonstration of 
market-based fare policies. This card (actually a permit) has a substantially 
lower initial cost than an unlimited-use pass but requires a $0.25 cash-drop for 
each ride. The card is therefore more affordable to low-income users while 
returning revenue to GBTD for all rides taken. Different approaches to imple
menting the Fare Cutter Card may enable a major extension of fare prepay
ment without additional loss or a major reduction in revenue losses allocated 
with fare prepayment, while maintaining the existing level of use. The GBTD 
experience to date with the Fare Cutter Card is preliminary, but the card 
appears to be popular with riders. In this paper the analytical issues associated 

with the assessment of permits as compared with unlimited-use passes are 
outlined, the benefits of tailoring prepaid mechanisms to the characteristics 
of user submarkets are summarized, and marketing-related benefits of the 
Fare Cutter Card approach are discussed. 

Monthly or weekly passes were once quite common in 
the transit industry. Urban residents who used pub
lic transit regularly for work and nonwork travel 
found the pass efficient and economical. Because 
most transit users made at least some nonwork tran
sit trips during the month, pass purchasers were not 
overly concerned with failing to receive full value 
from a pass if they missed a few days of work durinq 
the month. 

During the 1950s passes tended to fall into dis-
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use. For regular transit riders, the number of non
work trips fell; therefore, purchasing a pass was no 
longer an assured saving. At the same time, transit 
properties faced with financial difficulties either 
raised the price of the pass (expressed as a multi
ple of trips per month) or eliminated it completely. 

Currently there is renewed interest in passes at 
many transit properties. As riding habits have not 
reverted to earlier patterns and financial problems 
are again a major concern, the question is, Why have 
passes once again become a focus of attention? 

The reasons are diverse, but they may be grouped 
roughly into two groups: convenience to the transit 
user and benefits to the transit operator. 

TRANSIT USER PERSPECTIVE 

Convenience to the transit user relates mainly to 
the ability of the user to avoid inconvenient cash 
payments for boarding or getting a transfer. The 
general adoption of the exact-fare requirement, the 
elimination of change-making on vehicles, and rising 
transit fares have increased user requirements for 
change, perhaps to 6, 8, or more coins per day. 
With zone travel, the change requirements can in
crease further; even for a local rider the need to 
have change can be an obvious inconvenience that may 
discourage some potential riders. Purchase of a 
pass with one single monthly outlay--often by 
check--eliminates the need for coins for a full 
month i this may greatly improve the convenience and 
overall image of using transit. 

In addition to convenience, when the pass is 
priced at or near the level of use of regular com
muters, it offers significant economic benefits to 
riders who make more than 10 trips per week. Be
cause of the reduction of off-peak trip making, and 
because of the need to make the 
tive to the largest portion of 
transit agencies reduce the price 

instrument attrac
the market, many 

of the pass to al-
low a savings of 20 percent or more to commuter-only 
users. Often, the greater the overall orientation 
of the system to commuting, the greater is the dis
count offered to commuters. Commuter rail lines are 
the extreme of this case, with pass discounts often 
approaching 50 percent of the regular fare. 

Other fare prepayment demonstrations have indi
cated that pass users do trade off convenience with 
economic savings, which suqgests that the total pre
payment market can be disaggregated into primarily 
price- or convenience-sensitive submarkets <.!>. 

TRANSIT OPERATOR PERSPEC~IVE 

For the transit operator, the benefits of passes can 
include stimulation of the riding habit, improved 
cash flow, decreased cash handling, improved opera
tions, marketing benefits, and ability to integrate 
merchant and employer support programs. Some of 
these effects, however, become significant only when 
a substantial portion of the riders use the pass-
perhaps one-third or more of total riders. 

Even with these benefits, both users and opera
tors have major concerns about passes that have com
bined to limit their market appeal and resulting 
positive effects. For the user, the problems are 
most frequently related to cost or concern over loss 
of a pass. Purchase of a pass requires a substan
tial up-front outlay, generally 32 to 44 times 
greater than a single cash fare, which is often per
ceived by less-affluent users as a preclusive bar
rier. Typically, pass purchase is far more preva
lent among riders in the $10,000 to $20,000 (or 
greater) income range than among those with incomes 
less than $10, 000, despite the higher trip rates 
usually associated with lower-income levels (1_). 
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There is also the fear by the user that he will 
not be able to make sufficient rides during the 
month to recoup the cost of the pass. Even in cases 
where the pass price is set so low that it equals 
the cash fare for 16.67 round trips per month, or 
less than 4 per week, the effects of holidays, tak
ing a few days off from work, being sick a day or 
two, driving some days, or even getting a ride from 
a friend on occasion may raise the uncertainty of 
pass use to outweigh the, potential savings. Riders 
also tend to perceive a month as equal to 4 weeks 
rather than the operator's assessment of a month 
equaling 4.33 weeks. Because the majority of riders 
use transit only to and from work, there is little 
opportunity to make up for lost days by nonwork 
trips. The fear of paying more for a pass than 
would have been paid with cash is thus a substantial 
barrier. 

The transit operator perceives the potential both 
for increased administrative costs and for loss of 
revenue from the most frequent riders who shift from 
paying cash fare to using a pass for all trips. use 
of passes results in significant revenue loss from 
at least three sources: (a) discounts to regular 
users (twice daily), (b) discounts to intensive 
users (more than twice daily), and (c) fraudulent 
use of passes (e.g., multiple users). When offered 
at a discount, passes also stimulate peak-hour use, 
which may be more of a problem than a benefit for 
some systems. [Good design of a pass program can 
mitigate this problem, however (3).) On an allo
cated-cost basis, the commuter market is also least 
deserving of lower fares, which clearly results 
through passes. Equity issues also contradict dis
counting practices. 

Overall, a transit property that decides to offer 
a pass is typically faced with conflicts between de
sires to increase convenience and promote ridership 
by offering a low-priced pass (33 to 37 monthly 
trips) and the increasingly vital concern of avoid
ing loss of revenue by giving away trips made by 
frequent riders for which cash fares are not, but 
could be, collected. 

BRIDGEPORT PROGRAM 

Since 1981 the Greater Bridgeport Transit District 
(GBTD) in Connecticut has been engaged in an ambi
tious program of pricing management. under the 
sponsorship of the Office of Service and Management 
Demonstrations of UMTA, GBTD has undertaken to make 
fare programs and pricing of transit services an 
integral element of their operations and development 
strategy. To this end GBTD has introduced a market
segmented pricing structure and established innova
tive private-sector participation programs (e.g., 
merchant and employer contributions) , and it also 
has established the full-time staff position of 
pr icing manager to monitor, design, and coordinate 
all pricing and farerelated activities of the 
district. 

The thrust of the GBTD pricing activities has 
been directed toward increasing ridership while 
maintaining revenues by (a) tailoring price struc
tures and prepayment mechanisms to specific market 
segments and (b) involving the private sector in the 
promotion of specific prepayment elements. 

Tailoring has been achieved by identifying the 
travel habits of specific market groups and offering 
a payment mechanism to these groups in ways that 
make it attractive to the target audience but does 
not result in loss of revenue from other rider 
groups. Tailoring also includes introductory and 
ongoing promotion efforts. For example, a commuter 
pass offered on the Fairfield Mini-Mover (suburban 
paratransit) service is aimed at those who use the 
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bus to access train service to New York. A dis
tance-based fare scheme is incorporated into the 
pass system to equitably distribute relatively 
higher fares. Ticket sales have been introduced for 
off-peak users to reflect the lower fares and trip 
rates of elderly and youth riders. Promotion has 
focused on use of discount coupons rather than 
across-the-board fare reductions to naturally target 
discounts to price-motivated users and potential 
users. 

Similarly, GBTD offers a Commuter Pass for its 
regular-route services that is based on 38 trips pee 
month ($23) and is good only on weekdays before 9:00 
a.m. and between 2:00 and 6:00 p.m. The effective 
cost of this pass is reduced by the innovative Value 
Fare program, under which participating merchants 
offer discounts to pass purchasers in exchange for 
GBTD advertising in the bimonthly Value Fare Mer
chant Discount List. The potential sum of the dis
counts, now available at more than 130 stores and 
restaurants, far exceeds the full cost of a pass 
(see Figure 1). The benefits of the pass program 
have been further extended through an employer par
ticipation program, in which companies administer 
the program and in many cases subs idize all or part 
of the pass price. 

Nevertheless, it was obvious to GBTD that a major 
share of its market would not be attracted to the 
Commuter Pass. Surveys of GBTD riders indicated 
three essential factors. First, ridership is not 
significantly peaked; rather, the hours between 9:00 
a.m. and 3:00 p.m. serve only a slightly smaller 
percentage of total patronaqe ,than do the peak 
hours. Second, much of the GBTD patronage is com
posed of low-income individuals. Third, a substan
tial proportion of GBTD riders make more than 10 
rides per week, i.e., more than just rush hours on 
weekdays. 

If GBTD were to offer to this submarket an un
limited-use pass based on 40 or fewer trips per 
month, there was the danger of a significant revenue 
loss. The actual ridership level of this group is 
11 to 20 rides per week, or 47 to 95 rides per month 
(Figure 2). If the pass price was set at a price 
high enough to reduce the potential loss, few mem
bers of this submarket would be attracted to or be 
able to afford the initial cash outlay required. To 
meet the needs of this group, GBTD designed the Fare 
Cutter Card. Figure 3 shows the Fare Cutter Card 
and the characteristics of its users, as well as the 
companion Commuter Pass. 

The Fare Cutter Card, also called a permit, al
lows the user to ride at any time during the month 
but requires a cash deposit of $0.25 (less than half 
the regular fare) at the time of each ride. The 
initial cost of the card is $15, which is 65 percent 
of the cost of a Commuter Pass, thereby making the 
card more affordable to typical riders. At the same 
time, potential for revenue loss to GBTD is lim
ited. The break-even number of trips is just more 
than 42 trips per month, which makes the card a 
sound investment for frequent riders. Even after 
the break-even point, however, GBTD still receives 
revenue from card users. 

The basic rationale behind offerinq both a 
monthly peak-period-only Commuter Pass and the Fare 
Cutter Card is market segmentation, i.e., design ac
cording to the different travel submarkets served by 
GBTD. As shown by the GBTD trip rate distribution 
(Figure 2), the peak at 10 trips per week represents 
commuter-only users. The Commuter Pass should ap
peal to this group, who presumably earn relatively 
hiqher incomes and are more sensitive to the conve
nience of a fully paid pass. However, if the 
monthly pass was unlimited (i.e., valid at all times 
of day), it could be used by the substantial proper-
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Figure 1. Excerpt from GBTD Value Fare Merchant 
Discount List. 
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free. 
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50¢ off one dozen 
doughnuts. 
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the best 
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Stratford, CT 
378-9338 

DOUGfiNUT INN 
426 Old Stro tfle ld Rd 
Fairfield 
Trumbull Shopping Porl< 
Trumbull 
1030 Stratford Ave 
stratford 

tion of the riders who make more intensive use of 
the system, which would cause a significant revenue 
loss. The Fare Cutter Card mitigates this problem. 
Moreover, GBTD also instituted token use when the 
passes were in- traduced, which appealed to less
than-commuter users and reduced pressure for pass 
discounts. 

The revenue effects of these different payment 
mechanisms are shown in Figure 4. The diagram shows 
that an unlimited-use pass would lead to a revenue 
loss to the system for all rides more than 38 per 
month. With the Commuter Pass and Fare Cutter Card, 
a second break-even is set at 43 rides per month; 
even for those riders taking more than 43 trips, 
there is a continued return of revenue to the sys
tem, albeit at a lower rate. 

The GBTD prepayment strategy includes the follow
ing elements. 

1. Due to r e strictions on pass use (the limited
use Commuter Pass and cash-drop requirement of the 
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figure 2. Market-segmented fare mechanisms. 

® 
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Number ol Rides Per Week 
10 12 

~3
1 Tokens, Tickets 
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figure 3. GBTD market-segmented and restricted-use passes. 
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Fare Cutter Card), revenue loss is reduced compared 
with unlimited-use passes. 

2. The low front-end cost of the Fare Cutter 
Card compared with the Commuter Pass or an unlim
ited-use instrument helps make prepayment affordable 
to a greater portion of the GBTD low-income market. 
The Fare Cutter Card approach may be a key for the 
efficient extension of prepayment in other cities. 

3. GBTD has achieved market segmentation with 
tokens for infrequent users, the Commuter Pass for 
daily commuters, and the Fare Cutter Card for those 
who are heavy users of transit. The mechanisms are 
tailored to user characteristics. 

Comparative pr icing and revenue effects for the 
Fare Cutter Card versus the unlimited-use pass ap
proach is detailed in Figure 5. In relation to an 
unlimited-use pass, benefits of the Fare Cutter Card 
can be summarized as (a) its purchase price can be 
up to 50 percent less, (b) the break-even trip level 
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Figure 4. Fare revenue variations. 

TRIPS PER MONTH 

can be reduced by up to 15 percent, and (c) revenue 
loss can be reduced by up to 50 percent. As noted , 
pass-related revenue loss is by no means trivial. 
If an average effective discount of 20 percent is 
absorbed by the pass program (as in the example 
cited in Figure 5) the total revenue loss can exceed 
$600,000 annually for a medium-sized property with a 
well-established pass program. 

The three different price levels for the Fare 
Cutter Card cited in Figure 5 ($15, $12, and $10) 
actually represent different prices that the card 
has sold for in Bridgeport. A temporary price re
duction and special coupon discounts have been used 
to stimulate development of the total pass program 
and to experiment with market responses to the in
struments. The GBTD program is now just l year old, 
and full knowledge of the new fare instruments is 
clearly dependent on continued development of the 
program, which to date, fo,r reasons particular to 
Bridgeport, has been slower than anticipated. Yet 
early evidence, based on limited observation, indi
cates that the Fare Cutter Card can fulfill its ob
jectives. Although the Fare Cutter Card submarket 
is about 75 percent larger than that of the Commuter 
Pass, its sales have exceeded 3 times those of the 
Commuter Pass. Fare Cutter Card sales were particu
larly responsive to the coupon discount that reduced 
the price of the card to an extremely affordable 
price of $10. 

It must be stressed that the data reported here 
are preliminary; they are more the product of con
ceptualizing and design than validated experience. 
Pass sales in Bridgeport have yet to reach 200; the 
target sales level is 800. The slow growth is not 
particularly discouraging because there had been no 
pass program in Bridgeport and because initial 
pr ices of the new passes were purposely set high. 
Limited outlets, marketing, and other Bridgeport 
problems do not reduce the validity of the Fare Cut
ter Card and market-segmentation approaches. A more 
complete evaluation is planned. 

EVALUATION ISSUES 

Although the Bridgeport experience has provided use
ful insight about transit passes, a great deal re
mains to be learned about the role that permits can 
play in improving transit revenues and marketing 
programs. Theory favoring permits over passes has 
also been noted (4). 

Evaluation iss"Ues for investigation in Bridgeport 
include the following . 

1. Is there a market group desiring a fully 
paid unlimited-use pass? Is the lack of such an in
strument an impediment to a prepayment program? Are 
restricted instruments confusing? 

2. Who are the primary users of the Fare Cutter 
Card and the Commuter Pass? How do the groups dif-
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Figure 5. Comperison of Fara Cutter Card and-11nlimitl8cHtH pmt: prieet, l>reek..ven levels, and 
revenues. 

Rider's Perspective {cost) 

Fare Cutter Card orice alternatives include: 
A. $15 per month plus 25c per ride, yields break-even of 42.86 trips 
B. $12 per month plus 25C per ride, yields break-even of 34.29 trips 
C. 510 per month plus 25c per ride, yields break-even of 28.57 trips 

Sales, i.e . market penetration increase with each reduction, and it may be 
assumed that the new purchasers have a slightly lower trip frequency than 
the previous purchasers. 

Operator's Perspective (revenue) 
A. At $15 per month, and assuming average use is for 45 trips per month, revenue 

is $15 plus (45 x .25) or 526.25. To have the same revenue yield, an unlimited 
use pass would be priced at 43.75 trips. This is 10 to 25 percent higher than 
the typical break-even level. 

B. At $12 per month, and assuming the average use is for 42 trips per month, revenue 
is $12 plus (42 x .25) or $22.50. To have the same revenue yield, an unlimited 
use pass· would be priced at 37 . 5 trips. 

C. At $10 per month, and assumino averaoe use is for 40 trips per month, revenue 
is 510 plus (40 x .25) or 520. For equal yield, an unlimited use pass would be 
priced at 33.33 trips. 

Conclusion 

Compared to the unlimited use rass, the Fare Cutter Card not only al l ows a lower 
front-end cost and thus increased appeal to low income markets, it a lso enables 
pr ic ing at lower effect;ve break-even level s , as seen by comparing colUlllnS (B) and 
(0) below. With these lm1er break-even prices, market penetration would be larger 
bJt revenue effects are the same. Equity is increased as total fares paid bear 
closer relation to actual trip rates. 

