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TRANSIT COOPERATIVE RESEARCH PROGRAM

The nation’s growth and the need to nmeet mobility, envi-
ronmental, and energy objectives place demands on public
transit systems. Current systems, some of which are old and in
need of upgrading, must expand service area, increase service
frequency, and improve efficiency to serve these demands. Re-
search is necessary to solve operating problems, to adapt appro-
priate new technologies from other industries, and to introduce
innovations into the transit industry. The Transit Cooperative
Research Program (TCRP) serves as one of the principal means
by which the transit industry can develop innovative near-term
solutions to meet demands placed on it.

The need for TCRP was originally identified in TRB Special
Report 213—Research for Public Transit: New Directions, pub-
lished in 1987 and based on a study sponsored by the Federal
Transit Administration (FTA). A report by the American Public
Transit Association (APTA), Transportation 2000, also recog-
nized the need for local, problem-solving research. TCRP, mod-
eled after the longstanding and successful National Cooperative
Highway Research Program, undeitakes research and other
technical activities in response to the needs of transit service
providers. The scope of vice configuration, equipment, facilities,
operations, human resources, maintenance, policy, and adminis-
trative practices.

TCRP was established under FTA sponsorship in July 1992.
Proposed by the U.S. Department of Transportation, TCRP was
authorized as part of the Intermodal Surface Transportation Ef-
ficiency Act of 1991 (ISTEA). On May 13, 1992, a memorandum
agreement outlining TCRP operating procedures was executed
by the three cooperating organizations: FTA, the National Acad-
emy of Sciences, acting through the Transportation Research
Board (TRB), and the Transit Development Corporation, Inc.
(TDC), a nonprofit educational and research organization estab-
lished by APTA. TDC is responsible for forming the independ-
ent governing board, designated as the TCRP Oversight and
Project Selection (TOPS) Committee.

Research problem statements for TCRP are solicited periodi-
cally but may be submitted to TRB by anyone at anytime. It is
the responsibility of the TOPS Comumittee to formulate the re-
search program by identifying the highest priority projects. As
part of the evaluation, the TOPS Committee defines funding
levels and expected products.

Once selected, each project is assigned to an expert panel,
appointed by the Transportation Research Board. The panels
prepare project statements (requests for proposals), select con-
tractors, and provide technical guidance and counsel throughout
the life of the project. The process for developing research
problem statements and selecting research agencies has been
used by TRB in managing cooperative research programs since
1962. As in other TRB activities, TCRP project panels serve
voluntarily without compensation.

Because research cannot have the desired impact if products
fail to reach the intended audience, special emphasis is placed
on disseminating TCRP results to the intended end-users of the
research: transit agencies, service providers, and suppliers. TRB
provides a series of research reports, syntheses of transit prac-
tice, and other supporting material developed by TCRP research.
APTA will arrange for workshops, training aids, field visits, and
other activities to ensure that results are implemented by urban
and rural transit industry practitioners.

The TCRP provides a forum where transit agencies can coop-
eratively address common operational problems. TCRP results
support and complement other ongoing transit research and
training programs.
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PREFACE

FOREWORD
By Staff
Transportation
Research Board

A vast storehouse of information exists on many subjects of concern to the transit in-
dustry. This information has resulted from research and from the successful application
of solutions to problems by individuals or organizations. There is a continuing need to
provide a systematic means for compiling this information and making it available to
the entire transit community in a usable format. The Transit Cooperative Research Pro-
gram includes a synthesis series designed to search for and synthesize useful knowledge
from all available sources and to prepare documented reports on current practices in
subject areas of concern to the transit industry.

This synthesis series reports on various practices, making specific recommendations
where appropriate but without the detailed directions usually found in handbooks or de-
sign manuals. Nonetheless, these documents can serve similar purposes, for each is a
compendium of the best knowledge available on those measures found to be successful
in resolving specific problems. The extent to which these reports are useful will be tem-
pered by the user’s knowledge and experience in the particular problem area.

This synthesis will be of interest to transit agency general managers, their planning
and scheduling, operations and maintenance, computer services, and budget and finance
staffs, as well as to technology providers. It summarizes information from selected transit
agencies about benefits and problems associated with each passenger counting technology, as
reported by current users. It also presents advice for agencies considering each technology.

Administrators, practitioners, and researchers are continually faced with issues or
problems on which there is much information, either in the form of reports or in terms
of undocumented experience and practice. Unfortunately, this information often is scat-
tered or not readily available in the literature, and, as a consequence, in seeking solu-
tions, full information on what has been learned about an issue or problem is not assembled.
Costly research findings may go unused, valuable experience may be overlooked, and full
consideration may not be given to the available methods of solving or alleviating the is-
sue or problem. In an effort to correct this situation, the Transit Cooperative Research
Program (TCRP) Synthesis Project, carried out by the Transportation Research Board as the
research agency, has the objective of reporting on common transit issues and problems and
synthesizing available information. The synthesis reports from this endeavor constitute a
TCRP publication series in which various forms of relevant information are assembled
into single, concise documents pertaining to a specific problem or closely related issues.

This document from the Transportation Research Board reports on the ranges of
techniques to count passengers and estimate ridership. Issues considered deal with data col-
lection methodology, data processing, end uses of ridership data, organizational respon-
sibilities, and resource requirements.

To develop this synthesis in a comprehensive manner and to ensure inclusion of
significant knowledge, available information was assembled from numerous sources,
including a number of public transportation agencies. A topic panel of experts in the subject
area was established to guide the researchers in organizing and evaluating the collected
data, and to review the final synthesis report.

This synthesis is an immediately useful document that records practices that were ac-
ceptable within the limitations of the knowledge available at the time of its preparation.
As the processes of advancement continue, new knowledge can be expected to be added
to that now at hand.
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SUMMARY

PASSENGER COUNTING TECHNOLOGIES
AND PROCEDURES

The transit industry has a long history of counting passengers on its buses. From paper
and pencil, still in use at many agencies today, technologies have evolved to include hand-
held units, electronic registering fareboxes (ERFs), automatic passenger counters (APCs),
and smart cards. As detailed analyses of system, route and sub-route ridership data become
a standard way to identify opportunities to reallocate scarce tesources in times of fiscal
constraints, transit agencies today face more choices than ever in terms of how to count
their passengers. Complicating the issue is the fact that no one method works best for all
purposes.

The purpose of this synthesis is to examine the current state of the practice in terms of
passenger counting technologies and procedures. Survey results from 33 transit agencies
provide information on a variety of topics, including the purposes of collecting ridership
data at various levels, technologies and procedures currently in use or planned, data input
and retrieval, analysis and reporting of ridership data, organizational issues, resource re-
quirements (including staffing and cost), and benefits and problems associated with each
technology. The transit agencies included in the survey range in fleet size from 46 to 2,155
buses and have experience, in terms of day-to-day use or demonstration projects, with every
technology currently in use in North America.

The synthesis also provides insight from the perspective of companies supplying passen-
ger counting technologies and equipment to the transit industry. Interviews were conducted
with five companies specializing in passenger counting technology to obtain their views re-
garding factors contributing to successful adoption of new technologies at transit agencies.

Finally, case studies were conducted through detailed telephone interviews with six
agencies that represent the spectrum of passenger counting technologies. The case study
agencies include:

Metropolitan Transit Authority of Harris County (METRO) in Houston, Texas,

Tidewater Transportation District Commission (TTDC) in Norfolk, Virginia,

Chicago Transit Authority (CTA) in Chicago, Illinois,

Tri-County Metropolitan Transportation District of Oregon (Tri-Met) in Portland,

Oregon,

» Ottawa-Carleton Regional Transit Commission (OC Transpo), in Ottawa, Ontario,
Canada, and

¢ South Coast Area Transit (SCAT), in Oxnard, Ventura County, California.

Houston METRO is an example of an agency that uses ERFs for system and route-level
ridership estimates and manual pencil and paper procedures for trip-level analyses in de-
veloping an effective ridership data collection program that meets the agency’s needs.
TTDC pioneered the use of hand-held data collection on its system. CTA has recently con-
cluded an extended process of considering advanced passenger collection technologies with



an APC demonstration, and has been an industry leader in making effective use of farebox
data. Tri-Met is integrating its existing APC data collection system with a new GPS-based
automated vehicle location (AVL) system. Ottawa is in its second decade of relying on a
signpost-based APC system for virtually all of its ridership data. South Coast Area Transit
is one of the first agencies to undertake an extensive smart card demonstration project on
its bus system.

The synthesis summarizes benefits and problems associated with each passenger count-
ing technology, as provided by current users, and also presents advice for agencies consid-
ering each technology. The case studies are able to go into greater detail on these issues,
especially on how problems have been resolved. Case study agencies and technology pro-
viders are in agreement on many key points related to the adoption of new technologies by
transit agencies.

Primary conclusions of this synthesis include the following:

e Procedures are more important than technology—Experience to date strongly sug-
gests that establishing and adhering to data collection procedures that meet the agency’s
needs is the most critical factor, regardless of the technology selected to count ridership.
There is a tendency within the industry to focus too much on the hardware side and not
enough on the need and uses for ridership data within an agency.

o Internal changes are necessary to ensire the success of new passenger counting tech-
nologies—A significant investment in time and effort is needed in the early stages to up-
date internal databases and analytical techniques, to ensure that the system receives the pri-
ority it needs, and to train staff in its maintenance and usage.

o Visit and learn from other agencies before deciding on a new passenger counting
technology—This emerged as a strong recommendation from both the surveys and the case
studies. While each agency obviously has unique aspects, the process of implementing new
passenger counting technologies is very similar throughout the industry. Instead of re-
inventing the wheel, a savvy agency can draw on the experiences of others in planning its
own implementation of new technology.

o Unnecessary customization should be avoided—This phenomenon is related to the
emphasis on technology seen within the transit industry. Attempts to redesign what is
available on the market to make one’s own system unique or better almost always result in
failure. Most installations require a fair degree of customization to match agency needs, but
taken to extremes, this is a recipe for failure.

o A strong commitment from senior management is required—Adoption of new passen-
ger counting technologies and procedures involves changes in departmental functions and
responsibilities. Support from the general manager raises the priority attached to passenger
counting and ensures cooperation among the various departments involved.

o Active management of the passenger counting system is critical to success—Senior
management support is vital, but agencies that have successfully adopted new technologies
are characterized by a mid-level person who assumes responsibility for the system and takes
the necessary action to ensure its proper functioning.

o Responsibilities must be clarified—Adopting a new technology is not a step taken in
isolation. Internal working relationships (between planning and dispatching, for example)
are likely to change noticeably. Cooperation from several departments within the agency is
needed, and does not necessarily happen overnight. Clarification of responsibilities at the
outset is advised by agencies that have been through the process.

o Advanced passenger counting technologies offer several benefits—Among benefits
cited by survey and case study agencies are more frequent data collection, a reduction in
turnaround time, the ability to analyze ridership data at finer levels of detail, greater timeliness
and responsiveness, and lower cost. These do not accrue automatically; the most successful



agencies have updated internal databases and adapted procedures to maximize the benefits
offered by advanced technologies.

e There is no one perfect solution—Agencies must consider their need for and uses of
ridership data before deciding how best to proceed. Each ridership counting technology is
appropriate to use for certain purposes, and there are successful examples of each in the
case studies. Many agencies using manual techniques are satisfied with established data
collection schedules and have been successful in meeting the needs of data users. One hun-
dred percent accuracy does not exist with any technology. New passenger counting tech-
nologies have a break-in period of approximately 18 months during which start-up prob-
lems are identified and solved.

Integration of passenger counting technologies with other emerging technologies (e.g.,
integration of APCs with AVL systems) is a developing trend. The number of agencies that
are at least considering new technologies suggests that the state of the practice is likely to
undergo considerable changes within the next decade.



CHAPTER ONE

INTRODUCTION

BACKGROUND

Passenger counting to estimate ridership is a significant
component of transit service planning, scheduling, and fore-
casting. Ridership is a key measure of transit agency effective-
ness and an important factor in analyzing performance and
productivity (using measures such as passengers per revenue
mile or cost per passenger). Transit agencies count their pas-
sengers in many different ways, varying from manual counting
10 a variety of automated counting technologies, such as the
use of electronic fare collection and automatic passenger
counters (APC).

Most agencies rely, singly or in combination, on manual
counts, electronic fareboxes, and APCs. Manual passenger
counting involves placing a traffic checker on the transit vehi-
cle to record all boardings and alightings made on each trip.
The checker usually notes the time at key time points along the
route for the purposes of adjusting schedules. The information
is recorded on a preprinted form that includes all of the stops
along the route, or is entered into a hand-held unit prepro-
grammed to include all stops. Electronic registering fareboxes
(ERFs) require operator intervention to count passengers. The
operator hits one of a series of keys on a keypad connected to
the ERF to indicate the type of fare paid by each boarding pas-
senger, and must also enter a code to indicate the route, run
number, and beginning of each trip. ERF data are generally
collected at the trip level; stop-level information is not avail-
able. An APC automatically records passenger boardings and
alightings through the use of beams or mats, associates a time
with each stop, and locates the stop through signposts posi-
tioned throughout the system, from odometer readings, or via
satellite.

Transit agencies count and aggregate ridership at different
levels, depending on the type of data needed. Senior managers
may be concerned primarily with systemwide ridership trends.
Schedulers and planners need to know passenger loads at key
points and by time of day along each route. Marketing and
planning staff may need to know fare classification informa-
tion. No single passenger counting procedure meets all of
these needs.

Technological innovations and refinements have opened
new possibilities in the realm of collecting transit ridership
data. Like all technological advances, these have been adopted
by a few innovators within the industry whose experiences
have been observed closely by other transit agencies. As the
array of choices has broadened, decisions regarding which
technologies and procedures should be deployed to count pas-
sengers have become more difficult. There is a clear need for
information on how well various procedures meet the needs of
individual transit agencies.

PURPOSE AND SCOPE OF THE SYNTHESIS

The objective of this synthesis is to report on the range of
techniques to count passengers and estimate ridership. The
following issues are considered:

e Data collection methodology is categorized as manual
(using pencil and paper or hand-held units), electronic (via
electronic registering fareboxes or “smart cards™), and APC-
based. Different methodologies are often used for different
purposes.

» Data processing involves the conversion or transmission
of collected data to a format suitable for analysis. Steps in data
processing can include manual input, electronic transmission,
data editing or validation, report generation, and access to
data.

¢ End uses of the ridership data often determine the most
appropriate methodology to be used. In some cases, this rela-
tionship also works in reverse: new technologies can create
ready access to data previously unavailable.

¢ Organizational responsibilities can be a major determi-
nant in how well passenger counting technologies actually
work. This is particularly true for newer technologies, which,
because of their greater complexity, often require interdepart-
mental cooperation for successful implementation.

¢ Resource requirements are of primary interest, given the
tight budgets prevailing in the transit industry. Costs, staffing
needs, and skills are key elements of interest to all agencies.

These issues are addressed primarily by means of a survey
sent in January 1997 to 36 selected transit agencies in the
United States and Canada. Selection of agencies for the sam-
pie was guided by the presence of active, ongoing data collec-
tion activities, participation in similar studies or in national
activities, adoption of innovative passenger counting tech-
nologies, and recommendations by other transit agencies. Rep-
resentatives from these agencies were contacted prior to mail-
ing the survey to enlist their cooperation. Follow-up calls
were made as required to encourage survey completion. A to-
tal of 33 surveys were returned, yielding a response rate of 92
percent.

Case studies were conducted to supplement survey results.
Six agencies representing a variety of passenger counting pro-
cedures were selected for in-depth telephone interviews. These
interviews were intended to probe more deeply regarding is-
sues raised by the survey results.

There is great interest in the transit community regarding
the availability and capability of various passenger counting
technologies. Members of the Topic Panel that guided this
study and survey respondents identified technology providers,



who contributed descriptive material regarding various prod-
ucts. Selected providers were interviewed to obtain their per-
spective on developments within the transit industry.

LITERATURE REVIEW

A review of current literature addressing passenger count-
ing was also conducted as part of this synthesis and results are
summarized here. While several reports provided extremely
useful background information, the fast-changing nature of
passenger counting technologies and procedures resulted in
greater reliance on the 1997 surveys and case studies in syn-
thesizing recommendations.

Hodges (1) prepared the first comprehensive overview of
APC systems in a 1985 report detailing the state of the prac-
tice. The approach taken in this study involved the analysis of
survey results from APC users and of findings from 13 case
studies (seven in Canada, six in the United States). Three of
the case study systems are also used in this synthesis (Chicago
Transit Authority, Ottawa-Carleton Regional Transit Com-
mission, and Tri-Met). The study’s assessment of intended
uses and benefits of APC systems is still of interest, but tech-
nological improvements over the past decade make other ele-
ments in the report outdated.

A more recent 1992 report on Advanced Public Transpor-
tation Systems by Labell, Schweiger, and Kihl (2) updated the
state of the practice in terms of new technologies. Smart card
demonstration programs were discussed in this report along
with APC systems. By 1997, this report is also somewhat
dated, given the developments over the past 5 years.

Rossetti (3) describes the feasibility of an automatic transit
monitoring system based on radio frequency identification
(RF/ID) of transit users. The prototype developed in this 1996
IDEA (Innovations Deserving Exploratory Analysis) project
integrates automatic passenger counting, automatic vehicle lo-
cation, and fare payment via RF/ID tags incorporated directly
into bus passes. Much of the demonstration project is taken up
with testing how well the vehicle location component works.
RF/ID passes were tested only in simulation, although riders
were surveyed regarding attitudes toward such passes. If suc-
cessful, this system promises boarding/alighting data by pas-
senger. Since AVL technology has been proven in the field, a
more useful test would have involved how well passenger
counting and passenger-specific boarding and alighting data
are integrated and reported at the stop level. The issue of how
to count passengers not using an RE/ID encoded pass is not
addressed.

Greneker et al. (4) describe in a 1996 IDEA report an ex-
perimental transit vehicle passenger counter designed from
off-the-shelf systems and field-tested in a bus. The experimen-
tal system is intended to permit origin-destination data to be
collected for individual passengers by recognizing footprint
patterns of boarding and alighting riders. As with existing
APC mat-based systems, the experimental system was able to
identify entering and exiting passengers. The goal of determin-
ing if the passenger is a man, woman, or child was not
achieved. This study concludes by proposing use of a radar

unit instead of floor mat sensors in a second phase of the
study, although it is unclear whether the radar unit would be
able to detect individual passenger movements and produce
origin-destination patterns.

Boyle and Perk (5) reviewed procedures for data collection,
analysis, and usage at operations planning departments of 20
major trangit agencies as part of a study for Metro-Dade
Transit Agency in Miami, Florida. This 1995 study addressed
many of the elements analyzed in this synthesis, although
many systems have instituted demonstration projects or im-
plemented changes to their data collection procedures even in
the 2 years since the study was published.

Several technology providers have published descriptions
of their APC systems. These publications contain considerable
technical detail on system components (6,7) as well as a non-
technical overview of APC systems (8).

Finally, several agencies participating in this study pro-
vided results of their research into and experiences with
passenger counting technologies. WMATA in Washington,
D.C. provided a 1993 study on hand-held units (9) as well
as an internal 1996 memorandum containing the results of
a seven-agency survey related to usage of hand-held data
collection devices (10). CTA made their 1996 APC agency
and vendor contact lists available (11); these helped in the
identification of agencies and vendors to be included in this
study. OC Transpo provided a 1986 report (12) describing the
evolution of APC at the agency over the previous 10 years and
summarizing reasons for success. Key factors in success
(that still, incidentally, apply today) include intra-agency
cooperation, management commitment, the high caliber of
hardware and software suppliers, and the APC experience de-
veloped within the agency. Lynx in Orlando, Florida sponsored
a 1996 APC pilot study that included results of an APC-
related survey of 25 transit systems (13). SCAT in Ventura
County, California, sent along a newspaper article addressing
privacy concerns related to the smart card demonstration proj-
ect (14).

ORGANIZATION OF THE SYNTHESIS

Following this introductory chapter, chapter 2 discusses the
reasons for collecting ridership data. Survey results support
the need for specific information at the system, route, trip, and
stop or segment levels. Chapter 3 forms the heart of the syn-
thesis, summarizing the current state of the practice in count-
ing riders. The extent of usage, capabilities, strengths and
weaknesses of each technology, as noted by users, are reported
in this chapter. Case study results are included as appropriate
in this chapter to supplement the survey findings. Chapter 4
addresses processing and reporting issues related to passenger
counting, including data input, data validation, and reporting
capabilitics. While processing and reporting techniques are
not a direct subject of the synthesis, these issues need to be
addressed to provide a more complete picture of the usefulness
of various technologies in meeting agency needs.

