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FOREWORD

This Procedural Guide describes procedures for evaluating highway safety
programs and projects. It should be beneficial to State and local
engineers and other professionals involved in evaluation.

The objectives of this Guide are to describe how to:

1. Select appropriate measures of effectiveness and efficiency to
perform evaluations by using either accident data or alternate
measures of hazard reduction

2. Perform an evaluation of implemented safety improvements to gauge
their effectiveness and efficiency and to use the results in recommending
improvements for other safety or operational problems.

3. Describe and quide the organization and management of evaluation
process{es) for providing feedback on the effectiveness of safety
programs to the planning and implementation components of the
Highway Safety Improvement Program.

4. Perform program effectiveness and administrative evaluations.

The Guide was prepared by Goodell-Grivas, Inc. Mr. David Perkins was the
Principal Investigator. Mr. Rudolph Umbs is the Implementation Manager.

Additional copies of the Guide can be purchased from the Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C. 20402.
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Direc:ti, 0ffice of Development
Federal Highway Administration

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.

The contents of this report reflect the views of the 0ffice of Development
of the Federal Highway Administration, which is responsible for the facts

ahd the accuracy of the data pwncnn+nd herein. The contents do not
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necessarily reflect the official policy of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.
Trade or manufacturer's names appear herein only because they are considered
essential to the object of this document.

For sale by the Superintendent of Documents, U.8. Government Printing Office, Washington, D.C, 20402
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INTRODUCTION

The "Highway Safety Evaluation" Procedural Guide contains guidelines
for evaluating ongoing and completed highway safety improvements (projects
and programs). It is intended for use by those who are responsible for
planning, implementing and evaluating highway safety improvements on
streets and highways.

The Guide contains procedures and guidelines for performing the eval-
uation processes and subprocesses within the Highway Safety Improvement
Program described in the Federal-Aid Highway Program Manual (FHPM) 8-2-3.

Highway safety professionals have long recognized the need for an or-
ganized approach to the correction of highway safety problems. In the
late 1960's and early 1970's the importance of a highway safety program
was emphasized through legislation and research. More recently, the pri-
vate sector has expressed a desire for a systemmatic approach to improving
highway safety, and similar concerns have been expressed by State and
Tocal highway agencies.

As a result of the demonstrated need for improved highway safety
methods and the continual increase in annual traffic accident losses in
the 1960's and early 1970's, several important Federal programs were ini-
tijated, In the mid 1960's, the Federal Highway Administration (FHWA) ini-
tiated the Spot Improvement Program. This program attempted to identify
"hazardous" locations and provided funds for their correction. Two years
later, Congress passed the 1966 Highway Safety Act (23 U.S.C. 402), which
set requirements for States to develop and maintain a safety program. To
assist in maintaining a safety program, the "Yellow Book" developed by the
American Association of State Highway and Transportation Officials
(AASHTO) and the U.S. DOT Highway Safety Program Standards were published
in 1967 (first edition) and 1974 (second edition}. These sources defined
safety design practices and policies. In 1973, categorical funding was

ol Tahl +
made available for specific program areas, such as: pavement marking de-

monstration programs, rail/highway crossings, high hazard locations, and
elimination of roadside obstacles. These actions, in conjunction with
other concurrent safety efforts such as vehicle design improvements and
highway safety programs and policies of public and pr1vate agenc1es,
resylted in a decline in the number and rate of highway fatalities in the
late 1960's and early 1970's.

The recent emphasis on highway safety has led to the availability of
additional funding for the application of new procedures to enhance high-
way safety efforts at the State and local levels. Among the objectives of
these procedures were the efficient use and allocation of available re-
sources and the improvement of techniques for data collection, analysis
and evaluation.




With these cbjectives in mind, the Federal-Aid Highway Program Manual
(FHPM) 6-8-2-1, "Highway Safety Improvement Program” was developed and
issued. Under this FHPM, a systematic process for organizing a highway
safety improvement program was prescribed. This was refined in FHPM 8-2-3
"Highway Safety Imprcvement Program" which superceded FHPM 6-8-2-1.

FHPM 8-2-3 recommends that processes for planning, implementing, and
evajuating highway safety projects be instituted on a Statewide basis.
Its' stated objective is that each State “develop and implement, on a
continuing basis, a highway safety improvement program which has the over-
all objective of reducing the number and severity of accidents and de-
creasing the potential for accidents on all highways."

FRAMEWORK OF THE HIGHWAY SAFETY IMPROVEMENT PROGRAM

The structure of the Highway Safety Improvement Program (HSIP) is
described in FHPM 8-2-3. It consists of three components: Planning,
Implementation and Evaluation. Each component is comprised of processes
and subprocesses which produce specified outputs which in turn serve as
input to subsequent HSIP activities.

The HSIP process level, consisting of six processes, is illustrated
in Figure 1. Four processes are defined in the Planning Component, and
the Implementation Component and Evaluation Component each contain one
gg?gess. The arrows indicate the flow of data and information in the

The subprocess Tevel of the HSIP is shown in Figure 2, where 14 spe-
cific subprocesses are defined.

~ This Procedural Guide contains detailed descriptions of each evalua-
tion subprocess.

HIGHWAY SAFETY IMPROVEMENT TERMINOLOGY

Any improvement made to the rocadway or roadside environment to reduce
the number and severity of accidents or the potential for accidents may
warrant evaluation with one or more of the subprocesses contaired in this
Procedural Guide.

Safety improvements may range from the installation of a single ad-
vance warning sign; to the implementation of several safety improvements
at a single Tocation; to the correction of several high accident locations
throughout a State with different types of improvements at each location.
The complexity and level of aggregation of an improvement are deciding
factors in selecting the best method to evaluate the jmprovement. There-
fore, three categories of highway safety improvements (countermeasures,
projects, and programs)} are defined to assist in the selection of the
appropriate evaluation subprocess.
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Countermeasure

A single highway safety treatment or corrective activity de-
signed to alleviate a safety problem or a potentially hazardous situ-
ation. Examples: 1) an advance warning sign; 2} a crash cushion;
3} left-turn prohibition during peak traffic periods at a signalized
intersection; and 4) edgeline striping.

Project

The implementation of one or more countermeasures to reduce
identified or potential safety deficiencies at a location (spot or
section) on the highway or its environs. A project may also consist
of the implementation of identical countermeasures implemented at
several similar locations, which have been grouped to increase the
evaluation sample size. Examples: 1) installation of an open grade
friction course on a section of highway which is experiencing a dis-
proportionately high number of wet-weather accidents; 2) adding sepa-
rate left-turn phases at three adjacent urban intersections which are
experiencing high numbers of left-turn accidents; and 3) implementing
shoulder stabilization, edgelining, and fixed-object removal along a
section of rural highway which is experiencing abnormally high run-
off-road accidents and severity,

Program

A group of projects, (not necessarily similar in type or loca-
tion) implemented to achieve a common highway safety goal. Examples:
1) a skid treatment program designed to reduce wet-weather-related
accidents at different Tlocations, consisting of the following pro-
jects; improved signing, lengitudinal grooving, and overlay; and 2)
all projects resulting from the HSIP Planning Component.

WHAT IS EVALUATION?

Evaluation is an assessment of the value of an activity as measured
by its success or failure in achieving a predetermined set of goals or
objectives. By this definition, a wide-range of analysis procedures may
be labeled as evaluation. In this Procedural Guide, however, evaluation
deals specifically with assessing the value of ongoing and completed high-
way safety projects and programs which result from the Highway Safety
Improvement Program.




Two types of evaluation are addressed in this Procedural Guide:
Effectiveness Evaluation, and Administrative Evaluation. Effectiveness
Evaluation 1is the statistical and economic assessment of the extent to
which a project or program achieves its ultimate safety goal of reducing

i 3 Thic +unn AfF ausaluatrinanm 3 At A A
the number and severity of accidents. This type of evaluation is referred

to as Accident-Based Evaluation. This definition of Effectiveness Evalua-
tion has been expanded in the Procedural Guide to include a determination
of the intermediate effect of a highway safety project based on changes in
non-accident safety measures. This type of evaluation is referred to as
Non-Accident-Based Evaluation. This evaluation provides an indication of
project effectiveness based on observed changes in traffic operations and
driver behavior resuiting from the project. Non-Accident-Based Evaluation
is an intermediate evaluation procedure which may be conducted prior to
Accident-Based Evaluation. When conditions permit, Accident-Based Evaluy-

ation should follow Non-Accident-Based Evaluation.

Administrative Evaluation is the assessment of 1)} scheduling, 2)
des1gn, 3} construction, and 4) operationa1 review activities undertaken
during the impliementation of a highway safety project or program. It
evaluates these activities in terms of the issues of actual resource ex-
penditures, planned versus actual resource expenditures, and productivi-

ty.

Administrative Evaluation supplements Effectiveness Evaluation by
providing detailed information on project costs, manpower involvement, and
material and time expenditures. Administrative Evaluation does not ad-
dress the effectiveness of the project or program on improving highway

cafot vy
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WHY EVALUATE?

The ultimate goal of evaluation is to improve the agency's ability to
make future decisions in all components of the HSIP. These decisions can
be aided by conducting formal effectiveness and administrative evaluations
of ongoing and completed highway safety projects and programs. Evaluation
invoives obtaining and analyzing quantitative information on the benefits
and costs of implemented highway safety improvements. Estimates of bene-
fits and costs reduces the dependence on engineering judgment and in-
creases the ability of the agency to plan and implement future highway
safety improvements which nhave the highest probability for success. Thus,
scarse safety funds can be properly allocated to high pay-off improvements
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and diverted from those which are Mdrgifiar Or ifn&rrecrive.

Evaluation provides input to every component of the HSIP. In the
Planning Component, projects are selected to reduce accident experience or
hazard potential. Effectiveness Evaluation provides information on whe-
ther and to what extent past improvements reduced accidents, accident
severity, and/ or hazard (potent1a]) These evaluation outputs can be used
to increase the evaluator's ability to recognize countermeasures with a




proven track record of effectiveness under similar conditions. The Plan-
ning Component also involves decisions relating to establishing project
and program priorities. The decisions are generally based on the results
of economic procedures which compares estimated benefits to estimated
costs for competing projects or programs. Administrative Evaluation pro-
vides information on impliementation cost, manpower, and material expendi-
tures. Effectiveness Evaluation quantifies change 1in accident number,
rate and severity. Together, these evaluation outputs can be used as in-
puts to priority techniques, such as the benefit-cost and cost-effective-
ness. The use of evaluation results reduces subjective engineering in the
planning decisions.

In the Implementation Component, scheduling decisions must be based
on manpower and time estimates for implementation activities. Information
on the appropriateness of scheduling decisions and the productivity of
previous implementation activities, can significantly improve future sche-
duling for similar projects and programs, resulting in a more optimal use
of available time and manpower resources,

In the Evaluation Component, Administrative Evaluation, provides cost
information for economic analyses which accompany Effectiveness Evalua-
tions. Administrative Evaluation also ensures that the Effectiveness
Evaluation is being performed on the implemented project and not the
planned project. Planned projects do not always correspond to the project
implemented in the field. The knowledge of any discrepancy between the
ptanned and actual project may be the deciding factor in the effectiveness
of the improvement. The Evaluation Component also benefits from the
experience and confidence gained by performing formal evaluations as a
routine highway safety activity. As experience is gained, better
decisions can be made in planning the evaluation, selecting measures of
effectiveness {(MOE's), and assessing the quality and reliability of
evaluation data for similar projects and programs.

Evaluation benefits also extend beyond the limits of the HSIP and
impact other highway-related activities within the agency. Highway de-
sign, operation and maintenance policy-makers can emphasize procedures and
techniques which have been shown through evaluation to maximize safety.
In this sense, other highway-related areas can enhance highway safety.

MANAGEMENT ISSUES

The ability of the Highway Safety Improvement Program to achieve its
intended goal depends on the policies and management philosophy of the
agency. Management must ensure that each component of the HSIP receives
equitable emphasis and attention so that the cyclic structuring of the
HSIP can be maintained. Among the three components, evaluation has his-
torically received a disproportionately low level of attenticn as evidenc-
ed by numerous cases in which formal, scientific evaluation has been re-
placed by subjective or ill-defined evaluation or no evaluation at all.
Management can significantly improve this situation by adopting a set of
guidelines that benefit the entire HSIP by increasing the frequency and
quality of evaluation.




The agency should be aware of the following basic issues when esta-
blishing their safety evaluation policies:

Agency-Wide Understanding of Evaluation Benefits

The first and, possibly, the most important step toward increas-
ing evaluation is to ensure that the benefits of evaluation are un-
derstood at all agency ievels (administrative, management, and tech-
nical levels). It is important to recognize that evaluation allows
the agency to improve its own ability to make future safety-related
decisions., It should also be recognized that the cost to the agency
for not evaluating may be greater than the cost of conducting a
formal evaluation. Decisions involving selection and implementation

of corrective measures is a continuing challenge to the highway

safety engineer in addition to decisions regarding the continuation,
addition or deletion of ongoing highway safety improvements. The
appropriateness of these decisions has a direct effect on the cost-
effectiveness of the highway safety program. Well-designed evalua-
tions provide necessary input to the selection of future improvements
by providing quantitative answers as to whether the intended purposes
of past improvements were accomplished, how efficiently the purposes
were accomplished, and whether unexpected or contrary results were
produced. Without formal evaluation, the answers to these guestions
may not be known and thus limited safety funds may not be allocated
to projects and programs which are most effective in saving lives and
reducing injuries and property damage.

The agency can significantly improve the quality of evaluation
by ensuring that technical personnel who are responsible for con-
ducting evaluation have the necessary background and training to pro-
perly plan and perform a sound evaluation study.

Facility and Resource Availability

The efficiency with which evaluation can be conducted depends on
the type and availability of computerized accident data bases, digi-
tal computers for performing statistical tests, and computer facili-
ties for storing project and program effectiveness data bases. Al-
though such facilities are not required for evaluation, their avaiia-
bilty can significantly reduce time and manpower involvement in col-
lecting accidents and performing standard analytical procedures. Re-
sources in the form of experienced data collectors and the availa-
bility of traffic engineering equipment such as radar meters, volume
counters, and tally boards also reduce time requirements and increase
field data accuracy and reliability.




Accident Data Reliability

Accident-Based Evaluation utilizes changes in accident experi-
ence as the primary measure of effectiveness. Thus, the reljability

2 [Ny S |

of evaluation results are impacted directly by the reliability of re-
ported accidents. Problems associated with accident reporting proce-
dures are welli-known in the traffic engineering and safety profes-
sion. Positive steps are needed to improve accident reporting
procedures within and between States to increase the usefulness of
accident data in highway safety activities.

Adoption of a Standard Evaluation Methodology

The tion of a comprehensive evaluation procedure for the
agency is also important. The selected procedure should be based on
proven, state-of-the-art techniques which are useable by engineers or
technicians at all governmental levels including State and local
levels. It should also be sufficiently flexible to aliow any agency
to perform an evaluation, regardiess of the TJevel of manpower,
resources, and facilities available. The procedure should also be
capable of evaluating the effectiveness and administrative aspects of
the full range of possible highway safety countermeasures, projects
and programs which may warrant evaluation. This includes improve-
ments implemented to reduce observed accident problems as well as
improvements to reduce accident or hazard potential,

PROCEDURAL GUIDE ORGANIZATION AND USE

Four evaluation subprocesses are provided in this Procedural Guide:
. Accident-Based Project Evaluation
. Non-Accident-Based Project Evaluation
. Program Evaluation
. Administrative Evaluation

These subprocesses provide step-by-step procedural gquidelines for
performing effectiveness and administrative evaluations for the full range
of highway safety projects and programs which may be encountered by the

saTiiat
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Accident-Based Project Evaluation

The objective of this subprocess is to provide guidelines for
assessing the value of a completed highway safety project. The




measures of project effectiveness are ohserved changes in the number,
rate, and severity of traffic accidents resulting from the implemen-
tation of project countermeasures. Project effectiveness is also ex-
amined with respect to the relationships between the costs and bene-

fits of the project.

Non-Accident-Based Project Evaiuation

The objective of this subprocess is to provide quideiines for
assessing the intermediate effectiveness of a completed highway safe-
ty project prior tc conducting Accident-Based Evaluation. The mea-
sures of intermediate effectiveness are observed changes in non-
accident safety measures. This subprocess may be used when accident
data are (1) not available, {2) insufficient for Accident-Based
Evaluation, or (3) when an indication of project effectiveness is
desired sconer than the time necessary for Accident-Based Evaluation.
Non-accident measures are not intended to be a substitute for the
ultimate safety measure (accident and severity reduction), since
definitive quantitative relaticnships between accident experience and
many non-accident measures have not been developed. Rather, they are
measures which are logically related to accident experience and thus
provide a measure of short-term project effectiveness. The ultimate
effectiveness however, must be determined through an Effectiveness
Evaluation based on observed changes im accident experience which
should be conducted if and when possible.

The objective of this subprocess is to provide guidelines for
assessing the value of an ongoing or complieted highway safety pro-
gram. The measures of program effectiveness are observed changes in
the number, rate, and severity of traffic accidents resulting from
the implementation of the program. Program effectivenss 1is also
examined with respect to the relationships between costs and benefits
for the program.

