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V. Overview of Evaluation Process 

An APTS operational test provides more than a demonstration of the technology. Typically, each 
test employs the scientific method to gather valid data to use in the national effort to further 
APTS. The products of the operational test are the data and information gained from the test. 
It is important, however, to understand that the objective of the evaluation is not to determine 
the "success" or '1ailure" of the operational test, but to help support: further development of 
JVHS (ITS) systems, public policy affecting these systems, marketing strategies by vendors, and 

the decision to make long-term investments in these systems. 

Figure 3 is a flow diagram representing the evaluation process for an APTS operational test. 
A review of IVHS (ITS) literature concerning evaluation of current operational tests, shows that 
evaluation plans generally consist of five major components: project background and description 
of APTS application, project goals and objectives, determination of measures of effectiveness 
(MOEs}, selection of evaluation methodology, and an operational test. A brief description of 
each component is presented below. 

Project Background and Description of APTS Applications 

An APTS operational test will consist of one or more of the applications already introduced in 
the technology groupings section. For example, a test of Smart Traveler technology might 
include the use of a smart card to facilitate automatic fare collection for passengers using 

multiple transit systems. Another example could consist of an examination of ways in which 
mobile communications, such as cellular phones, might make ridesharing (carpooling and 

vanpooling), more attractive. 
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Project Goals and Objectives 

The primary goal of any operational test should be to evaluate the performance of the technology 
and its potential impacts on the transportation system. In addition, each APTS operational test 
is intended to meet the goals of the APTS Program, which are: 

1) Enhance the quality of on-street service to customers. 
2) Improve system productivity and job satisfaction. 
3) Enhance the contribution of APTS to overall Community goals. 
4) Expand the knowledge base of professionals concerned with APTS innovations. 

Measures of Effectiveness (MOEs) 

MOEs are associated with specific objectives in the operational test (i.e., increase in ridership, 
decrease in operating costs, or improvements in system productivity). This component might 
include collecting data on selected MOEs. If an empirical evaluation approach is used in the 
test, the information collected will serve as baseline data. This topic is d iscussed in more detail 
in a subsequent section. 

Evaluation methodology 

The evaluation methodology component represents the approach or approaches that are used 
to assess the performance of the technology and its potential impacts on the transportation 
system. Some operational tests do not include an evaluation methodology. A section on this 
topic is provided later in this report. It includes a description of the evaluation approaches 

presented in the diagram. 

Operational test 

The operational test is actual field evaluation or model-based simulation of the technology. 

Data collection and processing 

Analysis of data collected during the performance of the operational test provides an evaluation 
of the technology and its impacts on the transportation system. In addition, an early analysis of 
data collected during the test may identify the need for mid-course corrections to the test. For 

example, early results might suggest some bias in the baseline data. 
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Operational test results 

An operational test should culminate in a summary report. This report should include an 
evaluation of the project in terms of its attainment of project goals and objectives. In addition, 
this report should provide insight on issues effecting the feasibility of the application being tested, 
influence of site-specific attributes and external factors on the results of the test, and lessons 
lea me d. 
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VI. Measures of Effectiveness (MOEs) 

Measures of effectiveness (MOEs) are selected to provide quantitative measures ofthe benefits 
derived from APTS technologies. Quantitative MOEs are expressed in terms of counts, 
measurements, dollars, or other physical units. In addition. quantitative MOEs show how an 
APTS system influences a transit system's work force requirements, use of capital equipment, 
and ridership. 

A sample of the quantitative MOEs that are used to assess the performance of APTS is 
summarized in Table 1. 