(A) (B) (C) (0) 
Fare Break-even Total Rev. Equivalent 
Cutter Level @ (Same as Unl im. Break-even for 
!'!.!£L 60¢ Fare Use Pass Price) Unlim . Use Pass 
s 1 5 42.86 S26.25 43.75 
$12 34. 29 522 . 50 37. 50 
$10 28.57 $20.00 33.33 
Example 

A medium-sized Eastern property currently sells unlimited use passes at $20 per 
month, which is 33.33 times the 60c fare. It could sell a Fare Cutter Card at 
510, or only 28.57 times the prepaid fare component, to have the same revenue 
yield. Alternatively, it could sell a Fare Cutter Card at $11 .65 per month {a 
more than 40 percent reduction in front-end expense), which would maintain the 
same break-even rate but enable saving over 50 percent of the revenue currently 
sacrificed through the pass program. For this property, the savings would amount 
to over $300,000 annually, on sales of 12,000 passes rer month, or over 10% of 
total pass revenue. 

fer in socioeconomic, travel behavior, and other 
factors? 

to show eligibility for elderly and student reduced 
fares are not considered permits in this discus
sion.) The current American Public Transit Associa
tion •Transit Fare Summary• (5) indicates that only 
three other systems currently- use permits. In all 
three cases the permits used are closer to unlim
ited-use passes than to the Bridgeport Fare Cutter 
Card because the drop-charges are lower than the 
$0. 25 charged by Bridgeport. Two of these systems 
have used permits for many years, and a larger num
ber of systems relied on permits in earlier de
cades. It has been the premise of this paper that 
permits should be revitalized. A brief review of 
the other systems that currently use permits is war
ranted. 

3. What is the effect of lower front-end costs 
on pass or permit purchases? Is fear of pass loss 
reduced? Is fear of not making the break-even level 
of trips reduced? 

4. What are the revenue effects of market-seg
mented and restricted-use instruments as opposed to 
unlimited-use passes? 

5. Does the Fare Cutter Card induce additional 
trip making? 

6. For Fare Cutter Card pricing, is a low 
front-end cost plus high drop-fare (i.e., $0.25) 
preferable to a high front-end plus low drop-fare 
(i.e., $0.10) combination? 

7. Can the Fare Cutter Card be pr iced at a 
lower break-even rate to have the same revenue ef
fect as an unlimited-use pass? Are transferability 
problems reduced? 

8. Is the Fare Cutter Card perceived as a lower 
risk investment? 

9. Have peak-period-only users (i.e., those in
tended for the Cononuter Pass) been attracted to the 
Fare Cutter Card? 

10. Is the market-segmentation framework a use
ful approach for improved transit marketing? 

EXPERIENCE IN OTHER CITIES 

Currently, use of reduced-fare permits in the tran
sit industry is limited. (Identification cards used 

Pittsburgh 

Before October 1982, Pittsburgh [Port Authority 
Transit (PAT)] had both weekly and monthly permits. 
At a $0. 75 base fare, the weekly permit sold for 
$5.50 with a $0.10 drop, and the monthly permit sold 
for $21.25 with a $0.10 drop. The break-even levels 
were 8.46 trips per week and 32.64 trips per month. 
Sales of approximately 10,000 weekly permits and 
20,000 monthly permits were common. 

In October 1982, when PAT shifted to $1.00 base 
fare, the price of the weekly permit was raised to 
$8 plus $0.10 per trip, and a new monthly unlimited
use pass for $40 was instituted. The break-even tr i p 
rate on the weekly was raised to 8.89, an increase 
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of more than 5 percent beyond the fare increase. 
The br eak-even rate of t he new pass is 40 trips . 
Prel i minary sales patter ns s how marked adj ustment , 
with the weekly i nst rument accounting for a 40 per 
cent larger share and the monthly instrument ac
counting for a 20 percent smal l e r s ha r e . PAT s ought 
to satisfy a long-stand i ng request fo r a fully pa id 
instrument and as can be see n , it raised t he break
even level on the monthly pass. 

Assessment of PAT' s instruments is further com
plicated by transfer fees that pass users can 
avoid. Nevertheless, the mechanisms and their con
tinued market response are clearly worthy of further 
investigation. If the market-segmentation and low 
front-end cost perspectives have merit, the addi
tional features of the PAT weekly permits--the ap
peal of low purchase prices to low-income users and 
high-priced monthly passes for higher-income users-
may be improvements over the Bridgeport design, al
beit at the high administrative cost of reliance on 
weekly instruments. 

Jacksonville 

Jacksonville Transit Authority (JTA) has similarly 
found a permi t attractive for many years, but it has 
applied permits a nd passes in the reverse o f t he PAT 
approach . Unde r a $0. 50 fa re, JTA sold a mon t h l y 
permit fo r Sl8 . It carried a fa re val ue of SO. SO, 
but because .ma ny JTA t rips requi re one o r more zone 
charges, the drop-fee reflects a distance sur
charge. Whe n JTA changed to a $0. 60 fa re, the per
mit was ra i s ed i n pric e t o $ 22 per month, a slightl y 
larger i ncrease tha n t hat of t he base fa r e. JTA 
also has a weekly fully paid pass, but it is priced 
high ($10 and $12 under the $0. 50 and $0. 60 fares, 
respectively) , as it is used almost exclusively by 
transferring riders who must pay double fares on the 
JTA system. If double fares are taken into account, 
the weekly pass break-even level is 10 trips per 
week, or 43.33 per month, as opposed to 36.67 for 
the monthly permit. Sales of both instruments are 
now constant at about 1,000 per month . The compati
bility of a permit with distance-based fares is a 
useful observation from Jacksonville. 

San Mateo 

The experience in San Mateo, California, demon
strates that a permit is not always popular. San 
Mateo Transit has a low fare; S0.25 until recently, 
and cur rentl y $0 . 35 . The permi t r e duces the f a re by 
$0.15. Fo rmer ly, the us e r wa s requ i red t o pay an 
add i t i onal $0 . 10, and is now requ ired to pay $.0. 20. 
The instrument s e lls f o r $ 5 per month and has a 
break- even level of 33.33. It has never been popu
lar, perhaps because a reduced-fare permit is not 
sensible for l ow- f are systems. The recent cha nge-
making so.20 ex tra fare r equired, leaves the instru
ment offering little in terms of savings or conveni
ence. 

MARKETING AND PROMOTIONAL APPLICATIONS 

The benefits of prepaid passes in extending transit 
marketing opportunities (e.g., employer or merchant 
programs) are significant . The Fa r e Cutter Card ap
proach may be able to increase these o pportuni t ies. 

Employe r involvemen t in pass programs is a l ways 
contingent on t here being a l arge e nough number of 
rider s and pass buyers . To t he e xtent that a Fare 
Cutter Ca rd i ncrea ses the market for p repayment, em
ploye r i nvolvemen t may increase to i nc lude smaller 
f i rms that otherwise would not participate. Mer
cha nt programs similarly require a critical mass of 
participants. 
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An additional benefit of the Fare Cutter Card is 
its perception as a fair split by employers willing 
to assist employees with their bus fares. The base 
cost component of the Fare Cutter Card can be (and 
has be en) perceived as analogous to the free parking 
element of automobile commuting expenses that em
ployers support, and the $0.25 per ride component of 
the Fare Cutter Card is perceived as being similar 
to gasoline expenses. Although the cost of an un
limited-use pass can be divided similarly, the 
ready-made perception of this fair split is condu
cive to ensuring good employer-support agreements. 

The combination of prepaid and pay-as-you-go 
fares is perceived as rea sona bl e and equitable from 
the standpoint of both employers and users. For the 
e mpl oye r s , t he requirement f o r a fa r e - box drop 
s e rves to l lmi t the number o f employees who accept 
the subsidy to t hose who tr uly intend t o use i t. 
Moreover , even a minor subsidy (i.e., a few dollars) 
will ma ke a Fare Cutter Card extremely affordable. 
In Bridgeport, a subsidy by General Electric ($5 per 
month) reduced the price of the Fare Cutter Card to 
only $7. A Fare Cutter Card does not, however, meet 
the needs of the employer willing to subsidize 100 
percent of employee fares. The companion Commuter 
Pass does, however. 

A further benefit of the Fare Cutter Card is that 
i t readily fac i lit ates additional fa r e va riations , 
bo t h as perma nent policy a nd f o r i nte r mit t ent p romo
t i onal pur poses . Fo r e xample , the $0. 25 per ride 
cha rge could no t a pply on Sundays , when ride r ship is 
par t icularly l ow. The $0 . 25 suppleme nt c ould also 
be a peak-period-only surcharge. Or perhaps the 
$0.25 additional charge could be applied at all 
times except between the peak periods on regular 
weekdays, when lower fares are justified, If a 
large share of total riders use passes, this ap
proach has benefits similar to a downtown free-fare 
zone in stimulating daytime transit use by commut
ers. The additional charge could also be suspended 
for occasional promotions, such as before Christmas 
or during other special s hopping periods. Overall, 
the Fare Cutter Card enables more specific and tar
geted use and therefore is more cost effective in 
meeting the needs and opportunities that pricing and 
promotional policies can and should address. 

SUMMARY 

Although the Fare Cutter Card does not offer the 
full level of convenience of a flash pass, it can be 
a valuable instrument for many transit properties, 
particularly as fares increase and the search for 
operational and revenue efficiency increases. Be
cause previous research and demonstrations have in
dic a ted t ha t conve nience is not t he prima ry £ac t or: 
in f lue nc ing pass pur chas e (1 ) , lower initial. pric e 
o f t he Fare Cut te r: Ca rd a nd T t s j ustified pr icing at 
l ower break-even l eve ls may be more operat i ve f ac 
·t o rs i n maki ng p r epayme nt attrac t i ve t o a s i gn ifi
c a ntly large r p r oportion o f the tra nsit mar ket. 
Moveover, as fares tend higher, the barrier of the 
front-end cost becomes more important and may limit 
or even reduce the market for conventional unlim
ited-use passes. 

Thus the Fare Cutter Card approach may markedly 
extend the pass market and increase the benefits of 
prepayment for the operating agency. At the same 
time, the cash-drop aspect of the card diffuses con
c ern over the f ree r i des given to s ome us e r s through 
unlimi t ed passes , and the r esulting revenue l oss . 
The f urther a bility to coupl e the Fare Cutte r Cud 
with tar get ed promot ions and merchant and employe r 
part ic i pa tion programs· makes it a n instr ument tha t 
may be the contemporary choice for many operations. 
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AC-Muni Joint Monthly Pass: A Look at the 
First Step Toward Fare Integration in the 
San Francisco Bay Area 
jQfl iViARKOWiTZ 

Tho first joint monthly traruit pass in the San Francisco Bay Area was intro
duced in September 1981 . Purchasers of tho now pass wore surveyed In 
October 1981, and tho trends In joint end separatG pass Sllles were monitored. 
The pass was targeted at a specific segment of tho commutllr market, and 
apparently it was successful In reaching that market. Purchasers of tho new 
pass aro oxtromaly satisfied with It; administration is simple; distribution is 
centrali:i:od and inexpensive; and revenue loss s from a promotional discount 
are minimal. Since introducllon of the joint pass, howovor. sall!$ have flat· 
tened, which reflects tho rc•tricted market and the diminishing value of tho 
promotional Incentive because of rising fares. Local efforu are continu in9 
toward developing a more integrated regional faro system on which to base 
interoperator pass prices, a technological development project to adapt rapid 
transit station automatic fare gat.es to accept joint passes, and a. promotional 
effort to increase pass sele9 through employers. 

In January 1982 the final report of the Joint Fare 
Prepayment Demonstration Design Project was sub
mitted to UM'l'I\ in three volumes (1-3). The project 
was carried out by the Metropolitan Transportation 
Commission (MTC) of the San Francisco Bay Area under 
a grant from the Office of Service and Methods (now 
Management) Demonstrations. The objective of the 
project was to identify, evaluate, and select alter
natives for achieving joint fare prepayment arrange
ments (such as tickets or passes) among several of 
the large, independent transit systems operating in 
the area. The hope was that a joint prepayment 
scheme would help achieve a higher degree of fare 
integration in the region. In this paper the final 
project reports are updated based on the early ex
perience with the first product of the joint fare 
program--a joint monthly pass. 

BACKGROUND 

The program was originally intended to design a 
joint fare prepayment demonst·ration that would then 
be implemented by the operating agencies in a sub
sequent phase of the demonstration. However, a 
succession of events, from initial project planning 
in 1978 to the present, reoriented the approach. 
State laws affecting transit finance and operator
MTC relations were some of the most significant 
external influences on the project. 

A long history of concern for coordination among 
the several agencies (some studies date back 25 
years) was finally catalyzed in 1980 by a crisis in 
transit financing that required concerted action by 
the three largest transit agencies to raise fares 
the same year. The identification of substantial 
local funds (from the sales tax) to pursue joint 
passes among these three operators obviated the need 
to independently press a follow-up UMTA demonstra
tion. Instead, activities under the project grant 
were reoriented to support the local effort. 

One of these activities was the description of 
the current market of transit pass users and the 
estimation of the market for future joint passes. 
Attention and resources were focused on a survey of 
purchasers of the two major existing individual 
system passes. The survey, conducted in October 
1980, is described in a paper by Dittmar (~) and in 
Volume 2 of the project final report (2). 

At the outset of the project there-was no estab
lished date for introducing the first multioperator 
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pass. Nevertheless, about the time the draft of the 
project final report was complet e d (summer 1981), a 
firm date was set for i ntroducing the first joint 
monthly pass. Remaining project funds were then 
reallocated to survey persons purchasing the new 
pass in October 1981. This survey provided the 
basis for much of the following analysis. 

TRANSIT SERVICES IN THE REGION 

Transit is supplied by a variety of public and pri
vate operators in the nine-county Bay Area. The 
focus of this project was on the three largest pub-
1 ic transit systems that serve the central, urban
ized part of the region . The total 1980 population 
in the three affected counties (Alameda, Contra 
Costa, and San Francisco) was 2.4 million. 

Alameda-Contra Costa Transit 

Alameda-Contra Costa Transit (AC Transit), the first 
multicounty transit district established in Califor
nia, took over the o pe r a tion of the private Key 
System in 1960. AC p r ovides most of the bus transit 
in the heavily urbanized strip between San Francisco 
Bay and Oakland-Berkeley Hills, from Richmond in the 
north to Fremont in the south. In addition to local 
service throughout its East Bay service area, AC 
runs several routes across the San Francisco-Oakland 
Bay Bridge to the Transbay Terminal on the edge of 
downtown San Francisco. AC provides feeder service 
to all Bay Area Rapid Transit (BART) stations in its 
jurisdiction and local contract service in several 
outlying suburban areas. AC provides service with 
2,200 employees and 922 buses to 250,000 patrons 
each weekday. It had a 1981-1982 operating budget 
of $9 6 . 8 mill ion. 

Bay Area Rapid Transit District 

BART, the first of the new regional rail transit 
systems to be built in the United States since the 
early 1900s, was first established by state law in 
1957. Planning, design, and financing put off con
struction until 1964, and service opened on the 
first segment in 1972 and the last in 1974. The 
71-mile, 34-station system employs 2,000 people, and 
it had a 1981-1982 operating budget of $120.2 mil
lion. More than 185;000 patrons travel on BART each 
weekday. 

S a n Francisco Municipal Rai lwa y 

The San Francisco Municipal Railway (Muni) , the 
oldest publicly owned transit system in the United 
States, operates a diverse service within the city 
and county of San Francisco--cable cars, streetcars 
(including the new light rail vehicles known as Muni 

Metro) , diesel buses, and electric trolley buses, 
more than 1,000 vehicles in all. Muni employs 3,600, 
and the 1981-1982 operating budget was $142. 3 mil
lion. Due in part to heavy use of passes, no firm 
patronage figures are available, but estimates range 
from 500,000 to 700,000 daily riders. 

TRANSIT FARES AND PASSES 

Each of the major operators provides at least one 
form of transit fare prepayment, principally monthly 
passes or books of tickets. 

The BART automatic fare collection (AFC) system 
is based on a magnetically encoded, stored-value 
ticket that the user may purchase from vending ma 
chines in each BART station in any value up to $20 
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(in $0. 05 increments) • Also, $10 and $20 tickets 
can be purchased at some banks. The ticket is then 
used until its dollar value has been reduced below 
that ne eded to pay for a t r ip . Then the remaining 
value may be t rans ferred o nto a new ticket. The 
operations of keeping track of value used and issu
ance of new tickets are handled by AFC equipment in 
the stations. Although the BART ticket is not a 
pass in the usual sense, it offers riders the op
portunity to choose their preferred amount of pre
payment. 

AC Transit has a flat fare for bus service within 
its East Bay service area for all local routes. 
Express routes to downtown Oakland and transbay 
routes to San. Francisco are zoned. In November 1979 
AC introduced its first local monthly pass, which 
was good for unlimited rides on routes within East 
Bay. In March 1980 AC introduced its zoned transbay 
monthly passes, which were good both for llnlimited 
transbay trips for the designated zones and for 
trips on all East Bay routes. 