Administrative Evaluation

The objective of this subprocess is to provide guidelines for
determining the amounts of manpower, time, money, and material used,
the differences between pianned and actual resource expenditures, and
the implementation outputs obtained per unit of input associated with
impiementating highway safety projects and programs, TImolomentation
in this subprocess refers to scheduling, designing, construction and
operational review activities. This subprocess should be performed
to supplement Effectiveness Evaluation or as a minimum evaluation
effort when Effectiveness Evaluation is not warranted or feasible.
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To achieve full utility of the evaluation subprocess contained in
this Guide, a thorough understanding is required of the subprocess inter-
relationships within the Evaluation Component. As shown in Figure 3, in-
put to the Evaluation Component is highway safety projects and programs

whirh havos haosn rnlanned and dmnlomantoed 4n nravinie HSTD framnnanantc Tha
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first decision to be made in the Evaluation Component is whether or not an
Effectiveness Evaluation of the improvement is warranted. This is gener-
ally a management decision based on the evaluation policy of the agency,
Federal evaluation requirements, cost of the project or program, antici-
pated future highway safety priorities, and the cost of evaluation. A
technical decision must be made on the feasibility of conducting an Effec-

tiveness Evaluation based on the availability of data and resources. If
Effectiveness Evaluation is either not warranted from a management view-
point or not technically feasible, an Administrative Evaluation should be
performed and the results used as feedback to both the Planning and Imple-
mentation Components. If Effectiveness Evaluation is both warranted and
feasible, the nature of the highway safety improvement (project and pro-
gram} dictates the subprocess to be performed.

Two subprocesses are available for project evaluation. Non-Accident-
Based (N-A-B) Project Evaluation may be performed prior to Accident-Based
(A-B} Project Evaluation when time and/or accident history do not allow
for Accident-Based Evaluation. Accident-Based Project Evaluation shou}d
be conducted when circumstances permit, regardless of whether Non-Acci-
dent-Based Evaluation is performed.

f highway safety program is to be evaluated, Program Evaluation

If a
hould be performed.

Following, or in conjunction with, the Effectiveness Evaluation, an
Administrative Evaluation may be performed as a suppliement.

It is important to note that the Effectiveness Evaluation subproces-
ses shown in Figure 3 represent the point in time when the evaluation is
actually performed. Evaluation plans may and should be developed in the
Planning Component, prior to project or program implementation. Admini-
strative Evaluation should be conducted during or following implementa-
tion for all projects and programs.

Table 1 summarizes how the appropriate Effectiveness Evaluation sub-

processes may be selected for a set of circumstances which may exist for

an anmonry and a aiven hichwav cafetv improvement. Far pxamnle- SuUnpponse an
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agency is considering whether to evaluate an improvement and the condi-
tions 1,2,5 and 7 exist (other conditions are either not possible or non-
existent). That is, the improvement warrants Effectiveness Evaluation, it
is a project to reduce accidents, reliable accident data are available and
pre-implementation planning is possibie. Each condition indicates that
Accident-Based and Non-Accident-Based Evaluations may be performed, (Pro-
gram Evaluation is not indicated for condition 2). The evaluator should
refer to these sections of the Guide for details on performing the de-

sired evaluations.
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Figure 3. Evaluation Component in the HSIP
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Table 1. Selection criterion for effectiveness
evaluation subprocesses.

CONDITIONS

A-B Project Evaluation

N-A-B Project Evaluation

B

Program Evaluation

l. Effectiveness Evaluation is
warranted

2. Prgiject is to reduce accident
number and/or severity

4. Program is to reduce accident
related goals

5. Accident data are [will be)
available

6. Accident data are not (will
not be) available

7. Pre-implementation planning
is employved

8 Post-implementation planning
:
is
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ACCIDENT-BASED PROJECT EVALUATION

[ ACCIDENT-BASED

| PROJECT
<« HIGHWAY SAFETY EVALUATION e o EVALUATION

A highway safety project is the process of applying one or more coun-
termeasures to reduce identified or potential safety deficiencies at a
location (spot or section) on the highway or its environs. A project may
also consist of identical countermeasures implemented at several similar
locations, which have been grouped to increase the evaluation sample
size.

Countermeasures are highway safety treatments or corrective activi-
ties designed to alleviate a safety problem or a potentially hazardous
situation.

The objective of Accident-Based Project Evaluation is to provide
guidelines for assessing the value of a completed highway safety project.
The measures of project effectiveness are observed changes in the number,
rate, and severity of traffic accidents resulting from the implementation
of the project. Project effectiveness is also examined with respect to
the relationships between the costs and benefits of the project.

Accident-Based Project Evaluation consists of seven functions. Each
function contains a series of systematic steps which lead the evaluator
through the activities and decisionmaking processes of a properly designed
evaluation study.

The seven functions which comprise Accident-Based Project Evaluation
are:

14




FUNCTION A - Develop Evaluation Plan

FUNCTION B - Collect and Reduce Data

FUNCTION C - Compare Measures of Effectiveness (MOE's)
FUNCTION D - Perform Statistical Tests

FUNCTION E - Perform Economic Analysis

FUNCTION

-
1

Prepare Evaluation Documentation

FUNCTION G

L

Develop and Update Effectiveness Data Base

FUNCTION A addresses the necessary planning activities which must be
considered prior to performing an evaluation of a completed highway safety
project. The evaluation objectives and MOE's, the analytical framework
for the evaluation (experimental plan) and data requirements are esta-
blished in this function. FUNCTION B provides guidelines for collecting,
reducing and presenting evaluation data. FUNCTION C presents various
methods for comparing MOE's according to the experimental plan selected
for the evaluation. FUNCTION D provides a framework for testing the sta-
tistical significance of the changes in the MOE's. FUNCTION F presents
economic analysis techniques for conducting a fiscal evaluation of ulti-
mate project effectiveness. Guidelines for documenting the observed
effectiveness of the project is presented in FUNCTION F. FUNCTION G pro-
vides a format for maintaining information on project effectiveness to be
used as feedback to the Planning and Implementation Components of the
HSIP, '

These functions are common to all Effectiveness Evaluation subproces-
ses contained in this Procedural Guide. It is strongly recommended that
the evaluator become familiar with the functional details of each subpro-
cess prior to performing an evaluation using any single subprocess, since
some of the information contained in program evaluation may be helpful in

. . : .
performing a project evaluation and vice versa.
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FUNCTION A: Develop Evaluation Plan

This function enables the evaluator to:
1. Select highway safety projects to be evaluated.
2. Determine the purposes of the project.
3. Stratify and sample the projects.

4. Select the evaluation objectives and measures of effective-
ness (MOE's]).

5. List the assumptions, advantages and disadvantages of ex-
perimental plans and select the most appropriate experiment -
al plan.

6. List evaluation data needs and sample size requirements.

7. Document the evaluation plan.

Overview

The first step in the evaluation of a highway safety project is the
development of an evaluation plan. The plan provides overall guidance and
direction to the evaluation study. Regardless of when the plan is devel-
oped, before project implementation or after, it offers the opportunity to
think-through the entire evaluation process and establish the anticipated
evaluation procedure for future reference.

To be effective, however, the plan should be developed and completed
to the extent possible in the Planning Component of the HSIP. When devel-
oped before implementation, the plan may not be referred to for several
years, at which time the evaluation 1is actually performed. The plan
therefore communicates to the evaluator, the original intent of the pro-
ject and the evaluation. If developed after implementation, the plan is
still a valuable evaluation tool which provides a description of the eval-
uation activities to be performed.

The plan addresses such issues as the selection of: 1) projects for
evaluation, 2) project purposes, 3) evaluation objectives and measures of
effectiveness (MOE's), 4) experimental plans, and 5) data requirements.

Evaluation may be warranted for many reasons. These include the
evaluation policy of the agency, requirements of Federal or State funding
agencies, or special requests from policy-makers of a community. However,
for many agencies, it may not be feasible to evaluate all highway safely
projects due to manpower and fiscal constraints. HWhen all projects cannot
be evaluated, the selection of specific projects which warrant evaluation
may be an effective way of obtaining evaluation results which are most
useful to the agency.

16




The purpcses of the project and the evaluation objectives are funda-
mental to the plan development process. The purpose of a project is the
reason for which the countermeasure(s) was 1mp1emented For safety pro-
jects, the purpose must relate to the reduction of acc1dents, severity or
hazard potential. To the experienced evaluator/engineer, the project pur-
pose may be obvious from the nature of the project and the safety problem
for which the project was developed in the HSIP Planning Component. For
example, the installation of a traffic signal for safety reasons indicates
a purpose of reducing angle accidents and accident severity at the inter-
section. If the purpose is not evident, project justification statements
often cite specific accident problems which are expected to be impacted by
a particular project. Historical accident data used in identifying and

analyzing the safety problem and develop countemeasures may also reveal
predominant accident types which may indicate the purpose of the project.

Objectives of the evaluation are statements which reflect the speci-
fic accident, severity, or hazard potential measures to be evaluated. Ob-
jecbives may correspond to specific project purposes or any cother measure
of interest to the evaluator. Measures of effectiveness {MOE's) are next
selected for each evaluation objective. Once these items have been esta-
blished, the experimental plan and data requirements of the evaluation
study may be determined.

The evaluation plan helps to insure that no major evaluation step is
overlooked. However, seidom are the steps of the Guide conducted in the
given order. There is no mechanical or routine way to operate the step-
by-step order given in this Guide. Questions, practical limitations, and
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and others not at all.

STEP Al ~ SELECT PROJECTS FOR EVALUATION

It is desirable te perform Effectiveness Evaluation for all highway
safety projects. However, most agencies have more projects which either
require or warrant evaluation than manpower and fiscal capabilities per-
mit. It is possible to maximize the evaluation efforts under these con-
straints through the careful selection and evaluation of projects for
which evaluatior results are most beneficial.

The selection of projects is generally a management decision. How-
ever, State and Federal funding agencies often require Effectiveness Eval-
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jects for evaluation, the following factors should be considered:

1. Current and future highway safetv project efforts. The
implementation of hlghway safety projects is an on-going
process which requires careful planning. To facilitate
future planning and impiementation decisions, evaluations
should be performed for those types of projects which
have the highest probability of being implemented in the

17
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future. Evaluation results may be used to justify in-
creases or reductions in expenditures for specific pro-
Jjects.

Project implementation date. Accident-Based Evaluation
requires accident data for a two to three-year period
(ideally) following implementation. This time frame
provides a tradeoff between the need to collect sufficient
accident data to perform the evaluation and the realistic
need to keep data collection activities to a manageable
scale. While quantity and quality of data are of primary
importance, care should be taken when using less than one
year of data. Monthly and seasonal variations do exist
which can bias the traffic and accident characteristics of
a given project site. In a similar way, environmental con-
ditions may vary from year to year making one or two year
time periods tentative as a basis for evaluation. On the
other hand, it is important to avoid projects which are
extremely old (i.e., greater than 6 years old) since the
introduction of factors other than the project may influ-
ence accident experiance.

Data availability. The availability, compieteness and

accuracy of accident and traffic exposure data are essen-
tial for any Accident-Based Evaluation. The potential
weakness of any accident record system should be kept in
mind. Inaccurate or 1ncomp1ete accident information, unre-
ported accidents, and variances in reporting thresholds
Tend uncertainty to the resuit of the evaluation study.
Any project for which data are suspect in terms of these
characteristics should be eliminated from consideration as

a project for evaluation.

Sufficiency of accident data. Statistical tests of signi-
ficance require data on the number of expected accidents
and the percent reduction when compared with after acci-
dents. The smaller the number of before accidents, the
larger the required percent reduction in accidents must be
to be statistically significant. Therefore, an analysis
should be made during the project selection process to
evaluate projects with a sufficient]y large number of ac-

cidents to ailow statistical analysis. An evaluation
study of a project site with few accidents may not produce
good supporting documentation of the effectiveness of the
project.

For example, consider a location where the total number of
expected accidents was 15 for a 3 year period. An inspec-
tion of the Poisson curves indicates that it requires at

least a 23% reduction in accidents to be significant even
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at the 80% level of confidence. If the type of improve-
ment 1is expected to yield a 10% reduction in accidents,
then even under favorable conditions, if a 10% reduction
were achieved, the results would not be statistically sig-
nificant. Therefore, the evaluation should not be perform-
ed unless grouping of countermeasures or some other tech-
nique could be employed.

5. Project purpose. The purpose of the project should also
be considered. For example, suppose a policy decision has
been made that all high accident curves on two-lane rural
highways are to be delineated with edgelining and delinea-
tor countermeasures. Evaluations of past delineation pro-
jects with a purpose of reducing run-off-road (ROR) acci-
dents may provide the agency with information on the pro-
bable outcome of the upcoming project.

The specific purposes of the project must be identified after the de-
cision is made on which projects are to be evaluated.

Determination of Project Purpose

The purpose of a project is the reason!
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implemented.  Safety projects are usually implemented for
purposes. The most common are:

8 To reduce traffic accidents (in general or specific types)
@ To reduce the severity of traffic accidents
® To reduce hazard potential

The improvement of  traffic performance characteristics may also be a
secondary purpose of the project.

Project purposes should include specific accident types, accident
severily classifications, and measures of hazard potential which could
possibly be altered by the project.

Traffic Accidents

The selection of accident-related project purposes should
include specific accident types that are expected to be impac-
ted by the safety project. Accident categories which are not
expected to be significantly changed, should not be selected.
A]SQ; if the number of before accidentc doec not nermit eta_
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tistical testing in an accident category or a category is not
predominant in relation to total accident experience, that
accident category should be rejected as a project purpose.
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Possible accident-reilated project purposes wmay include
the reduction of any one or a combination of accident categor-
jes (when in sufficient number) such as those included in the
following partial list:

1. Run-0ff-The-Road Accidents
2. Skidding Accidents
3. Fixed Object Accidents

4. Right Angle Accidents

6. Head-On Accidents
7. Sideswipe Accidents
8. Night Accidents
The project purpose depends on the specific safety defi-
ciencies identified at the project site. Collision diagrams

may assist in identifying specific safety problems at a site.

Accident Severity

Coamna hiah ol = i s nd o are no

Some highway safety projects a o0 re
the frequency of accidents but rather to red accident
verity. In such cases, the purpose of the proaect may be
jdentified as reducing injury accidents (or injuries) or fatal
accidents (or fatalities). The type of severity classifica-
tions (fatal, injury or property damage) which the project is
expected to alter should be selected when the before accident
frequency permits statistical evaluation.

r'+

Hazard Potential

Projects may be implemented to conform to safety stand-
ards or to reduce specific driver violations or hazardous
maneuvers where relatively few accidents have occurred. When
the number of before accidents is small, a highway safety
project must result in a very high percent reduction in acci-
dents for the improvement to be statistically significant.
In such cases, it may be appropriate to select the improvement
of non-accident measures as a project purpose. If the purpose
is to improve non-accident measures, the evaluator is directed
to the Non-Accident-Based Evaluation Subprocess.
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Traffic Performance

Although the primary purpose of safety projects is to re-
duce accidents, severity and hazard potential, safety projects
may aiso improve traffic performance. An evaluation of these
measures can be helpful 1in explaining changes in accidents
which is useful information for selecting countermeasures for
future projects. Also, evaluations which include non-accident
measures are helpful in determining the intermediate effects
of the project prior to the time of conducting Accident-Based
Project Evaluation. Evaluation based on traffic performance
measures which are logically related to safety may be con-
ducted using Non-Accident-Based Evaluation.

The selection of the purpose is primarily based on a review of both
the before accident data and the nature of the countermeasures. Some
guidance -also may be obtained from project justification statements. A
comparison of the project purpose as stated in the justification state-
ment, and the purposes determined in this step is desirable to ensure that
all project purposes have been identified.

Project purposes should be recorded with a statement Justifying the
selection of each. Figure 4 illustrates a format f isti
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poses.

STEP A2 - STRATIFY PROJECTS

[ -

When before accident experience is too small to allow a project to be
selected for Accident-Based Evaluation, the project may be combined with
other similar projects to increase the size of before accident frequency.
In this approach, the combined group of projects is evaluated as a single
project. In order to aggregate projects, the countermeasures for each
must be identical, they must be implemented at similar types of locations,
and they must have similar project purposes. When these conditions are
met, the projects may be aggregated. This approach is applicable for pro-
Jects with low accident experience such as rail/highway grade crossing

: . . .
projects, where several projects may be grouped to provide an aggregate

accident experience of sufficient size to allow statistical evaluation.

To facilitate the process, it may be possible to stratify highway
projects into groups of projects which exhibit similar characteristics.
Project grouping should consider both the type of improvement and project
site characteristics.

The process of aggregating projects to increase the accident sample
may be a difficult and time consuming activity, especially when the agency
implements several projects each year and several years must be reviewed
to identify individual projects to be grouped. To minimize the time and
effort invoived in the process, it may be helpful to develop a card-file

21




Pege of

PROJECT PURPOSE LISTING

Evaiuation No., ___A"!
Date/Evaluator _£/23/77/00P
Project No. p-1

Project Description and Location

{=)

Checkead by 2/28/77/HES

Replace two-way stop sign with

o asmdanflon at Happdumy and Fth Stheets

fwo-phase fixed Lime controller atl Bro

Gans oo R AL

Countermeasursi{s)/Codes

Traffic Signok Instablation (FHUA Code 11}

Project Purpose

Justification

. To Reduce Right Angle Aceidents.

.. High incidence (32 fon 3 yeans)

of night angle type accidents

during pre-project perdod.

7. Teo Reduce Accident Severdily.

Severity of accidents was great

{F and 1 = 50%) due fo high

approach speeds.

3. To Minimize Intersection

Studies conducted on 5/76 and

Deday.

9/76 showed high congestion and

dignificant defay on minok

stheels.