Benefits 

Travel Benefits 

Economic Benefits 

Environmental 
Benefits 

lnfonnation 
Benefits 

Travel Time 
Safely 

Table 1 
Quantitative MOEs 

MOEs 

Comfort and Convenience 
Security 
Cost 

Productivity 

Product Innovation 

O!Hime DeUvety 

I>Jr Pollution 
Fuel usage 

Trip Efficiency 
Traffic 

Enforcement 

Example 

Reduced vehicle trips 
Accident prevention 
Customer interface 
Emergency response 
Integrated fare payment 

Decreased cost and increased 
revenue 
Real-time rideshare trip matching 
Automated dispatching 

Reduced emissiOns 
Reduce congestion, vehlete trips, 
and travel times 

Improved pre--trip planning 
Traffic signal preferential 
treatment 
Improvements to satisfy ADA and 
Clean Air Act 

When quantitative MOEs cannot be found and when supplemental measures are needed, 
qualitative MOEs are employed to evaluate projects. Qualitative MOEs are expressed in terms 
of people's attitudes, perceptions, or observations. An example of these include 
physical attractiveness of the systems components (i.e., automated kiosks designed in Art 
De'co) and acceptance of the solution by the population ~ is intended to serve• Qualitative 

'Lawrence A. Klein, Rantowich. Jacoby, and Mingrone, .. IVHS Architecture Oeveiop~nt and Evaluation Process." 
IVHS Joumal. (Vol. 1, Number 1, 1993), p. 18. 
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MOEs are also included because APTS provide benefits to a variety of groups in a variety of 
ways, which are only partly captured in revenues (or cost changes). 

Qualitative MOEs may include other benefits or impacts associated with the use of APTS. These 
relate to polrtical and institutional coordination, human factors, and IVHS (ITS) system 
architecture and standards. Potential qualitative impacts are presented below. 

• The use of an integrated farecard which supports a seamless transit system is 

desirable of riders moving from one jurisdiction into another. 

• The improved quality of transit service that is possible from the increased capabilities 

of APTS can lead to increased ridership and passenger revenue. There are also are 
secondary benefits, such as enhancing the image of the agency through its use of 
advanced technology. For example, Advanced Vehicle Monitoring and 
Communication (AVM/C) not only provides a method to monitor bus operation but 
also to perform a '1own watch" service to communities served by the transit system. • 
Clearly, more surveillance of criminal activities is beneficial to passengers and 
communities where service is provided. 

• If APTS enables a transit system to operate more efficiently, passengers are less 
likely to complain about service, thus. providing improvements in the work 
environment. 

• With the use of AVL, the exact location of an emergency may be found for the 
dispatching of assistance. It is difficuh, if not impossible, to assign cost savings to the 
reduction In emergency response times provided by AVL7 

•Edward K. Mo~ok, Eric C. Bruun, and Kimbe~y J. Battle Blackmon, "AdVanced Vehicle Monitoring and 
Communication Systems for Bus Transit: Benefits and Economic Feasibility." (September 1991}, p. V. 

1Coley1Forrest. Inc .• "Radio/AVL Cost/Benefit Study," (Denver, Colorado: Regional Transportation District, June 
1989), p. 25. 
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VII. Methodologies 

The following section describes current methodologies used for APTS and IVHS (ITS) evaluation. 

The pros and cons of each approach, as researched in the literature on APTS, are also 
presented. The methods that are discussed in this section represent those that have been used 
to evaluate advanced traveler information systems and advanced vehicle control systems. 
Creative applications of these approaches are also being used to evaluate APTS projects. 

Several APTS operational tests are already underway and at various stages of completion. 

Research on these projects, and conversations with the project managers, have shown that 
several projects did not include an evaluation element using MOEs, but were used as test sites 

for the technology. These operational tests were conducted to monitor the functionality of the 
system. Some of the test are included Appendix A wilh the results, if any, from the test. 

Research on other IVHS (ITS) applications, such as Advanced Traveler Information Systems 
(ATIS), Automatic Vehicle Identification (AVI), and Advance Traffic Management Systems 
(ATMS), revealed operational tests that included evaluation plans. These include Inform, 
HELP/Crescent, Pathfinder, TravTek, Smart Corridor, Advantage 1-75, ADVANCE, DIRECT, 

Guidestar, and FAST-TRAC. The methodologies that are being employed in the evaluation of 
these tests, which have been applied to APTS, are presented below. A description of each 
method is also provided with a review of the strengths and weaknesses each evaluation 
methodology. 