Chapter 5 examines organizational and resource require-
ments within each transit agency for carrying out the passenger



counting program. This chapter includes an analysis of the
placement of the passenger counting function within each
agency, and techniques for resolving and/or minimizing intra-
agency conflicts. Staffing needs and capital, operating, and
maintenance costs associated with the passenger counting
function at each agency are summarized, although it should be
noted that there is variation in the level of detail provided in
these areas across different systems.

Chapter 6 provides basic information on the characteristics
of available technologies as provided by the vendors identified
by survey respondents or panel members. This is not intended
as an all-inclusive inventory of technology providers, but
as an example of various technologies that are being used
by transit agencies included in the survey sample. The chapter
also includes observations with regard to the application of

these technologies in the transit industries from the suppliers’
perspective.

Chapter 7 reports detailed findings from the six case stud-
ies. Agencies were selected for the case studies to represent
different technologies and procedures. The case studies con-
sisted of detailed telephone interviews, intended to elaborate
on critical areas such as benefits, problems, and recommenda-
tions, with key agency personnel.

Chapter 8 summarizes the findings of the synthesis project
and provides a “‘snapshot” of passenger counting technologies
and procedures currently in use along with an assessment of
their strengths and weaknesses. Findings from the surveys and
particularly the case studies will be cited to support recom-
mendations regarding the implementation and use of various
technologies for specific purposes.



CHAPTER TWO

WHY COLLECT RIDERSHIP DATA?

There can be many reasons to collect ridership data, and
many uses for the data collected. Ridership is an accepted
measure of success for any transit agency, and so systemwide
ridership totals are usually summarized for senior manage-
ment and finance departments. Route-level ridership is also of
general interest. Service planning and scheduling departments
require more detailed ridership data at the trip, route segment,
time of day, and/or stop level to be able to match service to de-
mand. Time-related data are often collected in conjunction with
ridership data and used to monitor schedule adherence. Analysis
of origin-destination patterns generally requires special on-board
surveys that go beyond the simple counting of passengers.

This chapter addresses the general purposes for which rid-
ership data are collected and used, and reports purposes and
uses at the system, route, trip, and segment or stop levels of
data. Specific uses of data are summarized from the survey re-
sults. Also included are the departments within each transit
agency that use each level of ridership data.

DEFINITION OF RIDERSHIP

The transit industry uses two definitions of ridership. Un-
linked trips refers to total boardings, and is nearly always the
unit of ridership counted in the field. Linked trips is the term
used to define total riders, and measures the actual number of
complete trips from origin to destination, including transfers.
The Federal Transit Administration’s National Transit Data
Base (formerly known as Section 15) reporting requirements
specify unlinked trips as the unit for measuring ridership.

Surveyed agencies were split among those that use and re-
port only unlinked trips (19 respondents) and those that report
both linked and unlinked trips (14 respondents). No agency
reports only linked trips. Among those counting and reporting
both linked and unlinked trips, there was a fairly uniform dis-
tribution of purposes. Unlinked trips are seen as a measure of
transit utilization (at the system, route, or subroute level),
while linked trips are used to measure revenue passengers.
The ratio of unlinked to linked trips indicates the relative us-
age of transfers for the transit system. Data on linked trips are
generally used only at the system level, while those for un-
linked trips are used at all levels.

USES OF RIDERSHIP DATA
System-level Uses
In the survey, transit agencies were asked to report all pur-

poses for which ridership data are collected and used. Table 1
summarizes the responses from the 33 agencies and indicates

that most agencies in the sample count passengers for a vari-
ety of purposes. The most common purposes were reported by
at least 80 percent of the agencies in the sample. At the system
level, 28 agencies (85 percent) collect ridership data to track
systemwide ridership totals. The other system-level purpose
included in Table 1, to analyze origin-destination patterns, was
reported by only 12 systems (36 percent). Other system-level
purposes include meeting federal reporting requirements,
checking operator compliance with farebox procedures, and
counting boardings by fare type.

TABLE 1
PURPOSE OF PASSENGER COUNTING

Number of
Purposes Systems
Compile ridership by route 32
Compile ridership by trip 30
Track systemwide ridership totals 28
Compile boardings/alightings by stop 28
Monitor passenger loads at maximum load points 28
Compile ridership by day type and time period 27
Compile ridership by route segment 26
Monitor schedule adherence 24
Analyze origin-destination patterns 12
Other 6

Agencies using more than one technique for collecting rid-
ership data were asked to indicate the purposes for which each
technique is used. The responses to this question are summa-
rized by technique in the next chapter.

The survey also asked agencies for specific uses of rider-
ship data. As shown in Table 2, there was little differentiation
in uses among agencies, with each use indicated by over 75
percent of all respondents. At the system level, assessing
changes in ridership is a key use of ridership data.

TABLE 2

USES OF RIDERSHIP DATA
Uses Number of Systems
Assess changes in ridership 32
Add or delete trips 31
Revise (change, continue or add) routes 31
Calculate performance measures 30
Adjust running times 27
Determine locations for bus shelters 26
Other 10

The organizational units most frequently using system-level
data include budget and finance (which uses only system-level
data in almost all agencies), planning, and scheduling. Over
90 percent of agencies reported that budget and finance



TABLE3
NUMBER OF SYSTEMS USING RIDERSHIP DATA BY LEVEL OF DATA AND ORGANIZATIONAL UNIT
Route
Organijzational Unit System Level ~ Route Level Trip Level Segment Bus Stop Level
Level
Budget/Finance 30 5 0 0 0
Planning 25 31 30 27 25
Scheduling 10 28 30 26 20
Computer Services/MIS 1 1 0 0 2
Operations 2 3 3 2 5
Marketing/Public Affairs 6 5 0 0 2
Research/Analysis/Customer Services 4 3 3 3 4
Senior Management 4 3 0 0 0
Other 1 0 1 0 1

used system-level data. Table 3 shows use of ridership data by
level of data and by organizational unit.

Route-Level Uses

Compiling ridership by route is cited by 97 percent of
agencies as one purpose for counting passengers. Several other
purposes listed in Table 1 are frequently carried out at the route
level, including monitoring passenger loads at maximum load
points (85 percent), compiling ridership by day type and time
period (82 percent), and monitoring schedule adherence (73
percent). Performance measures are frequently calculated at
the route level, and running time adjustments, route revisions,
and ridership trends also rely on route-level data.

The primary users of route-level data are the planning and
scheduling units within an agency.

Trip-Level Users

Over 90 percent of respondents indicate that compiling rid-
ership by trip is one purpose of passenger counting. Varying
techniques are used to count ridership at the trip level. Trip-
level analysis is frequently carried out with regard to schedule
adherence and passenger loads.

Data at the trip level are used to add or delete trips and to
adjust running times. As with route-level data, the planning
and scheduling units are the primary users of trip-level data.

Stop/Segment-Level Uses

Compiling boardings and alightings by stop is reported as
a data collection purpose by 85 percent of all respondents,
while compiling ridership by route segment is routinely car-
ried out by 79 percent of responding agencies. Stop-level data
is very useful in determining locations for bus shelters. Seg-
ment-level analysis is typically used in adjusting running
times, but is also used in service planning at some agencies as

a more refined method of assessing route performance and
needs by route segment.

Farebox-derived data are generally difficult to use at sub-
route levels, such as for route segments or stops. Route seg-
ment data are used almost exclusively by planning and
scheduling units or other organizationat units involved in de-
tailed service planning analysis. Stop-level data are used more
broadly, in large part due to the usefulness of this level of data
in making decisions regarding the placement of bus shelters.

SUMMARY

Why collect ridership data? The foregoing discussion sug-
gests four answers:

» To report to external funding and oversight agencies
(e.g., federal, state, and local governments; regional authori-
ties; metropolitan planning organizations);

» To monitor trends over time;

o To analyze usage and petformance at various levels with
the overall goal of enhancing efficiency and effectiveness;

e To identify locations with the greatest boarding and
alighting activity, often in relation to the provision of passen-
ger amenities.

As a general rule (and there are many exceptions), smaller
transit agencies in stable environments tend to collect and
utilize ridership data at the macro levels (system and route)
that can often be collected through the farebox. As systems
grow larger and more complex, and as operating budgets
tighten, agencies have a greater interest in micro-level data
(route by time of day, segment, and stop) that may require a
range of collection technologies and procedures, but that in
turn permit a finer level of analysis and greater technical sup-
port for targeted recommendations for change. Perhaps the key
factor in determining the level of detail at which ridership data
are collected and analyzed is the agency’s proactiveness in
making minor and major changes to its system.



CHAPTER THREE

PASSENGER COUNTING TECHNOLOGIES AND PROCEDURES

This chapter summarizes the current state of the practice in
counting transit riders. General methodological issues, such as
the frequency of ridership counts at the system, route, and sub-
route levels and the use of sampling versus one hundred per-
cent counts, are addressed first. The chapter then summarizes
the extent of usage of three different procedures (manual,
electronic fare collection, and APC) to count ridership. Ca-
pabilities, strengths, and weaknesses of each technology, as
noted by users, are reported, and current plans for adopting
new passenger counting technologies are indicated. The sur-
vey of transit agencies is the primary source of data used in
this chapter. Case study findings are included as appropriate.

FREQUENCY OF RIDERSHIP COUNTS

Different types of data are required for different reporting
periods. For example, systemwide ridership data may be re-
ported monthly, while trip-level data may be needed for each
service change. The survey asked agencies how often they
counted and summarized ridership at various levels. System-
level ridership is counted on a regular and frequent basis, with
over 50 percent of the agencies reporting daily counts and 33
percent reporting monthly counts. At the route level, 48 per-
cent of agencies count and summarize ridership on a daily or
monthly basis, and 24 percent count ridership each service
change (typically three or four times per year). The majority of
systems count ridership below the route level infrequently or
only as needed. Table 4 summarizes survey responses.

The service change interval of counting ridership is inter-
esting from the service planning perspective, because this is
the most frequent interval feasible for analyzing ridership data
at the route and subroute levels. Approximately one-quarter to
one-third of respondents report this interval for route and trip-
level ridership and for ridership at maximum load points. Of
these respondents who count riders at service change intervals,
approximately 70 percent are using or testing APC equipment.

The survey also asked agencies how often ridership on any
given route was counted and analyzed for service planning or

TABLE 4

schedule purposes. Half of the systems responding report that
weekday ridership is counted at intervals of one year or
greater, although 27 percent count weekday ridership at each
service change interval. Saturday and Sunday counts occur
less often, with approximately 30 percent of agencies counting
weekend ridership only on an as-needed basis.

ONE HUNDRED PERCENT VERSUS
SAMPLE COUNTS

The standard approach to counting passengers has been to
conduct a 100 percent count within a relatively short time-
frame (e.g., 4 to 6 weeks) on any given route. Some agencies
will use a sample of trips for ridership counts. At more aggre-
gate levels (system and route), agencies with electronic regis-
tering fareboxes often estimate ridership by factoring total
revenue.

At the system level, 48 percent of the agencies in our sam-
ple report factoring ridership from revenue totals, while 42
percent conduct complete counts, usually by tracking all ERF-
recorded boardings. At all other levels (route, trip, route segment,
and stop), the majority of agencies conduct 100 percent counts,
although about one-third of all agencies report the use of
samples for counting ridership by trip, route segment, and stop.

Agencies use a variety of factoring and sampling tech-
niques. While no one technique emerged as typical, a common
approach is to stratify revenue totals by fare payment category
and use average fares for each category to calculate ridership.
Another method used by agencies with APC is to rotate APC
buses throughout the system in order to sample every trip a
certain number of times over a given timeframe.

PASSENGER COUNTING TECHNOLOGIES
AND PROCEDURES

Table 5 presents survey results related to how passengers
are counted by the various transit agencies. These results are

FREQUENCY OF RIDERSHIP COUNTS BY LEVEL OF DATA

Level of Data Daily Monthly At Service Changes As Needed/Other
System 17 11 0 3
Route 9 7 8 9
Trip 3 1 8 21
Route Segment 0 1 3 25
Stop Boardings and Alightings 0 1 3 27
Maximum Load Points 1 1 11 18
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TABLE 5

USE OF PASSENGER COUNTING TECHNOLOGIES AND PROCEDURES

Number of Systems

Technology/Procedure Total Large Medium Small
Checkers, Pencil and Paper 23 8 11 4
Electronic Registering Fareboxes 23 6 11 6
On-Board Surveys 15 2 11 2
Vehicle Operator Trip Cards 14 3 9 2
Estimate from Passenger Revenue 13 5 8 0
Checkers and Hand-Held Units 13 3 7 3
APC in Use 8 2 5 1
APC Testing 5 1 3 1
Smart Cards 2 0 1 1
Number of Systems 33 9 17 7

Note: Large systems operate over 1,000 buses; medium systems operate between 250 and 1,000 buses;

small systems operate under 250 buses.

TABLE 6
PASSENGER COUNTING TECHNOLOGIES AND PROCEDURES BY PURPOSE OF COUNT
Checkers  Electronic Estimate  Operator  Checkers
Purposes Pencil &  Registering On-Board from Trip Hand-Held APC Smart
Paper Fareboxes  Surveys  Revenue Cards Units Cards

All General Purposes 13 3 0 1 3 7 5 0
System Level Ridership 0 16 1 7 1 0 1 0
Route Level Ridership 0 8 0 0 2 2 2 0
Trip Level Ridership 1 3 0 0 1 1 1 0
Loads 0 0 1 0 0 1 0 0
Schedule Adherence 0 0 1 0 0 1 0 0
Special Purposes Only 6 0 1 1 5 1 0 1
Unspecified/Other 5 2 6 3 1 3 0 0
Rider Profile/Market Research 0 0 4 0 0 0 0 0
Ridership by Fare Type 0 2 2 0 0 0 0 0
Currently Testing 0 0 0 0 0 0 5 1

also broken down by system size. Most agencies use more
than one method. More than two-thirds of the agencies in the
sample report using paper and pencil, and a similar percentage
use fareboxes. Thirteen systems use hand-held units in con-
junction with their manual checking force. Eight systems are
using APCs, while five other agencies were testing APCs at
the time of the survey (one test agency has since decided not to
adopt APC technology at this time). Two agencies report use
of smart cards. Thus, the level of interest shown in advanced
passenger counting technologies has not yet translated into
widespread use.

From the perspective of system size, large systems (over
1,000 buses) are more likely to rely on manual procedures,
particularly checkers using pencil and paper. This may be due
to the complexity of the larger systems, a greater need fo track
ridership by route, or a tendency toward greater specialization
at larger agencies that makes it more likely for a separate pas-
senger counting responsibility to have developed before tech-
nological advances. Small systems (under 250 buses), on the
other hand, are more likely to use ERFs to track passenger ac-
tivity. Adoption of advanced technologies such as APCs or
smart cards is evenly distributed (on a proportional basis)
across systems of different size among the agencies in the
study sample.

It is interesting to note that three of the five Canadian
agencies, but only five of the 27 U.S. transit agencies, use
APCs. On the other hand, none of the Canadian agencies sur-
veyed use electronic registering fareboxes. Possible reasons for
this discrepancy include Section 15 reporting requirements in
the United States and differences in the number of prepaid
boardings between agencies in the two countries.

Table 6 provides a breakdown of passenger counting pro-
cedures by count purpose and lends additional insight into
why agencies choose certain methods. For example, manual
counts with pencil and paper tend to be used for general pur-
poses or (in cases where other procedures are preferred) for
special purposes. Estimating ridership from revenue and using
electronic farebox data are both most common for system-level
data. On-board surveys have specialized applications, while
hand-held units and APCs are used for general purposes. It
should be noted that the category “All General Purposes” in
Table 6 includes the most common purposes, i.e., system,
route, and trip level ridership; passenger loading; and schedule
adherence. This category is included to show the widespread
usefulness of certain technologies and procedures. A cursory
glance at Table 6 might suggest that no agencies use APCs to
track passenger loads or use paper and pencil to count route
level ridership, but these purposes are included in the general



purposes category. Thus, in reading the table the reader must
keep in mind the inclusive nature of the “All General Pur-
poses” category.

Each of the following sections of this chapter focuses on a
specific category of passenger counting technology (manual,
electronic registering farebox, smart card, and APC). Survey
responses from agencies currently using or testing these vari-
ous technologies are summarized. The usefulness of a particu-
lar technique varies, depending on the level of ridership data
sought. Non-manual techniques are rated in terms of useful-
ness and satisfaction. Respondents listed benefits associated
with each technique and offered advice for other agencies
considering the specific technology. Problems encountered
with all methods of counting riders are presented as well. The
final section compares user responses across the different
categories of technologies and procedures.

Manual Technologies and Procedures

Virtually every agency responding to the survey uses man-
ual data collection for some purpose, even if it is not the pri-
mary data collection technology. Manual procedures are often
the base against which other technologies are compared. The
following procedures are included in this category:

o Estimating ridership from passenger revenue
+ Using vehicle operator trip cards

+ Using traffic checkers, pencil and paper

e Using traffic checkers and hand-held units

¢ Distributing on-board surveys.

Estimating ridership from passenger revenue could also be
categorized under electronic registering fareboxes, but histori-
cally has been done on the basis of manual revenue counts
without ERFs.

Twenty-three systems answered questions in this portion of
the survey. Those agencies that make only occasional use of
manual passenger counting procedures did not respond and
thus are not included in this summary. The comments and re-
sponses for manual data collection technologies and proce-
dures thus are indicative of those systems that rely on these
tools for collecting ridership data.

Manual data collection is rated as most useful at more
disaggregate levels (i.e., route segment, stop and trip levels).
Manual techniques are moderately useful for collecting route-
level data, but are not particularly well-suited for gathering
system-level information.

A key benefit of manual passenger counting is that it is a
well-established method that does not require special techno-
logical knowledge or extensive capital expenditures. Manual
counting is not controversial and does not generally require a
re-thinking of how data are organized and analyzed within an
agency. The use of hand-held units is a partial exception.
Agencies with hand-held units have reorganized the data input
function, and in some cases the increased availability and
timeliness of detailed ridership data have affected analytical
techniques and procedures.
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Major problems encountered with manual collection tech-
niques fall into four main categories:

Accuracy and consistency of the data
Labor intensiveness of manual techniques
Reliability of the traffic checkers

¢ Cost and consequent limitations on data collection
resources.
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Accuracy is a major concern in any data collection effort.
The use of manual techniques can result in errors at the initial
collection level (i.e., by the traffic checkers), and these errors
tend to be random in nature. Transcription of manually col-
lected data in the data input stage is a second source of error.
Agencies invest time in training personnel, but a “burnout”
factor among traffic checkers that affects reliability of data has
been noted and requires consistent supervision. Hand-held
units (which include units manufactured specifically for data
collection, laptop computers, and palmtop computers) elimi-
nate data transcription, but introduce programming and op-
erational complexities.

Manual passenger counting is a very labor-intensive and
time-consuming activity. The traffic checkers who ride the
buses or conduct point checks at key locations form a large
portion of the labor required, but professional staff time must
also be invested in preparing assignments, checking for accu-
racy, and supervising the checkers. In some agencies, work
rule restrictions affect the efficient assignment of traffic check-
ers. The process of editing and cleaning the data to ensure ac-
curacy and entering the data into a computerized format can
constitute a major share of the time involved in the overall
passenger counting process. All of these factors reduce the
frequency of route checks, the productivity of professional
staff, and the timeliness of the collected and processed data.
Shortage of qualified personnel is reported as a factor con-
tributing to these problems.

Reliability of the checkers affects the first two problems
discussed in relation to manual passenger counting proce-
dures. Absenteeism is a recurring problem. Fitting assignment
make-ups into an established schedule is not always possible,
resulting in missed data and a less than 100 percent ridecheck.

The limited resources available, both in personnel and fis-
cal terms, hinders effective manual data collection efforts.
Many agencies that rely on manual data collection have seen
their traffic checker forces reduced in number as budgets have
tightened in the past several years. A contributing factor is the
frequency of high-level requests for special checks that disrupt
the established data collection schedule. A successful manual
data collection program is not cheap to operate. Controlling
costs while maintaining the required quantity and accuracy of
data is a major challenge.

Beyond these considerations, however, several agencies
that count passengers manually are very satisfied with the re-
sults and do not see clear benefits for themselves from pro-
posed moves to new technologies that permit more frequent
data collection. Many agencies have established schedules for
periodic analysis and evaluation of routes that adequately meet
the transit agency’s needs. Some concern has been expressed
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regarding the ability of agencies to make use of additional rid-
ership data, given limited resources and staff.

This does not mean that there is no interest in other data
collection technologies among agencies that currently collect
ridership data manually. Only one agency indicated that there
has been no consideration of other technologies. Hand-held
units and APC systems were most frequently mentioned as
having been considered, and half of all respondents in this
area indicated an interest in electronic fare collection
(fareboxes and/or smart cards). Roughly 40 percent of agen-
cies have rejected at least one passenger counting technology.
Reasons for rejection include cost, reliability, practicality, and
selection or testing of other options.