Figure 4. Sample project purpose listing.
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of completed highway safety projects. The file should be organized to
provide the basic information needed to determine whether a project s
appropriate for evaluation either as a single project, within an aggregat-
ed project or as part of a highway safety program. The card-file should
be organized by project type. The Federal-Aid Highway Program Manual
(FHPM) 6-8-2-1 provides a comprehensive list of project types and counter-
measures, (refer to the Appendix for codes) which may be used as the basis
for the card system.

Highway safety project files for projects implemented within the last
5 years should be reviewed. For each project, the following information
should be recorded and inserted in the card-file under the appropriate
project type:

1. Project identification number

2. Classification code(s) shown in FHPM 6-8-2-1.

(%
Y
-3
j»

Construction start and end dates

N

Total accident frequency for each of the three years preceeding
project implementation,

6. Whether formal evaluation has been conducted and if so, reference
to evaluation report location.

7. Reference to project file location,

Figure 5 illustrates a sample card file system which should be up-
dated as new safety projects are constructed.

After grouping all highway safety projects, the evaluator has three
options:

1. Individual Project Evaluation - Evaluate a project of par-
ticuiar interest or randomly select a single project. If
this 1is the case, the evaluator should continue with STEP
A3 (page 27).

2. Aggregate Project Evaluation - When the accident sample
size is too small for a single project, select all pro-
jects from a project grouping and evaluate the entire
group as 2 single project. The evaluator should continue

with STEP A3 (page 27). If the group consists of a large

oY el a e NaVad - gy

number of projects for which evaluation of each project
would be impractical or unnecessary, select a statistical-
1y representative sample from the group and evaluate the
sampie as a single project.

3. Program Development for Evaluation - If a program is to be

evaluated which requires the evaluator to select completed
projects to form a highway safety program, the card file
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QJ///Eross—Section
Projects

”Intersection =
QJ// Projects

Project #:

Countermeasures:

Location: ’J

Implementation Start: Completion: __,J/J

_—

Figure 5. Sample project card file.
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system provides easy reference to candidate projects for
tﬁe program. If the file is to be used to develop a pro-
gram, the Program Evaluation Subprocess should be used as
an evaluation gquide.

Sampling From Project Groupings

If the evaluation is to be conducted on a randomly selected sample of
similar projects {item 2 above), the following procedure ({illustrated in
Figure 6) may be used to determine the minimum sample size and to select
projects from a group.

1. Obtain and record the total number of accidents for each
project for a three year perjod immediately prior to pro-
ject implementation. Having a time period longer than 1
year is desirable. A time period of more than three years
may be too long and may introduce unknown variables fo the
analysis.

2. Select the value of the allowable error in the sample (E).
"E" is the amount by which the evaluator is willing to
tolerate a departure from the population mean.

3. Calculate the mean number of accidents for all sites QJJ.

4. Calculate the standard deviation of the accident frequency
for all sites (o).

5. Caiculate the minimum sample size (ns) for the group.

Since X + 1.96C/\/ng is a 95% confidence index for the
population mean, to find an "ng" which would satisfy
this criteria set:

E=1%c/Vng =20/ ng
This equation may be rewritten as:
ns = 40—2/E2

For example, if the mean number of accidents is 20 acci-
dents per site per year and it is desired to estimate this
within + 3 accidents then E = 3. If the standard devia-
tion of yearly accidents is 7.3, then the sample size
(ng) is calculated as follows: '

ng = 4 2/e2
ng = 4(7.3)2/32
Ng = 23.7 use 24 sites
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LIST PROJECTS IN GROUP
WITH 3-YEAR ACCIDENT
NUMBER FOR EACH

v

¢ v v
SELECT ALLOWABLE CALCULATE CALCULATE
DEPARTURE FROM MEAN STANDARD
MEAN ACCIDENT ACCIDENT DEVIATION, 0~
FREQUENCY, E NUMBER, H J-
\ 4 A 4 \ 4
\ 4
CALCULATE
n, FOR

$5% CONFIDENCE

\ 4

LIST SAMPLED
PROJECTS

Figure 6.

Project sampling strategy.
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6. Randomly select the minimum sample size from the group and
list the sampled projects.

STEP A3 - SELECT EVALUATION OBJECTIVES AND MOE

Evaluation objectives are statements of the safety measures to be
evaluated. The evaluation objectives should be stated in terms of the
expected effect of the project on an accident characteristic (type or
severity).

Four fundamental evaluation objectives should always be selected for
every evaluation study. They are to determine the effect of the project
on:

1. Total Accidents
Fatal Accidents.

Personal Injury Accidents.

2w ™

Property Damage Accidents.

Additional objectives should be selected which are specific to the
project being evaluated and its purposes.

Although the highway safety project may have several purposes, only
those purposes of critical interest should be translated into evaluation
objectives. The number of objectives should be kept to a minimum to sim-
plify the evaluation.

As a part of the objective statement, the evaluator should also spe-
cify that an economic evaluation be performed. However, the performance
of an economic analysis is subject to statistically significant reductions
in at least one accident measure associated with the evaluation objec-
tives. However, an eccnomic analysis is mnot recommended for projects
which result in a non-significant reduction or in an increase in the
MOE's.

Measures of Effectiveness

Measures of Effectiveness {MOE's) must be stated for each objective
to provide quantifiable units of measurement.

The evaluator may select the MOE as being frequency-related, rate-
related or both. When the project site is located in an area where no
appreciable increase or decrease in traffic volume has occurred or is
expected (i.e., fully developed areas or where no development is planned
for the immediate future), it is appropriate to select frequency MOE's.
Frequency-related MOE's are generally recorded on a yearly basis. When
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time periods other than a full year are encountered, they should be re-
duced or expanded to a full year.

The use of time periods less than one year should not be used except
for r\nv“an‘mﬁng pv-a'hmlnav'y evaluat jon studies and when the full year 's

Pl VI

data are not available. The expansion to a yearly accident level may re-
sult in estimating errors and thus lead to erroneous conclusions.

When traffic volumes are expected to vary, rate-related MOE's should
be selected. When the MOE's are rate-related, the frequency of each MOE
value is factored by the exposure at the project site. Rate-related MOE's
are generally recommended for an evaluation study.

Rate MOE's are expressed as the number of accidents or severity of
occurrences per unit exposure. Exposure units are expressed as either the
number of vehicles or the number of vehicle-miles of travel {or a multiple
thereof ), depending on the type of project site. For intersection or spot

improvements, numbers of vehicles should be used as the exposure unit.
For extended rnadm:y cor‘+1nn:: vehicle-miles of travel should be used.
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Table 2 shows the highway safety project codes used by Federal Highway
Administration (FHPM 6-8-2-1) with corresponding exposure units.

When vehicle-miles of travel are unavailable or are suspect in terms
of accuracy, the evaluator may substitute the exposure factor with a
coverage factor such as miles of roadway, yielding a MOE such as run-off-
the-road accidents per mile of roadway. Objectives related to testing the
effect of the project on pedestrian, motorcycle or bicycle accidents
should use frequency-related MOE's. Ratio of a severity category to total
accidents may also be used as MOE's. In such cases, the evaluator should
also use rate-related MOE's wherever possible.

The objectives with the MOE's of the evaluation shou]d to be recorded

as shown in Figure 7 and included in an evaluation study

"‘h
—_
ﬂ:)

STEP A4 - SELECT EXPERIMENTAL PLAN

An experimental plan is an analytical framework used to measure the
jmpact of a highway safety project on the selected MOE's. The experiment-
al plan should be consistent with the nature of the project, and the com-
pleteness and availability of data. There are several different experi-

mental plans for evaluating safety projects. Four plans have been select-
ed for use in evaluat 1nn highway safety projects:
Before and after study with control sites
Before and after study
Comparat1ve para1le1 study

D!:.'IUI Q'.', UU[ l”y dHU l:ll LCI buuuy
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Table 2. Recommended exposure factors.

Project Type

Recommended
Exposure Factor*

1.

Intersection Projects

10-Channelization, including left turn

bays
11-Traffic Signels, installed or
improved
12-Combination of 10 and 11
13-Sight distances improved
19-0ther intersection work (except
structures)

Cross Section Projects

20-Pavement widening, no lanes added

21-Lanes added, without new median

22-Highway divided, new median added

23-Shoulder widening or improvement

24-Lombination of 20,21,22 and 23

25-Skid Treatment/Grooving

26-Skid Treatment/Overlay

27-Flattening and/or clearing of side
slcpes

25-0ther cross section work or combi-
nations of above categories

Structures

30-Widening existing bridge or other
major structure

31 Replacing of bridge or other
major structure

32-Construction of new bridge or
major structure {except to elimi-
nate a railroad grade crossing or
one for pedestrians only)

33-Construction or improvement of
minor structure

34-Construction of pedestrian over-
or under-crossing

35-0Other Structure work

- LA -7

or WM
or YM
VM
Y or VM
VM

-

-

* = number of vehicles
Y¥= vehicle-miles of travel
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Table 2. Recommended exposure factors (Continued).

Recommended
Project Type Exposure Factor
4. Alignment Projects
40-Horizontal alignment changes (except
tc eliminate highway grade crossing,
Code 52) ¥ or VM
41 -Yertical alignment changes Y or VM
42-Combination of 40 and 41 Y or ¥M
44-Other alignment work Y or WM
5. Railroad Grade {rossing Projects
L{i_FTachina Yinhte renlaring cinne nnlvy 1)
il | Iﬂ)ltlfls ﬂﬂslI\-J Flab dlle ¢ily 23 lilae WEriy v
51-Elimination by new or reconstructed
grade separation ¥
52-Elimination by relocation of highway
or railroad Y
53-11Tumination K
54-Flashing lights replacing active
devices ¥
55-Automatic gates replacing signs only ¥
S56-Automatic gates replacing active
devices L
57-Signing and/or marking ¥
58-Crossing surface improvement ¥
58-Cther railroad grade crossing
improvement v
6. Roadside Appurtenances
60-Instaliation or upgrading of
traffic signs ¥ or VM
61 -Breakaway sign or Tighting supports Yor VM
62-Installation or improvement of road
edge guardrail ¥ or VM
63-Instaliation or improvement of median
barrier ¥V or ¥M
64-Installation of striping and/or
delineators Y or YW
65-Roadway lighting installation Y or VM
66-Improvement of drainage structures ¥ oor VM
67-Instatlation of fencing Y or VM
68~Impact attenuators ¥
69-0Other roadside appurtenances Y or VM
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Page of
OBJECTIVE AND MOE LISTING

Evalustion No. A"’
Date/Evaluator __ 2/23/77/007 Checked by _%/28/77/HES
Evaluation Objactive Maacurs of Effectiveness (MOE)
Determina the effect of Percent change in:
the project on; {check ons)
{fundamental) Rate__X____ or Frequency
{fundamental}
1. Total Accidents 1. Total Accidents/ MV
2. Fatal Accidents 2. Fatal Accidents/ MU
3. Injury Accidents 3. Injury Accidents/ MV
4. PDO Accidents 4. PDO Accidents/ MV
{project purpose] {project purpose)
E. Sideswipe Accdident 5. Sideswipe Accident /My

Figure 7. Sample objective and MOE listing.
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Each plan attempts to accemplish the same objective. That is, to
compare the MOE after project implementation ({(Apr or App) with the
expected MOE had no improvement been implemented (EF or Ep). The ex~
pected MOE value for each plan is based on different underlying assump-
tions.

When using any experimental plan, the evaluator should not use acci-

dent or other MOE data for the period of time during and after project
construction takes place. A time period of sufficient length to allow
traffic to adjust to the new conditions should be allowed following com-
pletion of the project. This time period is referred to as "Construction
and Adjustment Pericd" in the illustrations which accompany each experi-

mental plan.

(Figures 8 and 9): This plan compares the percent change in the MUE at the
project site (test site) with the percent change in the MOE at similar
site(s) without the improvement {control sites) for the same time period.
An assumption is made that the test site, in the absence of the improve-
ment, exhibits accident experience similar to the control sites. Any dif-
ference between the accident experience at the project and control sites
js attributable to the project {see Figure 8).

When plotted values of the before MOE's at the control and project
sites indicate an increasing or decreasing trend over time, and regression
analyses result in a significant trend, the expected value of the MOE
should be based on an extension of the trend into the period following
project implementation ({see Figure 9). If a trend is not observed, an
average MOE for the project and control sites may be used {see Figure 8).

For evaluation studies of projects implemented at an earlier point in
time, control sites can be identified by searching and analyzing historic
accident and locational data at sites similar to the project site. How-
ever, if the evaluation study is being planned prior to project impiemen-
tation, caution must be exercised in the selection of control sites.
Since the control site should be similar to the project site without the
improvement, a question may arise regarding potential danger of improving
one site based on an identified deficiency and not improving a second site
or sites with a similar deficiency. This problem does not exist for com-
pleted project evaluations and therefore does not detract from the use of

the experimental plan.

The Before and After Study with Control Sites is considered the most
desirable plan for highway safety project evaluation, since evaluations
are based on the assumption of a cause and effect relationship between
project countermeasures and a change in the MOE's. The use of control
sites allows the evaluator to reduce the influence of other variables on

study results. Also, it may be desirable to control for specific indepen-
dent variables such as climatic conditions, law enforcement, speed or

pavement conditons.
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Figure 8. Before and after study with control sites.
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The selection of control sites is the most difficult aspect of this
plan. The number of control sites selected should be based on the samp-

ling plan given in Figure 6.

Experimental Plan B - The Before and After Study (Figures 10 and 11):
This plan is commonly used in the evaluation of highway safety projects,
if control sites are not available or the control of specific independent
variables is not critical. This approach is based on data collected at
two points in time; before and after project implementation (refer to
Figure 10). There are two basic assumptions involved in this plan: 1)

without the infroduction of the highway safety improvemeni, the MOE value
will continue at the same level and 2) the MOE value measured after pro-
Ject impTementation is attributable to the improvement. If either or both
assumptions are erroneous, the plan may lead to inaccurate conclusions.

If the data for the before period exhibits a definable trend, it may
be possible to modify the first of these two assumptions. This can be
accomplished through the use of linear regression. If this technique is
used, the first assumption is modified to: without the introduction of
the highway safety improvement, the MOE will continue to increase {or de-
crease} at the same rate that it has been increasing (or decreasing) in
the before period (see Figure 11). The second assumption however, still
must be made. A discussien of the linear regression technigue is provided
in FUNCTION C.

When before traffic volume data are not available this plan requires
an exposure estimate to be made. A growth factor may be used to estimate
the before traffic volume thereby making the use of rate-related MOE's

possible. Regression analysis can also be used in this regard.

Experimental Plan C - Comparative Parailel Study (Figure 12}: This
plan 1s similar to Experimental Plan A with the exception that no MOE's
are required prior to project implementation. The assumption made in this
plan is that the test site and the control sife (or average of the con-
trol sites) wili exhibit similar behavior in the absence of the improve-
ment. The control sites should exhibit similar deficiencies to those at
the project site prior to improvement. The observed difference in the MOE
at the project site when compared to the average MOE for the control sites
is attributed to the improvement (see Figure 12). The average value for
these MOE's are compared to the project site MOE's.

The Comparative Parallel Study also has the advantages of utilizing
control sites. However, in this experimental plan, an assumption is made
(but not verified) that the test site and control sites had identical MOE
prior to project implementation. While this reduces the data require-
ments, it is less desirable than experimental Plan A and in some cases
less desirable than Plan B.
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Figure 11. Before and after study (trend analysis).
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The greatest difficulty in using control site experimental plans is
the selection of control sites. In many cases where projects are imple~
mented at sites with atypical geometry or traffic performance characteris-
tics, the selection of a comparable control site is not possible.

Experimental Plan D - Before, During and After Study (Figure 13):
This 1s similar to the Beftore and After Study with the modification that
measurements are taken at three points in time. This plan is applicable
for temporary projects (i.e., temporary signing for construction zone
traffic control) which is to be discontinued or removed after a period of
time. :

In this plan, the first comparison of MOE's is between the during and
he expected during conditions (based on before experience) as shown in
igure 13. After the project is discontinued, a comparison is performed
between the observed after experience and the expected after (based on the
during experience). This comparison provides a measure of the change in
accident experience which resulted from the removal of the project. A
third comparison is made between the observed after experience and the ex-
pected after (based on the before experience) as shown in Figure 13. This
comparison provides a measure of the residual effect of the temporary pro-
ject.

T ct

Selecting Experimental Plans

The experimental p1an$ described in this Guide provide the evaluator
with the necessary experimental techniques to evaluate most highway safety

projects. The evaluator must identify which experimental plan is most
suitable for the evaluation study. If there are several evaluation objec-
tives, more than one experimental plan may be appropriate.

The selection of the experimental plan aids in the identification and
collection of data and guides the evaluator to the appropriate data analy-
sis and comparison activities.

There are several experimental plans which are appropriate for use in
evaluating highway safety programs. Thus, the evaluator must be able to
select a plan which is appropriate for the evaluation and to assess the
feasibility of applying the plan under prevailing resource limitations.
This requires the evaluator to possess an understanding of each plan, its

strengths, weaknesses, limitations, and assumptions.

Theoretical Considerations

Experimental plan selection should be based on maximizing the validi-
ty of the evaluation study. Validity is defined as the assurance that
observed changes in the MOE's result entirely from the implementation of
the program (and its component projects) and for no other reasons. The
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type of experimental plan selected for the evaluation directiy affects the
ability of the investigator to achieve high levels of validity.