• Technical Evaluation 
• Empirical Evaluation 

• Model-Based Evaluation 
• Subjective Evaluation 

Technical Evaluation 

This methodology assesses system performance and attempts to answer the questions: Was 
the system built properly?; Is it functioning to specifications? This is a critical element in an 
evaluation procedure because it not only provides information on the system's functionality, but 
also highlights user responses to the system (e.g., survey of passengers using the system). An 
example of this methodology in an operational test is provided by the HELP/Crescent project. 

The primary purpose of this test is to determine if AVI can be used in a highway environment 

to collect data and to check the credentials of passing trucks at weigh stations. 
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Strengths 

• 

• 

In addition to providing an assessment of the system's functionality, technical 
evaluations describe how passengers are interacting with and responding to the 
system• 

Technical evaluation is typically employed as a control or monitoring feature to help 
the system operator maintain the desired level of service. It may also help to resolve 
some negative user responses, such as poor reliability and breakdowns. 

• If an operational test starts before the system is operating up to specifications then 
the empirical evaluations may be biased on the downside.• Technical evaluation 
provides assurances that the system is performing well, and if information collected 
on certain elements in the evaluation is valid. 

Weaknesses 

• Technical evaluation can be labor intensive, and may cause significant expenses to 
be incurred by the evaluation team. Therefore, a technical evaluation that is 
automated, using current computer technology. can reduce costs that are associated 
with this effort and increase the reliability of this approach. 

• Using passenger surveys and on-site observations to assess the functionality of APTS 
provides a limited sample of the system's performance and passenger responses to 
the system. This may result in an evaluation that is biased and not representative of 
the system's performance at higher levels of market penetration. 

• In many cases, the vendor is performing the evaluation of its technology or product, 

thus, not assuring an unbiased assessment. 

•s. Underwood and S. Gehring, "Evaluating lnteHigent Vehicle-Highway Systems: A Perspective on Methodological 
Oevek>pment." Benefits. Evaluation and Costs Committee Wotkshop-Proceedings, (San Diego: December 1·3. 
1992), p. C-25. 
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Empirical Evaluation 

Empirical evaluation uses data collected on selected MOEs during the operational test. The 
IVHS (ITS) literature reveals six areas of empirical evaluation that are being used to assess 
APTS projects. These areas are: 

(1) user operation and interface design 
(2) user perception and preferences 

(3) user behavior and individual impacts 
(4) direct traffic impacts 
(5) higher order impacts 
(6) institutional factors 

User Operation and Interface Oesign 

This approach is generally called human factors research. The method addresses questions 
which relate to the "user-friendliness" of the system and ways to make improvements in the 
design of the system. Typical MOEs in this approach include travel time and speed variance, 
response time, and usability. An example of the use of this method is provided by the Travel 
Technology (TravTek) operational test. Travtek provides traffic congestion information and route 
guidance information to drivers of vehicles that are equipped with TravTek in-vehicle systems. 10 

The operational test is designed to collect data on how the in-vehicle navigation display affects 
driving performance (i.e., safety and navigation behavior) and how easy the system is to use and 
to leam. 

User Perception and Preferences 

The evaluation of user perception and preferences provides an assessment of the potential 
market for the system, whether the public will accept it, and support it with public resources (tax 
dollars). The standard method of assessing transit riders interesl in using potential APTS 
products involves stated preference surveys. The responses are analyzed which provide an 
indication of respondents' attitude toward the product, and ultimate use of the system. 

User Behavior and Individual Impacts 

The user behavior and individual impacts method is designed to measure the improvements in 

a transit system's performance and operation that result from APTS. The basic design of this 
method is generally a comparison of data collected on selected MOEs, such as service delivery, 

"IVHS America, "Strategic Plan fe< IVHS in the Un~e<l Stales," (May 1992), p. E-17. 
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worker productivity, user acceptance, equipment performance and reliability, safety and security, 
and cost and revenue effectiveness. Baseline data are collected before the test and are then 
compared with data collected during the test. 