Approximately 50 percent of systems in the manual cate-
gory are planning to purchase new passenger counting tech-
nologies, primarily APC units. At nine agencies, investment in
new technologies is still being decided, although certain op-
tions may have been rejected already. Agencies express a strong
interest in obtaining additional information regarding vendors,
current users and their experiences, availability, software inter-
faces, and vendor support. The ability to duplicate and im-
prove on current data collection activities is also of interest.

In summary, 70 percent of agencies responding to the sur-
vey are still collecting at least a significant portion of their rid-
ership data manually. Manual techniques are seen as very
useful at more disaggregate levels of data collection, and as
well-established and relatively straightforward. Areas of con-
cern include data accuracy, labor intensiveness, reliability of
traffic checkers, and limited resources. Most agencies have at
least considered other passenger counting technologies, and
50 percent plan to make the investment. Information regarding
vendors, available technologies, and experiences of other transit
agencies is reported to be of greatest use to transit agencies.

Electronic Registering Fareboxes

Electronic registering fareboxes (ERFs) are much more
commonplace in the United States, than in Canada. A total of
23 agencies (all in the United States) completed this section of
the survey. GFI and Cubic are the predominant manufacturers
of fareboxes used by agencies in this sample, with well over
half (17 of 20 specifying a particular manufacturer) using GFI
fareboxes. Revenue issues and related concerns (including
revenue control and accountability) played a much larger role
than collection of ridership data in the decision to purchase
ERFs, but agencies have utilized the ability to count passen-
gers with this technology.

Ridership data are accumulated in a variety of ways; the
most common are by bus block or run assignment and by op-
erator run assignment with route and trip segmentation. The
accuracy of farebox data is most commonly verified by a com-
parison with revenue or with manual counts. Pass boardings
can be problematic because they require operator intervention
to be recorded.

As with the introduction of any new technology, a
“debugging” period occurs in which employees become familiar
with the new equipment and start-up problems are addressed.

The average length of the debugging period for ERFs is just
under 18 months, with a range from 6 weeks to 6 years. Sev-
eral agencies report an ongoing need to train new operators and to
work out problems related to changes in fare media. One
agency has had considerable success by including preprinted
trip numbers and fare categories on the operator paddles.

The usefulness of ERFs is greatest at aggregate levels of
data collection. Respondents rated ERFs very highly for col-
lecting system-level data, and above average for route-level
data. Fareboxes are least useful at the stop or route segment
level, and were rated below average at the trip level.

On average, agencies with ERFs are satisfied with the
performance of this equipment in terms of counting passen-
gers. Six agencies expressed some dissatisfaction, but there
was no “very dissatisfied” response.

Primary benefits of ERFs include the collection of greater
quantities of data at greater levels of detail. The ability to
count ridership by route, trip, block, and fare category was
mentioned repeatedly by transit agencies, who also noted im-
proved accuracy and reliability as well as better access to data.
Information regarding boardings by fare category is often of
interest to marketing personnel. Improvements in accountabil-
ity and revenue control are also seen as important benefits.

Problems encountered with ERFs include the following:

Mechanical/equipment problems
Operator compliance

Software problems

Accuracy of ridership data.
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Mechanical problems include currency jams, aging coin
mechanisms, difficulty reading swipe cards, overloaded vaults,
and reliability of the time/date stamp that records when trips
were made. Agencies reported that some of these difficulties were
solved to a great extent over time (more frequent cleaning of the
heads on swipe card readers was a notable exarople), while others
such as currency jams appeared to be chronic problems. Me-
chanical problems are not directly related to collection of rid-
ership data, but are a source of concern to the agencies.

Bus operator compliance and attitudes are key issues in en-
suring the usefulness of farebox data. Operators must enter
specific codes at the beginning of their shifts and at the start of
each new trip to tie fares to specific blocks and trips. Opera-
tors also need to record non-cash boardings using specific
keys on the keypad. These additional operator duties fre-
quently must be agreed to in negotiation with their union rep-
resentatives. Lack of compliance can render much of the data
useless. A contributing factor is that problems with operator
compliance are non-random, i.e., data on specific trips driven
by specific operators are consistently missing or inaccurate.
One transit property noted that the first operator to take a bus
out in the morning generally enters correct data, but that the
level of compliance declines with subsequent reliefs. At an-
other agency, Route 0 often has the highest ridership on daily
printouts of ERF data.

Mechanical difficulties and operator compliance were most
frequently cited as problem areas with ERFs. Software problems
primarily concerned limited data manipulation capabilities



and difficulties with information retrieval and reports at the
route level. Accuracy issues, related to operator compliance
and software issues, were raised as a problem (although sev-
eral agencies also cited increased accuracy as a benefit of
ERFs). Incomplete data and trip-by-trip inconsistencies in rid-
ership counts contributed to concerns over accuracy, and the
verification of ridership data was also problematic.

Comprehensive, ongoing training for bus operators is criti-
cal in terms of maximizing the benefits of ERFs. The agencies that
have been most successful are those that have developed in-
ternal programs to access and analyze ridership data. Complex
fare structures can limit the effectiveness of ERFs in counting
passengers. Specific responsibilities and policies for collecting
and analyzing data should be established prior to implemen-
tation. One policy should be to test frequently for accuracy.

In summary, electronic registering fareboxes receive high
marks for obtaining aggregate-level (system or route) ridership
data, although they are not the appropriate technology to col-
lect detailed ridership information. Operators can make or
break ERF data collection efforts. There is a consequent need
for comprehensive and continuous training, particularly when
new fare media are introduced. Processing of ERF-generated
data is a key issue that can be overlooked during implementa-
tion. Effective software, establishment of clear responsibilities
and policies, and ongoing tests for accuracy enhance the use-
fulness of ERFs.

Smart Cards

The use of smart cards by transit agencies is still at the
demonstration or early implementation stage, and so there is
little information to report at this time. Only three agencies
(South Coast Area Transit, Seattle Metro, and Pierce Transit)
responding to the survey reported even limited experience in
demonstration projects regarding the use of smart cards on
buses. although MARTA in Atlanta began use of a bank card
as a smart card on its rail system in conjunction with the 1996
Summer Olympics. Preliminary findings, with the emphasis
on “preliminary,” related to smart cards are summarized in the
following paragraphs.

Agencies that have tested smart cards are very positive
about their experiences and the potential of this technology. Of
course, the benefits of smart cards are not primarily in the area
of passenger counting, but they do offer the ability to obtain
stop data for riders using smart cards as their fare payment
method. Problems identified in demonstration projects to date
include a lack of integration with the farebox and other on-
board equipment and software, software bugs, data retrieval
(particularly the need for training), and hardware problems.
Agencies contemplating smart cards should be very deliberate
in system design and (in the words of personnel at one dem-
onstration site) “Don’t believe anyone who tells you that it’s
simple.” The time commitment for training personnel in re-
trieving and formatting data, and in performing these func-
tions, can be extensive. Maintenance Department’s support for
installation and maintenance of additional equipment strongly
influences the transition to smart cards. To gain their support,
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operators also need to be informed of the value of smart cards.
Agencies without ERFs would require operator intervention to
record cash fares in a smart card system, and experience at dem-
onstration sites shows that operators are the ones who must deal
with passenger complaints regarding smart card malfunctions.

In general, passenger counting is not expected to be a ma-
jor factor in the decision to use smart cards. As is the case
with ERFs, adoption of this technology will be driven by other
factors, but there will be ancillary benefits in terms of collect-
ing ridership data. The demonstration projects conducted to
date suggest that smart card penetration among transit users
will need to be much greater to provide any meaningful rider-
ship data beyond how many people are using smart cards.

Automatic Passenger Counting

APC units have the ability to count passengers as they
board and alight a bus as well as to record times at each stop, and
thus can provide disaggregate data well suited for service planning
and scheduling purposes. Thirteen agencies (three in Canada, 10
in the United States) report using APCs. Eight of these agen-
cies can be classified as regular APC users, while five others
were in the demonstration phase at the time of the survey.

APC units are not needed on every bus in the fleet. The
eight agencies that make regular use of APCs equip about 10
percent of their fleet with APC units, and rotate this segment
of the fleet throughout the routes in the system. Demonstration
agencies typically equip two percent of their fleet, although
one of the smaller agencies was able to equip 20 percent of its
fleet with APC units.

APCs count passengers in two different ways. Infrared
beams are used in seven systems included in the study sample.
These beams cross the stairwells at waist-high level. As pas-
sengers board and alight, the beams are broken (in a different
order for boardings and alightings), and passenger activity is
recorded (8). Treadle mats are used in six systemns included in
the study sample. The mats are mounted to the vehicle steps
and contain switches that close when the mat is stepped on.
The transitions of closing and opening switches and the times
between themn determine passenger flows (6). In certain climates,
treadle mats can be difficult to maintain, but most observers
report no difference in accuracy between the two technologies.

A means of ascertaining location is required, so that the
boardings and alightings can be matched to a particular stop.
Six of the 13 APC systems are signpost-based. The signposts
calibrate location along a route, and the mileage before or after
the signpost is used to locate the particular stop. Five agencies
use some sort of global positioning system (GPS) that locates
the bus via satellite. One agency reports having used both
methods, and one of the demonstration agencies relied on bus
mileage to locate the vehicles. Signpost and GPS systems both
have their advocates. There appears to be a trend toward GPS
among transit agencies recently purchasing or considering the
purchase of an APC system.

Tri-County Metropolitan Transportation District of Ore-
gon (Tri-Met) in Portland is one of the case study agencies
discussed in detail in chapter 7. Tri-Met is in the process of
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switching its APCs from signposts to GPS, and reports that
the integration of APC with the new automatic vehicle loca-
tion (AVL) system being installed in the buses results in much
fower unit costs for the APCs, because the vehicle location
component is no longer needed within the APC unit. Loca-
tional referencing problems are more common on systems
without AVL.

The break-in or debugging period for APCs averages 17
months, very similar to the average for electronic fareboxes. It
is possible that any new passenger counting technology would
have a similar period of adjustiment.

APC equipment is most useful in collecting ridership data
at the trip level, although it received above average scores at all
but the system level. Stop-level scores were slightly lower than
other disaggregate scores, suggesting some concerns with cor-
rect stop identification. Of the technologies that were rated for
usefulness, APCs scored highest at the route and trip levels.

Agencies using APCs are satisfied with their performance.
Four agencies reported that they were “very satisfied” with
APCs.

The satisfaction levels are closely tied to the benefits expe-
rienced by agencies who use or are testing APC units. Seventy
percent of respondents cite the ability to collect a greater
amount of data at more detailed levels with greater frequency.
Detailed data collection is particularly valued by planning and
scheduling departments. Cost savings are also mentioned by
30 percent of the agencies.

APCs do have problems, and the most common is soft-
ware-related. Software appears to be the limiting factor in
making use of APC capabilities. The increase in data flow of-
ten requires development or upgrading of analytical programs,
and data processing can be time-consuming. In the other di-
rection, APCs require consistent maintenance by the agency of
data bases containing schedule and bus stop information, in-
cluding stop patterns and variations by trip, for each route.

Next to software, hardware problems were reported most
often, including equipment failure, maintenance problems, and
the durability of APC units on the buses. For signpost-based
systems, signpost detection and difficulty in coordinating
signposts with bus route assignments are concerns.

Acceptance of APCs throughout the agency is a final area
of concern. APC buses do not always have priority in mainte-
nance, and dispatching personnel are not always pleased at
having to assign specific buses to particular blocks or runs.
APCs can require a change in operating procedures to be used
effectively. In chapter 7, Tri-Met and OC Transpo report on the
process of reaching agreement with operations on assigning
APC buses. APC-equipped buses are often put in a separate
row or place at the depot so that operators can access them
without having to move other buses. OC Transpo also adopted
a policy of not using APC information to take disciplinary ac-
tion against an operator, thus enhancing operator cooperation.

The survey included a question on the proportion of raw
data collected by APCs that is converted into data used for
service planning and scheduling. The overall average is 75
percent, but several respondents cautioned that the number re-
quires explanation. There is some tension between agencies
that feel they are being oversold on the benefits of APCs or

other technology enhancements and other agencies and tech-
nology suppliers that view the expectations of new technolo-
gies on the part of potential users as unrealistic. Most agencies
with APC systems appear to be satisfied with the amount of
usable data they collect.

Agencies considering APCs were strongly encouraged to
talk with or visit agencies using APCs and to research what is
available. Agencies also need to evaluate the adequacy of their
system database and reporting capabilities before implement-
ing an APC system. A strong commitment from management
is seen as critical in embarking on a changeover to APC.
Management commitment is very useful in enlisting the coop-
eration of operations and maintenance departments.

SUMMARY

Transit agencies use a variety of means to count passen-
gers, depending on the need for detail and the purposes of the
count. System-level counts are appropriate for monitoring
trends in usage and for reporting overall ridership. Service
planning and scheduling need data at a finer level of detail in
order to match service to demand. Many agencies continue to
rely on tried-and-true methods of manual passenger counting.
The pattern of technology adoption differs in the United States
and Canada, with stateside systems relying on electronic
registering fareboxes while Canadian systems are more likely
to employ APC units to count passengers. Smart cards are the
latest technological development, but have not progressed be-
yond the demonstration/early start-up stage. Agencies appear
eager to learn more about APCs and smart cards but are gen-
erally cautious when it comes to new technologies. The pre-
vailing attitude was summed up by the respondent who ex-
pressed a strong willingness to be the second agency to
implement new technologies.

Table 7 summarizes average agency ratings of the useful-
ness of different passenger counting techniques for various
levels of data collection. The scale is from 1 to S, with 1 being
least useful and 5 being most useful. Electronic fareboxes
score highest in terms of usefulness at the system level. At the
route and trip levels, APCs receive the best scores, while
manual techniques are rated as slightly more useful than
APCs at the route segment and stop levels. Responses related
to smart cards were insufficient to include in the tables.

TABLE 7

USEFULNESS OF PASSENGER COUNTING TECHNOLOGIES
AND PROCEDURES

Electronic

Data Collection Manual Registering
Level Techniques Fareboxes APC
System Level 2.05 4.33 2.82
Route Level 3.63 3.81 4.37
Trip Level 4.21 2.60 4.64
Route Segment 4.44 1.06 4217
Stop 421 100 4.09

Scale: 1 =Least Useful, 5 = Most Useful
n: 19 systems for Manual, 20 for ERF, 11 for APC



CHAPTER FOUR

PROCESSING AND REPORTING

This chapter addresses post-counting issues related to data
input, validation, and reports. These areas are not a primary
focus of the synthesis, but must be included in any discussion
of passenger counting techniques because the processing and re-
porting of data affect their usefulness for the agency involved.

DATA INPUT

Automated input of ridership data is one area in which
hand-held units, ERFs, and APCs have a clear advantage over
manual techniques. Even agencies that have established suc-
cessful manually based data collection programs are very in-
terested in automating the data input function. Nearly all of
the agencies that count riders manually also use a manual
process in which completed checker forms are given to clerical
personnel to input into the computer. Toronto Transit Commission
relies exclusively on an optical character reader (OCR) for
data input, with few other agencies testing OCR technology.

Agencies that collect ridership data using hand-held units
are evenly split with regard to data input procedures. Slightly
over half of the agencies transmit data via a physical connection,
while slightly under half have established remote data transmis-
sion capabilities (usually via a modem). With remote data trans-
mission, the checkers can also get their next assignments via
modem, and thus are not required to report to the office. This is
sometimes viewed as a benefit, and sometimes as a disadvantage.

For electronic registering fareboxes, a probe of the farebox
at the garage is by far the most common means of transferring
data to the host computer. Five systems report retrieval of data
at the garage without a physical connection (including one
system that retrieves smart card data), and two report dynamic
or periodic remote retrieval of farebox data.

Of the eight systems using APCs, half retrieve the APC
data at the garage without a physical connection. The others either
establish a direct downlink at the garage or transmit data remotely
via radio while the bus is on the street. All three of these tech-
niques are used by at least one of the five systems testing APCs.

Automated data input is frequently cited as a major benefit
of technology-based options for counting ridership. Automated
procedures are seen as eliminating a source of error as well as
a major bottleneck in the overall process of collecting and
analyzing ridership data. The decrease in turnaround time
cited for various data collection technologies is closely related
to automated data input.

DATA VALIDATION

Validating ridership data is important to ensure data quality,
but can be difficult because of normal day-to-day variations as
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well as seasonal or weekly effects (for example, many agen-
cies report that ridership is greater on the first few days of the
month than at the end of the month). Data validation can take
place at the route, time-of-day, or trip level. Few if any agencies
rely on a single means of validation. The most common step cited
is to compare with previous counts to establish that the order of
magnitude is cotrect. Agencies often rely on the professional
judgment of planners, schedulers, and others responsible for
the route to determine the validity of ridership data. Experienced
transit personnel can very quickly sense problems with rider-
ship data. Other validation techniques include a comparison of
ridership and revenue totals and examination of trip-level data
1o see if there are unexplained variations across trips.

Agencies take a variety of approaches to the issue of data
validation. One approach is to check ridership for reasonable-
ness in terms of order of magnitude. This approach does not
involve detailed scrutiny under the assumption that small er-
rors tend to cancel out. There is also a sense that small differ-
ences in ridership or average loads will not affect service
planning and scheduling decisions regarding a particular
route. A second approach is t0 analyze trip-by-trip ridership
counts in detail to determine accuracy, and to make adjust-
ments where necessary. Practitioners of this approach argue
that ridership data are frequently used to answer future unan-
ticipated questions and thus need to be as accurate as possible.
There are also agencies that do not have the personnel avail-
able to conduct anything more than very cursory checks of rid-
ership data. Some agencies take a random sample of trips and
analyze these in detail to gauge overall accuracy and to iden-
tify problems in this area. There are likely to be other ap-
proaches not revealed by this sample of transit agencies. The
ultimate use of ridership data and the availability of resources
to devote 10 data validation are major considerations in de-
termining the approach taken.

Automated data input procedures often include a validation
component based on thresholds. Trips that fall outside estab-
lished thresholds are flagged for manual inspection and edit-
ing. Some automated programs search for errors such as mis-
matches in total boardings and alightings on a trip or negative
loads at any point on a ttip, and may contain algorithms for mak-
ing minor corrections without manual intervention and/or for
discarding data with unexplained discrepancies. An immense
amount of effort is needed to validate ridership data at the trip
level, making automated validation components extremely useful.

DATA REPORTS
Transit agencies generate a variety of reports based on the

ridership data as well as on other information gathered
concurrently. Reports on system-level ridership are typically
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generated from ERF data or derived from revenue extrapola-
tion and are most commonly prepared on a monthly basis.
Route-level ridership reports use both ERF and board-
ing/alighting data and are typically prepared monthly or quar-
terly. Performance reports also use both ERF and board-
ing/alighting data and are prepared monthly, quarterly, or
annually. Reports at the route segment level are not usually
scheduled but are prepared as needed. Stop-level data are
summarized and reported annually at some agencies, although
it is more common to prepare stop-level reports on an as-
needed basis. Schedule adherence reports were cited least of-
ten among the six categories specified here and on the survey,
but are still prepared by a majority of responding agencies. No
particular pattern emerged with regard to the timing and fre-
quency of schedule adherence reports.

The majority of agencies developed data processing and re-
port generation software using in-house programming exper-
tise, usually (but not always) in the MIS or computer services
department. Those agencies that developed processing and re-
porting software through an outside vendor reported consider-
able customization or modification of the software. In many
cases, regardless of the original source of the software, ongoing
modification appears to be the rule rather than the exception.

The ability to query the ridership database becomes in-
creasingly important as data users increase their understand-
ing of the system and begin to ask new types of questions. The
majority of agencies have built a query component into their
ridership database. Some prefer to have the end users query
the database directly, while other agencies have a database
manager who handles all special requests.

SUMMARY

Processing and reporting procedures, while not directly re-
lated to the topic of this synthesis, are important in terms of
enhancing the usefulness of ridership data within a transit
agency. Automated data input technologies increase accuracy
and decrease turnaround time for processing data. Agencies
take several approaches to the verification of ridership data,
usually involving a cross-check either to previous counts or to
counts done by other means. Aggregate-level data tend to be
reported more frequently and regularly, but the ability to query
the ridership database on an ad hoc basis gives the planners
and schedulers, who usually have the greatest need for de-
tailed data, access at any time.
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ORGANIZATION AND RESOURCE REQUIREMENTS

Organizational issues have a potentially strong effect on the
success of ridership data collection, particularly in cases where
new technologies are being introduced. More complex pas-
senger counting technologies and procedures necessarily in-
volve a broader segment of the transit agency. This chapter ex-
amines organizational responsibilities for the collection of
ridership data. In addition, the need for involving different de-
partments, depending on technology, is considered. Staff re-
quirements for implementing a passenger counting program
are summarized, along with the cost. It should be noted, how-
ever, that costs reported by transit agencies varied, depending
on the methods and assumptions used. Some agencies were
able to go into great detail regarding operating costs; some
appeared to lump costs related to the analysis of ridership data
in with broader planning and scheduling functions and did not
provide a breakout; other agencies reported no information on
certain costs. In the cost discussion, averages, medians, and

ranges are used to provide as complete a picture as possible -

with limited data, but the reader is cautioned that cost data are
neither uniform nor complete.