There are several factors (often referred to as threats to validity)
which must be recognized and overcome in the evaluation of highway safety
programs (and projects). They include:

a) Changes in the values of the MOE's caused by factors other than
the program (referred to in the literature as a *history"
threat). As an example, the initiation of a selective law en-
forcement program at one or more high accident intersections
during the after evaluation period may affect the accident ex-
perience and mask the effectiveness of the program.

b) Trends in the values of the MOE's over time (referred to in the
literature as "maturation"). As an example, a comparison of
total accident rates before and after program implementation may
show a large decrease in the total accident rate (Figure 14).
This may be a resuit of the program or it may be that the de-
crease is an extension of a long-term decreasing trend in total
accident rates at the program sites (Figure 15).

c) Regression to the mean. Regression-to-the-mean is a phenomenon
which may result when sites are selected on the basis of extreme
values (i.e., high accident experience). Regression is the
tendency of a response variable such as accidents to fluctuate
about the true mean value. As an example, the decrease in acci-
dent rates shown in Figure 14 may be a result of the program or
it may be the regression (natural fluctuation} of the accident
rate about the mean accident rate (Figure 16).

d) Random data fluctuations (instability). Accident data are parti-
cularly subject to random variations when measured over time or
at a small number of locations.

The evaluator must recognize and attempt to overcome the validity
threats. Threats (a), (b), and {c) may be minimized through appropriate
experimental plan selection and use. Threat (d) may be overcome using
statistical techniques.

Practical Considerations

The selection of an experimental plan should also consider the
feasibility of using a plan under the resource constraints of the evalu-
ating agency. The flow diagram shown in Figure 17 illustrates the experi-
mental plan selection process. The evaluator should address five decision
points {indicated as boxes in Figure 17). The first criteria is whether
before accident data are available. [f before data are not available, the
Comparative Parallel Study (Plan C} should bhe selected. If data are
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Figure 16. Regression~to-the-mean influences on MOE's
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Figure 17. Experiméntal plan selection.
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available, the remaining criteria should be addressed until a plan is
selected. These criteria inciude the need for controlling independent
variables, the adequacy of existing manpower resources for data collection
and analysis, the availability of control sites and whether the project is
temporary or experimental in nature. When a plan is selected which in-

volves control sites, the actual use of that plan in the evaluation is
subject to the availability and appropriateness of contrci sites which are

selected in FUNCTION B.

This step involves determining the type of data to be collected, data
reduction activities, data stratifications and other information needed to
develop an evaluation plan. It is important that the data needs be esta-
blished and recorded before data collection activities are undertaken to
avoid duplication of effort or failure to collect critical data. For
future projects, it may be 1impossibie to obtain certain before data
following project implementation.

The evaluation of highway safety projects requires data for 1) com-
parison of MOE's, 2) interpretation of project effectiveness, and 3) eco-
nomic analysis. The nature and extent of these data are dependent on the
previous decisions made in this function, as well as on the ability of the
evaluator to identify other safety aspects which may be impacted (nega-
tively or positively) as a result of the project.

Evaluation data needs depend on the following criteria:
1. Objectives and MOE's of the evaluation.

2. Anticipated impacts from the environment surrounding the
project site.

3. Anticipated impacts (other than the objectives) on the en-
vironment resulting from the project.

4. Project cost including implementation, and operating and
maintenance costs.

Items 2 and 3 require the evaluator to exercise judgement based on

experience. In these two items, impacts which may affect the project's
effectiveness as well as impacts which mav resuylt from the project (gther

Ll W ) LE S e Jhu S & B ) A CSu

than those being evaluated as a purpose or objective) must be anticipated.
The evaluator may include such impact in the evaluation objective state-
ment as well.

........... e

The determination of the effect of a project reguires an assessment
of the evaluation objectives and degree to wh1 h the improvement has ac-
complished the objectives of the evaluation. Therefore, each accident
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type, or severity classification referred to in the evaluation objective
and MOE 1listing must be considered in preparing the list of data to be
collected for an evaluation study.

As a minimum, the following information should be specified for each
project.

® Total cost, including construction, labor, equipment rental,
overhead, etc. (Administrative Evaluation may be conducted to
determine these evaluation data needs)

® For the analysis periods:
- Number of years of accident data
- Total number of accidents
- Number of fatal accidents and fatalities
- Number of injury accidents and injuries
- Number of PDO accidents and involvements
- Number of vehicles for spot or intersection locations, and
vehicle-miles of travel for roadway section locations.

If a control site experimental plan is selected, data needs for con-
trol site selection must also be determined to the extent possible. Based
on the type of countermeasures and the characteristics of the project
site, the evaluator must attempt to identify key variables which may
affect the MOE values (other than the countermeasures) and must therefore
be controlled. Key variables may be geometric, operational and/or envi-
ronmental in nature. The procedure for control site selection provided in
the next function of this subprocess (FUNCTION B, STEP Bl) should be con-
sulted for additional information.

STEP A6 - DETERMINE MAGNITUDE OF DATA REQUIREMENTS

The experimental plan selected in STEP A4 partially determines the
magnitude of data to be collected. Depending on the plan to be used, data
sets must be collected at various locations and points in time. For in-
stance, the Before and After Study with Control Sites requires each data
variable to be collected at the project site and at all control sites for
both the before and after periods. The number of data sets required for
the selected experimental plan should be estimated for the purpose of de-
veloping a detailed data collection scheme. The exact number and location
of control sites to be used are identified as a result of FUNCTION B acti-
vities.

Another consideration in establishing the magnitude of data needs is
related to sample size requirements. This information along with the num-
ber of required data sets allows the evaluator to organize the necessary

manpower for the data coliection activities.
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Analysis Period Length

The experimental plans outlined in STEP A4 are based on the assump-
tion that the number of accidents used in the analysis accurately reflects
the number of accidents for the entire before or after analysis period.
Because there are random variations in the number of accidents occurring
at a site, this assumption becomes more accurate as the analysis period is
lengthened. Previous studies have indicated that a three year accident
history is a sufficient approximation to the long term average for safety
analysis. It 1is recommended that a three year before and a three year
after period be selected for a final Accident-Based Evaluation. In addi-
tion, it is recommended that preliminary Accident-Based Evaluation be per-
formed at the conclusion of the first and second years following the pro-
ject implementation. This helps the evaluator to identify unexpected im-
pacts prior to the final evaluation.

There are two factors to consider when selecting the length of the
analysis periods. First, periods should be selected for which there is no

Dlslltflbullt \,hullgca n 3cum\:tr?c, traffic or traffic control at the site

except for the countermeasures during the entire before and after study
period. The second is that it is desirable to evaluate the effectiveness
of a project as soon as possible to determine whether additional (or dif-
ferent) countermeasures are warranted at the site.

The following conditions may dictate the analysis period length:

1. If there was a change in either the geometric fea-
tures or traffic control devices at the site within
the three year period prior to or following project
implementation, the study period should be adjusted
to eliminate the effect of the changes on the MOL.

If the evaluator suspects that the countermeasure nas
increased accidents, an ntermedlate study period
should be selected to determine that effect and de-
velop additional countermeasures to alleviate the
safety deficiencies {See Non-Accident-Based Pro-
ject Evaluation}.

™D
.

3. If data are not available and cannot be reliably es-
timated for the project site for a three year period

prior to improvement, the study period should be

-adjusted to obtain a reliable accident experience.

When the first condition applies, the before study period should be
Timited to the time between the change and the countermeasure implementa-
tion date. The after study period shouid be of equal length and conducted
during the same months as the before study period. That is, if the before
period covers 18 months beginning in January, the after per1od should also
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extend for 18 months starting with the month of January. The criteria
suggested on page 18, Sufficiency of Accident Data, can be used in this
case to determine if the expected after experience is adequate to support
subsequent statistical analysis.

When the second condition applies, an analysis using the full three
year before period and whatever after period has expired before the after
MOE's became suspect should be conducted. If the results are not conclu-
sive, the project should be continued and a subsequent evaluation be made
prior to the end of the three year after study period.

When the third condition applies, all available before data should be
used with an after study period containing the same number of months.

Traffic volumes (expressed as average annual daily traffic, AADT) may
be collected on a sampling basis. The ITE *Manual of Traffic Engineering
Studies" states that in urban areas (population of over 2,000) 24 hour
counts on & typical day taken during favorable weather conditions usually
approximate the AADT within 10%. In rural areas, 24 hour counts must usu-

ally be adjusted for daily and seasonal factors. A detailed explanation
of these factors 1is provided in the ITE “"Manual of Traffic Engineering

Studies" (pages 29 - 35).

A1l data requirements and the magnitude of data reguired for each
data variable should be recorded in the Data Requirements form shown in
rigure 18.

Qutput of Function A - Completed Evaluation Plan

Whether developed as part of pre-implementation engineering studies
or after implementation, a report to document the Evaluation Plan should

be developed.

The Evaluation Plan should include:

1) A statement of objective

Include project purpose(s) and justification(s), evaluation
chjectives and MOE's.

2) A description of the overall plan

IncTude a description of the selected project(s), available
accident history and appropriate traffic performance or
other variables to be compared.
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Evaluation No.

Page of

DATA REQUIREMERNTS LISTING

A-1

Date/Eveluator _2/23/77/00F

Experimental Plan

Checked by __2/28/77/HES
Before and Aften

Data Moods

Magnitude

{Rumber of Sites, Tims Paricd, Datea)

Total Accidents Straiified by

1.

3 years before (5/73 o 5/76) and

Severity

after [5/77 £o 5/80] project

{mpLementation fon five sites.

3 yeans begone (5/73 to 5/76) and

2. Run-off-Road accidents asinati- 2.
fied by Lighting condition agter L5/77 2o 5/80) project
{night vs. day) dmplempitation for §ive s4iles.

3. Average annual daify traggdic 3. Fon each yearn 15/73 thau 5/80) of

the analysis forn five adites.

Figure 18. Sample data reguirements form.
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3) An outline of the method of analysis

Clearly specify the experimental plan to be used, measures
of effectiveness, types of comparison to be employed and
other details rnnrprn1nn data collection needs. The desira-
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bility and type of econom1c analysis and statistical test-
ing should be addressed including values and assumptions to
be emplaoyed.

Appended to this "ep‘r should be the Tistings, forms and
work sheets shown in the Append Xx. These should be com-
pleted to the extent possible. A1l available data should be
listed at the time the evaluation plan is developed to
facilitate later retrieval for subsequent evaluation acti-
vities.

Summary of FUNCTION A

@ Obtain before documentation including accident histories
and project justification statements if available.

@ Review before accident data and identify the relationship
beitween the project and safety deficiencies.

@ Select projects to be evaluated which provide needed input
to future HSIP decisions.

® Determine the project purposes.

@
QJI_'

ist the pr Ject purposes and justification for and build
- ,-.,-.'i 4+ 3 N
H Cvai L FUITE

o ~ o4 £330 o~
ua U >L UU_y riig.

STEP A2 - STRATIFY PROJECTS

@ Group projects with similar types of countermeasures which
are to be (or were) implemented at locations with similar
site characteristics using a card indexing system.

® Determine which evaiuation plan is appropriate.

.@ Sample projects for evaluation if desired.

STEP A3 - SELECT EVALUATION OBJECTIVES AND MOE 'S

@ State the fundamental evaluation objectives and identify
the objectives by determining the probabie effect of the
project on one or more project purposes.
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If traffic volumes or exposure data are available for the
project site, select a rate-related MOE for each objec-
tive. Select an exposure factor consistent with the pro-
ject type and location from Table 2.

If volume data are not available, estimate exposure and
use rate MOE's or select frequency-related MOE's. Use the

value of MOE over the entire analysis pericd or an average
per unit time (i.e., year).

Select objectives related to economic evaluation.
Finalize selection of MOE's for all objectives.

List objectives and MOE's and incorporate into the evalu-
ation pian document.

STEP A4 - SELECT EXPERIMENTAL PLAN

L

Select the experimental pian based on its applicability to
the evaluation objectives and its overall desirability.

Determine if the selected plan 1is feasible using Figure
18.

Plot MOE's over time tc determine whether or not regres-
sion analysis is appropriate.

STEP A5 - DETERMINE DATA VARIABLES TO BE COLLECTED

@

List all data variables associated with the o¢bjectives
{and MOE‘s)} of the evaluation.

List data needs for control site selection if necessary.

List variables expected to be impacted either negatively
or positively by the highway safety project.

STEP A6 - DETERMINE MAGNITUDE OF DATA NEEDS

Estimate the number of data sets to be collected for each
data variable identified in STEP A5 for the evaluation
study. (The specific number and location of control sites
will be determined in FUNCTION B).

Estimate sample size requirements to the extent possible

for each data set. List all data needs and magnitudes for
inclusion in the evaluation plan document and develop the

complete evaluation plan.
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Example of FUNCTION A

The State Highway Agency is implementing projects to improve non-
freeway locations where single vehicle run-off-the-road (ROR) accidents
typically occur. The countermeasure for this project type is to be pave-
ment edgelining at hazardous locations where edgelining did not previously
exist. Therefore, the State is interested in evaluating past edgelining
project experiences to determine the effectiveness of painted edgelines on
ROR accidents.

The following illustrates the step-by-step procedure described in
FUNCTION A:

[of o I i ]
STEP Al - SELEC

Edgelining projects implemented in 1974, and continually
maintained to date, were compiled from agency records. Since
the evaluation is being conducted in 1978, projects implement -
ed during 1974 were selected to ensure at least three years of
accident data following initial edgelining. The project
selection process considered only pavement edgelining which
was specifically implemented as part of a “"high hazard loca-
tion" safety improvement project. Also, the edgelining por-
tion of a project had to be the only countermeasure in the
project which was designed to impact ROR accidents. That is,
if guardrail or curve reconstruction were implemented along
with edgelining, the projects would not be considered as a
candidate because both guardrails and reconstruction could im-
pact ROR accident experience.

A large number of projects was selected because of the
small number of ROR accidents which constitute a ROR accident
problem.

A review of the accident history and project justification
statement for the projects resulted in the project purposes

shown in Figure 19.

STEP A2 - STRATIFY PROJECTS

Following the initial project selection process (STEP
Al), the resulting edgelining projects were stratified accord-
ing to roadway type. The two stratifications utilized were:
1) two-lane, bi-directional non-freeways, and 2} multilane,
bi-directional non-freeways.

It was determined that projects would be sampled from

both the multilane and two-lane non-freeway stratifications.
Sampling was performed because the large number of sites in
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Fage of
PROJECT PURPOSE LISTING

Evaluation No, __A"1A
Dsto/Evaluator __2/23/77/00P Checked by _2/28/77/HES
P-1A

Project No.

Projact Description and Location{s}
multilane and fwo-Lane highways throughout Polk County.

Edgelining [FHWA Code &4}

Pavement mathing on non-jreeway

Countermeasure(s)/Codes

Project Purpose Justification

i. Reduce Total Accidénts . ALE sdites arne high accident
Locations by States 1976 cniteria)

2. Reduce ROR Accidents 2. High propontion of ROR accdidents
duning pre-profect period. (60%
versus 30% Statewide).

3. Reduce Night ROR Accdidents 3. High numbers of night ROR
accddents doning pre-project
period.  50% of the ROR accidents
oceurnining occunned at night.
Onty 15% of the travel ocowued

at night.

LG

Figqure 19. FUNCTION A example data - project purpose listing.
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either group made the development of detailed accident summar-
ies impractical for the manpower resources of the agency.
Further, the sampled projects would allow sufficiently large
numbers of ROR's for statistical testing. The number of sites
in each group were 18 and 21, respectively.

Accident printouts were obtained for a three year period
prior to project implementation for each project site. Fig-
ures 20 and 21 show a listing of the combined three year
accident data for project sites in both groups. (The propor-
tions of ROR accidents were approximately equal for all
sites}. For each group, the population mean, M ,the popula-
tion standard deviation, o, were calculated. Mean accident
values were calculated as 24.67 and 23.38 accidents while
standard deviations were 11.51 and 7.29 accidents for the
multi and two-lane roadways, respectively.

The required sample size (ng) was calculated for both
groups using an allowable accident tolerance of +7 accidents

about the mean for the three year period. The procedure for
calculating ng was as follows:

For multilane group (group 1):

ng = 4 o 2/E2

4(11.51)2/72

10.8, use 11 sites

For two-lane group (group 2):

ng = 4 (7.29)2/72

]

4.3, use 5 sites

Eleven and five sites were randomly selected from the
multi- and two-Tane project groups respectively as shown in
the last column of Figures 20 and 21. The average accident
experience based on these sampled sites was then calculated
for subsequent use in the evaluation study.

STEP A3 - SELECT EVALUATION OBJECTIVES AND MOE.