Muni has a flat fare for all its services . It 
introduced its monthly pass (called the Fast Pass) 
in 1974. 

The current fare structures of these three sys
tems, along with the previous fares charged, are 
summarized in Table 1. For ease of presentation, 
only the full-fare categories are shown. All three 
operators raised fares in 1980 and 1982. 

DESIGNING A JOINT PASS 

Based on the desire to minimize disruption to exist
ing fare structures and collection methods, the 
three transit agencies agreed quickly to narrow the 
focus for joint fares to monthly passes, for full
fare patrons only, in the largest identifiable mar
kets. The structure for the joint fare was to be 
based on some combination of the existing arrange
ments--San Francisco Muni has a flat fare, AC Tran
sit has a fixed zone fare, and BART has a more 
finely graduated distance-based fare. Whatever 
structure is e ventua lly chosen for the reg iona l 
joint fare, it will repr esent a compromise in which 
one or more agencies will have to move toward the 
others' methods, but in which the result will be 
minimally disruptive to at least one of them. 

The first joint ' pass to be introduced illustrates 
this approach. In September 1981 AC Transit began 
selling a joint monthly pass that allowed unlimited 
rides on AC local and transbay lines and on all Muni 
services. The joint monthly pass consists of a 
standard AC transbay pass (for zone 1, 2, or 3, 
depending on the commuting distance from San Fran
cisco) with a Muni sticker affixed at the time of 
purchase. The AC bus drivers now are faced with a 
slight variation on the pass they normally see, and 
Muni drivers had to learn to look for their agency's 
symbol on the joint pass. Sales of the joint monthly 
pass are handled exclusively by AC personnel, who 
act, in effect, as Muni sales agents for the new 
stickers. 

In the absence of a unified regional fare struc
ture, the pr ice agreed on by the two agencies was 
the sum of their existing passes minus $2. The $2 
reduction was established to provide some promo
tional incentive for purchasers while limiting po
tential revenue losses. Any temporary revenue loss 
is to be covered by local funds set aside by MTC for 
the regional pass project. 

The resulting pr ice on introduction was $50 for 
zone 1 (principally the Oakland-Berkeley area), $59 
for zone 2 (the Richmond area to the north and the 
San Leandro-Hayward area to the south) , and $68 for 
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Table 1. Fare structure comparisons. 

AC Transit BART Muni 
Fare Category 1978 1980 1982 1975 1980 1982 1970 1980 1982 

Cost of service($) 
Base (local) 0.35 0.50 0.60 0.30 0.50 0.60 0.25 0.50 0.60 
Express (local) 0.35 0.50 0.60 - a -· -· 0.30 
Multizone East Bay 0.45-0.60 0.75-1.00 0.85-1.10 0.35-1.30 0.55-1.60 0.70-2.00 -. 
Multizone transbay 0.75-1.25 1.00-1.50 1.25-1. 75 0.70-1.45 0.90-1.75 1.10-2.15 -· Local pass 15.00b 18.00 24.00 -· -· -· 11.00 16.00 24.00 
Zoned transbay pass 30.00-50.00 36.00-54.00 45 .00~3 .00 - a -· -· -· - a 

Cost of 20-ticket books ( $) 
Local 7.00 9.50 - a - • 
Multizone Bast Bay -· 9 . 5~19 .~0 -· -· -· -· -· - a 

Transbay 15.00-25.00 19.00-28.50 25.00-35.00 - • - • - • -· Pass multiplier 43c 36 4oc 
(nci. of equivalent cash fares) 4od 36d 

8 Fare category not applicable . bl979. cLocal. dTransbay . 

zone 3 (the southernmost portion of the AC basic 
service area). The price has since been increased 
twice from AC and Muni fare changes to a current 
zone l AC-Muni price of $67. 

The joint pass is sold, along with regular AC 
passes and tickets, only at the AC office in down
town Oakland or at the AC ticket booth in the Trans
bay Terminal, located on the southern edge of down
town San Francisco. 

Almost all joint passes are sold at the terminal 
because all persons who use AC transbay service pass 
through there for every trip. In a.ddition to the AC 
transbay routes that terminate there, the Transbay 
Terminal also is served by several Muni routes, San 
Mateo County Transit buses from south of San Fran
cisco, and Golden Gate Transit buses from north of 
San Francisco. Market Street, which has the Muni 
light rail system and BART running beneath it, is 
one long block from the terminal. 

INITIAL MARKET RESPONSE 

The first estimate of potential AC-Muni joint pass 
bqyers was the 3,000 persons who each weekday trans
fer between AC and Muni for work trips. The ques
tions from the 1980 survey of separate system pass 
users (~) indicated that 38. 7 percent of all AC 
trans bay pass users wer e interested in an AC-Muni 
joint passi if the price were set at the sum of 
separate passes, the favorable response dropped to 
22.1 percent. At the October · l980 pass sales rate, 
this translated to 1,150 to 2,020 persons. Because 
the AC-Muni pass would primarily be for regular AC 
transbay riders who need to transfer to or from Muni 
to complete their trips, this range (1,000 to 2,000) 
can be taken as an approximation of the immediate 
market for the new pass. The 3,000 figure was used 
as the total market. 

Sales in the first few months were 1,200 to 1,300 
per month. Although too early to establish a pat
tern, these figures were encouraging in that they 
represented more than 40 percent of the maximum 
total market predicted (3,000), and an even higher 
proportion (60 to 120 percent) of the predicted 
immediate market (l,000 to 2,000). 

Initial response was also a function of available 
agency budgets that restricted advertising pr inci
pally to the Transbay Terminal and to the AC trans
bay buses. In August 1981 a major publicity event 
was staged by a related multiagency project concern
ing public information on regional transit routes 
and connections. Among other things, the ceremony 
included the first public announcement of the joint 
AC-Muni pass. Although the local press featured the 
new pass in articles, there was relatively little 
widespread publicity. 

- • - a 44 32 40 

SURVEY OF JOINT PASS BUYERS 

The same survey methodology applied in the 1980 
survey of separate system pass buyers was repeated-
a self-completion survey, which had a weekly trip 
table and $1 discount coupon incentive. Many of the 
1980 questions were repeated, and others were added 
or improved. 

The major purposes of the 1981 survey were to 

1. Compare buyers of the new joint pass with 
those who bought the separate system passes, 

2. Further probe buyers' preferences among sales 
and distribution options, and 

3. Gauge consumer acceptance of the new pass. 

The restricted-distribution system and the esti
mated market size meant that a 100 percent sample 
could be attempted. AC sales personnel agreed to 
distribute a survey form with every joint pass sold, 
A total of 675 usable responses were received by the 
processing cut-off date for about a 56 percent re
turn rate, which was similar to that for the 1980 
survey. 

SouTces o f Buyer s of New Pass es 

As expected, a majority of new pass buyers had 
formerly bought one or both of the two separate 
system passes. A question in the October survey 
asked if the respondent had bought the joint pass 
before (i.e., in September, the first month it was 
offered). The prior payment method appears to be 
related to both the residence of the buyer and when 
the buyer bought the pass for the first time. (First 
time means first bought the joint pass in October 
1981; second time means bought the pass in September 
and October 1981.) 

Data in the righthand columns of Table 2 indicate 
that the first people to respond to the new pass in 
September were those regular riders who had pur
chased both passes separately before. They realized 
both an immediate $2 monthly savings and the con
venience of carrying only one card rather than two. 
Those who first bought the new pass in October, the 
second month, may better represent the future mar
ket. A higher proportion of these persons either 
previously paid by cash, only bought one of the two 
passes, or were new riders to one system or the 
other. 

Comparisons with 1980 Su rvey Respondents 

There appear to be some significant demographic 
differences between the joint pass buyers and the 
separate system pass buyers surveyed l year earlier. 
The income distribution of the joint pass users is 
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Table 2. Prior payment methods, by residence and timing. 

First-Time Buyers• Second-Time Buyers b 

Item Total East Bay 

No. of users 669 224 
Percentage of prior 

AC or Muni users 
Bought both passes 60.1 47.3 
Bought AC pass only 6.7 8.9 
Bought Muni pass only 11.7 13.4 
Paid cash for ticket 15.3 23.1 

Total 93.8 92.7 
Percentage of new riders 

(all methods) to 
AC 2.3 3.1 
Muni 1.7 2.2 
Both 1.9 1.8 

Total 5.9 7. 1 
Total percentage of prior 99.7 99.8 

and new riders 

October 1981. 
bScpto.mlter and October l 981. 

closer to that of the Muni pass user than to the AC 
transbay pass user, but the proportion of females 
and minorities is higher for joint pass buyers than 
for either separate system pass. The basic demo
graphics are compared in Table 3. 

In the 1980 survey of AC transbay pass buyers, 
only 4.7 percent were San Francisco residents. The 
persons buying the joint pass the first month in
cluded 10.6 percent San Francisco residents, and in 
the second month 19.1 percent, for an average of 
14.4 percent. This suggests a reverse-commute mar-
ket that had not been expected. · 

The immediate attraction of saving $2 on the new 
pass may partly account for the high proportion of 
users from the lowest income category. It is also 
possible that the $1 survey incentive biased re
sponse toward lower-income persons, but this bias 
did not occur in the 1980 survey of separate pass 
buyers. Recall that the minimum price for the joint 
pass was $50; the 2 to 4 percent discount would not 
be expected to change response patterns. 

It was expected that joint pass buyers would 
closely mirror AC transbay pass buyers because the 
data in Table 3 indicate that two-thirds of the 
joint pass buyers had bought the AC transbay pass 
before. It may be true, however, that those AC 
transbay pass users who do not need to use Muni to 
get to work have hiqher incomes than those who find 
the joint pass attractive. The explanation for this 
could be in the differentiation of the downtown San 
Francisco districts. The area closest to the Trans-

Table 3. Demographic comparisons. 

1980 AC 1980 AC- General 
Trans bay 1980 Muni Muni Joint Population• : 
Pass Users Pass Users Pass Users 1980 U.S. 

Category (%) (%) (%) Census(%) 

Femaleb 58.1 50.5 6 1.4 51.0 
Minorityb 42.3 45.7 49.8 37.l 
Household income< 
< $15,000 29.2 46.3 41.4 38.2 
$15,000-$24,999 33.5 30.6 31.3 23.7 
$25,000-$34,999 20.5 12.2 14.6 17.4 
.. $35,000 16.8 11.0 12.7 20.7 

Residence 
East Bay 94.9 I.I 85.3 72.2 
San Francisco 4.7 94.8 14.4 27.8 

3 General population data from the three cvunty UART area. 
hsex and r~t:.e ethnicity data were derived from tabuhatlons From census data for three 
counties (Alameda, Contra Costa, and San Francisco) . In this tabulation minority in· 
elude~ Hi1pnnlcs. rcgardlcu of their nu:e. 
clncomc d.n ln IOJ'~ (or ,;1e five-county San Francisco-Oakland standard metropolitan 
sta ris lictl orcas: U). 

San San 
Francisco East Bay Francisco 

53 336 40 

39.6 69.6 72.5 
3.8 6.5 2.5 

26.5 7.5 17.5 
20.8 10.7 7.5 

90.7 94.3 100.0 

9.5 1.2 
1.8 
2.7 

9.5 5.7 
100.2 100.0 100.0 

bay Terminal is the financial district, home of many 
corporate headquarters and banks, law offices, and 
brokerage firms. Because this area is a fairly easy 
walk from the AC terminal, the workers in this dis
trict may not find the joint pass attractive. 
Farther west (up) along Market Street is the Union 
Square hotel and shopping area. For persons working 
in that district, which is beyond easy walking dis
tance from the Transbay Terminal, the joint pass 
would be useful. Still farther west is the Civic 
Center area in which state and federal off ice build
ings are located. It is plausible that the incomes 
of retail clerks, hotel personnel, and civil ser
vants are lower than those for financial district 
workers. This explanation is purely speculative, 
because income and occupation data are not available 
in sufficient detail to allow a quantitative analy
sis, but it may account for the apparent attractive
ness of the joint pass to lower-income persons. 

Travel Patterns 

More than 600 respondents (89.3 percent) provided 
usable data in their weekly trip tables. Pass buyers 
were asked for their one-way trips on AC and Muni in 
the full week preceding their purchase of the Octo
ber joint pass. As indicated by the data in Table 2 
for first-time pass buyers, that week may have rep
resented a mix of payment methods. For second-time 
pass buyers, however, the preceding week is ass umed 
to represent actual use of the new September joint 
pass. In this interpretation, comparison of first
and second-time joint pass buyers can be used as a 
rough before-and-after comparison. The comparisons 
between 1980 and 1981 data by residency are given in 
Table 4. 

Use of AC does not appear to be much different 
for the regular AC transbay pass user or the new 
AC-Muni joint pass user; it indicates primarily work 
commuting connections (10 trips per week for a typi
cal 5-day work week) . 

In each category, those people who bought the 
joint pass for the first time in October had fewer 
trips than those who bought it in both September and 
October. The greatest difference is seen for Muni 
trips by San Francisco residents. Additional trips 
by second-time users may reflect two factors: (a) a 
realization of expected new tripmaking, and (b) more 
frequent riders (who benefit most from passes) re
sponding first to the new pass. 

Considering the joint use of AC and Muni by 
buyers of the new pass, the previous conclusion that 
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Table 4 . Weekly and monthly trips. 

Mean weekly trips 
On AC 

East Bay residents 
San Francisco residents 

On Muni 
East Bay residents 
San Francisco residents 

Mean monthly trips• 
On AC 

East Bay residents 
San Francisco residents 

On Muni 
East Bay residents 
San Francisco residents 

1980 AC 
Trans bay 
Pass Trips 

11 .00 
10.41 

47.47 
44.88 

3 Monthly trips estimated as weekly x 4.333, 

the standard 10-trip commuting pattern accounts for 
most weekly trips is again supported. Dividing 
total weekly trips on each system into five ranges, 
centered around multiples of five, illustrates the 
point. The second range (10 • 8 to 12 trips) rep
resents typical commuting. The third range (15 = 13 
to 17 trips) includes two or three additional round 
trips per week. These two ranges account for 86.3 
percent of all respondents. 

A similar breakdown of the data according to 
former pass use suggests that joint pass users will 
make slightly more trips per week than prior sepa
rate system pass users and nonpass users, but that 5 
day per week commuting plus one to two additional 
round trips would be typical. 

Turning the same question around to the revenue 
side, there was a concern that the new pass would 
give away too many trips. Again treating the first
and second-time buyers as proxies for before and 
after measurements of response to the joint pass, it 
was noted that only O to 2 trips per week were added. 

Looking at the weekly trip distributions for the 
1980 separate AC transbay and Muni pass buyers and 
for the 1981 joint pass buyers, the modal number of 
trips taken for both groups was 10 on each system. 
Nevertheless, the 10-trip category accounted for 
two-thirds of AC transbay pass users and only one
third of Muni pass users. The joint pass distribu
tions tend to be a bit more tightly centered around 
10 trips than the separate system pass users, but 
only the Muni distribution is significantly differ
ent (a mean of 13.5 trips versus about 11 trips for 
the others) • 

Expected New Trips 

As 9n indication of the potential for increased 
trips in the future, respondents were asked if they 
expected to use Muni or AC local or transbay service 
more, less, or about the same as they had before 
purchasing the new joint pass. Overall, 43.6 per
cent said that they might make some new trips on one 
or more of the services (AC local East Bay, AC 
transbay, or Muni) for a variety of trip purposes. 
The data indicated that newcomers are most likely to 
make new trips: i.e. , those new to an AC pass are 
most likely to take more AC trips, those new to a 
Muni pass are most likely to take new Muni trips, 
and those who used neither pass are about equally 
likely to take more local trips (AC or Muni) • 

Reasons foe Buying Joint Pass 

The formats for both the 1980 and 1981 surveys did 
not permit a true trade-off question ranking the 

1980 
Muni Pass 
Trips 

10.40 
13.53 

44.87 
58.56 
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1981 AC-Muni Joint Pass Trips 
First-Time 
Buyers 
(before) 

10.50 
10.33 

10.42 
12.96 

45.50 
44.77 

45.14 
56.15 

Second-Time 
Buyers 
(after) 

11 .31 
11 .00 

10.96 
14.34 

48.99 
47.66 

47.47 
62.15 

various reasons for purchasing the passes. One 
aggregate proxy for this is the proportion of per
sons ranking a reason as very important. 

The importance of saving money with all the 
passes remains a dominant reason for purchasing a 
pass. The price basis for each of the three passes 
was different, so the individual's calculation of 
savings must be quite gross--probably expected com
mute trips as a break-even point. The AC transbay 
pass was priced at 36 trips (or 18 work commuter 
trips), the Muni pass at 32 trips (or 16 commuter 
trips) , and the joint pass at the sum of the two 
passes minus $2. 

The data in Table 5 give the relationship be
tween the importance scores and prior pass use (on 
the left) and income (on the right). The major 
difference across prior pass user groups is that 
those who used neither pass scored all four reasons 
higher (less important) than those who had used 
passes, although the score for saves money is not 
significantly different. Across income groups, the 
major point is what could have been expected--the 
lower the income, the more important the reason for 
saving money. Ability to take unlimited rides was 
consistently the least important of the reasons 
ranked, but that should be expected from users of a 
pass that was specifically targeted toward commuters. 