Two main types of comparison are used: before versus after and experimental versus control. 
An example of this approach is presented in Pathfinder, an operational test of an in-vehicle 
urban freeway navigation and information system. It was conducted with the development of a 
Smart Corridor in the Los Angeles area. The primary feature of this test is that vehicles from 

the experimental group (equipped with navigation and information systems) are matched with 
vehicles from the control group. Vehicle travel times are then compared between selected 

origins and destinations. 

Direct Traffic Impacts 

The direct traffic impact approach assesses the ability of APTS to contribute any improvements 
in traffic measures. MOEs used in this approach include number of single occupant vehicles 
during peak hours, traffic smoothing on highways, accidents, transit ridership, and commuters 
in ridesharing programs. An example of this approach is represented by the Seattle Smart 
Traveler project. This project examines ways in which mobile communications, such as cellular 
phones, can make ridesharing (carpooling and vanpooling) more attractive to "drive-alone" 

commuters. 

Higher Order Impacts 

Higher order impacts are those Impacts that result from APTS but are largely unintended and 
uncontrolled by the system." The MOEs (impacts) used in this approach are air quality, noise, 
and fuel consumption. These are well-known impacts of any transportation plan and are given 
consideration in most evaluations of operational tests. 

Institutional Factors 

This approach specifically looks at the institutional environment. This includes assessing the 
impact that APTS will have on the transit agency personnel, community goals, 
system architecture, product and tort liability issues, and jurisdictional relationships. 

" Underwood and Gehring. p. C-30. 
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Strengths 

• Empirical evaluation helps to establish databases that are needed for calibration and 
validation of traffic models that are also used to evaluate other IVHS (ITS) operational 

test, as well as the potential risk associated with investing in the system. 

• This approach is also useful in collecting data as a yardstick to measure additional 
improvements to the system, if more are anticipated. 

• Data collected from empirical evaluation of an operational test provides infonnation 
on how the system performed and whether there were any benefits. 

• When applied proper1y, this approach provides the greatest assurance that any 
improvements in service operation are due to an operational test. 

Weaknesses 

• The empirical evaluation approach involves tedious collection of specified data, which 
can be costly. 

• In cases where empirical data is collected for a before versus after evaluation, the 
results may fail to show how the system affected any significant change in MOEs. 
Similarly, the data collected in experimental versus control evaluation may not provide 
an indication of the amount of change attributable to the system. 

• The accuracy of test results and thus the decision to make permanent investments 
in the system being tested is based on the validity of the baseline data and the data 
collection process. This may require additional efforts to ensure that quality 
infonnation is being collected. 

• Since this method requires data that will be collected during the time span of the 
project, it is possible that substitute data will be needed to account for changes in the 
external and internal environment. This aspect in the empirical evaluation may cause 
a misrepresentation of the results of an operational test. 

• To have a significant level of confidence in the results of an operational test, the 
external conditions affecting the test must be similar to the external conditions that 
existed before the test. This is difficult, if possible, to assure. 
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Model-Based Evaluation 

Model-based evalualions simulate the potential benefits and impacts of APTS. Models are used 
primarily in prospective evaluations to assess the future benefits of an APTS, considering trends 
in trip demand and market penetration of the system. 

Using the model-based approach to evaluate an APTS application provides data that represents 
the limits of improvement under a particular set of assumptions. For example, in Cincinnati, 
estimates based upon operational tests of 30 buses showed that an AVM/C system, if 
Implemented system wide, could reduce platform hours by 8.2 percent, contributing to a 2 
percent reduction in the agency budget." 

Strengths 

• As presented in the narrative above, models provide flexibility in evaluating various 
APTS strategies without the added cost and risk associated with full deployment of 
a system. 

Weaknesses 

• Using models to evaluate the effects of an APTS system requires travel demand (i.e., 
origin-destination) data that implies a massive data collection effort. 

• Simulation of APTS applications needs to include mechanisms for representing 
various types of systems and their capabilities. For example, a geographic update 
mechanism where a vehicle provided information to passengers on the next 
scheduled stop when passed a specific point in the simulated network would 

represent an AVL system. 