The 1ist of objectives and MOE's of the evaluation is
shown in Figure 22. In addition to the fundamental objectives
selected for all evaluations, two additional objectives were
selected.
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Page of

PROJECT SAMPLING WORKSHEET
No. A-JA  (Mutti-Zane, Non-Freeway Profects)

Evaluation

Date/Evaiuator _ 2/23/77/00P Checked by _2/28/77/HES

Departure From Mean, Erpprz 17 Accdents

Sample Size:z___11 _____ Sites  (Noie Asterichs]

Total 2
Site No. Locetion Acci;(j_ents X;—M)
1
! Al 22 7.13
z 9 AZ 18 44,49
5 A3 11 156,57
4 A4 11 186.§7
5 ¢ A5 26 1.77
6° As 42 300. 33
7 A7 31 40.07
4 A§ 12 160.53
g ® A9 14 113,55
10 A10 19 32.15
17 ® ATl 25 0.11
Iz ® Alz 27 7.13
13 * Al3 58 641,61
4 AT4 40 235,01
15 * Al5 3% 177.49
16 ° Al6 78 11.09
17 Al7 76 75.17
5 * AlE 19 32.15
* | Sefected fon Sample by Table 04 Randbm Numbers.
=X = 444 = (x-u)2
ng=1§ M= 24,67 = 7254,02
o= 11.5
5 2
EX; E0G-H) 40
a Ag c ng—1 s Error 2
= 24.47 s 11.51 = 10.8 Use 1]
Figure 20. Project sampling worksheet for FUNCTION A

example (multi-lane, non-freeway projects).
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PROJECT SAMPLING WORKSHEEY

Evaluation No. A-J4 Tuo-fane, Non-Frceway Projects)

Date/Evaluater ___2/23/32/000 Checkoed by __2/28/77/HES
Departure From Mean, Error: + 7 Aceldents
Sample Sizez___ 5> Sites {Note Asteniche)
Site Mo, Location Acz%fffm ma—guz
]
7 3] 22 1.90
2 BZ k¥ 5&, 0%
3t B3 iz 129,50
4 B4 135 70.22
5 B5 1é £7.98
é B 79 11.42
7* BY 25 .56
§ B 29 31.58
9 B9 6 54.45
10 BIO 23 5.66
17 BI1 70 11,42
BT BIZ 37 74.30
13 * BI3 440 | 276.27
14 B14 : 31 55.06
75 * B15 1% 75.94
16 B4 26 6. 86
17 B17 24 .38
1i B1% 14 54.46
19 B19 19 79.1§
70 82D 79 37.5%
71 B21 20 43,52
* Sefected for Sample by Table of Random Numbers = Xi= 491 |Z{X:-4)2 7
ng= 21 H= 7538 = 7062.56
o= 7.29
sX; = (6-H)2 4 0°
i Ag o= ng—1 " Error 2
« 73,38 = 7.29 = 4.3 Use 5

Figure 21. Project sampling worksheet for FUNCTION A
example (two-lane, non-freeway projacts).
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OBJECTIVE AND MOE LISTING

Evcivation No, A TA
Date/Evaluator _2/23/77/00P Checked by _7/28/77/HES
Evziuntion Objective Feerure of Effectivanass (R1O0E)

Determine the effect of Parcont change in:

the projact on? {check one)

{fundamental) Rate___ X __ or Frequency

{fundamentai]

T. Totsl Accidents 1. Total Accidents/ MM

2. Fatal Accidents 2. Fatal Accidents/ MM

3. Injury Accidents 3. Injury Accidents/ MUM

4, PDO Accidents 4, PDO Accidents/ MUM
{project purpose} {project purpose}

5. ROR Accidents 5. ROR Acoidents/MUM

6. Night ROR Accidents 6. Might ROR Aceddents/MV

Figure 22. FUNCTION A example objective and MOE listing.
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Since all projects are located on extended roadway sec-
tions and volume data are available for the selected sites, an
exposure factor of vehicle-miles of travel {or a multiple
thereof) was selected as the rate-related MOE.

STEP A4 - SELECT EXPERIMENTAL PLAN

Two projects consisting of eleven (multilane) and five
(two-1ane) individual project sites are to be evaluated inde-
pendently.

A search for unimproved sites to serve as control sites
for each project group was unsuccessful. Therefore, the be-
fore and after study was considered appropriate for the evalu-
ation study.

A four year plot of annual total and ROR accident rates
for the sampled projects in each group did not indicate either
an increasing or decreasing trend. Therefore, the single
point (average) estimate for each group was selected. '

STEP A5 - DETERMINE DATA VARIABLES TO BE COLLECTED

The 1list of variables necessary to evaluate these two
projects were developed and presented in Figure 23.

The data variables addressed the objectives and MOE of
the evaluation as well as other data which are relevant to
the evaluation study.

STEP A6 - DETERMINE MAGNITUDE OF DATA NEEDS

Since control sites are not involved in the evaluation,
data need only be collected at the project sites.

The before and after periods were selected as three
years. Thus, accident data are required for the project sites
covering a three year period before and after the implementa-
tion. The magnitude of all data requirements including acci-
dent and volume data are alsd shown in Figure 23.

Output of FUNCTION A - COMPLETED EVALUATION PLAN

The completed evaluation plan for the project is shown on the
following pages.
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DATA REQUIREMENTS LISTING

Evaluation No. _A7A

Date/Evaluator _2/23/77/00P Checked by __2/28/77/HES
Before and Afien

Experimental Plan

Magnitude
Date Nesds {Numbaer of Sites, Timas Poriod, Dates}
J. Total Aceidents Stactified by 1. 3 years before (1970 to 71973 as

Severity, fatalities finiuries appropriate)} and aften (1975 %o
1977 as appropriate) profect

implementation for 39 sifes.

2. ROR aceidents stnatified by 2. 3 yeans before (J970 2o 1973 as
Eighting condition Inight vs. appropriate] and agter {1975 2o
day) 1978 as appropriate) project

impLementation for 39 sdiled.

3. Avenage annual daily trafdic 3. Fon each vean (1970 Zo 1978] of
the analysis for all 39 sites.

Figure 23. FUNCTION A example data requirements listing.

58




Example Evaluation Plan

Title: Effectiveness of Pavement Edgelining

n

Date/Evaiuator 9/8/78/RMU Checked by 9/14/78/HES

Evaluation Number A-3A

DESCRIPTION OF PROBLEM IDENTIFIED: A disproportionately high incidence of
run-off-road (ROR} and night ROR accidents (greater than 5 and 2.5 acci-
dents/mile respectively) have been identified on 39 highway sections. The

statewide averages are 2.5 and 1.5 respectively. The locations of these
h"lnhmnu cartinone are Al +thvniyoh A1R and R1 'an‘nn h R

. 21
L LLLLAYN J ST L 1D Wi Fla wio Vusil Fildd MW L LIV W :|II Wi d .

COUNTERMEASURE SELECTED: Edgelining has been selected as the proposed
countermeasure to reduce the ROR and night ROR accidents.

nee o o --...--

STUDY EVALUATION OBJECTIVE: The objective of this evaluation is to deter-
mine the effectiveness of edgelining on ROR and night RCR accidents.

FUNCTION A - Develop Evaluation Plan

Step Al - Select Projects to be Evaluated

CRITERIA FOR PROJECT SELECTION: Selection criteria include:

atard in tha camo ~ P
lt:Lcu HI LT sdiic Yoo

4

1 e
1
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4 to 10-31-
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2. Countermeasure properly maintained during evaluation period.
Field reviews by maintenance superintendants will be made during
routine travel. Locations will be marked as deemed necessary.

3. Data is or will be available from the State's accident Tiles.

4. A1l sections of highway experienced high incidence of ROR and

SoL Y NS Y

night ROR accidents.

5. Edgelining was the only countermeasure applied. Construction and
maintenance records w111 be reviewed to identify any significant

nnnnnnnnnnnnnnnn - Fraatitmac Arrvana +|n o aa
L”d”ycb i” Cny lf UHlllC”LO. Q”U II IHHWCIJ iedtures aQuy PHIY LT ar Ler

analysis period.

IDENTIFY PROJECT PURPOSE AND JUSTIFICATION FOR SELECTION: The pur-
pose sites selected have a disproportionately hign 1incidence of ROR
accidents and night ROR. (Project Purpose Listing, shown 1in the
Appendix to Evaluation Plan}.
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Step A2 - Stratify Projects:

Thirty-nine highway sections with high incidence of ROR and night ROR
accidents were grouped into multilane nonfreeway (Al1-A18) and two
iane nonfreeway highways (B1-B21). '

DETERMINE EXTENT TO WHICH EACH GROUP WILL BE EVALUATED, i.e.,
ALL PROJECTS, SAMPLE, NONE: The multiTane nonfreeways and two
Tane nonfreeways was studied to determine the reasonableness of
selecting a sample of sites for evaluation. The projects were
stratified into two groups - multilane nonfreeway and two lane
nonfreeway - because of the similar site characteristics of the
highway sections found in each group.

Because of the large number of sites in each group, individual
project evaluations were determined to be impractical based on
existing manpower restrictions. Therefore, sampiing from the
project grouping was conducted. (See Project Sampling Work
Sheets in the Appendix to the Evaluation Plan).

Step A3 - Select Evaluation Objectives and MOE:

A1l fundamental objectives will be included in this evaluation.
These are to determine the effect of the project on total accidents,
fatal accidents, injury accidents, and PDO accidents. In addition,
project related objectives are the effect on ROR accidents and night
ROR accidents.

Rate related MOE's have been selected for this evaluation. All acci-
dent types will be measured in accidents per MVM. (Objective and MOE
Listing as shown in the Appendix of the Evaluation Plan).

Step A4 - Select Experimental Plan:

Before and After Study with Control Sites appears to be the most de-
sirable. However, because of limited manpower and resources, the use
of control sites was determined to be impractical at this time.

No accident trends were identified or are anticipated. Therefore the
before and after experimental plan was selected.

Step A5 - Determine Data Variable to be Collected:

A1l accident data is required during the entire evaluation period.
In addition to the fundamental objectives of total accidents, fatal
accidents, injury accidents and PDO accidents, it will be necessary
to identify both day and night ROR accidents. Since rate related
MOE's have been selected, traffic volumes for the before and after
periods will be required. The Accident Summary Table (Appendix),
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MOt Data Comparison Worksheet (Appendix)}, and Exposure Worksheet are
to be completed as data becomes available.

Step A6 - Determine the Magnitude of Date Requirements:

A1l data variables will be required for the entire 3 year before (5-
1-70 to 5-1-73) and 3 year after (5-1-75 to 5-1-78) period. (See
Data Requirements Listing in the Appendix).
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FUNCTION B: Collect and Reduce Data

This function enables the evaluator to:
1. Coilect data for the selection of control sites.
2. Select control sites.

3. Collect and reduce accident, severity, exposure, and project
cost data.

Overview
Accident, exposure and cost data are the basic input to Accident-
Based Evaluation. The type and magnitude of these data are dependent on

the objectives of evaluation, the MOE's, and the experimental plan esta-
bTished in FUNCTION A.

FUNCTION B provides guidelines for collecting all data necessary for
an evaluation study including:

1. Data necessary for selection of control sites.
2. Before accident and other data collection.

3. Data collection during implementation period.
4. After accident and other data collection.

Standard data collection procedures and eguipment are discussed in
this function to aid the evaluator in data collection and reduction.

Accident and volume data are the primary inputs to the evaluation
measures of effectiveness. The following section is provided to enable
the evaluator to recognize and minimize problems associated with the use
of accident and volume data in Effectiveness Evaluations.

Accident Data Issues

Several accident data issues which may reduce the reliability of the
evaluation must be considered by the evaluator.

Accident reporting inconsistencies present a significant problem to
the evaluator in the form of differential reporting thresholds between and
within States, changes in accident report forms, and reporting procedure
differences between jurisdictions.
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Other problems associated with accident data include biased, errone-
ous or incomplete accident report information. These problems exist in
the form of incorrectly Tocated accidents, biases created by officers’
Judgment on probable accident cause, the absence of appropriate reporting
variables on the accident report forms, and unreported accidents.

The evaluator, with the knowledge of possibie problems with accident
data, must assess the impact of such problems on the outcome of the evalu-
ation. Critical questions which must be considered include:

a. Do known problems or biases affect some MOZ's differently than
others?

b. Do known problems or biases affect the before period differently
than the after period?

c. Do known problems or biases affect the project site differently
than the control sijte?

If the answers to these questions suggest that the evaluation results may
be affected, modifications to the experimental plan may solve or minimize
the problem. If the problems cannot be overcome, the evaluator must note
in the final report that these deficiencies may have affected the results
of the evaluation.

Possible solutions to these problems lie in the ability of the evalu-
ator and other professionals in the area of highway safety to inform ad-
ministrators of the existence of these issues and suggest possible remedi-
al measures such as improving accident report forms and procedures, and
adopting reliable accident location systems.

Exposure Data Issues

Problems associated with exposure data must also be recognized by the
evaluator since rate-related MOE's are often used. Because exposure data
must be taken during the same period that the accident data are acquired,
the use of existirng volume data creates a problem in defining accident
rates for such MOE's as wet weather accident rates and night cor day acci-
dent rates. Another problem with using exposure data is that it is often
derived from historic traffic count surveys or statewide statistics. The
use of these data sources may grossly under- or over-estimate the exposure
at a specific site. Bias associated with data collection techniques may
also result from obtaining ron-random samples which do not represent the
“true"” volume situation.

Again, if these problems and biases are suspected, the critical ques-

tions listed for the accident data must be addressed for the exposure
data. Possible solutions to these problems consist of controlled traffic
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volume collection and exposure estimating procedures at all program and
control sites.

STEP B1 - SELECT CONTROL SITES

The selection of control sites is necessary when the selected experi-
mental plan is either The Before and After Study with Control Sites or The
Comparative Parallel Study. For these plans, the evaluator must select
one or more locations to serve as control sites.

Control sites should exhibit characteristics similar to those of the
project site in the absence of the countermeasures.

Generally, it is not too difficult to identify sites which have simi-
lar geometrics. However, the accident experience at any site reflects the
interaction of the driver, the roadway and the environment. An attempt
should be made to select sites in which all three of these factors are
similar to those of the project site. Recognizing that it may be diffi-
cult to find sites which are absclutely identical for these three factors,
the evaluator must make a trade-off between the statistical desirability
of using a control site experimental plan and the possible inaccuracies
introduced by dissimilarities between the project and control sites. This
loss of accuracy can be minimized by careful selection of those variables
which differ between the project and contrel sites and by using an ade-

guate number of control sites.

The control sites should exhibit accident patterns similar to those
of the project site. Since the accident and severity can be similar at
two or more different sites due to chance, variables such as horizontal
and vertical alignment, number of lanes, pavement width, type of traffic
control devices, land use, access control, and traffic volume should be
similar. In addition to these considerations {similarities between MOE's
accident patterns, geometry, traffic control, etc.), the evaluator should
identify key variables which must be controiled in the evaluation. The
key variables are those independent variables which are expected to influ-
ence the effectiveness of a specific project. For instance, suppose a
skid proofing project is to be evaluated using a control site experimental
plan. Both speed and the pavement surface conditions before the improve-
ment may influence accidents. The control site selection process should,
therefore, consider speed and type of pavement surface as key variables.
Thus, the control sites must be similar to the project site for these two
key variables in addition to geometric, traffic control and MOE similari-
ties.

As another example, a pavement edgelining project which was implemen-
ted to reduce night run-off-the-road accidents should ensure that roadway

Tighting conditions in the before pericd are similar at the project eand
control sites. Differences in this key variable (level of roadway light-

ing) would affect the validity of evaluation resuilts.
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Operational data such as speed data, turning movements, or travel
time and delay or other non-accident data may aisc be required for control
site selection. The evaluator should use only standard data coliection
procedures for the collection of these data. Also, appropriate data col-

lection equipment should be ytilized. The '"Manual of Traffic Engineering
Studies" published by the Institute of Transportation Engineers (ITE) is
recommended for further discussion on data collection procedure, eguipment
and data collection forms.

The mat nirg of other independent variables adds to the desirability
and validity of the control sites. The evaluator should use judgment when
specifying key variables. As a guide, it is recommended that up to a 10%
variation in any key variable between the project and control sites be
considered acceptable. The use of a 10% variation is not based on a quan-
titative analysis of the control site selection process but is provided as
a guide. The value for the allowable variation can be modified by the
evaluator as he gains experience in selecting control sites.
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accuracy exists for control sites as for other variables. That is, the
greater the number of control sites, the greater the confidence that the
accident experience at these sites typifies the expected accident experi-
ence at the project site without improvement. However, the number of con-
trol sites to be used in the study may be Timited by the number of sites
with similar key variables (which the evaluator wishes to control) and/or
by the manpower requirements for data collection and reduction. It is
recommended that the maximum possible number of sites be used, consistent
with these two constraints.

The following procedure should be used in selecting control sites:

1. Identify and list candidate control sites. Candi-

dates must have roadway geomelry and traffic control

features which are identical or nearly identical to
the project site. Variables to be considered include
the horizontal and vertical alignment, number of
lanes, lane width, access control, land use, traffic
volumes and traffic control devices. Geometric and
traffic control data may need to be collected to make
this comparison. These data can be collected from
existing files, plans, photolegs, or field surveys.

2. Select from the candidate sites, those which exhibit
similar before accident experience in the units qf
the selected MOE's. For rate-related MOE's a candi-

date site may be selected, if the before MOE rate is
within 10% of the nr‘n1nr‘1' site MOE rate. Accident
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printouts or manual acc1dent tabulations from police

=)
un




reports are necessary for this activity. The sites
which do not indicate similar accident-related MOE's
should be rejected.

3. CLecllect other key variables which are to be control-
led in the evaluation (i.e., ciimatic conditions, ve-
hicular speed).

4. From the 1list of candidate sites, select control
sites which exhibit similarity (within 10%) in the
key variables.

STEP B2 - COLLECT DATA FOR THE BEFORE PERIOD

A critical factor to consider in the data collection process is the
delineation of boundaries for the project site (and control sites if used
in the evaluation). The boundary of the project site should include only
that area influenced by the countermeasures. Evaluation data collected
outside the area of influence may seriously effect the outcome of the
evaluation. Control site boundaries should closely match those establish-
ed for the project site.

Since the objectives of the evaluation are related to testing acci-
dents by type or severity, before accident data should be available from
evaluation plan development activities conducted in FUNCTION A. In this
step, all before data must be collected and reduced to a usable form for
subsequent analysis. Accident tabulations and collision diagrams may help
to organize accident data. This is of special importance when accident
data must be extracted from accident report files or from site-specific
computer printouts. The evaiuator should be certain, however, that all
reported accidents are being considered in the study by checking with
State, County and local lew enforcement agencies and traffic engineering
accident files.