ORGANIZATION

Planning and (to a lesser extent) Scheduling departments
are typically responsible for all aspects of ridership data col-
lection, including overall methodology, selection of data to be
collected, system set-up and implementation, and day-to-day
management, Budget and Finance departments are most likely
to take part in decisions regarding overall methodology (due to
the cost implications) and day-to-day management. The Com-
puter Services or MIS department is heavily involved in sys-
tem set-up and implementation. Specialized depariments
dealing with research, analysis, transit studies, or strategic
planning can also have responsibilities in these areas.

Very few agencies cite specific responsibilities assigned to
the Operations and Maintenance departments with regard to
passenger counting. Experience indicates that these depart-
ments have a strong effect on successful implementation of
new technologies, particularly APCs and electronic registering
fareboxes. Both technologies present unique maintenance
problems, and often the Maintenance department is not in-
clined to assign a particularly high priority to these problems.
Operations must ensure that its personnel are trained to use
ERFs correctly, and must re-train the operators when changes
are made to the fare structure. The dispatch function is critical
to ensuring that APC-equipped buses are assigned to routes
where ridership data are required. One common theme in the
questionnaires and the case studies is that the entire agency
must be sold on the purposes and benefits of passenger
counting technology. This effort should naturally focus on the

departments whose cooperation is essential but whose re-
sponsibilities are limited to particular elements of the system.

Almost half of the agencies report that the data users are
different from those responsible for the data collection process.
The need to clarify responsibilities for various aspects of data
collection is one element in avoiding problems that can arise
in the separation of functions. Keeping open channels of
communication among the various departments involved in
aspects of passenger counting is also mentioned.

STAFFING

Survey respondents were asked to estimate the number of
staff (in terms of full-time equivalents (FTEs)) assigned to
carry out the passenger counting program in five separate
categories: managers/professionals; support (maintenance);
clerical; traffic checkers; and other. The overall average is 14
FTEs, with a median of seven (indicating that the average is
pulled up by a few systems with many employees).

Agencies were then categorized by primary passenger
counting technology. Manual and ERF agencies could not be
totally separated, because several rely on both techniques. Not
surprisingly, agencies with manual procedures had the highest
average (17) and median (10.5) number of employees, due
primarily to the number of checkers (average = 11; median = 7).
The average and median number of employees assigned to
carry out the passenger counting program are broken down by
type of passenger counting technology in Table 8.

To control for the size of agencies, the results in Table 8 are
also presented for large, medium, and small agencies as de-
termined by the number of buses. Within each agency size
grouping, the overall pattern of fewer employees associated
with advanced technology (in this case, APC) was consistent.

Agencies that changed to a more automated data collection
technology were asked if the shift resulted in any headcount
reductions or additions. The primary area where reductions
took place, not surprisingly, was in the checker force. Six
agencies reported an average decrease of 10 checkers and one
supervisor with a change in passenger counting procedures.
Four agencies reported adding an average of one or two pro-
grammers or technicians. A shift to more automated data col-
lection was accompanied by a need to enhance computer and
analytical skills.

COsT

As noted in the introduction to this section, cost data from
the survey are not completely reliable. There is considerable
variation across agencies, and not all agencies reported costs
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TABLE 8

AVERAGE AND MEDIAN NUMBER OF EMPLOYEES ASSIGNED TO PASSENGER COUNTING BY PASSENGER COUNTING

TECHNOLOGY

Number of Employees
Technology Total Large Agencies Median Agencies Small Agencies
Average Median Average Median Average Median Average Median

Manual 17.2 10.5 232 23.9 164 8.0 2.8 2.8
Hand-held units 17.8 9.0 38.5 38.5 8.5 8.5 6.3 6.3
ERF 15.7 12.0 23.2 239 14.6 8.0 1.6 1.6
APC 5.1 4.0 6.5 6.5 5.5 4.0 0.3 0.3
All Systems 13.9 7.0 22.8 22.0 13.0 7.0 3.2 2.8

or provided sufficient detail to categorize specific cost num-
bers. Some agencies included software or installation costs,
while others reported only hardware costs. As one example of
the problems in dealing with cost data, MARTA in Atlanta re-
ported a capital cost of $17 million for its ITS system installa-
tion, which includes APCs. Median figures are probably more
useful for costs than averages, which can be significantly in-
flated by numbers like $17 million.

With these caveats, reported capital costs are highest for
ERF purchases (median = $1.4 million), The median capital
cost for APC equipment is approximately $600,000. The dif-
ference between the two is accounted for by the fact that fare-
boxes are needed on every bus, while APC units are generally
placed on 10 to 15 percent of the fleet. Capital costs for man-
ual and hand-held techniques are both under $50,000. Soft-
ware costs can account for 25 to 50 percent of total capital
costs for an APC system, according to the two agencies that
were able to provide a reliable cost breakdown.

Median reported operating costs are $650,000 annually for
agencies using manual/hand-held methods (these agencies are
counted together in the operating cost category due to low re-
sponses in this question), and $150,000 annually for agencies
using ERF. Agencies with APC report median operating costs
of $90,000, due primarily to decreased labor requirements.
Median maintenance costs vary from $14,000 for hand-held
and manual methods to $75,000 for APC, and $105,000 for
ERF technology per year.

While cost data from the survey responses are fragmentary
and not always consistent, the general trends correspond with
conventional wisdom. Capital and maintenance costs associ-
ated with passenger counting are higher at agencies that have
invested in ERF and APC technology, while operating costs

are lower at these agencies. Manual techniques are labor-
intensive and require lower capital expenditures. Median cost
data suggest a short payback period for purchase of an APC
system, but these cost estimates are based on incomplete data
and do not fully reflect differences among agencies in terms of
size and/or labor cost.

Costs can vary significantly for the same type of technology
depending on optional items included. Software is often clas-
sified as an optional item. Agencies considering purchase of a
specific technology for passenger counting should not rely on
these figures, which are included in the report for informa-
tional purposes to provide comparative estimates, but should
contact suppliers or other agencies that have recently made
purchases to obtain additional cost information.

SUMMARY

Planning and Scheduling departments generally have pri-
mary responsibility for all aspects of ridership data collection.
There is a clear need to involve other departments in the proc-
ess, particularly when an agency is changing to a more auto-
mated technology. Staff requiremenis are highest at agencies
with manual data collection, owing to the sizable traffic
checker force required, and have been reduced at agencies
shifting to more advanced technologies. A change in passen-
ger counting technology can require upgrades in computer and
analytical skills. Reported capital costs are greatest for farebox
and APC systems. APC agencies report lower annual operat-
ing costs and higher maintenance costs. Median cost data
suggest a relatively short payback period for investments in
passenger counting technologies such as APC.
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TECHNOLOGY PROVIDERS’ PERSPECTIVE

This chapter provides a shift in perspective from the transit
agencies using various passenger counting technologies to the
companies providing the systems. A full review of technical fea-
tures, capabilities, and performance is well beyond the scope of
this synthesis. The intent of this chapter is to provide observa-
tions from selected technology providers regarding the experience
with applications of technologies at different systems, with
particular focus on factors seen as affecting success or failure
in the adoption of new passenger counting technologies.

TECHNOLOGY PROVIDERS INTERVIEWED

Information was gathered through telephone interviews
with selected technology providers. The selection process for
interviewees was based on firms that were cited most fre-
quently as sources of passenger counting systems by transit
agencies responding to the survey. These firms provided basic
information on their products, and were then interviewed re-
garding their perspectives on passenger counting technologies
within the transit industry. Companies providing information
for this chapter include:

¢ Echelon Industries, Inc., Diamond Bar, California, a
consulting firm with specific experience in the design and
implementation of APC systems and smart card technology;

e Microtronix Vehicle Technologies, Ltd., London, On-
tario, provider of APC systems;

¢ Red Pine Instruments Ltd., Denbigh, Ontario, an engi-
neering company that manufactures APC hardware;

« Urban Transportation Associates, Cincinnati, Ohio, special-
izing in the supply of APC hardware, software, and expertise;
and

o Wardrop Applied Systems Inc., Mississauga, Ontario, a
firm that provides software for turnkey APC systems.

The list of companies is weighted toward APC providers.
Attempts were made to contact the major farebox manufactur-
ers (Cubic and GFI) via telephone and/or letter. Neither com-
pany responded to requests for an interview.

PERSPECTIVE ON TRANSIT INDUSTRY
APPLICATIONS

One problem facing technology vendors is that transit
agencies are often not sure what they want from a particular
passenger counting technology. The transit industry tends to
focus too much on the hardware side and not enough on the
need and uses for ridership data within an agency. There is
often an erroneous perception that a technological solution

will provide 100 percent accuracy. Agencies do not always
realize at the outset the need to provide a strong commitment
to a new technology and to invest in the upgrade of internal
procedures and staff training (in terms of computer and data
analysis skills) to make maximum use of whatever passenger
counting technology is selected. The internal dynamics of
transit agencies play a major role in determining the success of
a new passenger counting technology installation.

Technology companies also recognize several key technical
issues contributing to success. Variations in bus design can
make installation of APC systems more or less difficult. A
good vehicle location system is viewed as necessary to opti-
mize APC performance; signpost and GPS-based systems
both have their advocates. The choice of treadle mats versus
beams as the means of actually counting passengers can be
influenced by climate and vehicle design; some companies
view one counting technology as superior to the others, but
there are again a variety of opinions. The integration of APC
systems with other technologies on and off the bus can en-
hance usefulness, although some agencies are reported as
preferring a stand-alone APC system. Diagnostic tests and
software algorithms that process boarding and alighting data
are key components of an effective APC package. Vendor sup-
port is also cited (by vendors) as important.

One concern voiced by transit agencies is the ability to use
APCs on low-floor buses. Steps control the speed of access
and egress and thus enhance the accuracy of treadle mat sys-
tems, while beam systems are not equipped to handle the
parallel flows of passengers possible with wide-door low-floor
buses. APC technology is constantly evolving, however, and
recent tests of APCs on low-floor buses in Montreal (an opti-
cal sensor system) and Ottawa (beams installed on an Orion
1) have revealed fewer problems and greater accuracy than
initially expected. While innovative bus designs can cause
problems with the placement of APC equipment, these prob-
lems are not unsolvable. The ongoing evolution of APC tech-
nology does have the effect of making development of industry
standards more difficuit.

There are obviously several benefits obtained from particu-
lar passenger counting technologies, and these have been dis-
cussed by the transit agencies elsewhere in this synthesis.
Technology providers working with a variety of agencies have
noted that enhanced passenger counting techniques allow an
agency to be proactive instead of reactive.

From their experiences, technology providers offer the fol-
lowing obsetrvations regarding factors contributing to a suc-
cessful application of new passenger counting technologies:

o Commitment of senior management. Support from the
general manager has a ripple effect throughout the agency by
raising the priority attached to passenger counting.
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e Active management of the passenger counting System.
Senior management support is critical, but agencies that have
successfully adopted new technologies are characterized by a
mid-level person who assumes responsibility for the system
and takes the necessary action to ensure its proper functioning.
This person typically is responsible for ridership data collec-
tion and/or use.

o Ability to utilize ridership data. New technologies often
require increased attention to internal agency databases and
analytical techniques.

e Maintenance. Prompt maintenance will ensure maximum
accuracy. Adherence to APC procedures is also recommended.

The following factors were mentioned as potential pitfalls
that can jeopardize a successful APC implementation:

e No internal changes to accommodate new technology.
A significant investment in time and effort is needed to make
the new technology work well by updating databases, ensur-
ing that the system receives the priority it needs, and training
staff in its maintenance and usage. In a very real sense, a pas-
senger counting system does not stand alone.

o Lack of ownership. Someone within the agency needs to
take the responsibility for making the new technology work.
Without this, the technology can fall between the bureaucratic
cracks. Internal agency politics can lead to the same result.

o Unnecessary customization. This phenomenon is related
to the emphasis on technology seen within the transit industry.
Attempts to redesign what is available on the market to make
one’s own system unique or better almost always result in
failure. Most installations require a fair degree of customiza-
tion to match agency needs, but there are examples, such as
Lane Transit District in Eugene, Oregon, where a good pas-
senger counting System has been established by combining
standardized APC modules.

Another concern of technology providers is the high expec-
tations for accuracy using new technologies. Agencies some-
times appear to assume that their manual passenger counting
techniques are 100 percent accurate. Under normal conditions,
most suppliers indicate that an agency can expect 85 percent
accuracy, i.e., 85 percent of all boardings and alightings will
be counted correctly. Increases in accuracy are dependent on
the quality and timeliness of maintenance diagnosis and response

and the volume of inventory of spare parts. Survey results for
current APC users reveal that, on average, 75 percent of APC
data are usable, and APC agencies indicate that this is still
significantly more data than what had been available using
previous collection techniques.

Cost is of major interest to agencies considering new pas-
senger counting technologies. As noted in chapter 3, reported
costs of new technologies vary considerably. APC technology
providers indicate that several factors affect the total cost, in-
cluding the number of APC units ordered, whether the agency
or the vendor installs the system, how location is ascertained
(by APC units or by an integrated AVL system), and what op-
tional components (software is frequently in the optional cate-
gory) are included. Some agencies (Metro in Cincinnati is one
example) lease passenger counting equipment for use as
needed. :

Most of the technology provider interviews took place with
companies that are involved with APC systems, but there were
also comments related to smart cards. An industry shift to-
ward proximity cards for fare collection has been noted, and
there is some concern that this will overshadow the fact that
other solutions are appropriate in certain circumstances. Mag-
netic strip and contact cards can be the best option for a par-
ticular agency, and there is also a potential role for inexpensive
disposable cards that can be offered at a discount. A transit
agency does not have to find the best fare card, just one that
works for its current and envisioned purposes.

SUMMARY

Technology providers advise transit agencies to purchase
equipment that has been proven to be reliable and that is rug-
ged enough to withstand a moving vehicle environment. The
transit agency needs to make whatever internal changes are
required to enhance system performance. A sense of owner-
ship of the new technology, usually occurring at the agency’s
middle levels, is generally predictive of success, particularly in
conjunction with a commitment from senior management.
Care must be taken to maintain the new system to ensure con-
tinued high levels of performance. The technology providers
view internal organizational problems and unnecessary cus-
tomization as factors contributing to failed attempts to adopt
new passenger counting technologies.



CHAPTER SEVEN

CASE STUDIES

Survey results and comments solicited from respondents
provide an excellent overview of the major issues regarding
passenger counting technologies and procedures. Following a
review of these results, six agencies were selected as case
study sites. Personnel directly involved with collection and
analysis of ridership data and with decision-making regarding
appropriate technologies and procedures at these agencies
agreed to be interviewed by telephone. The case studies are
intended to provide a more complete understanding of the
evolution of passenger counting via different techniques.

The selection process for case studies focused on including
agencies of various sizes in different parts of the country that
use different procedures and on identifying systems that have
achieved some level of success. Most of the agencies surveyed
offered to serve as case study sites, and some that have not
been able to implement or change passenger counting pro-
grams, due to problems with technology, lack of clear direc-
tion and support from upper management, or internal organ-
izational disputes, would have provided instructive examples.
One finding from this study, however, is that agencies face
very similar problems in attempting to optimize passenger
counting. The six agencies selected have overcome many of
these common barriers. While they do not necessarily hold
themselves up as examples of best practices, they have all
managed to establish effective passenger counting programs
that meet their needs.

The six case study agencies are:

o Houston Metro (Metropolitan Transit Authority of Har-
ris County, Texas). Houston Metro operates over 1,200 buses
on its fixed-route system, and telies on manual passenger
counting using traffic checkers, pencil and paper for trip-level
data and ERFs for system and route-level data.

o TTDC (Tidewater Transit District Commission). TTDC
is a 146-bus system serving Norfolk, Virginia and surrounding
areas. It uses hand-held equipment (portable computers) in
conjunction with a manual traffic checking force to collect rid-
ership data.

o CTA (Chicago Transit Authority). With over 2,000 buses
in fixed-route service, CTA is the largest case study agency.
CTA’s responses concerned only its passenger counting proce-
dures for buses. The agency developed innovative techniques to
use electronic registering farebox data as a basis for its route and
trip-level ridership counts. After a long process, CTA is now
conducting a demonstration project using APC equipment.

o Tri-Met (Tri-County Metropolitan Transportation Dis-
trict of Oregon). Tri-Met is a multi-modal agency operating
600 buses along with its light rail system in Portland, Oregon.
It has used APC units since the early 1980s, and is now con-
verting its system from signpost to GPS and integrating the
APCs with a new AVL system.
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e OC Transpo (Ottawa-Carleton Regional Transit Com-
mission) is an 800-bus system serving the Ottawa region in
Ontario, Canada. OC Transpo is a long-time user of APCs for
passenger counting.

o SCAT (South Coast Area Transit) is a 46-bus system in
Ventura County, California. It is conducting one of the first
and most extensive demonstration projects using smart card
technology.

Survey responses for each case study agency are summa-
rized to provide background information, followed by an in-
depth description of the reasons for choosing certain tech-
nologies, benefits, problems, and advice for other agencies.

METROPOLITAN TRANSIT AUTHORITY OF
HARRIS COUNTY (HOUSTON METRO)

Houston Metro’s primary means of collecting ridership
data is manual, using traffic checkers, pencil and paper. Elec-
tronic registering fareboxes are used to estimate monthly rid-
ership totals from passenger fare activity counts, vehicle op-
erator trip cards record ridership on employee shuttles, and on-
board surveys are used for market research. The traffic checker
data are used for service planning and scheduling purposes. A
schedule of counting each route on weekdays every 3 years has
been established, with weekend counts scheduled as needed.
Data input is done manually (ERF data are retrieved at the ga-
rage). System and route-level ridership is summarized
monthly based on ERF data. Manual commuter/park-and-ride
counts are also reported on a monthly basis, while reports are
generated for other routes as they are counted on the 3-year
cycle. Houston Metro established a separate department—
Research, Evaluation and Trip Planning—that oversees most
of the agency’s data collection activities, including primary re-
sponsibility for ridership data collection. The data coliection
function was reassigned to this new department from Schedul-
ing, which had geared data collection efforts solely to schedul-
ing-related needs. Planning, Scheduling, and Budget/Finance
have input into the data collection schedule.

Houston Metro uses five full-time traffic checkers who are
former bus operators. The full-time equivalent of one data en-
try clerk enters the ridership data. There are seven temporary
passenger count monitors whose primary duty is to assist in
checking operator accuracy for farebox totals, but who are
available one and one-half weeks per month to assist the full-
time checkers. As needed, Metro supplements staff with tem-
porary personnel. This level of staffing has been reduced from
13 regular full-time and seven temporary traffic checkers in
1991, as introduction of more automated passenger data col-
lection technology was planned. This new technology is not
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yet in place. APC purchase is still planned, while the investi-
gation into using hand-held units has been delayed pending
action on APCs.

Metro makes routine service changes three times per year,
with major changes tending to occur in January. Due to re-
quirements for public hearings and internal schedule reviews,
Service Evaluation tries to have the necessary information
ready 3 months prior to implementation.

When the current Manager of Service Evaluation assumed
his duties in January 1995, current ridechecks were available
for about 65 of the 100 routes in the system. This meant that
the agency had no stop-level ridership data for about one-third
of the routes. Service Evaluation developed a plan, with Plan-
ning and Scheduling review, intended to provide quality data
in a timely fashion on all Metro service. As a result, an initial
priority was to collect data on the smaller routes that are often
overlooked. By 1998, Metro will have two counts on each
route within the previous 4 years, at which time they may par-
tially shift priorities back to focusing on the larger routes in
the system.

Metro stresses the importance of developing a data collec-
tion plan that addresses all routes within the system. Like
other systems, Metro responds to special requests that require
a deviation from the established collection schedule, but notes
a real difference in terms of awareness that such requests re-
quire a change in plans. It has become more possible to fit
non-emergency special requests into the established plan, and
thus to build a current database of ridership on all routes, as
opposed to responding almost solely to other departments’
priorities.

In addition to the five full-time traffic checkers, seven tem-
porary passenger count monitors are available part-time, and
outside temporary workers, and professional and administra-
tive staff fill in on occasion to complete a check. Metro is
pleased to have former bus operators as fuli-time checkers be-
cause they know the routes and are keenly aware of what can
be done. Attendance and morale are not problems with the
full-time checker force because they are eligible for bonus
awards prorated for attendance. In the preceding 8 months,
full-time checkers have missed only 5 days. By contrast, the
temporary passenger count monitors average 86 percent atten-
dance, meaning that one of the seven is absent on a typical
day, and outside temporary workers show up 50 percent of the
time. Use of full-time personnel who are eligible for atten-
dance-based awards has been a very successful approach.