Several respondents wrote in an additional reason 
for buying the joint pass. They said that they 
preferred the convenience of carrying only one type 
of pass for two systems. Some mentioned it in terms 
of less space taken up in their wallets or purses, 
whereas others wrote about the advantage of not 
fumbling around for the right pass to show a bus 
driver. 

Sales and Distribution 

The survey of joint pass users sought more informa
tion on preferences for payment methods and distri
bution points than was obtained in the 1980 survey. 
Most respondents ranked the current AC-Muni method 
as their most preferred--payment by cash or check at 
the Transbay Terminal. There may have been some 
response bias introduced by the format, which listed 
these options first, but it is more likely that a 
majority of people simply prefer the certainty of 
method and location that the ticket booth offers. 

Currently, AC trans bay passes are available at 
some East Bay supermarkets, and Muni passes are sold 
in a variety of retail stores and banks throughout 
San Francisco. There appears to be interest in 
expanding distribution of the joint pass beyond the 
terminal, indicated both by the preceding data and 
by write-in comments that the passes should be 
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Table 5. Reasons for buying joint pass. 

Prior Pass Use Household Income 
Used Both Used AC Used Muni Used Neither $15,000- $25,000-

Reason Passes Pass Only Pass Only Pass < $15,000 $24,999 $34,999 ;. $35,000 

More convenient than 
using cash 

Mean scorea 1.14 1.13 1.29 1.32 1.20 1.15 1.27 1.21 
Very importantb (%) 86.5 87.2 75.3 71.7 81.6 86.2 73.6 82.3 

Can take unlimited 
rides 

Mean scorea 1.37 1.36 1.45 1.52 1.38 1.36 1.49 1.54 
Very importantb (%) 68.4 68.9 62.0 58.4 66.9 67.9 62.1 58.3 

Saves money 
Mean scorea 1.15 1.16 1.08 1.17 1.11 1.12 1.23 1.20 
Very importantb (%) 85.9 84.3 92.9 84.6 89.6 87.9 79.6 80.0 

More convenient than 
paying twice 

Mean scorea 1.31 1.32 1.41 1.43 1.29 1.36 1.42 1.42 
Very importantb (%) 73.9 76.6 69.1 62.S 76.1 71.3 60.2 65.3 

~~!e-i.n score wher~ 1 =very important, 2 = sont"''"''hat import11nt, and 3 =not important at all. 
I eruntage or r~pondents who ra ted the rea1on u. very imporlant in the survey. 

available at specific locations, including banks, 
grocery stores, and college campuses. Interest is 
also apparent in credit card payment, which no tran
s it agency currently offers. 

Payment methods that elicited little interest 
were automatic bank account or payroll deductions. 
Few people were interested in purchasing passes 
through regular ticket agencies (the ones that 
handle entertainment events) or through BART station 
vending equipment. There were clear income-group 
distinctions among payment preferences. The lower 
the income, the more cash payment is preferred. 
Only the highest income group found credit card 
payment appealing, and no income groups ranked auto
matic deduction methods highly. 

Reasons behind these preferences were not probed, 
so interpretation is speculative. The lack of low
income user interest in credit card payment, for 
example, may simply be because they are less likely 
to have credit cards. Nevertheless, respondents 
appear to prefer personal transactions to more auto
mated or automatic procedures, and they do not ap
pear to trust the mail to ensure that their high
value pass arrives safely and on time. 

Patron Comments 

More than 68 percent of respondents took the oppor
tunity to write in open-end comments. A total of 
4 59 respondents offered 611 separate types of com
ments. A total of 59 percent of the responses were 
positive, expressing general approval (such as "good 
idea") or saying how the pass is convenient for them 
or saves them money. Another 38 percent offered 
specific suggestions for expanding or improving the 
joint pass, or complained about some of its features 
(high price, limited availability). The remaining 3 
percent were general complaints about transit ser
vice that were unrelated to the joint pass. 

SALES TRENDS AND PRICE CHANGES 

Examination of the sales trends of the Muni, AC, and 
joint passes indicate three main points: 

1. The relative magnitude of Muni pass sales 
(which had reached 90,000 to 100,000 per month in 
1981 and have leveled off at about 70,000 by the end 
of 1982) compared with the other passes is in part a 
function of the Muni pass being well established 
after nearly 10 years in a dense transit market; 

2. The AC transbay pass sales have leveled off 
at 3,000 to ~.ooo per month, with joint pass sales 
closely tracking that trend at 800 to 1,000 by early 
1983; and 

3. Muni pass sales are highly cyclical and sea
sonal, but a key consideration appears to be the 
apparent sensitivity of all pass sales to the pass 
multiplier (i.e., the number of cash fares the pass 
is equivalent to). 

It may be that there have been so many changes in 
fares in recent years affecting persons who use both 
AC and Muni that informed choices have become harder 
to make. The data in Table 6 give the seven stages 
of successive changes in relative AC and Muni cash 
and pass fares since March 1980. For each change, 
the possible combined AC and Muni fares are com
puted, assuming 40 commute trips in a typical month. 
The savings from using a pass (compared with paying 
the separate cash or pass fares) are shown for buy
ing both pas'ses or buying the new joint pass. The 
right-most columns give the break-even point for 
purchasing the separate passes or the joint pass 
(the number of equivalent cash fare trips). 

The greatest savings (lowest break-even point) 
occurred by accident. AC raised its cash fares 
effective July 1, 1980, but delayed raising the pass 
pr ices until September to allow enough time to make 
administrative arrangements with the large super
market chains that distribute its passes in the East 
Bay. Consequently, for 2 months (July through August 
1980), old (low) pass prices were in effect simul
taneously w:j.th new (high) cash prices, accounting 
for the bulge in pass sales in the previous figures 
when it was expected that a seasonal summer fall-off 
of sales would occur. The 1982 cash and pass fare 
increases were accomplished at the same time. 

The per-trip savings of the joint pass over buy
ing the separate passes is only $0.05. Although the 
decision to limit the discount to $2 was understand
able, the result is that successive fare increases 
make that less and less of an incentive. 

FUTURE DIRECTIONS 

The AC-Muni joint monthly pai;s was the first joint 
pass to be introduced because 

1. There were no technological changes needed in 
fare collection; 

2. The main distribution point was well estab
lished; and 

3. The total market was relatively small, so 
that revenue-sharing arrangements and subsidies 
could be straightforward. 

It is quite a different matter for the other 
components of the joint pass development program. 
The BART automatic fare gates allow unrivaled col-
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Table 6. Fare changes affecting AC-Muni riders. 

Fare Per Trip ( 40 Trips)($} 
AC Cash AC Cash 
plus plus 

Date and Change Muni Cash Muni Pass 

March 1980: 
AC transbay pass introduced 1.00 l.02S 

April-June 1980: 
Muni fare increase l.2S 1.1 S 

July-August 1980: 
AC cash fare increase 1.50 1.40 

September 1980-August 1981: 
AC pass fare increase I. SO 1.40 

September 1981-Much 1'982: 
AC transbay-Muni joint 

pass introduced I.SO 1.40 
April-June 1982: 
Muni fare increase 1.60 1.60 

July 1982: 
AC fare increase 1.85 1.85 

lection of information on travel patterns and dif
ferentiation of fares by distance, but they present 
an obstacle to a simple, visual verification system 
such as the sticker-on- a - pass approach. The bulk of 
local funds to date in this project have been spent 
on investigating alternatives for modifying the BART 
fare gates to accommodate joint passes <ll • 

The first effort in this direction will be a joint 
Muni-BART pass, good for unlimited travel on either 
system within San Francisco. Because both agencies 
have a flat fare within the city, it was agreed that 
the Muni pass would serve as the joint pass. The 
BART fare gates will be modified to recognize the 
Muni pass magnetic code as a valid fare, along with 
the normal BART tickets. The technical work should 
be accomplished by February 1983. A revenue-sharing 
agreement was worked out in mid-1982 to allow reim
bursement to BART for revenues Muni would be col
lecting, in effect, as BART's agent . 

The eventual goal of the locally funded program 
is the development of a common distance-based pass 
to be used by AC, BART, and Muni. The first major 
step toward that level of fare integration was taken 
in January 1982 when the general managers of the 
three agencies endorsed the principle of a value
based monthly pass fare structure for the eventual 
multioperator regional pass. Under this approach, a 
distance- based fare, regardless of operator used, 
would be the basis for the joint pass price. The 
pass would be read by the BART automatic fare gates 
to allow any trip up to a predetermined trip value. 
For example, a pass marked $1.25 would allow un
limited BART trips of $1.25 value or less during the 
specified month. The dollar value would also be 
translated into the corresponding number of AC Tran
s it transbay zones. Currently, for instance, $1.25 
is the fare for AC transbay trips from zone 1 to 
downtown San Francisco. 

CONCLUSIONS 

The first attempt at a joint transit pass has been a 
limited success. A significant proportion of the 
expected market responded to the new pass, but sales 
have not increased. This is likely the result of 
several factors. 

1. The pricing basis: The sum of separate system 
passes, minus a small discount, forces travelers to 
estimate whether they will use both systems enough 
to satisfy the br eak-eve n point, which will happen 
only if both sys tems are a necessity for commu t ing. 
The pass was not designed or priced for those who 
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Savings Break-Even Point 
AC Pass AC-Muni From for Purchasing 
plus Joint Pass Use Separate Joint 
Muni Pass Pass ($) Passes Pass 

l.02S 0 41 

I.IS 0.10 36.8 

1.15 0.2S-0.35 30.7 

1.30 0.10-0.20 34.7 

1.30 1.25 O.OS-0 .2S 34.7 33.3 

I.SO l.4S 0.0S-0. lS 37.5 36.3 

I. 72S l.61S 0.05-0.l 7S 37.3 36.2 

predominantly use one system and occasionally want 
to use the other. A limited market was sought, and 
that was what was achieved. 

2. Marketing: Aside from the initial advertising 
in conjunction with an overall regional transit 
promotion, there has been little effort devoted to 
marketing the joint pass. Signs at the Transbay 
Terminal and on board some AC tral)sbay buses and 
Muni vehicles are the only continuing advertising. 
It is likely, then, that only current AC transbay 
pass users are aware of the joint pass. The limited 
marketing effort is a direct result of severe budget 
constraints that keep agency efforts focused on 
basic public information activities rather than 
active promotion of a new pass. 

3. Fare changes : The frequent changes in cash 
and pass fares affecting AC and Muni riders in the 
past few years may have created confusion among 
patrons, so that they tend to stay with their 
familiar methods of payment and travel patterns. A 
regionally integrated fare structure, complemented 
by simultaneous and consistent fare changes by tran
sit agencies, could overcome this problem. Separate 
and uncoordinated fare changes can only make it more 
difficult for potential patrons to figure out what 
the fare is for multiagency trips. 

The encouraging note is that those who did buy 
the joint pass indicated a high degree of sat i sfac
tion with it. The 1980 survey of separate system 
pass buyers indicated a strong demand for BART-Muni 
and AC-BART passes, so the future products of the 
local program should also be well received. A re
lated effort may also help boost pass sales in 
general. California laws enacted in 1981 and 1982 
provide state income tax incentives to employers and 
employees for purchasing transit passes. MTC and 
the regional transit operators are seeking federal 
funds to develop a program for providing employers 
with transit information that features the new tax 
incentives and the multioperator passes. 

The first step toward fare integration was a 
difficult one for all agencies concerned. · Some have 
feared that after all the work, no one would buy the 
new pass. The generally positive response from the 
public should reassure the cooperating transit 
agencies that continuing efforts at fare integration 
will be welcomed by patrons. 

REFERENCES 

1. J. Markowitz and H. Dittmar. Joint Fare Prepay
ment Demonstration Design Project--Volume 1: 



Transportation Research Record 947 

Designing and Implementing Multi-Operator Tran
sit Passes in the San Francisco Bay Area. UMTA, 
Jan. 1982. NTIS: PB82-196957. 

2. J. Markowitz and H. Dittmar. Joint Fare Prepay
ment Demonstration Design Project--Volume 2: 
Describing the Market for Multi-Operator Transit 
Passes in the San Francisco Bay Area. UMTA, 
Jan. 1982. NTIS: PB82-195957. 

3. w. Homburger and J. Desveaux. Joint Fare Pre
payment Demonstration Design Project--Volume 3: 
Conceptual Plan for Multi-Operator Joint Fare 
Transit Fares in the San Francisco Bay Area. 
UMTA, Sept. 1980/Jan. 1982. NTIS: PB82-19673. 

41 

4. H. Dittmar. Profile of Monthly Pass Users in 
the San Francisco Bay Area. TRB, Transportation 
Research Record 877, 1982, pp. 45-51. 

5. Provisional Estimates of Social, Economic, and 
Housing Characteristics, States and Selected 
Standard Metropolitan Statistical Areas. u.s. 
Bureau of the Census, Pub. PHC80-Sl-l, March 
1982. 

Publication of this paper sponsored by Committee on Transit Service 
Characteristics. 

Regional Transit Pass for San Diego: A Key to Operating 
Efficiencies and Rider Convenience 
EVA LERNER-LAM 

A regional transit pass was developed by the San Diego Metropolitan Transit 
Development Board (MTDBI in order to present transit services provided by 
multiple operators as a single unified system to transit riders. In an effort to 
reduce the total cost of providing transit service in the metropolitan area, 
the existence of multiple operators has been supported by MTDB during the 
past several years. The positive competition from multiple operators can lead 
to lower unit operating costs for the region. Nevertheless, lack of coordina
tion among the various operators can result in rider confusion and a subse
quent loss of ridership. The success of a regional transit pass depends on 
the coordination of many elements. If such coordination is achieved, the 
pass can present services provided by multiple operators as a single unified 
system. The regional transit pass program is described, the key steps toward 
its development and implementation are identified, and a preliminary assess
ment of the impacts of the program on operating efficiencies and rider con
venience is presented. 

Fixed-route transit services in the metropolitan San 
Diego area are currently provided by six different 
operators: County Transit System-Suburban, National 
City Transit, San Diego Transit, San Diego Trolley, 
South Coast Organization Operating Transit (SCOOT), 
and Strand Streaker. The main characteristics of 
these operators are given in Tables 1 (1) and 2 (2). 

The San Diego Metropolitan Transit Development 
Board (MTDB) was created by the California State 
Legislature in 1975 and was made responsible for 
short-range (5-year) transportation planning. For 
its region of jurisdiction, MTDB develops the annual 
transportation improvement program (1) and adminis
ters the transit subsidy funds of -the California 
Transportation Development Act <l>· The MTDB region 
of jurisdiction is shown in Figure 1. 

DESCRIPTION OF REGIONAL TRANSIT PASS PROGRAM 

The regional transit pass program began on July 1, 
1981, with the introduction of the monthly Ready 
Pass (see Figure 2). A red Ready Pass entitles the 
bearer to unlimited travel for an entire calendar 
month on all six of the fixed-route public transit 

services in the metropolitan San Diego area for 
$31.00. A blue Ready Pass entitles the qualified 
elderly or disabled bearer to the same services for 
$15.50. 

Ready Passes are sold at more than 150 locations 
throughout the metropolitan area. Pass outlets are 
maintained by both MTDB and San Diego Transit, the 
largest transit operator in the region. All pass 
revenues are remitted to a single fund with two ac
counts (one for red Ready Pass revenues and one for 
blue Ready Pass revenues). The revenues are then 
distributed among the participating operators ac
cording to distribution instructions from the San 
Diego Association of Governments (SANDAG) , the met
ropolitan planning organization for San Diego 
County. The operators in the region agreed that the 
distribution of revenues should be based on (a) ac
tual pass use counts on fixed-route bus systems and 
(b) estimated pass use on the San Diego Trolley de
rived from sample surveys. 

The administrative responsibilities and 
distribution pr ovisions are contained in 
g ional Ready Pass Agreement as executed 
SANDAG, and the fixed-route operators (_!). 

KEY STEPS TOWARD DEVELOPMENT 

revenue 
the Re

by MTDB, 

The key steps toward development of a regional tran
sit pass were integrating services, getting a con
sensus, and keeping everyone involved. 

Integrating Services 

The first step toward the development of a regional 
pass was to ensure that several basic service ele
ments were integrated among the various transit sys
tems. Coordinated transfer time points and a uni
form fare structure had to be established. These 
and other service elements, including regional tran-
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Table 1. Characteristics of fixed-route transit operators in the San Diego MTDB region (!I. 