The entire accident data base for a project site should be tabulated
annually, by accident type, severity, time of day, surface and weather
conditions, driver action, etc. A computerized accident system is ex-
tremely efficient for this process. However, manual tabulation of data
from accident reports is acceptable, although it reguires considerably
more time. From these accident tabulations, the evaluator should identify
those accident and severity categories which relate specifically %o the
data needs list prepared in STEP A4 of FUNCTION A. An Accident Data Sum-
mary (Figure 24) may be used to tabulate accident data.

Since the effectiveness of a safety improvement is often dependent on
changes in accident or severity rates between the before and after peri-
ods, there is a need for reliable volume data. Volume data may be col-
lected in the field or obtained from existing sources and used to obtain

accident rates. An Exposure Worksheet as shown in Figure 25 may be used
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ACCIDENT SUMMARY TABLE

Evaluastion No.

Date/Eveluator Checked by
Data Sourcs
Location Chack one:{ Project Sitels): Bsfore ... __ or After )
Time Period to Contro! Sitels): Before — e o7 After
* Accident Catsgory Total Fatai Fasstities || "1 [Injuries :23 fnvol,

Accidents || Acc. Acc.

Surface Condition

Dry

We1
Snowy/lcy
Other
Total

Figure 24. Sample accident summary table.

EXPOSURE WORKSHEET

=Rl N Wl lllis WY W ASULGAL L Gmae 3

Evaluation No.

Date/Eveluator Chacked by:

Data Source

Location

Time Pariod to

Check one: Project Site{s) Before________.__or After
Control Site(s) Before.____ or Alter

Site Project® Length of Exposurs
Length Time Pariod AADT Vsh.__or Veh. ML _ _

1. 1. 1.

— —_—— |

Total

¥ For vehicia-mile units of exposure {only}

Figure 25. Sample exposure worksheet,
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to tabulate volume data and compute exposure factors. Exposure, expressed
in vehicles (V) for intersection or spot project sites and vehicle-miles
of travel (VM) for extended roadway section project sites may be computed
by expanding average annual daily traffic (AADT) counts. AADT for major
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supplemental volume studies taken on a sampling basis may be conducted by
the evaluator to check the reliability or update traffic volumes. Expo-
sure factors may be computed from AADT counts with the following equa-
tions.

For intersection or spot location exposure factors, {expressed as ve-
hicles, V}):

V = AADT x T

For extended roadway sections exposure factors (expressed as vehicle
miles of travel, VM}:

VM = AADT x T x L
Where:

AADT = Average annual daily traffic volume

T

Number of days in the analysis period

L

Section length.

The analysis periods in the above equations represent the time over
which the accidents have been collected (length of before or after per-
jod). Exposure is genera]ly factored to reduce the magnitude of the num-

ber; this factor must always accompany any reference to accident rates
{such as million vehicle-miles of travel).

It is also recommended that an inventory of existing roadway and en-
vironmental features be conducted for the before period and again for the
after period. This may be accomplished by field reconnaisance or by
checking historic project and maintenance files or photologs. The inven-
tory of environmental and highway features should include but not be
limited to: :

e type of land use

e distances to nearest intersections
e type of traffic control devices

° project site geometr1cs

intersection approach type
pavement type
channelization

[
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e width and number of lanes
e number of driveways

This information for the before period provides a base condition
which, when compared to a similar inventory taken of the after condition,
can be used to identify any changes at the project (or control) site other
than the countermeasures.

STEP B3 - COLLECT DATA FOR THE AFTER PERIOD

After the project countermeasures have been implemented, the evalua-
tor must establish a database of the impacted conditions following imple-
mentation. These data are compared in FUNCTION C with expected MOE's.

Prior to the evaluation of after data, traffic operations must be
allowed to establish a steady-state pattern. A waiting period from 4 to 6
weeks is generally recommended. Following this adjustment period, a
similar data collection effort as performed in STEP BZ should be under-
taken. The summary tables for accident and volume data (Figures 24 and
25) may be used for tabulating after data as well as before data. In
cases where the evaluation of a project is ongoing, preliminary Accident-
Based Evaluation should be conducted following both the first and second
year after project implementation. These evaluations necessitate the
collection of intermediate accident data for comparison with the average
annual before MOE's. This approach also identifies improvements which
have an initial effect that may diminish with time.

The Before, During and After Study is used if the highway safety
project is temporary and is to be discontinued at a later date. Data col-
lection during the time period when the project is in place should also
allow for a waiting period following project implementation and project
removal to allow traffic to adjust to the new conditions. The during
analysis period should span only the time for which the project is opera-
tional (following the waiting period). Before and after data should be
coliected for time periods which are identical to the during period in
length and season. Similar data collection and reduction efforts, as in
STEP B2, should be undertaken.

Summary of FUNCTION B

STEP Bl - SELECT CONTROL SITES

® Select control sites if required by the experimental plan
selected in FUNCTION A, and if sites are available.

STEPS B2 and B3 - COLLECT AND REDUCE BEFORE AND AFTER DATA

® Stratify and tabulate accidents at the project and/or con-
trol site(s) by time of day, weather and surface condi-
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tions, severity, accident type, etc. for the analysis
periods.

® Identify those stratifications which relate to the MOE's
and data listed in FUNCTION A.

& Compute both the total and average number of accidents per
year for the before and after period at all sites as may
be appropriate.

& Obtain before and after traffic performance data for the
project site if available.

® If exposure data are not available, perform volume studies
and estimate volumes. The data collection techniques and
analysis procedures in the ITE "Manual of Traffic Engi-
neering Studies" are recommended.

@ Perform inventory of locational features including road-
side features, traffic control features, etc. which may
effect accident experience if varied over time. This
inventory may be performed concurrently with other before
project data collection activities.

Example of FUNCTION B

Control Site Selection

on of two, multilane, high vol
top 15 high accident locations

Tl o~ et me
e HILCT SC0L
fied as one of th
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neering study of the location recommended the implementation of an
8-phase, fully actuated traffic signal. The implementing agency is con-
ducting an evaluation of the project to determine its effectiveness in
reducing total accidents. Based on the results of the evaluation, recom-
mendations for 8-phase signals at other locatijons which exhibit similar
safety deficiencies may result.

The purpose of the project was to reduce total accidents at the pro-
ject site. The evaluation objectives were to test the effect of the pro-
Jject on the fundamental objectives (total, fatal, injury and property dam-
age accidents). Traffic volume data was available so the MOE's were spec-
ified as rate-related and expressed as accidents per 10 million approach
vehicles at the intersection. The before and after study with control
sites (plan A) was selected as the experimental plan.

Before project implementation, the subject site was controlled by a

Z-phase, fixed time controller. The major approaches consisted of three
through Tanes in each direction with exclusive left and right turn lanes.
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The volume for the two major approaches averaged 59,800 vehicles per day
for the three years before implementation. The two minor approaches aver-
aged 31,000 vehicles per day for the same period. Land use on all quad-
rants of the intersection was commercial and followed local access control

[ YT Amnm

P
requiremen
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The first step in the control site selection process involved the
identification of candidate sites which exhibited similarities in terms of
geometry, alignment, number of lanes, traffic volumes and access control.
The initial search for candidate sites considered the four adjacent inter-
sections located on the major arterial of the project site; two on either
side of the project site. These were considerad reasonable candidates be-
cause 1) they were located on the same arterial as the project site, thus
traffic volumes and vehicular composition would be similar on the major
approaches, 2) A1l candidates had similar commerical land uses (gas sta-
tions, small retail shops, etc.), 3) A1l candidates had the same number
of lanes on both the major and minor approaches and were controlled by
2-phase, fixed time signals and 4) The winor approaches were also rela-

‘|"1\lo1\i h'lr‘lh unlume artavriale and had tvaffirm ll’\ umes cimitar +a t+the minar
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approaches at the project site.

Next, 3-year before total accident rates were calculated for the pro-
ject site and the four candidates (called A,B,C and D). The 3-year total
accident number, total approach volume (all approaches) and total accident
rates are shown in Table 3.

Table 3. Project and control site comparison table

Average Annual 3 Yr. Rate {Acc.
Site 3-Year Accidents Approach AADT::l p2£=i0 MV )
Project 325 90, 800 3.27
A 267 79,130 3.08
B 229 73,400 2.85
¢ 205 65,450 2.86
D 240 67,200 3.26

Acc. Number x 106/Average AADT x 365 x 3

H

3 Year Acc. Rate
For the project site, the rate was ca
3 Year Acc. Rate = 325 x 107/90,800 x 365 x 3
= 3.27 accidents/10 MV
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Control site candidates A and D showed a total accident MOE rate
within 10% of the project site and were determined to be appropriate

control sites.

The evaluator identified another key variable to be law enforcement
characteristics at the sites. The local authorities were contacted and it
was found that there were no differences between the law enforcement

treatments for the project site and contrel sites A and D.
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'FUNCTION C: Compare MOE’s

This function enables the evaluator to:
1. Develop MOE data summary tables.

2. Calculate the expected value and percentage change in the
MOE 's.

Overview

This function involves determining the effect of the project on the

1
selected MOE's. This requires that computations be made to determine the

expected value of the MDE if the project had not been implemented and the
percent difference between the expected MOE and the actual obsegved value
of the MOE. The MOE's derived from the accident and volume data collected
in FUNCTION B should be tabulated in a format which is unique for the
seiected experimental plan. The percentage change in the MOE's for the
treated and untreated condition can then be easily determined using the
equations provided in this function.

The percentage change and the expected accident freguency in each MOE
is directly used in the statistical testing procedure, Poisson Test, in
FUNCTION D.

STEP C1 - PREPARE MOE SUMMARY TABLES

MOE data summary tables are developed 1in this step using the data
compiled in FUNCTION B. The MOE Data Comparison Worksheet shown in Figure
26 may be used to tabulate both accident and exposure data used in devel-
oping the MOE's. The column headings in Figure 26 can be modified for the
experimental plan selected for the evaluation as shown in Figures 27
- through 30.

Figure 27 illustrates the sample format to be used for tabulating
MOE ‘s for the Befeore and After with Control Sites experimental plan.

UiV i =) LR 2 LA S tr WA

Entries tc the summary table should be the average annua1 or total vailue
of the MOE's for all sites for both the before and after periods.

Figure 28 illustrates the recommended format used for tabulating
MOE's for the Before and After experimental pldn Entries to the summary
table should be the average annual or total MOE's for the project for each
project evaluation period.

Figure 29 illustrates the format to be used for tabulating MOE's for
the Comparative Parallel experimental plan.

Figure 30 illustrates the format to be used for tabulating MOE s for
the Before, During and After experimental plan.

73




Page

of

MOE DATA COMPARISON WORKSHEET

Evsiugtion Ne.

Date/Evaluator

Experimental Plan

Checked by

Control

Projest

fExpocud

Bafore| Aftar

Refore

Aftor

Afrer

Parcent

Rate —|Reduction,

FMOE Data Summary

Bep [(Agp

Bpg)

(Appy

(9%}

Accidents:

{Fundamental}

Totel Accidents

Fatat Accidents

Injury Accidents

PDC Accidents

{Project Purposs)

Exposure

units:__V_or...VM

PMOE Comparison
Rats or Fregquency

E {%)

Total Accidents/

Fatal Accidents/

injury Accidents/

PO Accidents/

Figure 26.
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MOE DATA COMPARISON WORKSHEET

Evaiuation No. _
Date/Evaluator Checked by
Experimantal Pian :

Control Project iiEXPMGd
After
Before | After |Before| After | Rate Rt?;:&?;m
or (%)

MOE Data Summary | {Bgf; [{AcE) | BpF) | (Apg) | Freq.

Accidents:

Figure 27. Illustration of MOE data comparison worksheet for
before and after with control sites study plan.

MOE DATA COMPARISON WORKSHEET

Evaluetion RNo.
Date/Evaluator : Checked by
Exparimental Pian '

Control Project  [Expected

‘ Aftor
Bafor ftor |Befora| After | Rata R’;‘é’:&'i‘;m
or %)

MOE Data Summary F A (Bpr) | {ApE) | Freq.__

Accidants:

Figure 28. Illustration of MOE data comparison worksheet for
before and after study plan.
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MOE DATA COMPARISON WORKSHEET

Evaluation No.
Date/Evaluator : Checked by

Experimental Plan _
Control Project |Expected
After
o Aftor! \ After | Rate

Percent
?ndun!it_‘lﬂ

SooU=R

or %
N (2PF) | Freq._ 1%}

MOE Data Summary c tACF]

" Actidents:

Figure 29. Illustration of MOE data comparison worksheet for
comparative parallel study plan.

MOE DATA COMPARISON WORKSHEET

Evaiuation No. |
Date/Evaluator Checked by
Experimental Plan

Control 4 Project lExpectsd)
Aftor
Befor fter |Befora| After | Rate . aiﬁf&?;np
g or
Accidents:

Figure 30. Illustration of MOE data comparison worksheet for
before, during and after study plan.
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The data recorded in the MOE Data Comparison Worksheet should include
only those variables identified in the evaluaticn objective and MOE selec-
tion process. Units should be included with each data entry.

STEP C2 - CA

L ,‘!_ F T i b

In Accident-Based Project Evaluation, statistical tests of signifi-
cance {FUNCTION D) assume that the project did not affect the MOE's at the
project site, and thus the MOL observed after project implementation is
similar to what it would have been if the project had not been implement-
ed. The MOE's that would have occurred without project implementation
cannot be measured (as this condition does not exist) and must be esti-
mated. This estimate js called the expected value and is derived dif-
ferently for each experimental plan. A description of the procedure used
to obtain these estimates and the resuiting percent change in the MOE's
are described in this step. ‘

Expected MOE values are based on the assumptions associated with ecach
experimental plan. For example, the expected MOE for the control site
experimental plans is based on the accident experience at the control
sites. For experimental plans which do not invoive control sites, the
expected value of the MOE is based on the accident experience prior to
project implementaticn.

The expected value of the MOE can be estimated in two ways, depending
on the characteristics of a particular MOE over time. If the yearly mean
values of the MOE follows an increasing or decreasing trend when plotted
over several years, the expected MOE should be estimated by using linear
regression techniques. If the MOE values follow a horizontal trend or are
widely dispersed, the mean value of the MOE over the entire analysis peri-
od should be used for expected MOE estimation. The linear regression
approach is statistically more attractive, however, its use is subject to:
1) correlation between the dependent {MOE value} and the independent
(time) variables and 2) the assurance that the slope of the trend line is
significantly different from zero (horizontal). Procedures for testing
these aspects of the MOE‘s are described in this step.

Experimental Pian A - The Before and After Study With Control Sites

Freguency-Related MOE's:

Lihon h MOE LI -

when the MOL's are freguency-related, and the traffic volumes at the
project and/or at the control site is not available, the following equa-
tions should be used to compute the expected value of the MOE.

o m

EF = Bpr(AcF/BcF)

Where:

Er = Expected frequency-related MOE at the project site if
the improvement had not been implemented.
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Bpr = Before period MOE frequency at the project site.

Acp = After period MOE frequency at the control site(s).

Bep = Before period MOE frequency at the control site{s).

When the MOE's are freguency-related and before volume data are
available or can be estimated (see Yolume Estimating Procedure in this
function), the before frequency of accidents, Bpf and Bgp, must be
adjusted for volume changes between the before and after period. This is
accomplished by multiplying the before accident frequency (Bpfp) by the
ratio of the after to before period AADT's at the project site. Similarly,
for the control sites, the before accident frequency (Bcp), is multi-
plied by the ratio of the after to before period AADT's at the control
sites.

When volume data are available, the equation for the expected value
of the MOE becomes:

(After Project AADT)(Acp){Before Control AADT)
{Before Project AADT){B¢r){After Control AADT)

It is not necessary to adjust the expected MOE for dissimilar section
lengths between the project site and the control sites since the length of
the section is canceled in the equations.

Percent change in the frequency-related MOE is then computed by the
following equation:

Percent Change = [(EF - Apf)/EF]100
Where:

Er = Expected frequency-related MOE at the project site if
the improvement had not been implemented.

App = After period MOE frequency at the project site.

The value for the expected frequency-related MOE, Ef, and its per-

cent change describes the effectiveness of the project and are used as
direct input to the statistical testing procedure in FUNCTION D.

Rate-Related MOE‘s:

When the MOE's are rate-related and traffic volumes are available or
can be estimated {see Volume Estimating Procedure), the following equa-
tions should be used to compute the expected value and percent change in
the MOE's.

ER = Bpr (Acr/Bcr)
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Where:

Ep = Expepted rate~related MOE at the project site if the
project had not been implemented.

Bpr = Before period MOE rate at the project site
Acp = After period MOE rate at the control site(s)
Bcr = Before period MOE rate at the control site(s)

Because the MOE‘s are expressed in terms of accident rates {as oppos-
ed to frequencies), no volume related adjustment is necessary.

Percent change in the rate-related MOE is computed by the following
equation.

Percent Change = [(ER - Apr)/ERJ]100
Where:

te-related MOE at the project site if the
: imple ad

Apr = After period MOE rate at the project site.

To determine the expected accident frequency, the expected value of
the rate-related MOE must be transformed from an accident rate tec an ex-
pected accident frequency. The expected accident frequency is calculated

by:

F- = F. ¥ Aftoer Prnisct Fynnci rn/Tnﬁ
Ep = Eg ter oject Exposure/10
Where:
Er = Expected before accident frequency to be used in the sta-

tistical testing procedure.

m
-
H

Expected rate-related MOE at the project site if the pro-
ject had not been made (expressed in accidents/MV or MVM).