Metro has recently moved toward a policy of conducting
weekday and weekend counts jointly on a given route. This
provides a fuller picture of route dynamics, and also reduces
errors by the checkers. Overall, data variation from route-level
ERF estimates has decreased from 12 percent several years
ago to five or six percent today, but Metro has found that the
error rate is even lower when checkers are immediately famil-
iar with the route (e.g., from just having completed a weekday
check).

The reliability of core traffic-checking personnel is a key
factor in Metro’s satisfaction with manual data collection. The
agency identifies several other benefits of manual passenger
counting:

o If there are significant problems with a route or schedule,
the checkers function as an early warning system. Use of
former bus operators accentuates this ability, but experienced
traffic checkers will also notice problems in the field. One
example involved an extended route that encountered major
on-time performance problems. The checkers noted that the
extension involved a second crossing of railroad tracks that
virtually ensured a delay on the route. Running time was in-
creased, with a slight increase in headways, reliability was
restored and ridership remained constant while operating costs
were reduced. Conscientious traffic checkers provide impor-
tant information to planners and schedulers who may not be
able to get out into the field as often as they would like.

o Checkers return forms with extensive notes on the back.
Service Evaluation finds these notes to be invaluable. Often
these explain unusual discrepancies in running time or identify
locations with awkward transfer or pulsing issues (such as an
operator waiting for a transferring passenger at a transit center
when the originating bus is running late). The explanatory or
diagnostic power of these notes is something that cannot be
obtained electronically.

® A checker absence is readily observable, and missed
data can be factored or the assignment repeated. When tech-
nology malfunctions, there is a different response. In part this
is due to an assumption that the technology will collect 100
percent of the information with immediate availability. The
problem of identifying a malfunction can be more complex
than simply noting that a checker is not present. Service
Evaluation is particularly sensitive to this issue after a com-
ment regarding the accuracy of ERF data on buses that experi-
ence mechanical difficulties in the field required the diversion
of resources from other needs to identify the extent of this
problem (as it turned out, the problem was insignificant).

e More data are sometimes collected than can be used,
even relying on manual techniques and a 3-year data collec-
tion schedule for each route. The Service Evaluation Section
and other departments cannot get to all the data. For example,
the department recently sent results from 14 route ridechecks
to the Schedules Section, followed by 10 more in the following
week. The Schedules Section is hard-pressed in these circum-
stances to convert the ridecheck results to new schedules in a
timely fashion. Given these constraints, there is no priority at-
tached to the ability to count passengers more frequently.

Metro is very interested in what new technologies can offer,
particularly in the area of data entry, a major bottleneck in the
current system. It potes that ERFs were supposed to solve all
problems in terms of aggregate ridership counts, but turned
out to have difficulty in accounting for non-cash, non-
magnetic media boardings. The temporary passenger count
monitors’ tallies routinely differ from the ERFs by three per-
cent, which can be very significant at an agency where even a
0.1 percent drop in ridership may elicit questions and con-
cerns. Metro recognizes the benefits that will accrue when
APCs, AVL, and ERFs all work together, but views this oc-
currence as still within the theoretical realm.

In the interim, Metro is an example of an agency that has
established an effective manual data collection program that



meets the agency’s needs for ridership data. Key factors in this
success are summarized as follows:

o Get Agency Support—Make sure that all internal clien-
tele are in agreement with the data collection procedures and
schedule and are willing to do what it takes to make the sys-
tem work.

s Keep it Simple—Do not ever take for granted that data
recipients will understand the data, even with extensive pro-
fessional experience. Service Evaluation transmitted a spread-
sheet with on-time performance data to another department
and received a call asking why no trips were early. The
spreadsheet formatting showed negative numbers in parenthe-
ses, not with a minus sign.

¢ Develop a Plan—Perhaps the corollary to this is: recog-
nize that there will be deviations caused by special requests.
Without a plan for data collection by route, however, special
requests tend to edge out everything else.

¢ Conduct Joint Weekday and Weekend Checks—While
this is not always possible due to personnel limits, Metro has
found this technique to provide a more complete picture of the
dynamics of ridership on a given route. It also reduces data
variations, because the checkers are experienced with the route
from the weekday checks.

e Use Checkers as Your Eyes and Ears—Encourage
checkers to note unusual occurrences, unexpected ridership
patterns, and apparent reasons for variations in running time.
Good data result from a combination of quantitative and
qualitative information.

e Use Full-Time Personnel and Reward Attendance—
Absenteeism has been noted as a major problem at agencies
using manual data collection techniques, but Metro’s checkers
have excellent attendance rates. The reward system imple-
mented at Metro encourages responsibility among the traffic
checker personnel, which in turn has a major impact on the
success of the data collection effort.

TIDEWATER TRANSPORTATION DISTRICT
COMMISSION (TTDC)

TTDC collects detailed ridership data manually, using traf-
fic checkers and hand-held units. Electronic registering fare-
boxes are used for aggregate system, route, and trip-level rid-
ership counts. The traffic checker data include boardings and
alightings by stop, which provide a route profile, and are used
for all service planning and scheduling purposes. A schedule
of counting each route once or twice each year on weekdays
and once a year on Saturday has been established, with Sun-
day counts scheduled as needed. Laptop computers are used as
hand-held units, and are directly connected to a host computer
to upload and download data (ERF data are transmitted via a
direct downlink). System and route-level ridership is summa-
rized and performance measures are calculated monthly, based
on ERF data. Annual reports include more detailed data col-
lected manually with the hand-held units and summarized at
the route segment and stop levels. The Planning Department
has primary responsibility for ridership data collection. TTDC
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uses four full-time traffic checkers, one clerical person, and
one half-time support person for passenger counting.

TTDC makes major service changes once a year, usually in
October at the start of its fiscal year. Any minor problems are
addressed 6 months later. Formerly, the agency worked on a 6-
month cycle for making service changes of all types, but the
costs involved in public information led to the new schedule.
The ridership data collected with the hand-held units are the
source data for current ridership, and are in constant use in
analyzing the transit network.

Prior to converting to hand-held units, TTDC collected data
manually using pencil and paper. When hand-held units be-
came available, improved efficiency in data collection was the
primary reason for the switch. Formerly, check sheets would
have to be prepared and grouped on clipboards, and the result-
ing trip-by-trip data would be reconfigured by time of trip on a
single big sheet. With hand-helds, required information for
every route is stored on a host computer and downloaded to
the laptops when needed. Ridership data are uploaded when
the check is completed. Changes in schedules or stop lists are
made in a single location (on the host computer).

TTDC is very satisfied with current data collection proce-
dures. One problem reported by the agency is the rapidly in-
creasing costs of laptop computers. As laptops become more
sophisticated, it is increasingly difficult to find a simple, inex-
pensive machine. Because they are used extensively in the
field, the laptops do get dirtier than office computers and re-
quire more frequent maintenance. Theft is a potential issue,
although it has not occurred at TTDC. The small size of
TTDC’s checker force has resulted in close working relation-
ships and a considerable degree of trust.

A final area of concern is devising a means of powering to
ensure that the laptops work on the bus. The laptop battery is
good for four hours, and each unit has a back-up battery. On
the bus, TTDC has used plugs, adaptors, invertors, and cables
to construct an effective (though aesthetically unattractive)
means of delivering power to the laptops.

In converting from paper and pencil to hand-held units,
TTDC found that other changes were required. Programs were
developed to keep stop inventories, headway sheets, and
schedules current. Links between scheduling and data collec-
tion databases were established so that changes in stops,
schedules, and route descriptions occur automatically in both.
Procedures were established to address short-lines, inter-
lines, and branches. Download and upload programs allow
information to be passed routinely between the host com-
puter and the laptops. Data analysis and reporting software
converts ridership data into immediately useful formats.
While all these programs were being developed, the agency
also switched from a mini-computer to a PC-based system. A
local programming company provided custom programming
for TTDC. While this required a significant time investment
up front, the data collection system now runs with little inter-
vention.

TTDC recognized several benefits in the conversion to
hand-held units. Most of these flowed directly from the elimi-
nation of the intermediate step of inputting data manually.
Primary benefits include:
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e Faster turnaround—The time between data collection
and analysis has been reduced significantly, and ridership data
are available more quickly than under the pencil and paper
procedures.

¢ Improved accuracy—Elimination of manual data input
means that there is one less source of error in the data collec-
tion process.

e More efficient use of personnel—Traffic checkers are
now focused full-time on collecting data and keeping files up-
dated. More routes and/or trips can be checked within a given
period of time, and checkers are now being used to provide
assistance with customer service functions.

¢ Sense of ownership—In going through the process of
adopting a new passenger counting system, TTDC found that
those involved developed a strong sense of ownership in the
new system. This has helped to ensure support for the system
throughout the agency.

TTDC currently has a signpost-based AVL system, and is
considering a change to APC with the next generation of AVL.
A more immediate priority at the agency is integrating rider-
ship data with the route network in a Geographic Information
System environment. Functionality is the key: the first step is
to display ridership data in the way it is currently used, so that
it can be used immediately. TTDC anticipates that additional
uses will develop once the systems are integrated.

In summary, TTDC is very pleased with the use of hand-
held units to collect ridership information. The system works
very well, and provides information that is used constantly by
planning and scheduling. The agency offers the following ob-
servations based on its experience in converting to and using
hand-held units:

¢ Use generic computer equipment, such as laptops. Hand-
held units manufactured specifically to count data are avail-
able, but their purchase locks an agency into one specific ven-
dor. Laptop computers avoid this problem, since there are ob-
viously multiple vendors.

¢ Be prepared to devote time initially to develop databases
and programs to work with the hand-held units. TTDC spent
considerable time up-front, but now has a system that nearly
runs itself.

» Involve all data users in the process. Adopting new tech-
nology can be stressful and difficult, but it is possible to build
a sense of ownership in the process by involving all of the ap-
propriate parties. This sense of ownership ensures continued
support for the data collection system as it matures.

CHICAGO TRANSIT AUTHORITY (CTA)

CTA collects ridership data via electronic registering fare-
boxes and manually, using traffic checkers, pencil and paper.
ERF data are the primary data, used for service planning, rid-
ership trends, and performance reports. CTA has developed
techniques to adjust farebox-generated ridership data for op-
erator error through sampled surveys. These adjustment fac-
tors are applied automatically and updated through periodic

re-surveys. Data collected manually by paper and pencil are
used solely by the Schedules Department. System and route-
level ridership is summarized monthly, and performance measures
are calculated on a quarterly basis. ERF data input is done via
direct downlinks. Manual counts for scheduling purposes re-
main on paper. The planning and scheduling departments have
primary responsibility for ridership data collection.

All of these procedures are changing. CTA is completing a
demonstration of APC units on 25 buses and is moving for-
ward with the implementation of APCs.

CTA currently has 14 traffic checkers for its entire system
(bus and rail), and also relies on six clerical and one profes-
sional staff in the Traffic and Analysis Section. Seven traffic
checker positions were eliminated concurrent with APC sys-
tem development. Resulting staff levels are insufficient to
conduct all-day weekday and any weekend checks. A current
buy-out proposal is expected to reduce the current checker
staff even further, and these positions will not be filled.

The development of farebox adjustment factors to count
ridership by route and by hour is a notable example of a transit
agency’s general process of attempting to extract the most in-
formation from available data. However, CTA rated fareboxes
as not very useful at the trip level and indicated that rat-
ings at other sub-route levels were not applicable, since
ERFs do not produce data at those levels. Despite the un-
availability of detailed data, CTA achieved considerable suc-
cess in being able to use farebox data for service planning
purposes, primarily by extracting ridership captured at the tip
level by route and by hour. The only ERF-related problem
noted was operator noncompliance in following the proper
sign-on procedures and recording each passenger boarding by
fare category correctly.

Continuing interest in APCs reflected the fact that ERF
data are not truly suitable for detailed route analysis. As noted
in the introduction, ERF ridership data are collected on a trip-
by-trip basis. These can be combined to provide route-level
and system-level ridership totals, but cannot be disaggregated
to yield route segment or stop-level data. As CTA notes, the
reliability of data on a specific trip is dependent on operator
compliance with entering the correct code to indicate the start
of a new trip. Thus, ERF data cannot provide information re-
garding key stops along a route with significant boarding and
alighting activity, nor do ERFs have the capability of recording
actual time at specific timepoints along the route. APCs use
the stop as the basic unit at which passenger activity is re-
corded, and have the capability to provide a time stamp at
every stop. APC data are considerably more useful for service
planners and schedulers because of the disaggregate nature of
the ridership count.

The length of time involved in the decision to go ahead
with APC is typical of many agencies. As changes occurred in
senjor management, APC priority within the agency also
changed. Thus, the CTA process highlights the importance of
commitment by senior management to whatever data collec-
tion technology is selected. Another reason for the lengthy de-
cision-making period was CTA’s approach. The agency was
both cautious and demanding, very wary of being taken for a
ride and very insistent on getting exactly what it needed.



Results of the recently concluded APC demonstration proj-
ect (using a signpost-based system) revealed several important
lessons, the first of which was the importance of conducting a
demonstration. The agency was surprised that, despite its best
efforts, it had not fully specified all needed system elements.
Hardware was the least important part of the overall system.
Sources of route-level inventory data and post-collection report
processing proved to be much more critical to the effective
functioning of the APC system.

Bus stop inventory, route descriptions, and scheduling in-
formation are key inputs to APC, and the demonstration proj-
ect showed that these databases needed additional work. For
example, the output of schedules was flawed, and program
modifications were needed to produce internally consistent
schedules. A clear need emerged to dedicate staff to data
maintenance. In terms of data processing, the need for sepa-
rate work, calibration, and data storage areas led to a recon-
figuration of the computer network. The process of software
modification can reveal how the data system really works. The
demonstration project emphasized the need for an agency to
get its own house in order before adopting a new technology
like APC.

CTA clearly endorses the consensus that support of senior
management is necessary to the success of a technology
changeover such as introducing APCs. At the same time, the
system should be designed at lower levels, with the participa-
tion of those who will use the results, instead of being dictated
in top-down fashion. The lower-level design must involve a
considerable amount of give-and-take. Some departments may
insist on having ridership data in exactly the same format,
even though this may not suit broader agency needs. The dis-
cipline forced on departments by notification that they would
lose all traffic checkers by a certain date (an approach taken by
Montreal) can help to ensure cooperation in making sure the
new APC system will work.

The APC demonstration also showed the importance of
interdepartmental cooperation and direction from management
in ensuring success. APCs were used to gather detailed data
on five routes that were strong candidates for pruning or pos-
sibly discontinuation. At one garage where there was a sup-
portive manager, the APC units produced very good data. At
the other garage, where the direction was along the lines of
“fit this in where possible,” the APC units produced marginal
data.

CTA was obviously very pleased with the APC demonstra-
tion project, since it is implementing an APC-based system.
The staff reported that accuracy was better than expected, and
the detailed level of data produced was remarkable. Unex-
pected uses have already been found for APC data, such as re-
sponding in detail to a query from senior management regard-
ing the possibility of increasing speed on a specific route by
reducing the number of bus stops. The APC stop-level data
showed several stops that were not being used, including one
that was assumed to be an important transfer point.

There is an awareness that adoption of APC means a
transition from traffic checkers to analysts in management
positions, who will require training to develop and polish the
necessary skills. Coincidentally, a significant portion of the
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scheduling department is taking an early buy-out offer, creat-
ing an opportunity to bring in new and possibly different types
of people (in terms of education and experience) and train
them from the outset on use of APC data.

CTA suggests that several lessons from its APC demon-
stration are applicable to agencies considering APCs or some
other form of technology upgrade:

¢ Visit other systems or invite key personnel to visit you—
Ask the agencies that have been through the process to lay out
what you need. Take their advice and get your own house in
order before going out to talk with vendors.

e Set up your database inventories—As noted, bus stop
inventories, headway sheets, and schedule information are key
items.

¢ Build flexibility into your reporting system—Data tend
to find their own uses. Decide on standard reports that will be
needed on a recurring basis, but design the ridership database
as flexibly as possible to permit special queries.

e Get firm support from management—Experience with
the APC demonstration suggests that success is ultimately
determined by support from management.

e Keep the faith—Converting to APCs is harder than ex-
pected, and may take longer than expected, but it can be done
successfully.

TRI-COUNTY METROPOLITAN TRANSPORTATION
DISTRICT OF OREGON (TRI-MET)

Tri-Met uses electronic registering fareboxes for revenue
calculations and for determining special boarding counts (i.e.,
lift and bicycle), and uses APCs to summarize schedule ad-
herence and to count ridership at the system, route, trip, route
segment, and now stop levels. APC data are used for all serv-
ice planning and scheduling purposes. The APCs count pas-
sengers via infrared beams. Weekday and weekend counts of
each route are conducted during each driver sign-up (or nearly
once every quarter), with a goal of sampling each trip five
times during the quarter by rotating APC-equipped buses
throughout the system. Ridership data are retrieved from the
buses at the garage automatically via infrared at the farebox
collection point. System-level ridership is summarized
monthly, while data at sub-system levels are available daily on
request. The Operations Planning and Analysis Department
has primary responsibility for ridership data collection, and
makes routine service changes in conjunction with its quar-
terly driver sign-ups using the APC data.

Tri-Met eliminated one supervisory and six traffic checker
positions when the APC system became operational in 1983-
84. There are no longer any traffic checkers at Tri-Met. Staff
assigned to carry out the passenger counting program includes
about 75 percent of one professional, five percent of one cleri-
cal, and 25 percent of one electronic maintenance person’s
time. Capital costs for an APC unit have declined with the
addition of an AVL system, from an estimated $5.000 per
APC unit to $1,000. Annual operating costs are estimated at
$70,000, and annual maintenance costs at $15,000. Ninety
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buses, or about 15 percent of the fleet, are equipped with
APCs. There are plans to expand this number by 110 buses in
the current fiscal year, bringing the percentage of APC-
equipped buses to 33 percent of the fleet, and possibly to move
toward a 100 percent APC fleet within the next few years. The
cost reduction as a result of AVL and increased flexibility in
bus assignments are the principal reasons for APC expansion
plans.

APCs were introduced at Tri-Met approximately 15 years
ago to achieve lower cost and greater efficiencies in the area of
passenger counting. Implementation proceeded incrementally,
from use for system and route-level ridership to a focus at the
trip level, then at the route segment level and finally, with the
pending reliability of AVL, at the stop level. Interestingly, the
pre-AVL system was completely odometer-based, with no
signposts or GPS. Reliance on odometers meant that the
agency needed to upgrade its schedule mileage by route to en-
sure that APCs worked accurately. In conjunction with
odometer data and time stamps, Tri-Met used layovers as vir-
tual signposts. After the trip-level data were established as ac-
curate, the agency then would segment portions of routes by
time points, based on the distance traveled. Tri-Met was not
confident enough in stop-by-stop location via the odometers
alone to use stop-level data.

Now, with a GPS-based AVL system integrated with the
APCs, each boarding and alighting is recorded by the APC
unit while AVL matches the information with the correct stop.
Tri-Met is in the process of converting its software to make
full use of the newly captured data, while other projects (such
as the bus shelter placement) are already showing interest in
the stop-level information. Software conversion to stop-level
reporting will take some time, but the agency made the deci-
sion to do the conversion while keeping the current APC re-
porting system up and running.

While the AVL-APC integration is allowing Tri-Met to do
even more with its passenger counting program, the agency’s
considerable success with adoption and use of APCs as a
stand-alone component for over a decade may be more rele-
vant for other systems considering APC technology. As noted
above, Tri-Met proceeded incrementally in terms of making
use of the APCs, and this approach helped in terms of estab-
lishing organizational responsibilities. The agency was fortu-
nate to have established programming positions within the
Planning department, ensuring that needed work on APC-
related software received a high priority. There were still
dealings with other key departments, including Information
Systems and Maintenance. The APC project manager noted
that he was successful in transferring responsibility for main-
taining APC equipment t0 Maintenance only after the third
attempt.

It also took time to ensure correct APC dispatching. After
several different approaches, the Maintenance and Planning
departments worked out an agreement under which Planning
asks for only 60 percent of APC buses to be specifically as-
signed. This target is reachable every day and avoids the
problem of the assignment clerk being forced to decide which
assignments should be skipped in the event that APC buses
are not available due to maintenance or other reasons. This

compromise has worked successfully even at times of high
turnover among assignment clerks.