• Owners of the technology (i.e., software) may be reluctant to release their property 

to a model-based evaluation effort. For example, if the model uses parameters that 
do not represent the real world accurately enough then the results will not reflect the 
true potential of the system. 

• Public transportation is not a closed loop control system. Decisions by users of the 
system can neither be simulated, nor can the decisions by non-users of the system 
be expected to remain in static equilibrium. 

12Mor1ok et al .. p. 16. 
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• Models cannot account for changes in travel demands resulting from other impacts 
on public transportation (i.e., land-use policies). 

Subjective Evaluation 

At some point in an operational test, the information from the technical, empirical, and model­

based evaluations should be analyzed by transit operators. A subjective evaluation of the project 
should be made concerning the benefits of the APTS application compared to the cost of the 
system. 

CBA is commonly used to aid decisionmakers in assessing the feasibility of proposed projects. 
CBA involves the quantification of the time stream of costs and benefits as determined through 
technical, empirical, and model-based approaches." 

The major steps in performing a cost-benefit analysis are provided below, along with a brief 

description of each." 

(1) Defining the problem -Although this may seem relatively simple, it is perhaps the 
most important step in performing the analysis. The decisionmaker and the analyst 
must have a clear understanding of the task at hand. 

(2) Designing the analysis - The cost-benefit analysis should be designed early in the 
process, prior to data collection and cost and benefit estimation. The formal design 
should include the determination of the measure(s) to be used (e.g., net present 
value, benefit~ost ratio), preliminary identification of assessment costs and benefits, 

establishing the scope of the quantitative and qualitative components of the analysis, 
selection of a sensitivity analysis, and the determination of data to be collected. 

(3) Collecting the data - Once the problem is clearly defined and the analysis has been 
effectively designed, the process for collecting the data must be initiated. 

(4) Performing the analysis- Once the data are collected, the analysis can be performed. 
The quantitative analysis compares the time stream of benefits and costs for each 
project scenario to the baseline scenario, or "do nothing" alternative. In addition, a 

"Underwood and Gehring. p. C-38. 

"Peter G. Sassone and William A. Schaffer, Cost-Benefit Analysis: A Handbook (San Diego: Academic Press. 
Inc .. 1978), pp. 155-173. 

29 



qualitative or social impact analysis should be conducted to include benefots and costs 
that are not be quantifiable within the scope of the analysis. 

(5) Presenting the results • In order for a cost-benefit analysis to be useful to 

decisionmakers, the results must be presented in a clear and simple manner. 
Consideration should be given as to how to present the results in order to enhance 
understanding of the analysis. 

An example of this traditional approach is provided by the Radio/AVL Cost Benefit Study for the 
Regional Transit District (RTD) in Denver, Colorado. The study compared the cost and benefits 
of updating RTD's current radio system with the alternative of replacing it with a radio/AVL 
system. Quantitative MOEs for this study included benefits that directly influence RTD's 
operating statement through a reduction in manpower requirements, a more efficient use of 
capital equipment, or an increase in ridership. Qualitative MOEs included: 

• a reduction in passenger complaints as a result of buses running more efficiently; 

• allowing the radio dispatcher to respond to priority calls and to direct assistance to 
those areas of most urgent need (i.e., responding to silent alarm and vehicle 
breakdowns); 

• relieving congestion on roads and improving air quality; and 

• "neighborhood watch" program. 

This study demonstrated that the benefits of the radio/AVL system outweighed the incremental 
cost of replacing the current system. 

A type of cost-benefit analysis was developed by Mor1ok, Bruun, and Blackmon that involves the 
use of data obtained by transit systems for Section 15 reports. An example of this approach is 
given in a report entitled "Advanced Vehicle Monitoring and Communication Systems for Bus 
Transit: Benefits and Economic Feasibility."" 

The focus of the Morlok research was to advance the state-of-the-art in the evaluation of 
Advanced Vehicle Monitoring and Communication systems (AVMIC). AVM/C refers to an AVL 
system that also includes advanced communication capabilities. Two major conclusions resulted 

from the Morlok study: 

' 'Morlok et al., p. 38. 
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(1) AVM/C systems have great potential for improving the productivity of bus transit by 
either decreasing operating costs, Increasing revenues, or some combination of both, 
depending upon the objectives of the transit system. 