1

Exposure (MV) Number of vehicles passing an intersection or
spot location during fthe after period, express-

ed in MV.
Exposure (MVM)

Number of vehicles travelling over a section of
roadway during the period multipliied by the
length of the section, expressed in MYM.

The calculation for the expected value of the MOE as described above
is based on the assumption that the value of the MOE is constant over the
entire after period. If the control site MOE's indicate either an in-
creasing or decreasing trend over time, a regression technique should be

used to determine the expected value (EF or ER) of the MOE's.
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Linear regression is a technique for expressing a linear ({straight-
line) functional relationship between related variables. Correlation is
used to express the precision with which the value of one variable can be
predicted if the value of an associated variagble is known. The user
b 1A P s N 5 S S Bymm g o L 1T T ot v, | T atk Fanelhim P
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this does not necessarily mean that a causal relationship exists.

The least square regression technique is recommended for a trend
analysis of the MOE's. In this technique, the value of the MOE for each
year (Yj) dis plotted against time (X;), where the i represents the
number of years from the beginning of the evaluation period. The equation
of the line which “best fits" the trend in the MOE is then given by:

T N N T [¥]
T ULA] & A
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" Where:

Yi = the estimated value of the MOE in year i

Y = the average value of the MOE over the entire evaluation
pericd

Xi = the year for which the estimate is desired

X
b

the mid-point of the evaluation period

H

the regression coefficient (i.e., slope of the regression
Tine)

The regression coefficient (i.e., slope of the regression line} is
obtained by:

o a

n L)
b= (X -F) (¥i - V¥ 2(Xi - T2 = Sy /5
i=l -

\

i={
Where:

(X; - X) = the value of the difference between each year
and the mid-point of the evaluation period (i.e.,
mid-point of the before plus after period).

(Y;i - ¥) = the value of the difference between the MOE for
each year and the average value of the MOE over
the entire analysis period.

n = the number of years used in the analysis period.
Since the regression technique is designed to test the sirength of
the reiationship between the MOE and time, longer time periocds yield more

reliable results. Therefore, the maximum number of wvears for-which MOE
data are available should be used. Further, the maximum number of data
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points should be used in the analysis. Therefore, it is recommended that
the control site MOE for all years (before and after) and the MOE values
for the project site for the before period be used to develop the linear
regression model. This increases the number of data points and ensures

that the regression model is representative of the before p

Two tests should be performed to determine whether the indicated
trend is significant or is due to random variations in the data. The
first test should be an evaluation of the correlation coefficient (r).
The square of this cocefficient is a measure of the ability of the inde-
pendent variable (time) to explain the variation in the dependent variable
(MOE). As a general rule, if the value of ré is greater than 0.8, then
use of the regression results should be considered. If r2 is less than
0.8, then the average value of the control and project site MOE should be
used as described previously.

The correlation coefficient can be calculated as:

T Sxy/ {SxxSyy

Where:
o —i-—‘n— ] g' N 3 — —_— N
IXx T n_Z_ix*i‘ - 'LEX“{- = 2 (X; - X)¢
= t=
|ln : n
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! — —
Sxy ='ﬁzlx,fv1- - (E] xi)('_ZlYi) =3 -% (¥; -1
i= = =
Where the variables n, X; and Y5 are as previously defined.

The second test is a determination of the significance of the regres-
sion coefficient (b). This test is used to determine whether the slope of
the line is significantly different than zero. The equation for this test

is:
t = (b/Se)‘fox/n

Where:

Se? = {SxxSyy - Sxy2)/(n(n-2)Sxx)

If the value of “t" from this equation exceeds the values in the
t-distribution tables (Table 4), then the regression coefficient (b) is

significant, and the regresion equation shouid be used to obtain ER or
EF, the expected value of the MOE.

81




Table 4. 't' statistic for various levels of confidence.

Years 1£' Yalues &t Level of Confidence
fi 0.8 0.9 0.95
4 0,941 1.533 2.132
6 0,906 1.440 1,943
8 0.8%9 1.397 1.860
10 0.879 1.372 i.812
12 0.873 1.356 1.782
14 0.85656 1.345 1.761

If the accident trend before project implementation was increasing
with time, the use of regression amalysis results in an estimated value
higher than that based on the recorded MOE values. It is important that
the trend be well established to avoid overestimating project effective-
ness. For this reason, it is recommended that the column for a 0.9 level
of confidence be used to enter Table 4. This requires that we are at
least 90% sure that the slope of the trend is different than zero, and
thus can be used to estimate expected values of the MOE's.

The expected value and the percent reduction in the MOE can be calcu-
lated by: '

"E; =¥ 4+b (X5 -X)
Where:
E; = Expected MOE at thé project site for time period i, if no
improvement had been made.
X; = years since the beginning of the analysis period.

If the MOE's are frequency-related, the equation should be solved for
each year of the after period and the average of these MOE's are used as
the expected MOE frequency for the after period.

The percent change is then calculated as folliows:

Er = Expected freguency-related MOE at the project site if no
improvement had been made.

Apr = The sum of the after periocd MOE frequency at the pro-
ject site.
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If the MOE's are rate-related, the equation for Ej should be solved
for the midpoint of the after period. This value is the expected MOE rate

for the after period.
The percent change is then calculated as follows:
Percent Change = [{ER - Apr )/ER J100
Where:

ER = Expected rate-related MOE if the improvement had not been
made.

App = After MOE rate at the project site.

The development of the 1linear regression analysis should use the
Linear Regression Summary Table shown in Figure 31.

The expected accident frequency for statistical testing purposes is
calculated as described earliier in this section.

Experimental Plan B - The Before and After Study

Frequency-Related MOE:

When the MOE's are frequency-related, and before volume data. are
available, or can be estimated (see Volume Estimating Procedure), the be-
fore accident frequency at the project site must be adjusted for volume
changes between the before and after period. This is accomplished by mul-
tiplying the before accident frequency by the ratio of after to before
period AADT's.

Er = Bpr (After AADT/Before AADT) (Ta/Tp)
Where:

EF = Expected frequency-related MOE at the project site if no
improvement had been made.

Br = The before accident frequency at the project site
Tp = Length of time of the after periocd
Tg = Length of time of the before period

In the absence of before volume data, the volume adjustment cannot be
made. However, the time period adjustment should be made whenever unequal
time periods exist. Thus,

EF = BF{Ta/Tg)
The percent change is then calculated as follows:

83




Page of

LINEAR REGRESSION WORKSHEET

Evaluvation Mo.

hﬂ@n!ﬂugﬂun'&nm Phnmmirened Roas

et G DN e 0] ) Nl Ml T Pt O T 0 TF ) UF

Check one: Fraquency MOE or Rate MOE
E:(aiﬁ Yi xi-'ff (x?ﬁ)z Y-V | 4~-X) (V- , 'xiz 2|/ Ygz\z XY
g —z b Dnd. Dol Tol. Col. %g.\ Col. Col. Col.
s | moE | X e @y | @x e (o) \@) | axe

{3 {2) 3 {4} {s {3) {7} i8) (9)
e ——— e

E= Eo = == ==

Figure 31.

Sample linear regression summary table.
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Percent Change = [(EF - App)/Ef]100

Where:
EF = Expected frequency-related MOE at the project site if no
improvement had been made.
App = After period MOE frequency at the project site.

The value for the expected frequency-related MOE, Ef is used di-
rectly in the statistical testing procedure as the expected accident fre-
quency.

Rate-Related MOE:

When the MOE's are rate-related, the expected MOE's and percent
changes are calculated by:

ER = BpRr

m
A2
il

Expected rate-related MOE at the project site if the
improvement had not been made.

Bpr = Before period MOE rate at the project site

No volume related adjustments are necessary when the MOE's are rate-
related. '

The percent change is then calculated as follows:

Percent Change = [(ER - Apr)/Eg]100

Where:
ER = Expected rate-related MOE at the project site if the
improvement had not been made.
App = After period MOE rate or frequency at the project

site,

To determine the expected accident frequency, the expected rate-
related MOE (ER) must be transformed from an accident rate to an acci-
dent frequency. This is accomplished as follows:

EF = ER x After Project Exposure/10°

Where:

EF = Expected before accident frequency to be used in the sta-
tistical testing procedure.
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Er = Expected rate-related MOE at the project site if the im-
provement had not been made (expressed in accidents/MY or
MVM).

Exposure (MV) = Number of vehicles passing an intersection or

spot location during the period.

Exposure (MVM) = Number of vehicles travelling over a section of
roadway during the period multipliied by the
length of the section.

If the linear regression technique is used with this experimental
nlan, the egquations for b, vZ and t are identical to those in the pre-
vious experimental plan. However, only the data. points for the before
project period are used in the regression equations.

VYolume Estimating Procedure

There may be times when a project is designated for evaluation after
the project has been implemented. When this occurs, accident data are
assumed to be available for both the before and after period. However
traffic volumes or exposure data may not have been collected, thereby
creating difficulties when rate-related MOE's are to be used. This problem
may be handled by making an estimate of the before exposure.

The exposure index (MVM or MV) for the period prior to project imple-
mentation should be estimated for a point in time equidistant from project
implementation to the mid-point to the after period. If it is reasonable
to assume that the traffic has been increasing or decreasing at a constant
rate, then this estimate can be made using:

Eh = E5 [1/(1+i)"]
Where:
Ep = Estimated before period volume (AADT)
Ez = Average volume (AADT) of the after period
i = Average annual traffic growth rate (%)
n = Mumber of years between the midpoint of the after period

and the mid-point of the before period.

The average annual traffic growth rate, i, can either be obtained
from a knowledge of the growth rate for the city or county in which the
project site is located, or it can be estimated using traffic volume data
from the after period. If data are available from a permanent counter
located in the vicinity of the project, the annual growth rate at that

Y cvl, b : acc
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station can be used. If no station is located near the site, an estimate
of growth rate can be obtained by the following equation: '

(E2 - E1)/E1 x Ta

It

.i

Where:
Ez = Traffic volume (AADT) at the end of the after study
period
E1 = Traffic volume (AADT) at the beginning of the after study
period
TA = Length of the after study period (in years)

Experimental Plan C - Comparative Parallel Study

Freguency-Related MOE:

When the MOE is frequency-related, the expected MOE at the project
site, (EF), equals the after period frequency at control site(s)
(AcF), adjusted for volume differences between the project and control
sites. The equation is:

EF = Acr (After Project AADT/After Control AADT)

Where: _
EF = Expected frequency-related MOE at the project site if
the improvement had not been made.
ACF = After period frequency at the control site

Since the before pericd is not considered in this analysis, no other
adjustments are required.

~ ‘The percent change is calculated as follows:
Percent Change = [(EF -Apr)/EF]100
Where:

EF = Expected MOE frequency at the project site if the im-
provement had not been implemented.

Apr = After period MOE frequency at the project site

The value for the expected frequency-related MOE is used directly in
the statistical testing procedure as the expected accident frequency.
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Rate-Related MOE:

1f the MOE is rate-related, the following equations should be used to
calculate the expected MOE and percent change.

Er = AgR
Where:

ER = Expected MOE rate at the project site if the improve-
ment had not been made.

Acp = After period MOE rate at the control sites
The percent change is then calculated as follows:
Percent Change = [{Eg - Apr)/ER]100
Where:

ER = Expected MOE rate at the project site if the improve-
ment had not been made.

App = After period MOE rate at the project sites

To determine the expected before accident frequency, the expected
rate-related MOE (Ep}, must be transformed from a rate to a frequency.
: [

n LT T o L ine masimd T e o2 .
he following equation should be used:

Er = ER x After Project Exposure/l(}6

Where:
Er = Expected accident frequency to be used in the statisti-
cal testing procedure
Ep = Expected rate-related MOE at the project site if the im-

progement had not been made (expressed in accidents/MV or
MVM).

Experimental Plan D - Before, During and After Study

There are three possible conditions that may be encountered in this
experimental plan:

A. The MOE value after the project is completed and removed
is lower than the MOE value before project implementa-

tion. .

88




B. The MOE value after the project is completed and removed
is higher than the MOE value before project implementa-
tion.

C. The MOE value after the project is completed and removed
is the same or nearly the same as the MOE value before
project implementation.

If either condition A or B exist, there is an implied residual effect

from the temporary project. If condition C exists, it impiies that there

1s no residual effect from the temporary project. The impact of the tem-
porary project on the MOE's is assessed using three separate computations
similar to the before-after study computations. The first measures the
effect of the project by comparing the before MOE to the during MOE. The
second measures the effect of the project by comparing the after MOE
condition to the during MOE. The third measures the residual effect of
the project using before and after MOE's only, neglecting MOE's during
project implementation. i

nTiac | BN

Rate-Related MOE:

When the MOE's are rate-related, the following procedure should be

used to calculate the expected value and the percent change in the three
possible conditions for this experimental plan.

Te compare the during and before period MOE rates,

Er = BpR

M
<
i

txpected rate-related MOE if the improvement had not been
made

Bpr = Before period MOE rate at the project site

and

Percentage Change = [{ER - Dpr)}/ERJL00

Where:
ER = Expected rate-related MOE rate if the improvement had
not been made.
Bpr = During period MOE rate at the project site

The expected accident freQuency for the during-befere case is calcu-
lated as follows:

EF = ER x During Exposure/106
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Where:

EF = Expected before accident frequency to be used in ‘the sta-
tistical testing procedure
Ep = Expected rate-related MOE if the improvement had not been

made {expressed in accidents/MV or MVM).
To compare the after and during period MOE rates,

Er = Dpr

Expected rate-related MOE if the improvement had not
been removed

™
v ]
H|

During period MOE rate at the project site

o
3
=

i

and
Percentage Change = [(Ep - App)/ER]100
Khere:

Eg = Expected rate-related MOE if the improvement had not
been removed

Apg = After period MOE rate at the project site

The expected during accident freguency for the during-after case is
calculated as follows:

EF = ER X After Exposure/106
Where:
EF = Expected during accident frequency for statistical test-
ing purposes
Er = Expected rate-related MOE if the improvement had not been

removed.

To compare the before and after period (residual effect) MOE rates,

ER = Bpr
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Hhere:

ER = Expected rate-related MOE if no improvement had been
made '

Bpp = Before period MOE rate at the project site

and

R - APR)/ERJI00

ER = Expected rate-related MOE if no improvement had been
made

App = After period MOE rate at the project site

The expected accident frequency for the before-after case (residual
effect) is calculated as follows:

EF = ER x After Exposure/108
Where
EF = Expected accident frequency for statistical testing pur-
poses
Ep = Expected rate-related MOE if the improvement had not been

removed

Freguency-Related MOE:

When the MOE's are frequency-related, the expected and percent change
for the MOE‘s are calculated as follows.

To compare the during and before period MOE frequencies

EF = Bpr (During AADT/Before AADT) (Tp/Tg)
Khere: |
EF = Exgected frequency-related MOE if no improvement had
een made
BpF = Before accident frequency at the project site
Tp = Length of time in during period
Te = Length of time in before period
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and
Percent Change = [(EF - Dpg)/EF]100
Where:
Dpr = During period MOE frequency at the project site

To compare the after and during period MOE frequencies,

EF = Df (After AADT/During AADT) (TA/TD)
Where:

Expected frequency-related MOE 1if the improvement had
not been removed

m
“-n
[}

DF = During accident frequency at the project site
Ta = Length of time in the after period
Tp = Length of time in the during period
and
Percent Change = [(Ep - App)/EF]/100
Where:

Apr = After period MOE freguency at the project site

To compare the before and after period (residual effect) MOE frequen-
cies,

EF = Bpr (After AADT/Before AADT) (Ta/Tg)
Where
EfF = Expected frequency-related MOE if the improvement had
not been made '
Bpp = Before accident frequency at the project site
Ta = Length of time in the after period
TR = Length of time in the before period

and
Percent Change = [(Ep - Apf)/EF]100
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Where:
Apr = After period MOE frequency at the project site

The MOE Data Comparison Worksheet shown in Figure 32, should be used
to tabulate the MOE's, the expected MOE‘s and the percent change in the
MOE's for all experimental plans. The values for the expected accident
frequencies shouid be recorded for each MOE on the statistical test
summary table provided in the Appendix.

Summary for FUNCTION C

STEP C1 - PREPARE SUMMARY TABLES

e Modify the MOE Data Comparison Worksheet tc the format
wh1ch corresponds to the experimental plan used 1in the

.evaluation.

® Tabulate accident and exposure data collected in FUNCTION B
on the worksheet.

STEP €2 - CALCULATE PERCENT CHANGE

® Calculate the expected value of the MOE's and record them
on the Worksheet.