Total Miles Total Passengers 

Primary Percentage Percentage 
Fixed-Route Service No. of of Fixed- of Fixed-
Operator Areas Vehicles Miles Route Systems Passengers Route Systems 

County Transit Unincorporated 20 935,000 6.5 600,000 1.8 
System-Suburban areas 

National City Transit National City 8 260,000 1.8 461,000 1.4 
San Diego Transit San Diego 340 11,225,000 77.5 26,730,000 80.2 
San Diego Trolley South Bay 14 1,310,000 9.0 4,687,000 14.1 
SCOOT Chula Vista 14 551,000 3.8 690,000 2.1 
Strand Streaker Coronado and 6 207,000 1.4 148,000 0.4 

Imperial Beach 
Total 402 14,488,000 33,316,000 

Table 2. FY 1982 fare revenues for the San Diego MTDB (~I. 

Base Fares($) Percentage 
Elderly and Total Fare of Areawide 

Operator Regular Handicapped Revenues ( $) Fares 

County Transit 0.60 0.40 219,000 1.3 
System-Suburban 

National City Transit 0.60 0.40 136,000 0.8 
San Diego Transit 0.80 0.40 13,646,000 79.7 
San Diego Trolley 1.00 0.40 2,747,000 16.0 
SCOOT 0.60 0.40 230,000 1.3 
Strand Streaker 1.00 0.40 146,000 0.9 

Total 17,124,000 

Figure 1. MTDB region of jurisdiction. Figure 2. Ready passes. 

Re~11il di' READY i'P.'.'> (Red) 
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sit telephone information, coordinated bus route 
numbering, and a regional transit quide, were devel
oped in 1980 and 1981 by all fixed-route operators 
as a group in the San Diego metropolitan area. A 
group consisting of the general managers of all 
fixed-route operations had been established in the 
previous year by MTDB to consider, on a biweekly 
basis, transit issues of regional significance. 

A Master Transfer Agreement (5), which estab
lished timed transfer points, ~niform transfer 
slips, and a uniform set of transfer charges based 
on type of service (metro, urban, and local, regard
less of operator), was executed and became effective 
January 1981. A uniform fare structure, which would 
establish a set of fares based on type of service 
(also regardless of operator), was proposed for im
plementation on July 1, 1981. 

Get ting a Consensus 

The second step toward development of a regional 
transit pass was reaching a consensus in the transit 
operator community that the implementation of such a 
pass was a sound concept. A consensus was reachea 
in early 1981 by the general managers' group. Al
though the decision by the group was based in part 
on the general perception that increased operating 
efficiencies and rider convenience would be 
achieved, a major factor in the decision, particu
larly for the smaller operators, was the prospect of 
additional fare revenues resulting from the distri
bution of revenue from pass sales. 

Keeping Ever yone Involved 

The next step in the development process was to find 
a way to keep all the operators involved. In re
lated discussions about the establishment of a uni
form fare structure among the various systems, the 
general managers' group established a fare structure 
task force, which comprised technical staff members 
from each of the operating entities. The task force 
was directed to develop a uniform fare structure and 
a regional transit pass program. Thus the same 
technical staff members who worked on coordinating 
the fares of the various systems into a single uni
form structure also designed the infrastructure for 
the regional transit pass. Those same staff members 
then had the technical responsibility to implement 
the pass on their own systems. 

The fare structure task force met biweekly over a 
period of 2 months. Several of the operators de
cided against participating in fiscal year (FY) 
1982. Those decisions were carefully considered and 
were based eotirely on unique technical difficul
ties. For example, one operator did not have suffi
cient cyclometers available on its buses and thus 
could not s~pply the pass counts necessary for pass 
revenue distribution. The involvement of all possi
ble participants at the technical staff level was 
essential to the eventual implementation of the re
gional transit pass by most of the area operators 
and to the maintenance of trust and confidence in 
the efforts of the task force by the rema1ning oper
a tors, all of whom expressed willingness to try to 
resolve the techn ical difficultie s during the next 
year in order to ensure their participation in the 
future. 

KEY STEPS TOWARD IMPLEMENTATION 

The key steps toward implementation of the regional 
transit pass were (a) determining the basic charac
teristics of the Ready Pass, (b) establishing the 
types of Ready Passes, (c) setting Ready Pass 
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prices, and (d) developing a revenue distribution 
formula and process. 

Det ermini ng t he Basic Char ac tedstic s o f Ready Pass 

There were many discussions at the meetings of· the 
fare structure task force and the general managers' 
group concerning the basic characteristics of the 
Ready Pass, which resulted in a unanimous agreement 
on the following characteristics: 

1. Acceptance on all fixed:route transit systems 
in the metropolitan San Diego area (with acceptance 
on demand-responsive systems to be determined at a 
later date); 

2. Ease of use by transit riders, bus operators, 
and trolley fare inspectors; 

3. Ease of administration (e.g., pass sales, ac
counting) 1 

4. Transferability (pass should entitle no more 
than a single bearer at a time to ride; however, it 
should be possible to loan the pass to others at 
those times when the purchaser cannot use the pass); 
and 

5. Elderly and handicapped distinction (separate 
pass or sticker) • 

Es tabl i shing Types of Ready Pa ss es 

The fare structure task force had agreed to a uni
form fare structure based on the three functional 
levels of fixed-route transit services available in 
the metropolitan San Diego area--local, urban, and 
metro--with fares to be s~.60, so.so, and $1.00, re
spectively. Thus it was initially proposed that 
there be three corresponding types of Ready Passes. 
In addition, it was proposed that there be three ad
ditional corresponding passes for the elderly and 
the handicapped at reduced rates. 

However, in the interest of operational and ad
ministrative efficiency, it was later decided by the 
general manage rs' g roup t hat the six types of Ready 
Passes s hould be consolidated into t wo types: reg
ular and elder ly and ha ndic apped. The unanimous de
cision was based on the belief that any further cat
egorization would cost more to implement than it 
would return in revenues. 

Setting Ready Pass Prices 

The setting of Ready Pass prices was based on many 
considerations, including base fare, average number 
of trips per pass, elderly and handicapped dis
counts, and political marketability. Initial as
sumptions were as follows: base fare R $0.80; aver
age number of trips per pass • 40; and elderly and 
hand icapped discount = 50 percent of the regular 
price. 

After considerable aiscussion, adjustments were 
made to the ini t ial assumptions, and the final Ready 
Pass prices were determined: regu lar Ready Pa s s 
(red) = $31.00, and elderly and han~icapped Ready 
Pass (blue) = $15.50. 

Develop i ng a Reve nue Di s t r ibution Formula 
and Process 

The members of the fare structure task force agreed 
that the revenues generated by Ready Pass sales 
should be allocated based on the proportion of total 
pass use on ~ach of the participating systems. The 
distribution formula was as follows: 

Proportion of revenues allocated to operator X = 
(Total ready pass riders on all operator X routes) 
f (Total ready pass riders on all routes). 
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It was decided that each operator would be re
sponsible for keeping counts of actual pass use and 
for reporting the counts on a monthly basis to 
SANDAG. Bus drivers were to register each boarding 
pass user on their cyclometers (two cyclometers were 
to be reserved for the counts: one for regular 
Ready Pass users and one for elderly and handicapped 
Ready Pass users). For "the San Diego Trolley, which 
operates by using a self-service barrier-free fare
collection system, it was decided that SANDAG and 
MTDB would conduct surveys to estimate Ready Pass 
use. 

The Jteqi-onal Ready Pass· Agreement · (4-) Ya9 d~afted 

by MTDB and signed by all participating operators 
and agencies before the implementation of the Ready 
Pass on July 1, 1961. The specific administrative 
responsibilities of each of the signatories, as well 
as the revenue distribution formula, were outlined 
i~ the agreement. 

IMPACTS OF READY PASS 

During the first 6 months of implementation (start
ing July 1, 1961), the impacts of the Ready Pass on 
transit system operating efficiency and rider con
venience appear to be positive. The benefits of the 
Ready Pass are reflected in (a) increased rates of 
pass use on all systems, (b) enthusiastic support 
for the Ready Pass from bus drivers, and (c) high 
proportion of pass users using more than one transit 
system. 

Increased Rate of Pass Use 

The rate of pass use has increased dramatically on 
participating transit systems (see Tables 3 and 4). 
Several impacts on operating efficiency from this 
increase have been cited by management, labor, and 
transit riders: 

Table 3. Rates of pass use. 

Operator 

County Transit 
System-Suburban 

National City Transit 
San Diego Transit 
San Diego Trolley 
SCOOT 
Strand Streaker 
Total for all operators 