In the pre-AVL system, ridership data were accumulated on
a bus block assignment basis. Two different methods have
been used to match ridership data to bus assignment: either
the assignment clerk would assign a specific pre-programmed
bus or the bus operator would program the bus before leaving
the garage. The integration of ridership data with schedule
information was part of the post-processing program. Tri-Met
has noted no real change in skill levels required when it comes
to analyzing ridership data collected by APCs. The change has
occurred in the amount of data and number of analytical
tools available. More frequent data collection has resulted
in enabling changes to happen more quickly. When questions
arise, ridership data are immediately available or can be ob-
tained quickly, making the department and the agency more
responsive.

Data availability, with the consequent ability to respond
quickly, is one of the benefits of APCs. The ability to collect
more detailed data is also important. A third benefit is cost
savings. One reason that Tri-Met adopted APCs is that an
APC-based ridership counting process is less expensive and
more accurate than a manual process. Implementation of an
AVL system has reduced the cost of APCs, because the new
APCs do not need data storage, data transmission, and
odometer interface capabilities that are now handled by AVL.

One of the problems still faced at Tri-Met is getting priority
for APCs in the Maintenance department. The problem is not
necessarily solvable, since Maintenance is very clear that
safety issues (radios) and customer service issues (destination
signs) have greater priority than APCs. One possible solution
is to assume budgetary responsibility for half of a full-time
maintenance person, who can then be devoted (half-time) to
APC maintenance needs. Another previous maintenance-
related problem was the high-pressure steam wash used for
bus interiors. This was fixed by having certain APC parts ep-
oxied. These cannot be repaired and must be replaced when
they break down, but now break down much less frequently.

Accuracy of the data is another problem for Tri-Met with
its APC equipment. Some counters do not yield a consistent
set of counts, while others are consistently high or low. The
agency has never tried to determine whether the problem lies
with the vendor, the technology, or its own installation proc-
ess. What the agency did was to develop an algorithm that
corrects counts based on the counters’ history, but the correc-
tion is made in the post-processing phase. As a result, real-
time data cannot be supplied with confidence.

Tri-Met points out that the definition of accuracy is incon-
sistent within the industry. A typical definition is that board-
ings and alightings must be counted to within + 10 percent or
+ 3 passengers at the trip level, whichever is greater. Tri-Met
specifies that, for 90 percent of all runs within a 30-day period,
all boardings must be correctly counted at 90 percent of all
passenger stops, and all alightings must be correctly counted
at 90 percent of all passenger stops. The APC Project Man-
ager noted that he has seen four or five different specifications
regarding accuracCy, but has never seen a standard. Parentheti-
cally, other agencies have considered specifications that take



passenger loads into account along with boardings and
alightings.

Overall, Tri-Met has been satisfied with its APC system,
and views the addition of an AVL system as a major improve-
ment that opens up a variety of new analytical possibilities.
With the reduced cost of APCs, due to many functions now
being handled by AVL, Tri-Met is planning to expand its APC
fleet to a size larger than any other APC agency included in
the survey. Tri-Met’s experience with APCs results in the fol-
lowing suggestions for agencies considering this technology:

o Integrate with AVL—Accurate locational referencing
enhances APC capabilities. AVL reduces the cost of new APC
units, which no longer need to handle data storage, data
transmission, and odometer interface.

* Plan and budget for maintenance, and clarify responsi-
bilities—Effective maintenance is one of the keys to making
an APC program work.

o Get a commitment from management—This is critical to
success. Senior management must understand the usefulness
of the data to be collected and the importance of the purposes
for which the data can be used. From management’s perspec-
tive, enhanced responsiveness to queries and reduced turn-
around time are important improvements that APCs can offer.

¢ APCs can be implemented incrementally—Tri-Met be-
gan by equipping 10 to 12 buses, and had a single person re-
sponsible for management, programming, maintenance, and
procurement. At smaller systems with relatively simple route
structures, a high level of automation in terms of providing
schedule information may not be needed. An incremental ap-
proach can work at any system, at least in terms of the number
of APC units. Related software must be developed largely at
the same time as the initial implementation, but will also be
enhanced incrementally.

OTTAWA-CARLETON REGIONAL TRANSIT
COMMISSION (OC TRANSPO)

OC Transpo relies on a signpost-based APC system for all
ridership data collection. Boardings and alightings are counted
via infrared beams. Counts are scheduled on a quarterly basis
(coinciding with the four annual booking periods) for each
weekday route and on a biannual basis for each weekend
route. All weekday trips are scheduled to be sampled at least
once each booking period, and all weekend trips are scheduled
to be sampled at least once every other booking period. On av-
erage, each scheduled trip is captured four times. Data col-
lected during the day are stored onboard in memory and are
downloaded remotely each night via radio. OC Transpo sum-
marizes system-level ridership monthly (based on revenue and
pass sales analysis) and APC ridership data at more detailed
levels quarterly. The Planning Department has primary re-
sponsibility for ridership data collection.

OC Transpo has no traffic checkers. In the early 1980s,
eight traffic checkers were tedeployed within the agency after
APCs were on line. Staffing needs for passenger counting in-
clude 2.5 professionals, one hardware maintenance employee,
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and a half-time student from a local engineering college who
assists with equipment maintenance. APCs did require a
change in skill level in the areas of computer usage, hard-
ware maintenance, system development, and duantitative
analysis.

The estimated replacement cost for capital equipment and
sofiware is $650,000 for hardware and $250,000 for software.
OC Transpo reports an annual operating cost of $110,000 and
an annual maintenance cost of $95,000 for its passenger
counting program. The maintenance cost includes staff re-
sources and materials for both the hardware and software
components. Eleven percent of its fleet, or 86 buses, are
equipped with APC units.

The Ottawa-Carleton region experienced tremendous
growth during the 1970s, and OC Transpo realized that a lim-
ited traffic checker force was not producing coordinated in-
formation that the planners needed. Backed with an absolute
commitment from management, the agency, in 1978, moved
ahead with the decision to automate the data collection and
analysis function based on an APC system. Software probiems
initially limited the effectiveness of APCs, and the payback for
the capital investment was questionable in the early days, but
in 1986 the software was thoroughly revised, with periodic
minor upgrades in subsequent years. Ridership data are
transmitted via radio and processed overnight. Sophisticated
diagnostics can identify when a unit is not working propetly,
to the detailed level of which beam is the likely culprit. End
users (managers, planners, and schedulers) obtain information
from the system through the APC database staff. Requests are
usually processed within 24 hours. The end users are pleased
with this procedure, because the data managers are intimately
familiar with all aspects of the data and will determine
whether ridership data on a particular route constitute an ade-
quate sample for their purposes.

The agency has bought into the use of APCs, and recog-
nizes the data collection function as an equal and integral part
of the overall transit operation. The planners and schedulers
who are the primary users of the APC data have also accepted
the system totally. Over time, a variety of standard analyses
and reports have been developed, including those listed below.

e Average loads and passenger activity (boardings and
alightings) along a route at the bus stop level.

+ Distribution of running times along a route by timepoint
section (or any stop-to-stop section) by hourly increments
throughout the day. This is used to calibrate scheduled running
time so as to match actual fravel times on the route.

e Route performance relative to service standards. OC
Transpo has developed service standards for transitway, base
and regular route categories, and uses APC data to analyze
performance by route category, route, and five major time pe-
riods. The system produces revenue to cost ratios for each
route by major time period. The analysis highlights poorly
performing routes as candidates for remedial action. Like all
transit systems, the agency faces tradeoffs at the Board level
between performance and mobility. The detailed performance
analysis relative to the cost recovery target provides the Board
with the necessary information to make its decisions.
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¢ On-time performance. The APC data permit schedule
adherence at the bus stop level to be determined. When first
conducted, this analysis revealed that many buses were leav-
ing stops earlier than scheduled, due largely to how running
times were being assigned to routes. Ongoing revisions to
scheduling practices and improved supervision in the field are
solving the problem.

¢ Area analysis. Each bus stop has a unique number, and
can be grouped to determine boardings and alightings within
an area by day and time period. Individual stops are analyzed
and prioritized for potential shelter installation based on the
volumes of boarding passengers.

e Screenline crossings. This reports the total passenger
volume on buses crossing a cordon line. One important use of
the data is to augment the screenline count program carried
out by the Regional Transportation Department to determine
modal split. The process of identifying screenline locations
within the APC system is labor intensive and can only be
simplified when APC is linked to GIS in the future.

o Travel times along a corridor. This information is being
used to identify major corridors that can benefit most from bus
priority treatments. OC Transpo can break down bus travel
times into individual components: boarding/alighting; access
to/egress from bus stops; idling in traffic; caught in traffic
congestion; and moving. Moving speed and total speed can be
calculated, and corridors can be ranked. This activity had pre-
viously been done manually.

* Special ad hoc queries by day type, time of day, route,
segment, elc.

OC Transpo’s APC system uses 40 signposts as locational
references, strategically situated throughout the region to
achieve maximum route coverage. The APC units log activity
whenever certain events occur. These include bus stops, idle
time, stop-and-go time, and signposts along a route. Odometer
mileage is used to match stops relative to signposts, trip ori-
gin, and trip end. Post-processing verification ensures that at
least two-thirds of all stops on a given trip record are within a
specified distance of their actual location, or the trip is dis-
carded. The agency has a high level of confidence in its sign-
post system. It recognizes the potential benefits of GPS, but
cannot justify the expense of installing a new system solely on
the basis of passenger counting activity. If the Commission’s
AVL system is upgraded to use GPS, then APC will be modi-
fied to take advantage of it.

The process of establishing APCs as an integral part of an
agency’s day-to-day operation is not simple. There is a huge
amount of work at the outset, and decisions are needed regard-
ing responsibilities for installation and maintenance. At OC
Transpo, the hardware installation and maintenance functions
are cooperatively shared between Planning’s APC technologist
and the Equipment department’s electrical and body shop
staff. Software in many respects presents a larger challenge
than hardware. The level of programming effort depends partly
on the existing level of sophistication within the organization.
The major issue is getting people within the agency to buy into
the APC system and change how they view data collection.

Management support, which was strong and consistent at OC
Transpo, ultimately determines the success of this effort.

One key to smooth operation at OC Transpo has been the
integration of APC bus assignment with the dispatching sys-
tem. The strength of the APC database is based on the results
of the sampling approach. Determining which vehicle blocks
are to be assigned an APC bus the following day is automated
within the APC software program. Vehicle blocks selected are
electronically passed along to the bus starting module over-
night, so that the bus starter is flagged with the APC assign-
ments for the day. Attempts are made to park APC buses in
dedicated lanes, so that a driver assigned to an APC run can
be sent to the appropriate lane and take the next bus in line.
Operations, and particularly dispatch, now reports few prob-
lems with APC bus assignment, but the agency suggests that
this process of making APCs a routine part of operations will
require considerable time (perhaps one year) to be fully inte-
grated as the norm.

The principal benefit of an APC system for OC Transpo
lies in its role as primary provider of all planning and schedul-
ing data. Benefits include:

e A fully automated system collecting data 24 hours per
day, seven days a week

* An extensive database for each booking period covering
all routes )

¢ A variety of standard reports that users are comfortable
with, as well as the facilitation of ad hoc queries

* Better decision making is possible because ridership
data are available

o Time use information (travel times and schedule adher-
ence) is available along with passenger count data.

Problems encountered by OC Transpo in the early years of
development included acceptance by users (improved dramati-
cally over time), software development, data storage prior to
automated radio-based data transfer (APC buses cannot store
more than 3 or 4 days of data), and maintenance. Other APC
agencies have cited OC Transpo as not having significant
maintenance problems, and this can be attributed to a constant
effort to keep on top of maintenance needs and to the presence
of an electronic technologist as part of the APC team. OC
Transpo would like to see integration of its APC system with
GIS, the use of which could simplify area and screenline re-
port inputs and allow graphical representation of the data.

Within the transit industry, there has been concern over the
ability to use APC systems with low-floor buses. OC Transpo
has successfully equipped a low-floor Orion II bus, and re-
ports that the beam-based counts are providing reliable data.
With the proviso that passenger boardings be single-streamed
(achieved through placement of stanchions, for example), the
agency does not anticipate problems with standard 40-ft low-
floor vehicles.

Many agencies have looked to OC Transpo over the years
for advice on implementing APC systems. Experience over the
past two decades has suggested the following approaches to
be most beneficial:



¢ Obtain a strong commitment from management—This is
the most critical factor in determining the ultimate success of
an APC passenger counting program. All other problems can
be solved if this commitment is present. In particular, man-
agement commitment allows you to develop standard proce-
dures to be followed throughout the agency.

* Visit and learn from other transit agencies—APC tech-
nology is still viewed as new by many agencies, but there is a
considerable and growing body of experience. Tapping this
experience avoids recreating the wheel, increases awareness
of potential pitfalls, and provides concrete examples of
how solutions to various problems have been reached and
implemented.

e Put a high priority on maintenance—Preventive mainte-
nance and early diagnosis of problems keep the APC system
operating effectively.

e Address software issues—Once routine maintenance
procedures are established and followed, hardware is rarely
the problem. APCs require a new approach to data collection,
and existing databases will need upgrading. Considerable ef-
fort is involved up front in APC implementation, but the re-
sults are clearly worth the effort.

* Budget for system improvements every year—These
generally relate to data processing and reporting enhance-
ments. The amount can be modest, but it will permit continued
upgrades to the system.

SOUTH COAST AREA TRANSIT (SCAT)

SCAT is a small (46-bus) transit system serving Oxnard
and surrounding areas of Ventura County, California. Until re-
cently, SCAT has counted ridership using GFI fareboxes at the
system and route levels and interns (supplemented when nec-
essary by temporary workers) with pencil and paper or hand-
held units at the route, trip, and trip segment levels. SCAT is
now a beta test site for a smart card and an APC demonstra-
tion project. The smart card data provide origins and destina-
tions, and have the potential to be useful for service planning
purposes as the use of smart cards by riders increases. An
evaluation of the smart card demonstration is close to comple-
tion. Both the smart card and the APC systems use GPS vehi-
cle location to determine at which stop boardings occur.

SCAT is planning to use APC data to conduct more de-
tailed service evaluations and to respond to Board inquiries in
a more timely fashion. A permanent schedule for APC data
collection has not yet been set, but SCAT intends to evaluate
recently instituted evening service by rotating the APC-
equipped buses through the evening runs. Ridership data for
smart cards and APCs are retrieved from the buses at the ga-
rage. The Planning and Marketing Department will have pri-
mary responsibility for ridership data collection after the con-
tractor completes its contract period.

South Coast Area Transit was originally approached to be a
beta test site for a smart card and APC system. Due to limited
size of staff and fleet, the agency declined the original offer,
but the Ventura County Transportation Commission was intrigued
with the idea and recommended that all transit agencies
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(SCAT and municipal systems) in the county participate. After
reconsidering the potential benefits, SCAT agreed to partici-
pate. One of the more attractive elements of the arrangement is
that the agency can keep the equipment after the demonstra-
tion is completed. Because of this arrangement and the fact
that the demonstration is ongoing at this time, SCAT could not
provide detailed capital, operating and maintenance costs as-
sociated with smart cards or APCs.

The smart cards replaced the Countywide Passport, a
multi-agency pass that was accepted by all transit agencies
within Ventura County. Each transit agency still offers its own
monthly pass, and the price of a single-agency pass is less
than the price of a smart card. Thus, the primary market for
smart cards to date includes riders who use more than one
transit agency on a regular basis. Limited usage of the smart
card limits the usefulness of the data to any one agency, be-
cause the data represent an atypical sample of ridership (i.e.,
those who use more than one system). The smart card data
provide insights on multi-agency ridership patterns that were
previously difficult to track.

Customers reacted positively to the smart card, which was
viewed as the Passport in a slightly different form. The local
newspaper did a feature article in which some riders expressed
concern over the “big brother” aspects of the smart card, but
most riders were unaware that they were using a cutting-edge
technology (14).

SCAT makes routine service changes once a year, with
major changes to the route network coinciding with periodic
larger studies. The APC system will replace the manual pro-
cedures that formerly provided the data used to identify needed
service changes. At the time of program initiation, all but two
of SCAT’s buses were equipped with smart card readers.
Since that time, nine replacement buses have been added to
the fleet, resulting in a fleet size of 46. Thirty-five buses, or 76
percent of the current fleet, are equipped with smart card read-
ers. Nine buses, or 20 percent of the fleet, are equipped with
APC units.

SCAT does not envision any changes in personnel as a re-
sult of adopting smart cards and APC. As with many smaller
agencies, SCAT did not have a dedicated traffic checking
force. Interns formerly handled data collection, and will be re-
assigned to other functions.

It is too soon to quantify improvements associated with
smart cards and APCs at SCAT, but the agency recognizes
several potential benefits. The key benefit is improved route
evaluation and planning. Smart cards are providing new in-
formation on multi-agency trips within Ventura County, and
APC data will enhance SCAT’s ability to evaluate service. The
first major example of this ability is the upcoming evaluation
of new evening service. SCAT also sees as important the abil-
ity to make a commitment (to its Board of Directors, for ex-
ample) to conduct detailed ridership counts on a routine basis,
thus solidifying the Board’s confidence in the agency’s day-to-
day oversight of its system. Related to this is the ability to re-
spond to inquiries from the agency’s Board of Directors and
others in a more timely fashion.

The beta-test nature of the demonstration project was respon-
sible for some of the problems that ensued. Communication
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problems among the softwares of the smart card issuing
equipment, the card reader, and the passenger card were traced
to different software versions. In order to test various configu-
rations, the vendor would frequently switch equipment and
revise software; once a specific version was made to work, it
was often replaced by another for testing. This caused frustra-
tion among maintenance personnel, who were incorrectly per-
ceived by many bus operators as being responsible for smart
card equipment maintenance, as well as among bus operators,
who dealt on a daily basis with the inconsistency of the
equipment’s performance. Administrative personnel who sold
the smart cards did not have the technical knowledge to cor-
rect any software problems that arose. Given SCAT’s small
size, this resulted in managers becoming involved in day-
to-day trouble-shooting. Finally, the operators bore the brunt
of customer dissatisfaction when a card would not function
properly.

Overall, SCAT is satisfied with the very limited results to
date of the smart card and APC demonstration project, and
envisions additional and more routine applications as the sys-
tem matures from its demonstration status. The agency recog-
nizes that market penetration of smart cards is the key to ob-
taining useful ridership data. SCAT offers the following advice
for agencies considering either smart cards or APCs:

¢ Be absolutely clear regarding roles—Each department
needs to understand its responsibilities in making implemen-
tation successful. Operations, maintenance, administration,
and planning must clearly understand what they need to do as
departments to ensure a smooth transition and to work as a
team in trouble-shooting. The role of the maintenance depart-
ment can be particularly important, whether it is to maintain
the equipment or to facilitate maintenance by the equipment
contractor.

¢ Research training needs—Understand the time commit-
ment required both to train employees in retrieving and for-
matting data and to carry out these tasks.

e Work cooperatively with all departments involved—
Inform the operators of the value of the new technology to gain
their support. Allow them to anticipate problems.

¢ Be aware that implementation will be harder than ex-
pected—Agencies typically adopt new technologies with a fo-
cus on benefits and do not always fully understand the diffi-
culty of adapting all of their related procedures to function in
coordination with the new technology. The beta-test nature of
the SCAT experience intensified this problem, but the other
case studies and survey responses consistently show a longer-
than-anticipated break-in period and the emergence of unex-
pected issues.



CHAPTER EIGHT

CONCLUSIONS

Passenger counting remains an important function at
transit agencies, which tend to measure their success by the
number of riders they carry. Systemwide and route-level rider-
ship are of interest throughout the transit agency. Ridership
data at disaggregate levels, by route segment, stop, trip, and
time of day, are generally utilized by service planning and
scheduling departments for detailed analyses of transit routes
and service levels. In the constrained fiscal environment affect-
ing most transit agencies in recent years, these types of analy-
ses have often resulted in an ability to reallocate transit re-
sources to more closely match demand patterns.

Passenger counting technologies and procedures have
evolved considerably from their paper and pencil origins, al-
though paper and pencil continue to be the preferred mode of
data collection at many agencies, large and small. Choices
now include hand-held units for use by checkers on the buses,
automated passenger counting (APC) systems, and electronic
registering fareboxes (ERFs). Smart cards also offer potential
in the area of passenger counting, but it is premature to place
them in the same category as the other options. Many agencies
use different technologies for different purposes.

Smart cards are the most recent development in this area,
and are still in the demonstration or preliminary installation
phase on bus systems in North America. They potentially offer
the ability to combine boarding and fare information that can
be recorded automatically, although cash boardings must still
be accounted for in anything less than a 100 percent smart
card system. It is important to note that passenger counting is
not the major purpose of smart cards; fare collection issues are
the driving force in the development of this technology. De-
pending on the market penetration of smart cards, passenger
counting may have significant potential as a secondary func-
tion of this developing fare medium.