(2) AVM/C systems have the potential to recoup their entire cost from operating and 
capital cost savings. 

These conclusions were based on secondary data sources, such as studies conducted in 
Cincinnati and Toronto. In Cincinnati, an operational test of AVM/C was conducted w~h 30 
buses. ResuHs of the study suggest that, if implemented system-wide, AVM/C could reduce 
peak hour buses by 2 percent. In addition, the weekday bus miles declined by 7.2 percent, while 
platform hours were reduced by 8.2 percent. This was translated to a 2 percent reduction in the 
agency budget. Another study that was conducted in Toronto concluded that routes equipped 
w~h A VM/C required 4.3 percent to 9.2 percent fewer buses than other routes. Several other 
examples were also cited in the Morlok study. Based on these conclusions, a breakeven 
analysis was developed to assist in determining the productivity improvements necessary to 
breakeven on an AVMJC investment. 

Strengths 

• The information assembled in a cost-benefit analysis can provide decisionmakers with 

a summary net present value of a project. 

• In cases where benefits are difficult to quantify, or if alternative projects are 
considered, a uniform level of benefits can be assigned and then projects can be 

evaluated based on cost. 

• In reference to the transit cost model approach, data available from Section 15 
reports enable estimates of the potential benefits of APTS to be conducted at a lower 
cost than other approaches. 

Weaknesses 

• Inherent to this approach is the difficulty in quantifying certain benefits and costs, 
such as the value of a life and the need to conduct a qualitative or social impact 

analysis. 

• Cost-benefrt analysis provides decisionmakers with one dimension of the investment, 
or investments being considered. This approach om~s certain qualitative benefits in 
its analysis. 
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• The benefits in a cost-benefit analysis are represented in dollar values rather than 
quant~ative util~ies such as, time savings in seconds or fuel consumption in gallons. 

• Results from this analysis are only as good as the data employed. It is especially 
true for the CBA approach that is advocated by Mortok et al. If the Section 15 data 
used in this approach are not accurate than the information provided on the cost· 
effectiveness of APTS will not be credible. 
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VIII. Emerging Approach In Evaluation of APTS" 

The Volpe National Transportation Systems Center (VNTSC) is developing a set of APTS 

Evaluation Guidelines that provide a common framewor1< and methodology for evaluating 
individual operational tests. This project is being sponsored by the APTS program of the FTA. 
The guidelines are not intended to be all inclusive, since each operational site is unique; each 
site requires a tailor-made evaluation plan or process based on the model Evaluation Guidelines. 

The evaluation process consists of four major phases: 

(1) Evaluation Frame of Reference 

The evaluation reference establishes the operational test background and description. It includes 
local objectives, issues, site characteristics, and potential external influences. 

(2) Evaluation Planning 

The evaluation planning phase of the process transforms the evaluation frame of reference into 
a detailed, structured plan for conducting the evaluation. This plan contains the MOEs, data 
collection sources and requirements, and evaluation methodology. MOEs have been organized 
into the following categories: financial impacts, functional characteristics, user acceptance, 

transit system efficiency and effectiveness, and other impacts. 

(3) Evaluation Implementation 

The evaluation implementation phase is the period during which the evaluation plan is executed. 

(4) Evaluation Spin-Offs 

Final evaluation reports are anticipated so that other interested parties may share in the findings. 

In addition to this effort, and beyond the operational tests of APTS that have been presented, 
several studies have been conducted on the benefits and costs of IVHS (ITS) technologies and 
strategies. These studies are analyzed in a document entitled Analysis of IVHS Benefits/Costs 

Studies (Volpe National Transportation Systems Center, 1993). 