Note: NA= not applicable. 

~~~~ai~~~r;!~~·able. 

Rate of Pass Use as a 
Percentage of Total Boardings 

July- July-
December December 
1980 1981 

4.7 13.1 

6.7 13 .8 
17.8 29.7 -· 14.7 
12.7 15.5 

b 28.0 
17.4 27.6 

Table 4. Rates of pass revenues. 

Operator 

County Transit 
System-Suburban 

National City Transit 
San Diego Transit 
San Diego Trolley 
SCOOT 
Strand Streaker 
Total for all operators 

Note: NA= not applicable. 
"No pass revanues. 
bNot in service. 

Rate of Pass Revenues as a 
Percentage of Total Revenues 

July
December 
1980 

3.9 

12.9 
b 

23.0 
12.7 

July
December 
1981 

15.0 

23 .2 
22.I 

9.1 
17.0 
30.7 
20.0 

Increase or 
Decrease (%) 

+178.7 

+106.0 
+66.9 

NA 
+22.0 

NA 
+58.6 

Increase or 
Decrease (%) 

+284.6 

NA 
+71.3 

NA 
NA 

+33.5 
+57.5 
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1. A reduction in the handling of paper trans
fers (Table 5) and cash fares (Table 6): 

2. A reduction in the number of confrontations 
between drivers and boarding passengers regarding 
paper transfers: 

3. An improvement in passenger boarding speed, 
particularly at high-volume stops: and 

4. An increase in passenger revenues for those 
systems that previously honored transfers and passes 
from other systems with no compensation. 

Bus Driver Support f o r Ready Pass 

In an April 1982 survey of 222 bus drivers from all 
fixed-route systems, 69 percent of those responding 
believed that with the increase in Ready Pass use, 
passenger boardings are easier than before, and 94 
percent stated that they would like to see further 
increases in Ready Pass use. The positive survey 
results reflect the general perception by the driv
ers that the Ready Pass improves transit system op
erating efficiency. 

New Pass users 

In a recent survey of Ready Pass users, 67 percent 
of those responding either paid cash fares or did 
not ride transit before (Table 7). Fifty-two per
cent purchased the Ready Pass because of its econ
omy, whereas 22 percent purchased it because it 
eliminates the need for exact change. The high pro
portion of new pass users reflects the attractive
ness of the fen tu res of the Ready Pass to transit 
riders. 

Use of Ready Pass· on Mu1tiple systems 

In the recent survey of Ready Pass users, more than 
56 percent of those responding indicated that they 
would be using the Ready Pass on more than one t r an
sit system (Table 7). This high percentage supports 
the notion that the Ready Pass can contribute sig
nificantly to the effort of presenting transit ser
vices provided by multiple operators as a single 
unified system to transit riders. 

Table 5. Rates of transfer (San Diego Transit onlyl. 

Item 

Total 
boardings 

Transfer 
volume 

Percentage of 
total boardings 

Table 6. Cash boardings. 

Operator 

County Transit 
System-Suburban 

National City Transit 
San Diego Transit 
San Diego Trolley 
SCOOT 
Strand Streaker 
Total for all operators 

Note : NA= not applicable. 

~~:!a1:~~r;!~iable. 

July- July-
December December 
1980 1981 

16,597,917 13,253,367 

3,440,984 2,245,799 

20.7 16.9 

Cash Boardings as a 
Percentage of Total Boardings 

July- July-
December December 
1980 1981 

67.0 64.7 

58.4 50.3 
61.5 53.4 -· 67.2 
69.9 62.8 

_b 57.6 
61.7 56 .2 

Increase or 
Decrease (%) 

-20.2 

-34.7 

-18.4 

Increase or 
Decrease ( % ) 

-3.4 

-13.9 
-13 .2 
NA 
-10.2 
NA 
-8.9 
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Table 7 . Pass user survey results. 

Survey Question 

Primary reason for buying the Ready Pass 
More economical than cash fares 
Eliminates need for transfers 
Eliminates need for exact change 
Faster boarding 

Before the Ready Pass, did you buy another kind of 
transit pass? 

Yes 
No 

On how many different transit companies will you be using 
your Ready Pass? 

One 
Two 
Three 
Four 

Percent 

52 
13 
22 
13 

23 
67 

44 
33 
14 
9 

Note: Data are from a suivey of Ready Pass purchasers conducted by MTDB jn March 
1982 (N = 84). 

SUMMARY 

The San Diego regional Ready Pass has been success
ful in 

1. Unifying the multiple operator system by 
granting the Ready Pass user unlimited riding privi
leges throughout the system; 

2. Improving on-street operating efficiency by 
reducing the volume of paper transfers and cash 
fares, thus speeding passenger boardings; and 

3. Enhancing transit rider convenience, which 
may in turn helps maintain and attract new riders. 
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The development of a regional transit pass for a 
mu ltiple operator system requires the integrat.ion of 
.basic servic e elements , a consensus among the var
ious operators on the validity of the concept, and 
the involvemen t of the technical staffs from the 
various operatocs in the entire pricing a nd imple
mentation process. Continued implementation of the 
Ready Pass in San Diego can help pi:eserve the posi
tive competition between multiple operators, which 
can help keep areawide operating costs competitive. 
At the same time, the ~eady Pass can improve transit 
rid er accessibility and convenience by presenting 
the multiple operators as a single unified system . 
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Sketch-Planning Evaluation of an Employer-Based 
s·ubsidized Transit Pass Program 
ERIC A. ZIERING 

A sketch·planning evalualion of an employer-based •ubsldiznd transit pass 
program for the Sou1heastern Pennsylvania Transportation Au1hority 
(SEPTA) Is described. The purpose of ihe evaluation was to dolermino If the 
project could produce substantia l Iron sit ridership lncreasei, which could In 
turn lead to a reduction in. automobile hydrocarbon emissions and justify the 
inclusion of Iha project In tho state lmplemonlotion plan. Constraints in dat.a 
availobility required that a coarse back-of-1he·onvelope analysis be performed 
by using limited empirical information from olher cities. The results of this 
study indicated lhot a small ridership inc1easo would occur along whh en in
crease In SEPTA revenue, but tha1 questions about lhe feas·ibility of imple· 
m·onllng lhe proposed prog·ram made it unworkable. The methodology used 
In the evaluation, however, highlights the useful ness of planning techniques 
in preliminary program evaluolion. Tho methodology also makes apparent 
the volue of data from outside sources, porticulorly the ex1enslve data avail · 
ablo from projects in lhe UMTA Service and Monagoment Demonstration 
program. 

As part of a study for the Delaware Valley Regional 
Planning Commission (DVRPC), Charles River Associ-

ates was commissioned to identify transit strategies 
that would significantly increase transit ridership 
in the Pennsylvania portion of the Philadelphia re
g ion . The purpose of identifying such strategies 
was to consider them for inclusion in th~ Pennsyl
vania state implementation plan for reducing ve.hicu
lar hydrocarbon emissions . A variety of transit 
projects and strategies was e xamined. One was an 
employer-based subsidized transit pass proqram for 
the Southeastern Pennsylvania Transportation Author
ity (SEPTA) • Other projects included construct.ion 
of an airport high-speed transit line , other rapid 
transit and light rail improvements , transit amenity 
improvements, a center city commuter connection , es
tablishment of premium transit services , ·a transit 
permit payment system, a nd seasonal fare reductions 
during those t imes of the year when hydrocarbon 
emissions reach thei r peak. 
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For many of these pi::ojects, ·there were insuffi
cient data to develop rigorous forecasts of transit 
ridership and other impacts, and fairly crude back
of-the-envelope techniques were required. A de
scription of how this type of analysis was used to 
evaluate the impacts of the proposed pass program is 
given in this paper. 

DESCRIPTION OF PASS PROGRAM 

The employer-based subsidized transit pass sales 
program enable$ employees of participating firms to 
purchase weeklror monthly SEPTA transit passes from 
employers at a reduced price. These weekly and 
monthly passes have been and ace widely available 
through pu.blic sales outlets. At the time of this 
analysis, approximately 56,000 SEPTA riders were us
ing the Transpass weekly or monthly passes. Partic
ipating employers would sell the weekly pass (nor
mally $9.00) to their employers for $7.50, and the 
monthly pass (normally $35.00) for $29.00. 

To encourage employers to join the program, SEPTA 
would sell passes to employers at the reduced rates 
for the first month that a firm joins the program. 
After the 1-month incentive period, firms would pur
chase pa·sses from SEPTA at the regular pr ices of 
$9.00 and $35.00 and subsidize employee purchases of 
the weekly and monthly passes by $1.50 and $6.00. 
The regular cash fare on the SEPTA system is $0.70, 
with a transfer charge of $0.15. The system experi
ences a relatively high transfer rate, with about 42 
percent of all trips involving more than one vehi
cle. This is one factor that is responsible for 
current high levels of pass sales through public 
outlets. 

Passes would be sold on consignment; that is, em
ployers would receive an agreed-on number of passes 
from SEPTA to sell to employees each week or month. 
Unsold passes and payment received for passes sold 
would be returned to SBPTA shortly after the end of 
the pass sales period. Passes would be sold by em
ployers on either a cash or payroll-deduction basis 
(which would be determined at the· discretion of the 
individual employer). 

To be eligible for the program and receive the 
1-month incentive pr ice break, employers must agree 
to continue to participate in the pass program for a 
minimum of 2 years. This means that an employer 
must be willing to subsidize employee pass purchases 
for a period of 23 months. 

RIDERSHIP ANALYSIS 

The analytical approach for estimating ridership im
pacts consists of three major steps. 

1. The level of employer participation has to be 
determined. Specifically, estimates must be made of 
how many employers will participate in the program 
and the number of employees that work for them. 

2. At participating firms the number of em
ployees who will purchase the subsidized transit 
passes has to be determined. Three classes o ·f pass 
purchasers must be identified: those individuals 
who previously bought the pass at public sales out
lets, those individuals who previously commuted by 
transit but did not use a pass, and those who for
merly did not use transit at all. 

3. The effects of purchasing a subsidized pass 
on transit tripmaking by employees have to be esti
mated. Presumably, the trip rates of persons who 
previously bought a pass will not be affected, but 
the trip rates of the other two classes of individ
uals (as identified in step 2) will increase. 

In the analysis presented in the following sec-
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tions each of these steps is examined, and base
level projections are presented. In a later section 
a sensitivity analysis, which indicates the range of 
variability inherent in these projections, is pre
sented. 

Insufficient data are available nationally con
cerning employer-subsidized pass programs, such as 
the one under examination, to be able to model the 
ridership impacts in a formal way. Nevertheless, 
substantial evidence is available concerning pass 
sales for a variety of nonsubsidized pass programs 
that can be used for portions of the analysis. In 
addition, limited site-specific data about employer 
subsidies are available from Sacramento and a few 
other cities. 

Step l: Employer Participation 

The results of the Sacramento Regional Transit (RT) 
fare prepayment demonstration are used as a model 
for estimating employer response to the proposed 
program. That demonstration involved employer-based 
sales of a monthly transit pass (PASSpoRT) that had 
previously been available through public sales out
lets. As an incentive for employers to join the 
program, RT provided a 3-month-long pass price dis
count, similar in principle to that proposed in this 
program. The two pass programs are similar because 
they both involve the initiation of employer-based 
sales of an existing fare prepayment mechanism and a 
discount to empioyers for a limited period for join
ing the program. They are different in that the 
SEPTA program requires employers to continue to pro
vide a subsidy to employees after the discount from 
SEPTA to employers is terminated. 

The level of employer participation in the pro
posed program will be a function of several fac
tors. Because weekly and monthly passes are already 
publicly available, the incentive for employers to 
participate is sharply reduced. This was a reason 
commonly cited by employers in Sacramento for not 
participating in that employer-based program. Em
ployers did not perceive the distribution of passes 
as a significant benefit to their employees when the 
passes were already widely available through numer
ous public sales outlets. 

One of the primary motivations for employers to 
subsidize pass purchases is to reduce parking ex
penses. In Sacramento and other cities, firms have 
distributed or subsidized transit passes to reduce 
the cost of leasing or constructing additional park
ing spaces for their employees. Several factors 
specific to Philadelphia significantly reduce this 
incentive. Few employers in the central city pro
vide on-site parking facilities. Nearly all parking 
takes place at privatel.y or publicly owned parking 
lots and garages. A recently conducted survey at 12 
cep.ter city parking lots indicated that only a rela
tively small percentage (18 percent) of parkers re
ceive subsidies for parking from their employers. 
In addition, the relatively high transit modal share 
(70 percent) in the Philadelphia central business 
district (CBD) increases the total cost to the em
ployers of providing the pass subsidy. The net re
sult is that employers are unlikely to recover the 
cost of the subsidy in reduced parking expenses. 

This result can be demonstrated as fol.lows. For 
a hypothetical firm of 1,000 employees, an average 
of 700 employees use transit and 300 commute by 
automobile. Assuming an average automobile occupancy 
of 1.25, 240 automobiles are used for commuting at 
this firm, of which 18 percent (43.2 cars) receive 
parking subsidies. Parking rates in Philadelphia 
average $4.29 per day. Assuming that monthly lease 
rates incorporate a 25 percent discount, the monthly 
parking cost per vehicle is as follows: 
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(22 days) ($4.29 per day) (0.75) • $71. 

If this hypothetical firm completely subsidizes 
43.2 cars per month at this rate, its total expense 
is (43.2) ($71) = $3,060 per month. Of the 700 em
ployees who commute by transit, it can be conserva
tively assumed that 30 percent purchase passes. 
Therefore, subsidizing passes would cost the hypo
thetical firm 

(700) (0.30) ($6 subsidy) = ~l,260 per month. 

This cost is equivalent to 41. 2 percent of the 
parking expenses for the hypothetical firm. Even 
under these conservative assumptions, this firm 
would need to convert more than 40 percent of its 
automobile commuters to transit to recover its costs 
through savings in parking expenses. This is an un
likely result of the subsidized pass program. 

This brief analysis obscures variation in parking 
cost and transit modal share among individual 
firms. Some selected firms may have some combina
tion of higher parking costs (although this is un-
1 ikely, given widespread competition among parking 
concession operators) and lower transit modal shares 
that make pass subsidization economically benefi
cial. In Sacramento the transit modal share was 
much lower (approximately 30 percent), and parking 
cost was also much lower (averaging $28 per month). 
In Sacramento only 9 out of the 100 employers par
ticipating in the pass program provide subsidies to 
their employees. 

Nationally, employer participation in these types 
of pass distribution and subsidy programs appears to 
be encouraged most significantly by discounts pro
vided to the employer by the transit operator. In 
Dallas transit passes are sold to employers at a $2 
discount, provided that the employer matches this 
subsidy and resells the passes to employees at a $4 
discount. Currently more than 460 companies partic
ipate in this program, most of which provide signif
icant additional discounts to their employees. Ap
proximately 20,000 passes are sold each month. In 
Dallas parking is restricted and expensive (gener
ally more than $60 per month in the CBD) , but the 
modal share to the CBD is much lower than in Phila
delphia (less than 30 percent), so that pass subsi
dization is more cost effective as a method for re
ducing parking expenses. This type of continuing 
matched subsidy is now being considered for imple
mentation in Sacramento as well. Transit agencies 
in both of these cities believe that the revenue 
gain from new transit users offsets the cost to the 
operator of providing the subsidy. 

In Sacramento a 3-month, 25 percent discount in 
the pr ice of passes sold to employers drew only a 
small proportion of private employers to the pass 
program (many of the participating employers were 
agencies of the federal and state governments). The 
1-month, 17 percent discount proposed for SEPTA 
would nominally be expected to produce a much 
smaller response. The requirement that employers 
continue to subsidize employee pass sales for a pe
riod of 2 years could be expected to reduce the 
level of participation still further. 

Therefore, it has been concluded that the bulk of 
employers will not have an economic incentive to 
participate in the subsidized pass program. In ad
dition, the experience in Sacramento indicates that 
making a case directly to employers concerning the 
benefits of mass transit, energy savings, and other 
public-spirited issues were ineffective in qenerat
ing participation in the program. The remai ning in
centive for employers to participate appears to be 
the value of the transi t subsidy as an employee 
fringe benefit. In Sacramento the second major rea-
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son for employer subsidization of transit passes 
(parking cost was the first) was the response of 
organized labor to the concept of a discounted tran
sit pass. Therefore, in Philadelphia it would ap
pear that the marketing effort for the proposed pro
gram (to be described later) should be directed 
toward employees or transit users, who could then 
pursue the program with employers, rather than di
rectly toward employers. 

It was determined early in the analysis that the 
collection of disaggregate data by firm on transit 
accessibility, level of trans.it use, and parking 
availability and cost was not cost effective. As 
al.ready noted , c onsider a bl e uncertainty about many 
o f the o ther parameters t hat affect empl oyer partic
ipation overwhe l ms t he probable impac t o f i ntP. r firm 
variability in this analysis. 

Data were provided by DVRPC on the breakdown of 
l arge firms by number of e mp loyees and by o ne - digit 
s tandard industria l class if ication (SIC) code. Al
though the Sacramento data indicate that certain 
types of businesses are mo re likely to partic ipate 
in the pass program (no tably government agencies), 
i nsufficient evidence was available to deal quanti
tatively with each employer category. The same is 
also true of the size classification of firms. 
Therefore, in estimating employer participation in 
Philadelphia, all targeted firms (300 or more em
ployees) in the CBD under consideration have been 
grouped together. There are a total of 95 such em
ployers, with a total of 97,211 employees. Based on 
the experiences in Sacramento and Dallas, and ac
counting for major differences in the nature of the 
pass programs and exogenous variables such as modal 
share and parking cost, it was estimated that 10 
percent of the employers might elect to participate 
in the subsidized pass program. Assuming homogene
ity among participating firms, this suggests that 
roughly 10 firms might participate, comprising about 
9,700 employees . 

Step 2: Employee Pass Sales 

Pass sales within each participating firm are the 
second major factor to be analyzed. The 'level of 
pass sales depends primarily on the price (level of 
discount) of the pass. By using data from the Jack
sonville transit fare prepayment demonstration, 
Charles River Associates developed a curve that re
lates pass penetration rates to the level of dis
count offered to passholders (Figure 1). Given the 
existing level of pass penetration at current 
prices, the level of penetration at the discounted 
price can be determined. 

Data from the Metropolitan Atlanta Rapid Transit 
Authority (MARTA) indicate that 30.3 percent of 
transit users traveling 10 or more times per week 
were passholders. Applying MARTA trip frequency 
distributions for cas h a nd pass users to the actual 
number of cash and pass users on the SEPTA system, 
it was indicated that 38.6 percent of frequent (>10 
trips per week) riders who transfer use passes, and 
22.7 percent of frequent riders who do not transfer 
use passes. The weighted average of these two 
groups confirms the 30 percent penetration rate. 
This percentage is also roughly comparable to the 
estimate that 27 percent of daily trips on SEPTA are 
paid for with passes. 

Note that this penetration rate is much higher 
than would be expected from the curve shown in Fig
ure l. This is because of differences in overall 
transit trip frequencies between Philadelphia and 
Jacksonville (for which the curve was derived). The 
curve is used only to calculate the change in the 
penetration rate that results from the institution 
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Figure 1. Sensitivity of pass penetration rate to break-even pass level. 
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of a discount, not to estimate the penetration rate 
directly as a function of pass price. Of the 9,700 
people estimated to work at firms enrolling in the 
discount pass program, 6,805 commute by transit (as
suming a 70 percent transit medal share) . Of this 
number, assume (as in Atlanta) that 30. 3 perceni. 
(2,060) are passholdersi the remaining 4,745 transit 
users pay cash. 

To calculate the change in the penetration rate 
resulting from the subsidized pass, the curve for 
pass penetration and pass price shown in Figure 1 is 
used. The change in pass price is calculated by 
taking before-and-after weight ed a verages of the 
monthly and weekly pass prices. To calculate these 
prices, it is assumed that 42 percent of riders must 
transfer, Then, assuming that the current 56,000 
passholders include 41,000 weekly and 15,000 monthly 
passes, the weighted average before price (expressed 
as a break-even number of one-way trips per month) 