APCs have been in use in a mature state for over a decade,
but are still viewed by many agencies as a new technology.
APCs provide transit agencies with extensive capabilities to
coliect detailed, stop-level ridership and time-based data that
can be of great practical use to planners and schedulers. Sign-
posts and GPS are most typically used to locate transit vehi-
cles. Integration with new GPS-based AVL systems offers loca-
tional referencing and reduced costs per APC unit, which no
longer needs to be equipped with locational components. APC
technology continues to evolve to meet challenges offered by dif
ferent vehicle types, such as low-floor buses. APCs are most use-
ful at the trip, route segment, and stop levels. The antomated radio
transmittal of data is a preferred method of data retrieval that
also greatly reduces turnaround time. Agencies with APC
equipment generally collect ridership data on a given routle
more frequently than can be done using manual techniques.

Electronic registering fareboxes are virtually standard
equipment in the United States, although not in Canada.
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Revenue-related issues have been the primary reason for the
adoption of ERFs by transit agencies; passenger counting is a
secondary function that can require operator intervention for
non-cash fares. ERFs are most useful at the system and route
levels in terms of counting riders. Some agencies (notably
Chicago Transit Authority) have developed factors to convert
revenue totals by route directly to ridership. A common source
of frustration with ERFs is the need for operator intervention
to obtain accurate data, both in terms of operator sign-on pro-
cedures and the recording of boardings by certain types of fare
media. ERF data are commonly used to track overall ridership
trends. Passenger counting at the route level can be achieved
only with full operator compliance with sign-on and passenger
recording procedures, particularly on systems with significant
interlining of routes.

Hand-held units ate used by traffic checkers to record pas-
senger activity along a bus route. A key advantage for hand-
held units over paper and pencil techniques is that the data can
be uploaded automatically, eliminating the need for manual
data input and decreasing turnaround time. Hand-held units
are used to collect route, trip, and stop-level information.
Some agencies use manufactured units, while others rely on
laptop computers. Powering hand-held units can be a problem.

Ridership counting with paper and pencil has not yet been
replaced by more advanced technologies. Familiarity with the
procedures involved is viewed as a benefit. Agencies such as
Houston Metro have been successful in establishing passenger
counting programs using manual techniques that provide suf-
ficient ridership data to meet agency needs. Manual data col-
lection techniques are time-consuming and labor intensive,
and manual data input introduces another source of data error.
These techniques do not require capital investment, and some
observers have questioned whether transit agencies have the
resources to analyze ridership data more frequently. Establish-
ing a plan and schedule for manual data collection is important in
ensuring that all routes are covered on a systematic basis.

Key findings and conclusions of this synthesis are summa-
rized in the following paragraphs.

Procedures are more important than technology. The es-
tablishment of passenger counting procedures is much more
critical to success than the choice of technology, as shown by
successful programs using manual techniques at Houston
Metro and other agencies around the country. Transit as an in-
dustry tends to focus t0o much on the hardware side and not
enough on the need and uses for ridership data within an
agency.

Internal changes are necessary to ensure the success of
new passenger counting technologies. A significant invest-
ment in time and effort is needed in the early stages to update
internal databases and analytical techniques (o ensure that
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correct stop and schedule data are available and that the rider-
ship data can be readily used. Steps must also be taken to en-
sure that the system receives the priority it needs and to train
staff in its maintenance and usage. In a very real sense, a pas-
senger counting system does not stand alone.

Visit and learn from other agencies before deciding on a
new passenger counting technology. This emerged as a strong
recommendation from both the surveys and the case studies.
While each agency obviously has unique aspects, the process
of implementing new passenger counting technologies is very
similar throughout the industry. Instead of re-inventing the
wheel, a savvy agency can draw on the experiences of others
in planning its own implementation of new technology.

Unnecessary customization should be avoided. This phe-
nomenon is related to the emphasis on technology seen within
the transit industry. Attempts to redesign what is available on
the market to make one’s own system unique or better almost
always result in failure. Most installations require a fair degree
of customization to match agency needs, but there are exam-
ples, such as Lane Transit District in Eugene, Oregon, where a
good passenger counting system has been established by
combining standardized APC modules.

A strong commitment from Senior management is re-
quired. Adoption of new passenger counting technologies and
procedures involves changes in departmental functions and re-
sponsibilities. Support from the general manager raises the
priority attached to passenger counting and is of great assis-
tance in ensuring cooperation among the various departments
involved.

Active management of the passenger counting system is
critical to success. Senior management suppost is vital, but
agencies that have successfully adopted new technologies are
characterized by a mid-level person who assumes responsibil-
ity for the system and takes the necessary action to ensure its
proper functioning. Without this sense of ownership, the proj-
ect can fall between the bureaucratic cracks. Internal agency
politics can lead to the same result. The responsible person
typically has oversight over ridership data collection and/or
use.

Responsibilities must be clarified. Agencies that have
strong service planning and scheduling departments and take
a proactive approach to making changes to their routes and
networks tend to make the best use of advanced passenger
counting technologies. However, adopting a new technology is
not a step taken in isolation. Internal working relationships
(between planning and dispatching, for example) are likely to
change noticeably. The agency must be prepared and willing to
make necessary changes in ancillary procedures to make maxi-
mum use of advanced passenger counting technologies. Coop-
eration from several departments within the agency is needed,
and does not necessarily happen overnight. Clarification of re-
sponsibilities at the outset is advised by agencies that have
been through the process. Obtaining buy-in from the bus op-
erators can pose particular problems beyond interdepartmental

cooperation. The additional operator duties required by ERFs
are typically a negotiated item with the union. To promote co-
operation with use of APCs, at least one agency implemented
a policy that APC information could not be used as a basis for
disciplinary action against an operator.

Advanced passenger counting technologies offer several
benefits, Among benefits cited by survey and case study
agencies are more frequent data collection, a reduction in turn-
around time, the ability to analyze ridership data at finer levels
of detail, greater timeliness and responsiveness, and lower cost.
These do not accrue automatically; the most successful agen-
cies have updated internal databases and adapted procedures
to maximize the benefits offered by advanced technologies.

There is no one perfect solution. Agencies must consider
their need for and uses of ridership data before deciding how
best to proceed. Each ridership counting technology is appro-
priate to use for certain purposes, and there are successful ex-
amples of each in the case studies. Many agencies using man-
ual techniques are satisfied with established data collection
schedules and have been successful in meeting the needs of
data users. One hundred percent accuracy does not exist with
any technology. New passenger counting technologies have a
break-in period of approximately 18 months during which
start-up problems are identified and solved.

It is interesting to consider the adoption of new passenger
counting technologies within the transit industry in the
broader context of the spread of any new technology in any in-
dustry. A few innovators first implement new technologies
when they became available, because these agencies immedi-
ately grasp the benefits to their operation. These are followed
by early adopters, agencies that pay close attention to industry
trends and see that the potential benefits of these new tech-
nologies are being realized. Late adopters, always the largest
group, follow trends in technology once they are well estab-
lished. Traditionalists, the fourth and final group in this ty-
pology, continue to observe the old ways of doing things long
after new technologies are proven.

The transit industry appears to be in the latter stages of
early adoption. New technologies and procedures can signifi-
cantly increase the timeliness, quality, and quantity of rider-
ship data available to an agency, enabling it to be more re-
sponsive to special requests and queries. Time invested in the
early stages of use of new technologies to ensure that the
agency’s house is in order is generally considered to be well
spent, and results in smooth data collection and analysis pro-
cedures once the initial bugs have been worked out. Nearly
every agency surveyed reports that new passenger counting
technologies are at least under active consideration, and many
indicate plans to purchase in the near future. New develop-
ments and refinements in passenger counting technologies,
along with the integration of the passenger counting function
in ITS applications, suggest that the field will continue to
evolve rapidly over the next decade.
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APPENDIX A

Survey Questionnaire and Responses

The number of responses does not always equal the total number of respondents, because many
questions had the possibility of multiple answers. The number of responses is listed first, followed
by the percentage of total respondents. Averages, medians and ranges are reported for numerical
questions. Responses to open-ended questions were summarized into logical categories. A number
next to an answer in the “Other” category indicates that more than one transit agency listed this
response; if there is no number, the response was mentioned once.

Number of Buses

Average: 775

Median: 600

Range: 46-2,155

PURPOSES

Question 1. 'What purposes are ridership data collected and used for in your agency?
Track system-wide ridership totals 28 85%
Compile ridership by route 32 97%
Compile ridership by trip 30 91%
‘Compile ridership by route segment 26 7%%
Compile boardings/alightings by stop 28 85%
Compile ridership by day-type and time period 27 82%

Monitor passenger loads at max load point 28 85%

Monitor schedule adherence 24 73%
Analyze origin-destination patterns 12 36%

Other 6 18%

Other includes running time, screenline counts, Section 15, boardings by fare media and operator
compliance.

Question 2. Do you use this data to:

Calculate performance measures 30 91%
Add or delete trips 31 94%
Adjust running times 27 82%
Revise (change, continue or add) routes 31 94%

Assess changes in ridership 32 97%
Determine locations for bus shelters 26 79%
Accomplish other purposes 10 30%

Other purposes include Section 15 (2), forecast ridership/rider changes (2), transit priority, bus
movements/delay, bus stops, marketing, adjust equipment to match ridership, improve operator
accuracy.

Question 3. How does your agency define and count riders?

Linked trip 0 0%
Unlinked trip 19 58%
Both linked and unlinked trips 14 42%

Purposes for linked and unlinked trips include:
Linked for revenue passengers, unlinked for total boardings (6)
Unspecified (4)
Linked for total ridership, unlinked unspecified
Linked for transfer ratio/mode split, unlinked for boardings
Linked for fare-related, unlinked for system utilization
Comparison to calculate transfer use

TECHNOLOGIES AND PROCEDURES

Question 4. How often do you count and summarize ridership at the following levels:

System Level
Daily 17 52%
Periodically 13 39%
Monthly 11 33%
Biannually 1 3%
Unspecified 1 3%
As Needed 1 3%

No Response 2 6%

Route Level
Daily 9 27%
Periodically 22 67%
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Monthly 7 21% Periodically 18 55%
Quarterly 8 24% Monthly 1 3%
Biannually 1 3% Quarterly i1 33%
Annually 2 6% Annually 2 6%
Less than once a year 4 12% Less than once a year 2 6%
As Needed 2 6% Unspecified 2 6%

As Needed 12 36%

Trip Level No Response 2 6%

Daily 3 %

Periodically 17 52% Question 5. If you conduct detailed counts and analysis at the route, stop or segment level
Monthly 1 3% for service planning or scheduling purposes, how often is ridership on any given
Quarterly 8 24% route counted and analyzed for:
Annually 3 9%

Less than once a year 5 15% Weekdays
As Needed 13 39% Daily 2 6%
Monthly 4 12%
Route Segment Level Quarterly 9 27%

Periodically 13 39% Biannually 1 3%
Monthly 1 3% Annually 5 15%
Quarterly 3 9% Every 1-2 years 4 12%
Annually 4 12% Every 2+ years 6 18%
Less than once a year 5 15% Asneeded/no fixed schedule 1 3%

As Needed 16 48% No response 1 3%

No Response 4 12%

Saturdays
Stop Ons/Offs Daily 2 %

Periodically 13 39% Monthly 2 6%
Monthly 1 3% Quarterly 6 18%
Quarterly 3 9% Biannually 5 15%
Annually 4 12% Annually 2 %
Less than once a year 5 15% Every 1-2 years 0 0%

As Needed 18 55% Every 2+ years 6 18%

No Response 2 6% As needed/no fixed schedule 9 27%

No response 1 3%
Maximum Load Points
Daily 1 3% Sundays
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Daily

Monthly

Quarterly

Biannually

Annually

Every 1-2 years

Every 2+ years

As needed/no fixed schedule
No response

6%
6%
15%
15%
3%
0%
18%
10 30%
2 6%

AN O = NN

Question 6. Do you conduct complete 100 percent ridership counts or do you use some sort

Factored from Revenue 1 3%
Sample 10 30%
Combination 1 3%
Not Specified 4 12%
Stop Ons/Offs
100% Count 19 58%
Factored from Revenue 0 0%
Sample 10 30%
Combination 2 6%
Not Specified 2 6%

of sampling plan?
Question 7. If you indicated use of a factored or sampling method in Question 6, please
System Level describe the factors used and/or your sampling plan and data expansion
100% Count 14 42% techniques.
Factored from Revenue 16 48%
Sample 0 0% Expand by fare payment type 5 15%
Combination 2 6% Derive ridership using average fare 4 12%
Not Specified 1 3% Each trip three times 4 12%
Each trip once 2 6%
Route Level Other 8 24%
100% Count 20 61% Other includes APC-related, typical day, random sample, adjust farebox data by means of a
Factored from Revenue 5 15% sample survey, FTA cost revenue basis, Section 15-related, monthly average of farebox data,
Sample 5 15% and econometric model.
Combination 1 3%
Not Specified 2 6% Question 8. How do you collect ridership data?
Trip Level Manually, estimating ridership from passenger revenue 13 39%
100% Count 21 64% Manually, via vehicle operator trip cards 14 42%
Factored from Revenue 1 3% Manually, using traffic checkers, pencil and paper 23 70%
Sample 10 30% Manually, using traffic checkers and hand-held units 12 36%
Combination 1 3% Manually, via on-board surveys 15 45%
Not Specified 0 0% Via electronic registering fareboxes 23 70%
Via smart cards 2 6%
Route Segment Level Via automatic passenger counting (in use) 8 24%
100% Count 17 52% Via automatic passenger counting (testing) 5 15%
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Question 9.  If your agency uses more than one technique for collecting ridership data, Special purposes only 1 7%
please indicate the purposes each technique is used for. Rider profile/market research 4 27%
Ridership by fare type 2 13%
Manually, estimating ridership from passenger revenue Other/unspecified 6 40%

General purposes 1 8% of 13 systems using this technique
System ridership 7 54% Via electronic registering fareboxes
Special purposes only 2 15% General purposes 3 13% of 23 systems using this technique
Other/unspecified 3 23% System ridership 16 70%
Route ridership 8 35%
Manually, via vehicle operator trip cards Trp ridership 3 13%
General purposes 3 21% of 14 systems using this technique Ridership by fare type 2 9%
System ridership 1 7% Other/unspecified 2 %
Route ridership 2 14% Use, but not reliable 2 %
Trip ridership 1 7%
Special purposes only 6 43% Via smart cards
Other/unspecified 1 7% Rail only 1 50% of 2 systems using this technique
Currently testing 1 50%
Manually, using traffic checkers, pencil and paper
General purposes 13 57% of 23 systems using this technique Via automatic passenger counting (in use)
Trip ridership 1 4% General purposes 5 63% of 8 systems usmg this technique
Special purposes only 6 26% System ridership 1 13%
Other/unspecified 5 23% Route ndership 2 25%
Trip ridership 1 13%

Manually, using traffic checkers and hand-held units

General purposes 7  54% of 13 systems using this technique Via automatic passenger counting (currently testing) 5 systems

Route ridership 2 15%

Trip ridership 1 8% PROCESSING AND REPORTING

Loads 1 8%

Schedule adherence 1 8% Question 10. How does your agency input ridership data?

Special purposes only 1 8%

Other/unspecified 3 23% Manual data input 19 58%

Paper input via Optical Character Reader 2 6%

Manually, via on-board surveys Hand-held data transmitted via physical connection to host computer 8 24%

System ridership 1 7% of 15 systems using this technique Hand-beld data transmitted remotely 7 21%

Loads 1 7% Direct downlink (probe) of electronic fare collection data 20 61%

Schedule adherence 1 7% Retrieval of electronic fare collection data at garage without physical connection 4 12%
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Dynamic or periodic remote retrieval of electronic fare collection data 2 6% from both 1 3%
Direct downlink (probe) of APC data 2 6% not specified 2 %
Retrieval of APC data at garage without physical connection 4 12%
Dynamic or periodic remote retrieval of APC data 2 6% Daily report 4 13% of 32 systems preparing this report
Monthly report 11 34%
Question 11. Please describe what steps are taken to edit and validate ridership data. Quarterly report 6 19%
Biannual report 1 3%
Compare ridership and revenue totals 20 61% Annual report 2 6%
Compare with previously collected route-level data 24 73% Less frequently/as needed 6 19%
Look for unexplained variations across trips 19 58% Not specified 2 6%
Compare daily ridership totals (if counts are taken on more than one day) 13 39%
Rely on the professional judgment of planners/schedulers 21 64% Route segment ridership
Other 6 18% from farebox/trip cards 1 3%
Other includes use of thresholds, driver observations, compare ons/offs by trip, compare APC from boarding/alighting data 20 61%
with manual counts, check that data are collected on “normal” days, and compare to other data from both 2 6%
in the same time period
Quarterly report 4 17% of 23 systems preparing this report
Question 12. What types of reports are routinely generated from ridership data? Please also Biannual report 9%
indicate approximately how often each type of report is prepared. Annual report 3 13%
Less frequently/as needed 13 57%
System ridership Not specified 1 4%
from farebox/trip cards 24 73%
from boarding/alighting data 3 9% Stop-level boardings/alightings
from both 1 3% from boarding/alighting data 24 73%
not specified 3 9% from both 2 6%
Daily report 8 26% of 31 systems preparing this report Monthly report 2 8% of 26 systems preparing thus report
Monthly report 16 52% Quarterly report 3 12%
Quarterly report 2 &% Biannual report 1 4%
Biannual report 1 3% Annual report 6 23%
Annual report 1 3% Less frequently/as needed 13 50%
Not specified 3 10% Not specified 1 4%
Route ridership Performance measures
from farebox/trip cards 15 46% from farebox/trip cards 11 33%
from boarding/alighting data 14 42% from boarding/alighting data 12 36%
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from both
Not specified

Daily report

Monthly report

Quarterly report

Biannual report

Annual report

Less frequently/as needed
Not specified

Schedule adherence
from farebox/trip cards
from boarding/alighting data
from both
other/not specified

Monthly report

Quarterly report

Biannual report

Annual report

Less frequently/as needed
Not specified

Other
from farebox/trip cards
from boarding/alighting data

Monthly report
Annual report
Less frequently/as needed
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2
1
2

12%
3%

4% of 28 systems preparing this report
29%

14%

4%

14%

29%

7%

6%
45%
3%
15%

22% of 23 systems preparing this report
17%

9%

%

35%

9%

3%
12%

40% of 5 systems preparing other reports
20%
40%

Other reports mclude Section 15 (2), running times, running time utilization, transfers,
schedule adherence, and activity center checks

Question 13. How did your agency develop data processing and report generation software?

In-house, by MIS or computer services department 20 61%

In-house, by end users of data 12 36%
Through the hardware vendor 11 33%
Through another outside vendor 14 42%
Through in-house department staff 3 9%
No response 1 3%

Question 14. If software was developed through an outside vendor, did the process include
customization or modification of the software?

Yes, considerable 12 67% of 18 systems using the hardware vendor or an outside vendor

Yes, moderate 3 17%
Yes, minor 11%
No 1 6%

Question 15. Does your agency have the capability of generating ad hoc, specialized ridership
reports?

Yes, through MIS or computer services department 15 45%

Yes, directly by end users 21 64%

Yes, through the outside vendor 6 18%
Through in-house department staff 3 9%
No 2 6%
ORGANIZATION

Question 16. Within your agency, which organizational unit is responsible for the following
aspects of ridership data collection?

Overall Methodology
Budget/Finance 11 33%
Planning 23 70%
Scheduling 19 58%
Computer ServicesMIS 5 15%
Other 6 18%
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Other includes Analysis/Research/Customer Services (4) and APC Manager/User IS Group

@)

Selection of Data to be Collected
Budget/Finance 5 15%
Planning 26 79%
Scheduling 22 67%
Computer Services/MIS 1 3%
Other 5 15%

Other includes Analysis/Research/Customer Services (4) and APC Manager/User IS Group

System Set-Up and Implementation

Budget/Finance 6 18%

Planning 19 58%

Scheduling 12 36%

Computer Services/MIS 14 42%

Other 7 21%
Other includes Analysis/Research/Customer Services (4), APC Manager/User IS Group (2)
and Operations

Day-to-Day Management

Budget/Finance 8 24%

Planning 19 58%

Scheduling 13 39%

Computer Services/MIS 4 12%

Other 7 21%
Other includes Analysis/Research/Customer Services (4), APC Manager/User IS Group (2)
and Maintenance

Question 17. Which organizational units use the ridership data?