161nforrnation in this section was obtained ffom a draft copy of "Evaluation guidelines lor the Advanced Public 
Transportation Systems Operational Tests." A final draft is being completed by the Volpe National Transportation 
Systems Center. 
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IX. Lessons Learned 

This research has provided an opportunity to identify the approaches used to evaluate 

operational tests of APTS, and other activities involving this technology. The evaluation provides 

information to transit decisionmakers so that investment strategies can be formulated. Lessons 

that were teamed because of this research effort are presented below. 

• 

• 

The investment of resources (i.e., time, labor, fiscal, etc.) in this technology varies 
substantially from project to project. This variance in investment depends on several 

factors. These may include: technology, performance features of the equipment, 

complexity and size of transit system, and vendors. Specifications on each of these 

factors and how they will be affected by the system being tested should be included 

in the evaluation of an operational test. 

The methodologies that have been reviewed in this research include technical, 

empirical model-based, and subjective. Each provides transit decisionmakers with 

an evaluation of APTS. The literature suggests that an improvement to the evaluation 

process may resuH when a combination of approaches is used (i.e., empirical 

evaluation with subjective evaluation). 

• A standard automated data collection and reporting technique should be developed. 

The primary benefit of this effort is that it would produce data that is consistent and 

reliable, especially for operational tests involving empirical data. It also allows 

comparisons between transit systems for similar operational tests. 

• To increase the body of knowledge on APTS, agencies that are involved in 

operational tests should be required to make timely documentation of their results. 

A system should also be developed to disseminate this information. 

• More research should be conducted on ways to identify public and private benefits 

equitably. For example, the driver of a single occupant vehicle may realize the 

benefits of a Passenger Information Display System, then decide to use transit. By 
eliminating this driver from the local road network, it also reduces congestion by a 

single vehicle. This translates into a private benefit to drivers that continue to drive 

on the local road network with less congestion. 

• The IVHS (ITS) products that are being developed need to be accepted and 

understood by the public. Potential users of the system cannot be expected to realize 

the full benefits of the system until they are well adapted. Research on integrating 

this time sequence into the evaluation effort should be pursued. 
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• Existing models lack the ability to represent APTS functions, such as passenger 
responses to an information display. An effort should be made to update existing 
models to reflect not only the functionality of APTS but the impact on the users of the 
system. 

• As additional APTS products are developed and potential users become familiar with 
the benefits of these systems, and assuming they reach full market penetration {i.e., 
breakeven point), it becomes difficult to evaluate the impact of these systems on the 
public. For example, drivers could become more attracted to transit after learning of 
the benefits of an integrated fare payment system. As ridership increases, congestion 
on the local road network decreases, which may influence those drivers that switched 
to transit to drive again. 

• Various scenarios should be used to assess the impacts of APTS on institutional 
factors such as mode shifts and travel demand. Efforts should be made to identify 
features that either support or suppress a successful implementation of an operational 
test. For example, FTA gives preference to operational test which include cost 
sharing between a local agency, private vendor, and independent evaluator. 

• Guidelines for performing evaluations on operational test are being developed by The 
Volpe National Transportation. These guidelines provide a common framework and 
methodology for evaluating individual operational tests. In addition, studies have 
been completed on the benefits and costs of IVHS (ITS) technologies and strategies. 
These studies are analyzed in a document entitled Analysis of IVHS Benefits/Costs 
Studies (Volpe National Transportation Systems Center, 1993). 

The methodologies presented in this report are based on the scientific approach (i.e ., data 
analysis, surveys, models, and field observations). Most APTS operational tests include an 
evaluation using one or a combination of the approaches documented in this research. Except 
subjective evaluation or CBA, these methodologies are useful in evaluating APTS capabilities, 
their impacts on transit operations, and the potential for these systems to influence travel 
behavior. They are not, however, appropriate for deciding if an investment in APTS is cost 

effective. 

Perhaps the most significant lesson learned from this research effort is the need for further 
development in the area of subjective evaluation or CBA. The review of APTS applications in 

the U.S. revealed very few efforts to evaluate these projects through CBA. For some projects. 
a CBA is not included. In most tests, this analysis is planned as the final step in the project 
evaluation, after a field test has been completed and potential benefits have been reported. 
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