is as follows: 

(41,000/56,000) • {$9.00/[$0. 70 + (0.42) ($0.15)]} 
x (52 weeks/12 months) + (15,000/56,000) 
x {$35.00/!$0. 10 + co.42J !$0.15) J l 
= 49.8 one-way trips per month. 

The we i ghted average •after• price is cal culated 
in the s ame manner, with the subsidized pric es of 
$7.50 weekly and $29.00 monthly replacing the origi
nal prices of $9.00 and $35.00. The resulting 
weighted pass price (break-even trip rate) is 41. 4 
one-way trips per month. The net discount in pass 
prices is therefore ((49.8 - 41.4)/(49.8)1 .r or 16.8 
percent. 

Returning to the pass · penetration curve, with a 
base penetration rate of 30.3 percent, a 16.8 per
cent price decrease at this steepest part of the 
curve would yield a resulting penetration rate of 73 
percent among existing transit users. Therefore, of 
the 6,805 transit commuters at the participating 
firms, 4,967 would be passholders after the subsi
dized pass became availabl_e. 
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In addition, new passholders would be generated 
by former nontranstt users who · switch to transit. 
In Sacramento 10 percent of passholders during the 
25 percent discount period were new transit users. 
The corresponding figure in Philadelphia can be ex
pected to be lower for two reasons. First, assuming 
direct proportionality, a lower pr ice discount of 
only 16.8 percent would yield approximately ((10 
percent) (16.8)/25], or 6.72 percent new transit 
users among subsidized passholders. Second, the 
much higher initial transit modal share in Phila
delphia would markedly reduce the percentage in
crease in transit users. In Sacramento a 30 percent 
transit share implied that there were 2. 33 nontran
sit users per transit user, whereas in Philadelphia 
the corresponding ratio is 0.43, Therefore, the 
proportion of subsidized passholders who are new 
transit users is estimated to be as follows: 

6.72 percent • (0.43/2.33) ~ 1.23 percent. 

At first glance this number may seem low, but its 
magnitude can be easily confirmed by using elastici
ties. Commonly accepted cross elasticities of auto
mobile demand with respect to transit fare are typi
cally in the range of +0.05 to +0.10. By using a 
transit fare reduction of 16. 8 percent and a cross 
elasticity of +0.10, the expected change in automo
bile demand would be 1. 7 percent, thereby resulting 
in a transit demand change of 0.7 percent. The 1.23 
percent increase in pass sales to new users result
ing from the program is therefore somewhat greater 
than the 0.7 percent increase that would be forecast 
by using cross elasticities. 

A t;'inal assumption in developing pass sales fig
ures is that the subsidized pass program will not 
affect the distribution of pass buyers between the 
monthly and weekly passes (although a marginally 
larger subsidy is provided for weekly passes). With 
this assumption, final sales figures for subsidized 
passes at the participating firms can be summarized 
as follows: 

Buyers 
Former pass purchasers 
Former cash-paying 

transit users 
Former nontransit users 
Total 

Sale s Figu r e s 
Total Weekly 
2,060 1,508 
2,907 2,129 

__§..! 
5,028 

45 
3,682 

St e p 3: Trip Rates o f Passho lders 

Monthly 
552 
778 

__..!! 
1,346 

It is assumed that persons who previously bought 
passes will not change their transit trip frequency 
as a result of the subsidy. Survey results indicate 
that the trip frequency of these current SEPTA pass
holders is 14.0 trips per week, or 

14.0 • (52/12) = 60.7 trips per month. 

The second group to be considered are former cash 
users who now elect to purchase the subsidized 
pass. If it is assumed that new pass purchasers are 
individuals for whom the subsidized pass is economi
cal, but for whom the unsubsidized pass was not, 
then the average trip frequency for these individu
als may initially be assumed to be the average of 
the discounted and undiscounted pass prices in terms 
of one-way trips. This trip frequency is as follows: 

(4~.4 + 49.7)/2 = 45.5 trips per month. 

That is, before the subsidized pass became avail
able, it was expected that the average trip fre
quency of this group was 45.5 trips per month. Once 
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these individuals elect to purchase the pass, their 
trip rate will increase because additional trips 
have a zero marginal cost. 

As an upper limit, it can initially be assumed 
that the trip frequency of these individuals would 
increase to 60. 7 trips per month (the trip rate of 
former passholders). This is an upper limit because 
these people clearly have other reasons for not 
traveling as frequently as former passholders, which 
thus places them in their original behavioral 
group. Nevertheless, if this maximum tr"ip frequency 
were to be attained, these individuals would be re
ceiving an effective fare discount of 25 percent. By 
using a fare elasticity of -0.20, a 25 percent fare 
discount would result in a transit trip frequency 
increase for these people of [(-0.20)(-0.25)], or 5 
percent. Thus a 5 percent increase in transit 
travel is a logical upper bound. This would result 
in a change in trip frequency from 45.5 to 47.8 
trips per month for these individuals. 

The final group to be considered in this analysis 
is pass purchasers who formerly did not use tran
sit. No data are available to estimate the trip 
rate of this group. A logical assumption is tha.t 
their trip rate will be similar to that of the sec
ond group--47.8 trips per month. In any event, the 
final ridership projections are not highly sensitive 
to small changes in this trip rate because these 
persons make up only a small percentage of the rid
ers. The change in tripmaking among all groups is 
given in Table 1. The net increase in monthly trips 
is 9, 602, which implies an increase of 2, 216 trips 
per week, or 385 trips on an average weekday. 

Sensitivity Analysis 

Although there is a certain amount of uncertainty 
associated with many of the parameters in this anal
ysis, the bulk of uncertainty in the ridership fore
cast is associated with the projection for 10 per
cent employer participation. This estimate is based 
on limited data (unlike assumptions concerning tran
sit trip rates, for example). It is conceivable 
that a participation rate of 20 percent might be 
achieved if an innovative and effective marketing 
campaign is combined with an unexpectedly high level 
of receptiveness among the chief executive officers 
of targeted firms. If this were to occur, ridership 
increases could be double those computed previ
ously. The level of uncertainty associated with 
each of the other variables is small in comparison 
to the employer participation rate and not worthy of 
a detailed analysis. 

PROGRAM COST AND OTHER IMPACTS 

The primary costs to be incurred by SEPTA in the 
subsidized pass program fall into four categories: 

1. 
gram, 

2. 
3. 

Administrative costs associated with the pro-

Advertising and publicity expenses, 
The cost of the 1-month subsidy for passes 

sold to employers, and 
4. Change in revenue. 

Because the program results in a ridership increase 
of only 385 daily trips, it is assumed that there 
will be no additional costs for providing additional 
capacity. 

At expected levels of participation, an addi
tional 2,968 individuals will purchase passes as a 
result of the program (2,174 weekly and 974 
monthly). This is a 5.3 percent increase over the 
current level of 56,000 passholders. In Sacramento 
administrative costs for employer-based pass sales 
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Table 1. Changes in tripmaking among all groups. 

Buyers No. 

Trip Rate 
(trips per month) 

Before After 

Increase in 
Trips per 
Month 

Former pass purchasers 
Former cash paying transit users 
Former nontransit users 

Total 

2,060 60.7 
2,907 45.5 

61 0 
5,028 

60.7 
47.8 
47.8 

0 
6,686 
2,916 
9,602 

were $0.163 per pass. On this basis, the total ad
ditional annual administrative cost to SEPTA would 
be as follows: 

(12 months x 794 passes per month) + (52 weeks 
x 2,174 passes per week) • ($0.163 per pass) 
= $19,980. 

Advertising and publicity expenses can vary widely, 
depending on the intensity of marketing efforts by 
SEPTA. As discussed previously, marketing efforts 
for this type of program should be directed at the 
general public. This could result in a fairly high 
level of expenditures for promotion. SEPTA's origi
nal Transpass promotion in October and November 1979 
cost more than $100, 000. Other promotional activi
ties for transit fare increases, the Gateway Trans
pass, new light rail vehicle trolieys, and commuter 
rail activities ranged in cost from $50,000 to 
$75,000. 

Promoting the employer-based program would be a 
considerably less costly effort, but all general 
public awareness programs are expensive. The 2-year 
Sacramento employer-based pass program had a public
r elations and advertising budget of more than 
$18,000. Because Philadelphia is a much larger city 
with much greater transit ridership, $40,000 (or 
$20,000 per year) is assumed to be a minimum cost of 
a comprehensive promotional and advertising program. 

The direct cost of the subsidy of the pass will 
also be significant. The subsidy of $1.50 per 
weekly pass (for 4 weeks) or $6.00 per monthly pass 
(for 1 month) must be paid for all passholders at 
the participating firms, not only for new passhold
ers. The total subsidy is calculated as follows: 

[ (3,682 weekly passes) (4 weeks) ($1.50) I + [ (l,346 
monthly passes) ($6.00)] = $30,168. 

Because the subsidy would be paid only once to 
each firm, which would then continue the subsidy for 
2 years, the annual cost of the direct subsidy would 
be one-half this amount, or approximately $15,080. 
This estimate is based on a relatively constant 
level of pass sales over time. Presumably the in
troduction of the program at each firm would be pre
ceded by sufficient publicity so that interested em
ployees would join the program at its inception. It 
is worth noting that the average annual cost of the 
subsidy to each participating employer would be 
$36,900, or $38 per employee. 

The change in revenue that results from the pro
gram is a combination of two factors: revenue loss 
from those individuals who travel more than the 
break-even trip frequency, and revenue gain from new 
transit riders. To calculate the revenue loss, a 
comparison was made of the trip frequency of pass
holders with the break-even pass price trip rate. 
Note that the trip frequency before the introduction 
of the subsidized pass is used. Also, the unsubsi
dized pass pr ice is used because the revenue re
ceived by SEPTA for a subsidized pass sale is iden
tical to that received for a regular pass sale. 

It was noted previously that the prior trip fre
quency of new pass purchasers who formerly paid cash 
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is 45.5 trips per month. Also, the weighted average 
pass price is the equivalent of 49.8 trips per 
month. Therefore, SEPTA actually experiences a net 
revenue gain from each of these individuals equal to 
the cash equivalent of (49.8 - 45.5), or 4.3 trips 
per month. The average cash fare (assuming a 42 
percent transfer rate) is [ ($0. 70) + (0.42) ($0.15)], 
or $0.763. Therefore, the total annual revenue gain 
from this 9roup is 

(2,907 persons) (12 months) (4.3 trips per month) 
x ($0.763 per trip) = $114,450. 

Additional new revenue will be generated by those 
persons who switch to transit from other modes as a 
result of the subsidized pass. This revenue can be 
calculated as follows: 

[ (45 persons) ($9.00 per week) (52 weeks)] 
+ [(16 persons) ($35.00 per month) (12 months)] 

$27,780. 

Therefore, the net revenue increase that results 
from the program is $142,230. The total annual 
costs of the subsidized pass program are as follows: 

~ 
Additional administrative expenses 
Advertising and publicity expenses 
Pass subsidy 
Foregone revenue 
Total 

Cost ($) 
19,980 
20,000 
15,080 

-142,230 
-87,170 

As mentioned previously, the forecast of 385 ad
ditional daily riders results in an annual ridership 
increase of [(300) (385)], or 115,500 trips per 
year. Therefore, the net revenue increase generated 
by the subsidized pass program on a per trip basis 
is approximately $0.755. 

IMPLEMENTATION CONSIDERATIONS 

A review of similar pass programs and discussions 
with SEPTA and DVRPC personnel resulted in the 
identification of four critical factors concerning 
program implementation. First, current SEPTA regu
lations prohibit the use of promotional fare incen
tives such as the 1-month discount proposed here, 
except through the adoption of a new tariff schedule 
that specifies the discount fare levels. This pro
cess would involve conducting public hearings (along 
with the associated lead time requirements) each 
time a new firm joined the subsidized pass program. 
The marketing department at SEPTA is taking steps 
toward adopting a tariff that would generally allow 
for promotional fare incentives without requiring a 
detailed specification of fares. Such a change 
would alleviate this restriction on program imple
mentation. 

Second, SEPTA believes that the level of subsidy 
offered in the proposed program is too large to be 
provided entirely by SEPTA. It has been assumed in 
the analysis, however, that other revenue sources 
would be available to support actions intended to 
reduce motor vehicle emissions. Therefore, the sub
sidy cost to SEPTA might, for example, be shared 
with DVRPC or with project-specific grant money from 
some other agency. In addition, the analysis 
clearly indicates that the additional revenues gen
erated by employer subsidies more than offset the 
direct subsidy costs that would be incurred by SEPTA. 

r. third implementation consideration is based on 
the Sacramento experience, where marketing the pass 
program to employers, even through telephone and 
personal contacts, was generally ineffective in in-
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creasing program participation. In Sacramento it 
was found that informing transit riders and the gen
eral public directly and encouraging these individ
uals to contact their employers was far more effec
tive. If marketing efforts for the program are 
directed at the general public rather than through 
employers, the targeting by employee size should 
probably be removed, so that employers of any size 
are encouraged to participate if they are willing to 
subsidize the pass. This will dramatically increase 
the cost-effectiveness of the promotional campaign 
because a greater proportion of those individuals 
who •~e exposed to the publicity will be exposed to 
the program. Also, there should be beneficial pub
licity fallout for all of the pass programs at SEPTA. 

A fourth consideration that might affect the pro
posed program is that it does not offer employers 
any new opportunities to provide a benefit to their 
employees. That is, under the current public pass 
sale system, employers have the option of subsidiz
ing pass purchases for their employees directly 
through cash rebates or special allowances. The 
proposed program incorporates a small discount from 
SEPTA to the employer, but also shifts the burden of 
pass sales and distribution to the employer as 
well. Therefore, those firms that elect to subsi
dize pass purchases may prefer to do so through the 
existing system instead of absorbing new administra
tive costs. This, of course, would be no less ef
fective in increasing transit ridership. 

These four observations concerning the implemen
tation of the employer-based subsidized pass sales 
program suggest that its effectiveness might be in
creased by changing its emphasis toward promoting 
employer-subsidized transportation in general. That 
is, instead of marketing the subsidized pass to em
ployers through a 1-month incentive discount, the 
program could be primarily a promotional program in
tended to generate public support for the concept of 
a transit allowance from employers to employees. 
Because the 1-month incentive will probably not be a 
major factor in an employer's decision to join the 
program, it could be eliminated. This would circum
vent the need to establish special promotional tar
iffs for the program. In addition, interested em
ployers could be encouraged to provide a subsidy 
through the existing pass system. For example, an 
employer might purchase expired employee transit 
passes at a price of $1.50 and $6.00 for weekly and 
monthly passes. (Some security measures would have 
to be taken to prevent the development of a black 
market for passes.) Th is would have an identical 
impact on employee pass purchases and on ridership, 
but it could reduce administrative costs to both 
SEPTA and to employers for the distribution and sale 
of passes. 

If such a program were adopted, employers of all 
sizes could be allowed to participate, and the pri
mary functions of SEPTA would be to market the con
cept as a valuable employee fringe benefit, and to 
provide support and assistance to employers who, by 
virtue of interest among their employees, become in
terested in different methods of subsidizing transit 
or employee transportation in general. Such a pro
gram is different in tone from the one that was 
originally considered, but it could be far more 
effective. It would also be considered much more 
innovative and ahead of its time. Employers are 
becoming increasingly concerned with employee trans
portation, although to date this interest has been 
most evident in the widespread growth in employer
sponsored vanpool and carpool programs. This pro
gram could generate a similar level of employer 
interest for supporting transit as a means of 
getting to and from work. 
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SUMMARY 

A sketch-planning analysis of a proposed subsidized 
pass sales program has been presented. The analysis 
has demonstrated that rough estimates of the impacts 
of such a program can be developed by using rela
tively scarce information on similar projects in 
other cities. This back-of-the-envelope approach 
was sufficient in this case to determine that a more 
detailed analysis was not warranted. It did, how
ever, identify certain counter-intui-tive impacts, 

51 

sucn as the net revenue gain to SEPTA of instituting 
the proposed program. Such an impact probably would 
not have been identified through a purely qualita
tive evaluation. Finally, apparent in this approach 
was the value of data drawn from other cities, par
ticularly from projects in the UMTA Service and ·Man
agement Demonstration program. 

Publication of this paper sponsored by Committee on Transit Service 
Characteristics. 

Car Drivers Test Public Transportation: A Measure to 
Encourage Persons to Switch to Public Transportation 
WERNER BROG, OTTO G. FORG, AND GUNTER MOTSCH 

Most of the advertising created by managers of public transportation systems 
in the Federal Republ ic of Germany has necessarily adhered to the classical 
methods of product marketing, i.e., campaigns to improve the image of pub
lic transportation and advertising targeted at the general public. However, 
it is doubtful whether such methods are suitable for service-oriented indus· 
tries, especially public transportation. A series of special studies have re· 
vealed that persons do not use public transportation because they are not 
informed about the supply and because of their subjective perceptions of 
different aspects of the public transportation system. This means that one 
of the primary goals of efficient advertising is to inform persons about the 
publ ic transportation systnm. The Stutlgart lntegroted Public Transporta· 
tlon System took a decisive step in !his d irection with its campaign, Car 
Drivers Test Public Transportation. In this campaign, persons who were 
willing to use public transportation on a trial basis for a period of 1 month 
were selected through their places of employment. The social-scientific 
study done by Socialdata to accompany the campaign had two basic goals: 
(a) determine what percentage of the test persons continued to regularly use 
public transportation after the month of testing had been completed, and 
(b) study the effect of practical experiences with public transportation on 
the attitudes that persons previously inadequately informed about public 
transportation supply would then have toward public transportation. For 
this purpose, surveys were done of travel behavior before, during, and after 
the test, and studies were done to determine the opinions of the persons 
surveyed. 

In 1980 the Stuttgart Integrated Transportation Sys
tem (VVS), together with the German Automobile Club, 
initiated a campaign called, Car Drivers Test Public 
Transportation. As part of the campaign, car drivers 
who were employed were given free monthly passes and 
were requested to use public transportation on a 
trial basis so that they might experience the public 
transportation system at first hand. This action 
was used as a new type of publicity campaign and to 
further public relations work. This idea was based 
on the theory that many persons do not use public 
transportation because they are unfamiliar with it 
and do not realize how attractive an alternative it 
can be (ll. 

A multistage social-scientific study accompanied 
this campaign in order to determine whether changes 
in attitudes toward public transportation and 

changes in travel behavior had taken place (2). Thus 
before and after the campaign surveys dealtng with 
the attitudes and transport behavior of the test 
persons were done. Travel behavior during the month 
of testing was also surveyed. 

The surveys, which were conducted before, during, 
and after the campaign, were done at 1-month inter
vals, and travel behavior was also studied 1 year 
after the campaign had taken place. The family mem
bers of the test persons were also included in the 
surveys on behavior because a change in the travel 
behavior of the first person could also affect other 
family members; e.g., a car no longer being used by 
the test person could now be used by another member 
of the family (3). A few of bhe most important re
sults of this st°'iidy are presented in this paper. 

CHANGES IN TRAVEL BEHAVIOR 

Mobility 

Test Persons 

The first f&ctor used to describe travel behavior is 
the share of mobile persons, i.e., the percentage of 
persons who participated in out-of-house activities 
on the day of sampling. Due to the goals of the 
study, most of the test persons in the sample were 
employed. Therefore, this group is highly mobile; 
i.e., they almost all made trips on the sample days. 

Before the test month and during the month of 
testing, the test persons had an almost identical 
rate of mobility. On the other hand, the percentage 
of persons with out-of-house activities in the month 
following the test was 16 percent less (Table 1). 