At the system level
Budget/Finance 30 91%
Planning 25 76%
Scheduling 10 30%

Computer ServicesMIS 1 3%

Other 12 36%
Other includes Marketing/Government Relations (6), Analysis/Research/Customer Services
(4), Executive Office/Senior Management (4), Operations (2) and the State

At the route level
Budget/Finance 5 15%
Planning 31 94%
Scheduling 28 85%
Computer ServicessMIS 1 3%
Other 10 30%

Other includes Marketing/Government Relations (5), Analysis/Research/Customer Services
(3), Operations (3), and Executive Office/Senior Management (3)

At the trip level
Planning 30 91%
Scheduling 30 91%
Other 5 15%
Other includes Analysis/Research/Customer Services (3), Operations (3), and Legal/Workers
Compensation
At the route segment level
Planning 27 82%
Scheduling 26 79%
Other 4 12%

Other includes Analysis/Research/Customer Services (3) and Operations (2)

At the bus stop level
Planning 25 76%
Scheduling 20 61%
Computer Services/MIS 2 6%
Other 10 30%

Other includes Operations (4), Analysis/Research/Customer Services (4), Marketing/Public
Affairs (2) and Maintenance
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Question 18. If the data users are different from those responsible for the data collection

by data collection technology

process, please describe briefly the interaction between the two groups and any Manual Average 1.41 Median 1
synergy or problems that arise as a result of the separation of these functions. Hand Held Average 1.67 Median 1.5
ERF Average 1.65 Median 1
Clarification of Responsibilities 7 42% of 17 systems responding to this question APC Average 0.27 Median 0
Communications 4 24%
Data Issues 3 18% Traffic Checkers
Priority 2 12% Average 8.59 Median 4
No problem 2 12%
by data collection technology
RESOURCE REQUIREMENTS Manual Average 10.88 Median 7
Hand Held Average 12.33 Median 5.5
Question 19. How many staff (in terms of full-time equivalents) are assigned to carry out ERF Average 9.33 Median 8
your agency’s passenger counting program? APC Average 1.50 Median 0
Managers/Professionals
Average 222 Median 1 Average 0.55 Median 0
by data collection technology by data collection technology
Manual Average 231 Median 1 Manual Average 0.75 Median 0
Hand Held Average 2.33 Median 2.5 Hand Held Average 0.83 Median 0
ERF Average 228 Median 1 ERF Average 0.47 Median 0
APC Average 234 Median 1 APC Average 0.06 Median 0
Support (i.e., equipment maintenance staff)
Average 1.25 Median 0 Average 13.89 Median 7
by data collection technology by data collection technology
Manual Average 1.81 Median 0 Manual Average 17.15 Median 10.5
Hand Held Average 0.58 Median 0 Hand Held Average 17.75 Median 9
ERF Average 1.93 Median 0 ERF Average 15.67 Median 12
APC Average 0.94 Median 1 APC Average 5.11 Median 4
Clerical Question 20. What is the cost associated with your agency’s passenger counting technology
Average 1.28 Median 1 and program? Please report capital, operating, and maintenance costs
separately. For capital costs, list actual purchase cost and year purchased. If
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you reported more than one technique in Question 8, please categorize costs
accordingly. If you have more than one type of equipment, please itemize by
equipment type.

Capital Cost:

Average $1,765,844 Median  $763,000 21 systems reporting

by data collection technology

Manual Average $26,150 Median  $26,150 1 system reporting
Hand Held Average $44,640 Median  $48,000 5 systems reporting
ERF Average $1,711,219 Median  $1,400,000 7 systems reporting
APC Average $2,435,483 Median  $606,500 10 systems reporting
Operating Cost:
Average $516,424 Median  $175,000 16 systems
by data collection technology
Manual/Hand Held Average $806,087 Median $650,000 9 systems
ERF Average $286,667 Median $150,000 3 systems
APC Average $158,000 Median $90,000 6 systems
Maintenance Cost:
Average $49,572 Median  $25,000 13 systems
by data collection technology
Manual Average $13,918 Median  $16,918 2 systems
Hand Held Average $32,925 Median  $13,600 4 systems
ERF Average $105,000 Median  $105,000 2 systems
APC Average $54,980 Median  $75,000 5 systems

Question 21. As a result of changing to a more automated data collection technology, was
there any change in skill levels required by staff to implement the new system?
If so, please describe briefly.

Access GFI farebox data 3 27%
Other 3 27%
No Change 2 19%

Other includes hardware maintenance, system development and unspecified skills

Question 22. As a result of changing to a more automated data collection technology, were
there any headcount reductions or additions? If so, please estimate the number
of positions affected.

Traffic checkers/clerical 6 systems 50% of 12 systems responding to this question
-10 positions (average)
MIS/Programmers 3 systems 25%
+1 position (average)
Supervisors 2 systems 17%
-1 position (average)
Technicians 1system 8%
+2 positions (average)
No Change 4 systems 33%
Prior cutbacks led to data

collection enhancement 1 system 8%
AGENCIES COLLECTING RIDERSHIP DATA MANUALLY

Question 23. Has your agency considered investing in any data collection technelogies to
count ridership?

Convert from paper/pencil to hand-held units 17 74% of 23 systems responding
Electronic fare collection (fareboxes and/or smart cards) 11 48%

APC 16 70%

Other 0 0%

Not considered 1 4%

Question 24. If any of these options were considered and rejected, please indicate the reasons

for this decision.
Learn software/computer skills 7 64% of 11 systems responding to this question
Analytical skills 3 27% Cost 4 44% of 9 systems responding to this question
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Other technologies have priority 3 27%
Accuracy concerns 2 18%
Marginal usefulness 2 18%
Lack of personnel 1 9%

Question 25. What is the current status regarding agency investment in passenger counting

technologies?
Plan to purchase 12 52% of 23 systems responding to this question
APC 7
Additional APC umts 2
Hand-held units 2
Unspecified 2
Still being decided 9 39%
Considered, but rejected 1 4%
Has not been considered 1 4%

Question 26. What sort of information regarding these technologies has been or would be of
greatest use to your agency?

Inventory of vendors/technologies available
Ability to duplicate/improve data collection 4 33%
Experience elsewhere 4 33%
Integration with fare structure/other components 2 17%
Other 3 25%
Other includes equipment reliability, data management issues, maintenance cost

5 42% of 12 systems responding to this question

Question 27. Please rate the usefulness of current manual techniques on a scale of 1 to 5, with
1 being least useful and 5 being most useful, in terms of collecting ridership

data:
Averages:
At the system level 2.05
At the route level 3.63
At the trip level 421
At the route segment level  4.44

At the stop level 421

Question 28. What have been the major problems encountered with manual collection

techniques?
Accuracy 7 39% of 18 systems responding to this question
Time-consuming 7 3%
Absenteeism/missed data 6 33%
Limited resources/cost 6 33%
Labor intensive/labor issues 4 22%
Off peak/weekend data collection 3 17%
Correct stop list/preparing data sheets 2 11%

AGENCIES WITH ELECTRONIC REGISTERING FAREBOXES

Question 29. How many buses and what percentage of your fleet are equipped with electronic
registering fareboxes?

Average number of buses 730
Average percentage of bus fleet 100%

Question 30. Please indicate the type of farebox and other hardware/software options.

GF1 16 70% of 23 systems responding to this question
Cubic 2 9%

GFI hardware/Cubic software 1 4%

Duncan Faretronic 1 4%

Unspecified 3 13%

Question 31. How are ridership data accumulated?

Bus block or run assignment 10 43% of 23 systems responding
Operator run assignment S 22%
Operator run assignment with route segmentation 5 22%
Operator run assignment with route and trip segmentation 9 39%
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Question 32. How satisfied have you been with the performance of this equipment in terms
of counting passengers?

Very satisfied 5 22%
Satisfied 11 48%
Dissatisfied 6 26%
Very dissatisfied 0 0%
Neutral 1 4%

Average (1=very dissatisfied, 4=very satisfied) =2.93

Question 33. Most new technologies require an implementation or “debugging” period in
which operators become familiar with the new equipment and start-up
problems are addressed. How long did this period last at your agency?

Question 36. Do you check the accuracy of farebox data? If so, please explain how farebox
data are verified.

Compare with revenue 6 32% of 19 systems responding to this question
Compare with manual counts 4 21%
Random checks and counts 2 11%
Other 3 16%
No verification 3 16%

Other includes check against past counts, verify on an exception basis only, and compare with
APC

Question 37. Please rate the usefulness of the fareboxes on a scale of 1 to 5, with 1 being least
useful and 5 being most useful, in terms of collecting ridership data:

Average = 17.42 months Averages:
At the system level 4.33
Question 34. What have been the primary benefits of the fareboxes for the agency? At the route level 3.81
At the trip level 2.60
Improved accuracy/reliability/access to data 9 43% of21 systems responding to this question At the route segment level  1.06
Ridership by route, block, and trip 8 38% At the stop level 1.00
More data; more detailed data 7 33%
Ridership by fare category 5 24% Question 38. What advice would you offer to other agencies interested in using electronic
Improved accountability/revenue control 5 24% registering fareboxes to collect ridership data?
Systemwide ridership 4 19%
Comprehensive, ongoing training for drivers 6 35% of 17 systems responding to this question
Question 35. What have been the major problems encountered with the fareboxes? Develop internal programs to analyze data 6 35%
Ensure that it can handle your fare structure 4 24%
Currency jams/equipment problems 12 60% of 20 systems responding to this question Identify specific responsibilities 3 18%
Operator compliance/attitude 8§ 40% Test often for accuracy 3 18%
Software problems/limited data manipulation 5 25% Wait for new technology to be proven 2 12%
Accuracy 4 20% Work with manufacturers/software vendors 2 12%
Other 4 20% Frequent preventive maintenance 2 12%
No problems 3 15% Very worthwhile for trip/system level data 2 12%
Other includes vendor cooperation, cost to maintain, maintaining revenue security procedures, Understand reporting capabilities 2 12%
and lack of integration with other on-board systems. Ensure large memory or transmit data viaradio 1 6%
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AGENCIES WITH SMART CARDS

Question 39. How many buses and what percentage of your fleet are equipped with smart
card technology?

Average number of buses 13
Average percentage of bus fleet 27.1%

Question 40. How satisfied have you been with the performance of this equipment in terms
of counting passengers?

Satisfied 1

Question 41. Most new technologies require an implementation or “debugging” period in
which operators become familiar with the new equipment and start-up
problems are addressed. How long did this period last at your agency?

6-18 months (two responses)

Question 42. What have been the primary benefits of smart cards for the agency?

Demo only, but great experience 1
Section 15 data collection 1

Question 43. What have been the major problems encountered with smart cards?

Software bugs/software integration 2
Equipment problems 2
Training re data retrieval 1

Question 44. Do you check the accuracy of smart card data? If so, please explain how smart

card data are verified.
Compare to manual counts 1
Customer interaction 1
No verification yet 1

Question 45. Please rate the usefulness of smart cards on a scale of 1 to §, with 1 being least
useful and 5 being most useful, in terms of collecting ridership data:

Only one response:

At the system level 2.0
At the route level 2.0
At the trip level 2.0
At the route segment level 1.0
At the stop level 1.0

Note: Low ratings on usefulness are closely related to the fact that the number of smart card
users is very limited at this time.

Question 46. What advice would you offer to other agencies interested in using smart cards
to collect ridership data?

Be very deliberate as the system is designed

Get the support of the Maintenance Dept.

Work with bus operators to gain their cooperation

Don’t believe anyone who tells you it’s simple

Research the time investment required in training and in retrieving/formatting data

AGENCIES USING APC

Question 47. How many buses and what percentage of your fleet are equipped with APC

units?
Average number of buses 51
Average percentage of bus fleet 6.8%
Average percentage for non-demonstration agencies  9.2%

Question 48. Who manufactures your agency’s APC system (Hardware and Software)?

UTA 4 33% of 13 systems with APCs Both

Microtronix 2 17% hardware only

Red Pine 2 17% one hardware only, one both
Wardrop 2 17% one software only, one both
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Internal development 2 17% software only

Others 5 33%
Others include Echelon (both) Mafiss (hardware), IRL (hardware), Pachera (hardware), SWI
Systemware (software)

Question 49. How are passenger boardings/alightings counted?

Infrared beam 7
Treadle mats 6

54% of 13 systems with APCs
46%

Question 50. How is location ascertained?

Signposts 6 46% of 13 systems with APCs
Global Positioning System (GPS) 4 31%

Differential GPS 1 8%

Other 2 15%

Other includes signpost/GPS, mileage off bus transmission

Question 51. How satisfied have you been with the performance of this equipment in terms

of counting passengers?
Very satisfied 4 36% of 11 systems responding to this question
Satisfied 7 64%
Dissatisfied 0 0%

Very dissatisfied 0 0%
Average (1=very dissatisfied, 4=very satisfied): 3.36

Question 52. Most new technologies require an implementation or “debugging” period in
which operators become familiar with the new equipment and start-up

problems are ironed out. How long did this period last at your agency?

Average: 16.9 months
Question 53. What have been the primary benefits of APC for the agency?

Detailed, more frequent data 9  75% of 12 systems responding to this question

Cost savings 4 33%

Other 4 33%
Other includes minimized turnaround/reporting time, understanding of what needs changing
mternally, Section 15 data collection, and electronic data transmission

Question 54. Have there been any problems encountered with the APC system?

Software development/maintenance/abilities 5 46% of 11 systems responding to this question
Maintenance/APC unit durability 4 36%
Sigopost difficulties 3 27%
Data processing/manipulation time consuming 3 27%
User acceptance/priority within agency 3 27%
Other 3 27%

Other ncludes inability to equip all vehicle types within the fleet, incompatibility with
operating procedures, and locational referencing problems in the absence of an AVL system

Question 55. Please rate the usefulness of the APC equipment on a scale of 1 to 5, with 1
being least useful and 5 being most useful, in terms of collecting ridership data:

Averages:

At the system level 2.82
At the route level 4.37
At the trip level 4.64
At the route segment level  4.27
At the stop level 4.09

Question 56. What proportion of raw. data collected by APCs in you system is converted into
data that can be used for service planning and scheduling?

Average: 74.4%

Question 57. What advice would you offer to other agencies interested in using APC
equipment to collect ridership data?

Talk with and visit current users 5 36% of 12 systems responding
Evaluate adequacy of system database and upgrade 3 25%
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Use GPS-based system 2 17%
Obtain strong management commitment 2 1%
Work within agency to establish priority for APC 2 17%
Other 5 36%

Other includes consider signpost system, be aware that extremes in passenger boardings may
affect accuracy, integrate with AVL if possible, APCs are invaluable, and timely, thorough
maintenance is critical.
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APPENDIX B

List of Survey Respondents

Director of Planning and Development
Capital District Transportation Authority
110 Watervliet Avenue

Albany, NY 12206-2599

Chief of Service Monitoring

Metropolitan Atlanta Rapid Transit Authority
2424 Piedmont Road, NE

Atlanta, GA 30324-3330

Acting Manager, Operations Planning & Scheduling
Mass Transit Administration of Maryland

300 West Lexington Street

Baltimore, MD 21201-3415

Manager, Service Planning

Massachusetts Bay Transportation Authority
10 Park Plaza

Boston, MA 02116

Coordinator of Transit Studies
Calgary Transit

Box 2100

Station "M’

Calgary, Alberta T2P 2M35
Canada

General Manager, Market Research
APC Project Manager

Chicago Transit Authority

120 N. Racine

Chicago, IL. 60607

Planning Manager

Metro/Southwest Ohio Regional Transit Authority
Kroger Building, Suite 2000

1014 Vine Street

Cincinnati, OH 45202-1122

Consumer Research Analyst

Greater Cleveland Regional Transit Authority
615 Superior Avenue, W.

Cleveland, OH 441131877

Senior Manager, Service Planning
Dallas Area Rapid Transit

1401 Pacific Avenue

PO Box 660163

Dallas, TX 75266-0163

APC System Manager
Lane Transit District

PO Box 7070

Eugene, OR 97401-0470

Assistant General Manager
Connecticut Transit

100 Leibert Road

PO Box 66

Hartford, CT 06141-0066

Manager, Service Evaluation

Metropolitan Transit Authority of Harris County
1201 Louisiana, Room 20105

PO Box 61429

Houston, TX 77208-1429

Planning Manager

Kansas City Area Transportation Authority
1200 East 18th Street

Kansas City, MO 64108

Scheduling Systems Supervisor

Los Angeles County Metropolitan Transportation
Authority

One Gateway Plaza

Los Angeles, CA 90012-2932

Transit Planner 2

Metro-Dade Transit Agency
3300 N.W. 32 Avenue, 2nd Floor
Miami, FL 33142

Transit Planner

Milwaukee Transport Services
1942 North 17th Street
Milwaukee, WI 53205



Chef de section

Analyse et échantillonnage

Société de transport de la Communauté urbaine
de Montréal

800 rue de la Gauchetiére ouest

Montreal, Quebec HSA 1J6

CANADA

Senior Director, Business Planning
New Jersey Transit Corporation
One Penn Plaza East

Newark, NJ 07105-2246

Service Development Manager
Tidewater Regional Transit
PO Box 2096

Norfolk, VA 23501

Service Development Manager
AC Transit

1600 Franklin Street, Room 701
Oakland, CA 94612

Planning Manager

Lynx (Central Florida Regional Transit Authority)
225 E. Robinson, Suite 300

Orlando, FL 32801

Head, Research and Development, Planning Division
Ottawa-Carleton Regional Transit Commission

1500 St. Laurent Boulevard

Ottawa, Ontario K1G 0Z8

Canada

Deputy Chief Officer, Frontier Division
Southeastern Pennsylvania Transportation Authority
1525 Alanwood Road

Conshohocken, PA 19428

Supervisor—Service Analysis

Port Authority of Allegheny County
2235 Beaver Avenue

Pittsburgh, PA 15233-1080

Director, Operations Planning & Analysis
APC Project Manager

Tri-County Metropolitan Transportation
District of Oregon

4012 Southeast 17th Avenue

Portland, OR 97202-3993

APC Project Manager
Bi-State Development Agency
707 North First Street

St. Louis, MO 63102-2595

Vice President, Operations/General Manager
San Diego Transit

PO Box 2511

San Diego, CA 92112

Senior Planner/Capital Program Manager
King County Department of Transportation
821 Second Avenue, Exchange Building
Mail Stop 53

Seattle, WA 98104-1598

Service Planning Manager
Pierce Transit

3701 96th Street, SW

PO Box 99070

Tacoma, WA 98499—0070

Supervisor, Data Collection and Analysis
Toronto Transit Commission

1138 Bathurst Street

Toronto, Ontario MSR 3H2

Canada

Director of Planning and Marketing
South Coast Area Transit

301 East Third Street

Oxnard, CA 93030

Manager, Schedules and Traffic

‘Washington Metropolitan Area Transit Authority
600 Fifth Street, NW

Washington, DC 20001

Manager of Planning and Schedules
City of Winnipeg Transit System
421 Osborne Street

Winnipeg, MB R3L 2A2

Canada

Technology Firms Interviewed

Echelon Industries, Inc.

556 N. Diamond Bar Boulevard
Suite 202

Diamond Bar, CA 91765
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Red Pine Instruments, Ltd.
RR#1

Denbigh, ON KOH 110
Canada

Microtronix Vehicle Technologies, Ltd.

200 Aberdeen Drive
London, ON N5V 4N2
Canada

Urban Transportation Associates Inc.
700 East McMillan

Suite 302

Cincinnati, OH 45206

Wardrop Applied Systems Inc.
6725 Airport Road, 6th Floor
Mississauga, ON L4V 1V2
Canada



THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research
Council, a private, nonprofit institution that provides independent advice on scientific and
technical issues under a congressional charter. The Research Council is the principal
operating arm of the National Academy of Sciences and the National Academy of Engineering.

The mission of the Transportation Research Board is to promote innovation and progress
in transportation by stimulating and conducting research, facilitating the dissemination of
information, and encouraging the implementation of research findings. The Board’s varied
activities annually draw on approximately 4,000 engineers, scientists, and other transportation
researchers and practitioners from the public and private sectors and academia, all of whom
contribute their expertise in the public interest. The program is supported by state transportation
departments, federal agencies including the component administrations of the U.S
Department of Transportation, and other organizations and individuals interested in the
development of transportation.

The National Academy of Sciences is a nonprofit, self-perpetuating society of distinguished
scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the
charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to
advise the federal government on scientific and technical matters. Dr. Bruce Alberts is
president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is
autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government. The
National Academy of Engineering also sponsors engineering programs aimed at meeting
national needs, encouraging education and research, and recognizes the superior achievements of
engineers. Dr. William A.Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences
to secure the services of eminent members of appropriate professions in the examination of
policy matters pertaining to the health of the public. The Institute acts under the
responsibility given to the National Academy of Sciences, by its congressional charter to be
an adviser to the federal government and, upon its own initiative, to identify issues of
medical care, research, and education. Dr. Kenneth 1. Shine is president of the Institute of
Medicine.

The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy’s
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become the
principal operating agency of both the National Academy of Sciences and the National
Academy of Engineering in providing services to the government, the public, and the
scientific and engineering communities. The Council is administered jointly by both
Academies and the Institute of Medicine. Dr. Bruce Alberts and Dr. William A. Wulf are
chairman and vice chairman, respectively, of the Nationat Research Council.
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