Two factors were mainly responsible for the de
crease in mobility. 

1. The target persons received questionnaires 
five times within a period of 4 months. Although the 
response rate was satisfactory in all of the sur
veys, it can be assumed that at a certain point some 
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Table 1. Mobility. 

Test Persons Family Members 

Before the During the After the Before the During the After the 
Item Total Test 

Base 3,876 472 
Share of persons who did not leave their homes on the 
sampling day(%} 18.0 4.0 

Share of persons who left their homes on the sampling 
day(%} 82.0 96.0 

Share of persons (%) on sampling day who made 
1 trip 0.8 I.I 
2 trips 33.5 35.2 
3 trips 7.2 12.7 
4 trips 22.7 24.6 
5 trips 6.5 8.5 
6 trips 7.3 7.4 
>7 trips 4.2 6.6 

Avg no. of trips per person per sample day in relation to all 
persons for all sample days 2.85 3.41 

Avg no. of trips per person per sample day in relation to 
mobile persons on the sample day 3.48 3.55 

Note: Date ror all days on which persons were sampled . 

persons were no longer willing to respond; thus they 
simply wrote that they had made no trips on the 
given sample day (_!) • 

2. The second and quantitatively more decisive 
factor al.so has to do with nonreported trips (5). 
Never thel.ess, this second factor will be dealt with 
separately because it is directly related to the 
study. A number of those pers ons who partly or 
totally reverted to their old habits the month fol
lowing the campa ign tried to hide this fact by 
claiming t ha t they we re immobile on the sample days 
after the campaign. 

Based on the sample days on which persons were 
mobile, the data in Table 1 reveal that from the 
time before the campaign to the time of the cam
paign, the median mobility fell from 3.55 trips to 
3 .25 trips per day and following the campaign it 
rose to 3.30 trips per day. This means that chang
ing to public transportation had a significant ef
fect on the activity programs of the test persons. 
Further results indicate that those activities that 
occurred on the way to work and back home (such as 
shopping) were excluded from the activity programs 
of the test persons during the time of testing. 
During the test, mos t of these acti vit i es were taken 
over by other family members. After the campaign, if 
the test persons decided to stop using public trans
portation, they resumed their previous activities 
(Table 2). The percentage of persons who made 
exactly 2 trips on the sample day (i.e. , usually 
simply made 1 trip to work and 1 back home) in
creased by 10 percent during the campaign_and after
wards reached its old l .evel (Tabl e 11. 

Family Members 

Far fewer of the family members of the test persons 
are employed than the test persons themselves~ 

Therefore, the other family members make fewer 
trips. On the sample days, about 12 percent of the 
family members were · immobile (Table 1). In the two 
following survey stages, their immobility drastical
ly increased. The reasons for this were as follows: 

1. Their increasing unwillingness to respond to 
each further survey stage; however, this tendency is 
not as systematically related to travel behavior 
among the family members as among the test persons; 
and 

2. They did not understand why they should an-
swer three sets of questions simply because one per-

Test Test Test Test Test 

472 472 820 820 820 

5.7 21.6 11.6 19.0 36.2 

94.3 78.4 88.4 81.0 63.8 

1.7 0.4 0.7 0.9 0.4 
45.0 35.7 30.9 31.7 29.1 
8.5 8.9 6.5 5.8 4.5 
21.7 17.4 27.2 24.2 19.l 
7.0 9.1 7.4 5.5 3.8 
6.2 3.8 10.3 9.4 4.6 
4.5 3.2 5.5 4.0 2.2 

3.06 2.58 3.28 2.89 2.11 

3.25 3.30 3.71 3.57 3.31 

son in their family had decided to participate in 
the test. 

Therefo re , t he average number of t r ips per sample 
day a l s o revea led a declining tendency among the 
family members. 

By looking at the data about the mobility of per
sons on the sample day, it becomes clear that a con
siderable decrease in the average number of trips 
occurs only with the third stage (after the cam
paign). One reason is that parts of the third survey 
stage took place during Pentecost, which is a vaca
t i on period i n the Federal Republic o f Ge rmany. 
There were a cons iderable numbe r of childre n among 
the famil y members who, as s hown in the categoriza
tion of trips according to trip purpose and destina
tion, made fewer educational trips but more recrea
tional trips during this period. 

That such particulars could be pinpointed indi
cates the high quality of the instrument of measure
ment. 

Activities 

As already not ed, the t est persons c hanged t hei r 
activity programs as a resul t of the public trans
portation campaign. Those acti vities not neces sarily 
restricted to t he test persons (e.g., shopping) were 
engaged in less frequently during the test period 
than either previously or subsequently. 

The median frequency of work trips per mobile 
person per sample day was identical in the first two 
stages; however, after the campaign had been com
pleted (the third stage) , the number of trips was 
reduced by almost one-fourth. Most important here 
were those work trips that were consciously not re
ported because they were made by car (Table 2). 

Modal Split 

Test Persons 

Before the test, the test persons made the vast ma
jority of their trips by car (i.e., 2. 55 trips per 
mobile person per sample day). The number of trips 
made with public transportation before the test was 
0.52 trips, which was almost the same as the number 
of trips made with nonmotorized modes--0.47 trips 
per day. Di.Jr ing the month of testing, the public 
transport share almost quadrupled, whereas the share 
of trips made with private motor vehicles was re
duced to less than one-third of its previous volume. 
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About 6 weeks after the test, an average of just 
less than l public transportation trip was made per 
mobile person per day. This means that 

l. About 28 percent of the increased number of 
trips made with public transportation could be sta
bilized up until that timei 

2. In contrast to the month before the test, a 
total stabilized public transportation trip increase 
of Bl percent could be attained; and 

3. Approximately every other person in the test 
continued to use public transportation after the 
test had been completed. 

The questionnaires given after l year revealed 
the following: 

l. The total number of trips per mobile per'son 
on the sample day was again equivalent to what it 
had been before the testi 

2. The average number of trips made with private 
motor vehicles increased by 10 percent; i.e., the 
theory that trips made with private motor vehicles 
were systematically suppressed during the month fol
lowing the test was proven to be true; and 

3. The number of public transportation trips per 
person per day increased minimally, which indicated 
that about half of the test persons became stable 
users of public transportation (Table 3). 

An analysis of actual public transportation trips 
reveals the following. 

l. The greatest increase in the use of public 
transportation during the test month was in the rap
id train system. In this mode the greatest perce.nt
age of trips was stabilized; after the test there 
was an increase of 118 percent. 

2. For subways and streetcars, there was also a 
high gain during the test month, but only a small 

Table 2. Activities. 
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number of these trips could be stabilized. There
fore, compared to the time before the test, a 6 per
cent increase remained (Table 4). 

Family Members 

The public transportation campaign hardly chanqed 
the modal choice of family members. Before as well 
as after the test they made a quarter of their trips 
by using public transportation. Relatively, it is 
possible to discern a slight increase in the number 
of trips they made by using private motor vehicles; 
however, this occurs solely at the cost of non
motorized modes. Thus, although family members in
creased their use of the test person's car, this 
hardly caused a decrease in their use of public 
transportation (Table 3) • 

MULTIVARIATE ANALYSIS OF ATTITUDES 
TOWARD PUBLIC TRANSPORT 

This study was designed to give information on the 
extent to which practical experiences with public 
transportation for l month would give the test per
sons a different, preferably better, picture of the 
quality of public transportation in Stuttgart. The 
study was also designed to determine whether (and to 
what extent) a positive change in attitude would 
cause a habitually increased use of public transpor
tation. 

Thus the general attitude that test persons have 
toward public transportation in Stuttgart was im
portant, and not what their opinions of specific 
parameters were. A method of analysis (_~) was there
fore needed that would make it possible to summarize 
individual attitudes pertaining to specific param
eters as a whole and to divide all of the persons 
studied into groups according to multiple factors. 

Cluster analysis fulfilled these requirements. 

Test Persons Family Members 

Before the During the After the Before the During the After the 
Item Total Test Test Test Test Test Test 

Base 3,180 453 445 370 725 664 523 
Avg no. of trips per mobile person per sample 

day with the following activity 
Work 0.58 1.07 1.07 0.83 0.30 0.29 0.25 
Business 0.11 0.27 0.24 0.18 0.03 0.02 0.02 
Education 0.29 0.02 0.03 0.01 0.51 0,51 0.39 
Shopping, visits to doctor, and so forth 0.48 0.41 0.29 0.36 0.65 0.57 0.42 
Recreation 0.46 0.37 0.33 0.56 0.46 0.44 0.66 
Home 1.45 1.29 1.24 1.28 1.63 1.60 1.46 
Other 0.11 0 .12 0.05 0.08 0.13 0.14 0.11 
Total 3.48 3.55 3.25 DO 3.71 3.57 3.31 

Note: Data for all registered mobile persons on the sampling days. 

Table 3. Modal split. 

Test Persons Family Members 

Before the During After the After I Before the During After the After 
Item Total Test the Test Test Yr Test the Test Test I Yr 

Base 3,180 453 445 370 320 725 664 523 492 
Avg no. of trips per mobile person on sampling 

days using the following modes 
N onmotorized 1.07 0.47 0.42 0.59 0.62 1.59 1.42 1.35 1.61 
Private motor vehicles 1.40 2.55 0.79 1.76 1.92 1.16 1.23 1.22 1.40 
Public transportation 1.00 0.52 2.04 0.94 I.OS 0.95 0.91 0.74 0.93 
No response 0.01 0.01 0.00 0,0J 0.00 0.01 0.01 
Total 3.48 3.55 3.25 3.30 3.59 3.71 3.57 IT! 3.94 

,Note: Date for aJI registered mobile persons on the sampling days. 
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Table 4. Mode used. 

Item Total 

Base 3,180 
Avg no. of trips per mobile person on the sampling days 

using the follow!ng modes• 
Walking, bicycle or mofa 1.07 
Car as driver or passenger; moped or motorcycle 1.40 
Bus 0.19 
Streetcar 0.45 
Subway 0.02 
Rapid train 0.27 
Train 0.04 
Taxi 0.01 
Other 0.02 
No response 0.01 
Total 3.48 

Note: Data for all registered mobile persons on the sampling days. 
80nly main mode used. 

Cluster analysis makes it possible to combine the 
opinion profiles of individuals into similar groups. 
These groups are called clusters. Clustering makes 
it possible, to put it somewhat simplistically, to 
collect similar characteristic profiles into one 
cluster and to sort different characteristic pro
files into different clusters. The variables used 
to define the groups (i.e., the active variables) 
were the result of a scale that had been used to 
measure the feelings <1> of persons that used public 
transportation before and after the test. 

Description of Types of Attitudes 

After several tests were done, a configuration of 
six types of persons proved to be the ideal solu
tion. These types of p"rsons ar" describ"d as fol
lows. 

The first type of person is unreservedly in favor 
of public transportation. Thus it is natural to 
refer to these persons as having a "totally positive 
attitude". Fourteen percent of the respondents were 
in this category before the test, and 17 percent 
were in this category after the test. Thus the size 
of this group increased. 

The second type of person also has a positive 
basic attitude toward public transportation. With 
two exceptions, all of the values that these persons 
gave to different aspects of public transportation 
were in the positive section of the scale. Mild 
criticism toward public transportation could be 
noted in the areas of flexibility and accessibility 
of destination. These persons can be said to have a 
"predominantly positive attitude". 

Of all of the groups, this group includes the 
most persons. Before the test 28. 6 percent of the 
total belonged to this group. After the test only 
22.4 percent of the persons belonged to this group. 
An analysis of the changes in the clusters indicates 
the direction that these losses took place. 

The third type of person evaluates most of the 
items pertaining to public transportation more posi
tively than the second type. However, for two items 
the values are so negative that this group must be 
considered separately. The two items are (a) flex
ibility ("I can't come and go as I please when I use 
public transportation") i and (b) accessibility 
("It's not possible to get everywhere I want to go 
with public transportation"). 

These persons appear to be at ease when using 
public transportation, but its dependency on a fixed 
network and time schedules gives these persons the 
belief that they cannot always organize things as 
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Test Persons Family Members 

Before the During After the Before the During After the 
Test 

453 

0.47 
2.55 
0.09 
0.19 
0.02 
0.17 
0.04 
0.00 
0.01 
0.01 
3.55 

the Test Test Test the Test Test 

445 370 725 664 523 

0.42 0.59 1.59 1.42 1.35 
0.79 1.76 1.16 1.23 1.22 
0.17 0.11 0.26 0.23 0.18 
0.86 0.34 0.49 0.46 0.34 
0.05 0.01 0.01 0.02 0.02 
0.79 0.37 0.16 0.16 0.14 
0.15 0.09 0.01 O.DI 0.02 
0.01 0.02 0.00 0.01 0.01 
0.01 0.00 0.02 0.02 0.02 
0.00 0.01 0.01 0.01 
3.25 3.30 m 3.57 3.31 

they might wish to. These persons appear to think 
that public transportation should be unrealisticallv 
flexible. This desire for flexibility is the result 
of an exaggerated need for security, articulated by 
persons who more or less force themselves to be ever 
ready to expect the unexpected. Thus this group can 
best be described as being "perfectionistic". Their 
basic attitude toward public transportation is 
definitely positive, and it earl be assumed that 
these persons are also a future potential for the 
Stuttgart public transportation system, which should 
not be neglected. Before the test, this group ac
coi,mted for 18. 4 percent of the total, and after
wards for 19.6 percent of the total. 

The fourth type of person is a difficult poten
tial client for the Stuttgart public transportation 
svstem. These nersons evalu~te thPir PYnPriPnCPR 
with public tra~sport-;tio~ -~;itively, - but-~th;;··b;: 
lieve that using public transportation negatively 
influences their social status. They believe that 
their colleagues would be surprised if they were to 
use public transportation, and they also believe 
that their families would. look down on their use of 
public transportation. These persons orient them
selves more to the effect of their behavior on 
others and place their own positive attitudes toward 
public transportation in the background. It is dif
ficult to induce these persons to use public trans
portat i on. Thus this group could be referred to as 
"influenced by others•. 

This group accounted for 8.2 percent of the total 
before the test and 10. 2 percent after the testi 
their relative share is thus small. Nevertheless, 
because of the special characteristics of this type, 
it was not appropriate to neglect this group in this 
paper. 

The fifth type of person evaluated almost half of 
all of the items negatively. These persons tend to 
associate use of public transportation with hassles, 
but they also negatively evaluated the areas of 
flexibility and accessibility of destination. There
fore, this group was referred to as persons with a 
"rather negative attitude". 

This group is quantitatively important because it 
initially accounted for 23.5 percent of the respon
dents 1 after the test it was reduced to 19. 2 per
cent. Nevertheless, here too the analysis of the 
changes in the clusters indicates the direction of 
the changes. 

The sixth type of person is diametrically opposed 
to the first type. These persons gave almost all of 
the items negative, and sometimes extremely nega
tive, values. The only exception was that this 
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group deemed public transportation to be up-to-date 
as a mode of transportation. Thus this group was 
referred to as persons with a "totally negative at
titude". 

Before the test this group accounted for 7.5 per
cent of the total, and after the test 11. 8 percent 
of the total. 

Analysis of Changes in Clusters 

The analysis of the changes in the clusters revealed 
how attitudes held before the test changed after the 
test had been completed. The test resulted in 
changes in all of the groups. The qreatest inc rease 
can be discerned in the two types of attitudes on 
the extreme ends of the scale. This leads to the 
conclusion that the test resulted in a polarization 
of attitudes. Positive attitudes were reinforced, 
but negative attitudes were also rein forced. 

An analysis of the changes in the clusters led to 
the construction of six types of attitudes. It was 
demonstrated that 

1. About a quarter of the total had their nega
tive or positive attitudes reinforced (i.e., their 
opinions were stabilized): 

2. In about 17 percent of the cases a positive 
prejudice was turned about due to the unsat isfactory 
experiences that the persons had when usinq public 
transportation; and 

3. In about 15 percent of the cases negative at
titudes were improved by the test (Table 5). 

Group Discussions 

At the conclusion of the study, 60 participants were 
chosen according to the criteria wchange in be
haviour attitude". A total of five group discus
sions dealt with the following topics. 

Table Ii. Defining persons with different types of attitudes. 

Category 

Type A 

Type B 

Type C 
Type D 

Type E 

Type F 

Type of Attitude 
Before Test 

Totally positive 
Totally positive 
Rather positive 
Rather positive 
Totally positive 
Rather positive 
Totally positive 
Totally positive 
Totally positive 
Rather positive 
Rather positive 
Rather positive 
Perfectionistic 
Perfectionistic 
Perfectionistic 
Perfectionistic 
Perfectionistic 
Perfectionistic 
Influenced by others 
Influenced by others 
Influenced by others 
Rather negative 
Rather negative 
Rather negative 
Totally negative 
Totally negative 
Totally negative 
Influenced by others 
Influenced by others 
Influenced by others 
Rather negative 
Rather negative 
Rather negative 
Totally negative 
Totally negative 
Totally negative 

Type of Attitude 
After Test 

Totally positive 
Rather positive 
Rather positive 
Totally positive 
Perfectionistic 
Perfectionistic 
Influenced by others 
Rather negative 
Totally negative 
Influenced by others 
Rather negative 
Totally negative 
Influenced by others 
Rather negative 
Totally negative 
Perfectionistic 
Totally positive 
Rather positive 
Influenced by others 
Rather negative 
Totally negative 
Influenced by others 
Rather negative 
Totally negative 
Influenced by others 
Rather negative 
Totally negative 
Totally positive 
Rather positive 
Perfectionistic 
Totally positive 
Rather positive 
Perfectionistic 
Totally positive 
Rather positive 
Perfectionistic 

55 

1. A systematic discussion of experiences and 
criticisms of the discussion by other participants. 

2. Concrete suggestions to improve the public 
transportation system as a result of experiences 
made with public transportation. The participants 
in the discussion were first to use a brain-storming 
method to collect all possible suggestions, and then 
they were to list these in order of importance, in 
light of the effect that the costs for improvements 
will have on the price of public transportation. 

The most important measures suggested by the par
ticipants were divided into the following areas: 

1. Increasinq the frequency with which different 
types of public transportation run: 

2. Improved coordination of the scheduling of 
different public transportation mQdes; 

3. Making the schedules easier to read: 
4. Integrating privately owned bus systems into 

the Stuttgart public transportation system: and 
5. Improving the possibility of taking along 

baby carriages and bicycles. 

CONCLUSIONS 

The campaign Car Drivers Test Public Transportation 
by the Stuttgart WS was an attempt to use a new 
kind of publicity for public transportation in order 
to reach new target groups. When the VVS was intro
duced in Stuttgart, advertising and public relations 
work were aimed at informing the regular users of 
public transportation of alterations in the system 
and changes in the fare rates. The current campaign 
was aimed at familiarizing car drivers with the pub
lic transportation supply. The social-scientific 
study was to explain the expectations that car 
drivers have of the Stuttgart VVSi what transport 
mode was used before, during, and after the cam-

Change in Attitude 

Positive attitude that is stable= 27 .7 percent 

Deterioration of a positive attitude = I 7.3 percent 

Perfectionists with no change in their attitudes= 6.8 percent 
Perfectionists whose attitudes improved= 9.1 percent 

Negative attitude that is stable = 24. l percent 

Improvement of a negative attitude = 15 .0 percent 
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paigni and the experiences that the car drivers had 
with public transportation. Thus the study also ex
amined the success of this relatively expensive pub
lic-relations work. 

From the point of view of the Stuttgart vvs, the 
following results of the study were of special in
terest. 

The decision of car drivers to use public trans-
portation is influenced by the criterion "an econom
ical form of transportation", and also by such cri
teria as speed, stress-free form of transportation, 
dependability, and comfort. Modern public transpor
tation facilities and a supply geared to the needs 
of the users are capable of fulfilling these 
requirements. 

Most of the car drivers who participated in the 
campaign are members of the middle to upper classes. 
This group is incr~asingly interested in the possi
bilities of public transportation. 

More than half of the participants in the test 
are still using public transportation to get to 
work. Furthermore, the attitudes of many of the par
ticipants toward public t .ransportation changed for 
the better during the campaign. Thus the campaign 
proved to be an effective instrument of goal-di
rected public-relations work. 
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