@ Calculate percent change of the MOE's and record them on
the Worksheet.

e Calculate the expected accident frequency each MOE to be
used in FUNCTION D

Examples of FUNCTION C

Comparison of MOE's Using the Before and After with Control Site
Study

A h1nhwav t:afn'i‘u nrn'lnr'f' gite consistg of a h.m-.'lnno two-mile long

uuuuu WMol S0 e L i} W TR W 1A W Twily

highly traveled roadway section with a number of sharp curves A majority
of accidents at this site during the before period were of the "run-off-
the-road" type. The safety project implemented at this site included
curve straightening through major reconstruction. The entire section was
then edgeiined. '

A single control site was identified by the evaluator prior to pro-
ject implementation and the Before and After with Control Site experiment-
al plan was used. The objectives of the evaluation were to determine the
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Page of
DATA COMPARISON WORKSHEET

MOE

Evaluation No.
Date/Evaluator Checked by
Expserimental Plan

Contrsl Project 'Emmwﬂwég
Aftar | Parcent
Bals . Reduction

Befors | After (Bofore; After

MOE Data Summary | (Bep H{Bcop | Ber | Bpp

Accidents:

{Fundamental}

Total Accidents

Fatal Accidents J},
Infury Accidents
PDO Accidents
{Project Purpose}

Exposure

units:___V, or __ VAR ! :

PADE Comparison Be Ag Bp Ap z %)

Rate or Fraguency - e — -— —_

Total Accidents/

Fatal Accidents/
injury Accidents/
PDC Accidents/

Figure 32. Sample MOE data data comparison worksheet.
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effect of the project on total accidents, fatal and personal injury, pro-
perty damage and run-off-the-road (ROR} accidents. Rate-related MOE's
were chosen. The modified worksheet for this study is shown in Figure
33.

The data for each MOE were plotted and no trend was observed in the
MOE's over time. Therefore, the regression analysis technique was not
used.

oses, sampie calculatio or oniy total ROR
accidents are comsidered. The expected value and the percentage change in
the total ROR accident rate are calculated below:

For 1i1lustrat ive ourn

Wkl Gwo ual

ER = Bpr {ACR/BCR)

Where:
ER = Expected rate-related MOE
Bpr = Before period MOE rate at the project site
AcR = After period MOE rate at the control site
Ber = Before pericd MOE rate at the control site

Substituting into the above eguation:

H

ER = 3.05 (2.23/2.99)

2.27 ROR accidents/million vehicie-miles

and

App = After pericd total ROR accident rate
at the project site

1.90 accidents/million vehicle-miles

Percent Change [{ER - Apg}/Eg]100

[{2.27 - 1.90)/2.27]100

tl

16.3% decrease in ROR accidents/miilion
vehicle-miles of travel

Expected before accident freque

ncies were calculated usin
towing equation:

[¢]
a2 LERS. |
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MOE DATA COMPARISON WORKSHEET

Evsluation No. C-1
Date/Evaluator __8/22/77 /Mul Checked by .8/29/77 /HES
Experimental Plan . Before - Aftea with Coniaok
Control Project [Expscted
After
Before| After |Before| After | Rate X_ n’;?i::::a?;n
] _or (%}

MOE Data Summary | ‘Bcr) |‘Acr) | Bpr) | pr) | Freq.

Accidents:

{Fundamental)

(3 Veans]

Tote! Accidents 20 7] 74
Fatal Accidents 2 ] iz
Injury Accidents 12 & 72
PDO Accidents g 9 [}

{Project Purpose}
Total ROR Accidents Is 12 HE

Exposure {3 Veanrs)

[TV

wnits:__V, or AVM 5,01 5,37 3.93

MOE Comparlson B A B A .
Rate _K__gr Froqusrcy €z e Pz Pz Eg %)

Total Accidents/ Myu 5,99 5.91 .11 3.80 3.9¢ 4.8

Fotal Accidents/ HuM i.80 i1.12 3.05 £.63 1.90 66.8
injury Accidents/ MVM 2.4¢0 1.12 3,05 1.27 1,42 18.6
PDO Accidents/ HVM .80 (1,68 1 o | 2537 g

Toial ROR/MVM 2.5¢% 2.23 3.065 .96 2,27 . 16.3




EF = ER x (After Project Exposure)/105
Where:
EF = Expected accident frequency
ER = Expected rate-related MOE if the improvement had not been

made.

The expected 3-year accident freguency for ROR accidents was calcu-
jated using the appropriate values from the above sample calculations and
Figure 33.

[ {
CF = A

(]
™

.27 x 4.74 M¥M)

10.8 ROR accidents for 3 years

~ Similar calculations should be performed for the remaining data con-
tained in Figure 33 to determine the percent change and the expected
accident frequency for each MOE.

Examples of FUNCTION C (cont’d)

Comparison of MOE's Using the Before and After Study

On the northbound approach of a high volume signalized intersection
near a steep downgrade, a large number of rear-end accidents were observed
during the before period. The safety project implemented at this site
consisted of increasing the amber time by two seconds and installing ad-
vance warning signs. It was not possible to identify control sites for
this project and the Before and After Study was selected. The purpose of
the project was to reduce rear-end accidents and severity of accidents at
the intersection. The evaluation objectives were to determine the effect
of the project on total fatal, personal injury, property damage, and rear-
ggd accidents. The modified worksheet for this example is shown in Figure

For illustrative purposes, sample calculations for only personal in-
jury accidents are considered. The expected value and the percent change
calculations in the personal injury accident rate using the rates shown in
Figure 34 are:

Ex = Bpgr = 3.80 personal injury accidents/MV

Where:

ER = Eﬁgected rate-related MOE if the improvement had not been
made.

Bpr = Before period MOE rate at the project site
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MOE DATA COMPARISON WORKSHEET

Evaiuation No. £-2
Date/Evaluator _8/22/77 /RUR Checked by _8/27/77 j HES
Experimental Plan __8efone - Aftea

' \gonﬁmlf Project EExpecmdi
Afvor
Befor fter |Bofore| After | Raeq X aﬁéﬁf«?én
or
MOE Data Summary { Fi { mPF? MPH Frog. (%]
Accidents: {3 Yoamsl
{Fundamental}
Total Accidents 55 21
Fatal Accidents 4 3
Injury Accidents 38 14
PDO Accidents i3
{Project Purposa)
Regn-End Accddents 44 ic
Exposure (3 Yeans|
units: MV, or__¥M ' i6.08 11.50%
MOE Comparison B B B
Rate X or Fraqusnoy c - Pz Fe Ee. 1%}

Total Accidents/ yyy 5.50 | 1.83] 5.50 | 66,7
Fatal Accidents/ pUM §.40 8,09F 0.40 77.5
Injury Accidents/iys 3.80 ) .22} 3,80 67.9
PDO Accidents/ MVM 7.38 ¢.524 7.3¢8 60.0
Rean-Fnd Accidents /My 4.061 0.871 é.00 .1 73,7

Figure 34, FUNCTION C example #2 worksheet.
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and
Percent Change = [{Ep - Apr}/ER]100
Where:

App = After period MOE rate at the project site = 1.22 per-
sonal injury accidents/MV

f
i

[#8]
4]
(4]

- 1.22)/(3.80) 1{100)

= R %

Fm

= 68% decrease on personal injury accidents/MV

Expected before accident frequencies were calculated as:

.Er = Eg x After Project Exposure/108
Where:
Er = Expected accident frequency
Ep = Expected rate-related MOE if the improvement had not been

made.

Substituting for the injury accident MOE, the expected 3-year injury
accident frequency was calculated as follows:

3.8 x 11.5 MY

EF

43.7 injury accidents for 3 years

The percent changes and expected before freguencies were similarly

LAY s GRL WY

Examplies of FUNCTION C {cont'd)

n of MCOE‘'s Using the Before and After Study with Exposure

A traffic signal was installed at a rural intersection in 1972. Ac-
cident data are available for the before and after condition and volume
data were available for the after period. MNo before traffic volume data
are available. The non-availability of similar sites 1in the area
prevented the use of the Comparative Parallel Studies.

The purpose of the project was to reduce total accidents and accident
severity. The evaluation objectives were to determine the effect of the
project on total, fatal, personal injury, and property damage accidents.
The MOE's were rate-related. The data shown in Figure 35, were obtained

_for 5 years before and after project implementation.

| I (VY

Exposure values for the project siie were estimated using the availa-
ble after period volumes. The growth factor was calculated as

39




Page of
MOE DATA COMPARISON WORKSHEET

Evaluation No. £-3
Date/Evaluator __8/22/77 /DML Checked by _8/29/77 [HES
Experimental Plan __Befone - Affer (Estimate before expostnel
ontro Project [Expectad

Atfter
BeforgulAtter [Before| Aftor | Rate x |orcont

or

MOE Data Summary F (A Bpg) { {Apr) | Frog. (%)

Accidents: (5 VYeans)

{Fundamentat}
Total Accldents 80 40
Fatal Accidents 10 5
Injury Accidents 60 i
PDO Accidents 1o 10

{Project Purpose}

Exposure {5 yoans) ‘ [Est)
units: MV, or._VM 26.57 | 31.94
MOE Comparlson B A
Rate_X__or Frequency s ] = P'R' P"'R E'R %]
Total Accidents/ My 3.01 0 1.25 3.01 58,5
Fatal Accidents/ My 0.38 [ 0.16 . 0.38 57.9
Injury Accidents/ yy 2,76 j 06.47 7.24 79.12

PDO Accidents/ MY 0.38 §0.37 0.38 18.4

Figure 35. FUNCTION ¢ example #3 worksheet.
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i = (E2 - Ej )/Ey x Ta

Where:
i = Average annual traffic growth rate
E2 = AADT at the end of the after period
E1 = AADT at the beginning of the after period

Ta = Number of years in the after period
Substituting in the above egquation
(19,000 - 16,000)/(16,000)(5)
0.0375

ke
Q]

The estimated before period volume is then calculated as follows:

Ea [1/(1+i}n]

m
or
1

Estimated before period volume (AADT)

m
(=
]

Ea = Average volume (AADT) of the after period
i = Average annual traffic growth rate

n = Number of years between the mid-points of the before and
after periods

Ep = 17,500 [1/{1 + 0.0375)5]
= 14,558 approach vehicles/day(for one year)

For illustrative purposes, sample calculations for only the total accident
rate is considered. The expected accident rate is:

ER = Bpr = (80 X 106)/(72,790){365)

3.01 accidents/million approach vehicles

[(3.01 - 1.25)/3.01]100

58% decrease in total accident rate

Percent Change

The expected accident frequency was calculated as follows:

EF = ER x After Pro




Where:

Ty
-F7
1]

Expected before accident frequency

™
el
i}

Expected rate-related MOE if the improvement had not been
made

Substituting for total accidents:

EF

3.01 x 31.9 MV

96.7 accidents for 5 years.

Percent changes and expected accident frequencies were calculated for
the remaining MOE's using the above equations.

Examples of FUNCTION C (cont'd)

Comparison of MOE's Using the Comparative Parallel Study

On a rural two-lane roadway with severe passing restrictions, a road-
.way reconstruction project was undertaken to increase the passing sight
distance on a 0.3 mile roadway section. The purpose of the project was to
reduce total and head-on accidents.

Evaluation objectives were to test the effect of the project on total
fatal, injury, property damage, and head-on accidents. MOE's were rate-
related. -

Reliable data on the number of head-on accidents were not available
for the before period. Six similar sites were identified as control sites
and the Comparative Parallel Study was selected. Accident data were col-
lected for the project site and each of the control sites for 3 years.
The data collected are shown in Figure 36.

For iliustrative purposes, sample calculations for only total head-on

accidents are considered. The expected value and the percent change in
the total head-on accident rate is shown below:

ER = Acr

YWhere:

I

Expected rate-related MOE if the improvement had not
been made.

Er

Acp = After period MOE rate at the control site

From data contained in Figure 36, the expected MOE for head-on acci-
" dents was determined.
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MOE DATA COMPARISON WORKSHEET

Evaluation No.

C-4

Date/Evaluator

8/22/71 /RAC

Experimental Plan

Comparative Parallel

Checksed by .8/29/77 /HES

Control Project [Expected
o &ftﬂl'
£ Aftor After | Rase x th::;?;ﬂ
or
MOE Data Summery C mcm (“PH Frog, . 1%l
Accidents: {8 Years)
{Fundamentat)
Tote! Accidents 24 78
Fatal Accidents 8 4
Enjury Accidents 12 £
PDO Accidents 2 16
{Projact Purpose)
Head-0n Accidents 18 i4
Exposure (3 Yeans|
units:___V, or LALVM 5.74 $.53
MOE Comparison A A "
Rate ~/__or Frequancy. Cx ] Pz Fe (%)
Total Accidents/ KVM 4,18 4181 4,18 |-47,3
. Fatal Accidents/ MUM 7.3% t.83F .1,39 36.7
Injury Accidents/ 4y 2.09 1.77 2,409 15,3
PDO Accidents/ vy §.7¢ 3.530 6.70 1-404.3
Head-0n Acoidensa [HVM 3,14 1.088 ‘2 14 1.4
Figure 36. FUNCTION C example #4 worksheet.
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ER = 3.14 head-on accidents/MVM

The percent change was caiculated by the following equation:

Percent Change = [(EgR - Apr}/Egr]100

Where:
ER = Fxpected rate-related MOE if the improvement had not
been made
App = After period MOE rate at the project site

Substituting for the head-on accident rate MOE;

[{3.14 - 3.09)/3.141100

n

Percent Change

1.6% decrease in head-on accident rate

The expected accident frequencies were calculated as follows:

EF = ER x Project AADT x 365 x Tp x Lp/106
Where:
Ef = Expected accident frequency
Ep = Expected rate-related MOE if the improvement had not been
made
Lp = Length of the project site

Substituting in the equation for the 3-year head-on accident frequen-
cy:

it

EF = 3.14 x 4,53 MVM

14.2 head-on accidents for 3 years

Expected frequencies and percent changes were determined for the re-
maining MOE's using the same procedure.

Examples of FUNCTION C {cont'd}

Comparison of MOE's Using Before, During and After Study

A highway safety project was undertaken to investigate the effective-
ness of an experimental advance warning sign in advance of an intersec-
tion with restricted sight distance. The purpose of the improvement was
to reduce total accidents at the intersection. The objective was to test
the effect of the sign on total, fatal, injury, and property damage acci-
dents at the intersection. The MOE's were selected as accident rates.
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The countermeasure was implemented for a one year period and then removed.
The data for this example are shown on Figure 37. The first data column
includes all accidents in the before period at the project site. The next
column includes all accidents which occurred during the project life. The

third column includes all accidents occurring in the after period

WAl N UMirfr TR T I WS Wi kv I P .

for illustrative purposes, sample calculations for only the totaj
accident rate are considered. The expected value of the MOE and percent
changes are:

For the first test:
Er = Bpr = 9.84 Total Accidents/MV
Where:

ER = Expected rate-related MOE if the improvement had not
) been made

Bpp = Before period MOE rate at the project site
Percent Change = [{Eg - Dpg)/ER 100

Where:
ER = Expected rate-related MOE if the improvement had not
been made
Dpp = During period MOE rate at the project site

1l

Percent Change = [(9.84 - 6.85)/9.84]100

Dt Aol |

30.4% decrease in total accidents/MV during
project implementation compared to the before
period.

For the second test;

ER = Dpr = 6.85 total accidents/MY

Where:
ER = Expected rate-related MOE if the improvement had not
been made
Dpr = During pericd MOE rate at the project site

Percent Change = [ER -Apr)/ER1100
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Eveluation MNo. €-5
Date/Evaluator __8/27/77 /FEG Checked by . 8/29/77 /HES
Experimentsl Plan _Bedsse Buning and Aften :
Contro Project Expocted
Aftor
BoforgifAftor |Before| After | Rate X [y,
or
MOE Data Summary | P€r |[‘Adw | Bpp |Ppp | Freg.|
) Profee: :
Aesidents: {1 Yean] uring
{Fundamental} {DPFI

Totel Accidents 16 13

Fatal Accidents 7 1

imjury Ancidents 5 ' 11

PDC Accidents 4

{Projoct Purposa)
Exposure (] Yeea) ‘
wnies: M W, or __ Wi 1,46 1,83
RCE ison
Roto L or ey | SOPCL | %Pa | A | B o
2

Tote! Accidents/ yy &.85 9.84 5 &.22

Fatal Accidents/ MV 8.68 2.55

Imjury Accidents/ MV 5.42 6.01 5,48

PDO Agcidents/ MV 2.74 3.28 Z2.05

Figure 37. FUNCTICN C example #5 worksheet,
ics




Ep = Expected rate-related MOE if the improvement had not
been made
App = After period MOE rate at the project site

Percent Change [(6.85 - 8.22)/6.85]100

= 20.0% increase in total accidents/MV after the
project was removed compared to the during
period
For the third test:

Er = Bprp = 9.84 total accidents/MV

Where:
ER = Expected rate-related MOE if the improvement had not
been made
Bpr = Before period MOE rate at the project site

Percent Change = [(Ep - Appr)/ER]100
Where:

ER = Expected rate-related MOE if the improvement had not
been made

Apr = After period MOE rate at the project site
[(9.84 - 8.22)/9.84]100

Percent Change

= 16.5% decrease in total accidents/MV
as a residual effect compared to the
before period.

The expected accident frequencies tc be used in the statistical
testing procedure were calculated for each of the above sample cases as:

For the before-during case:

H

EF = (ER x During Exposure)/106

(9.84 x 1.46 MY)

i

14.4 total accidents for one year
For the during-after case:
EF (ER x After Exposure)/106

(6.85 x 1.46 MV)
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= 10.0 accidents for one year
For the before-after case:

EF

(Er x After Exposure)/108
{9.84 x 1.46 MV)

14.4 total accidents for one year

Percent changes and expected accident frequencies were calculated for
all MOE's using the above procedures.
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FUNCTION D: Perform Statistical Tests

This function enables the eva1uator to:

1. List the underlying cbncepts, advantages and disad-
vantages of the Poisson technique.

2. Perform the statistical tests and interpret the
results.

Overview

At this point in the evaluation process, the evaluator has collected,
reduced, and performed comparisons of MOE's according to the selected
experimental plan. The evaluator must now test the statistical signifi-
cance of the effectiveness of the safety project to better understand whe-
ther the changes observed in the MOE, if any, are attributed to the safety
project or due to some other factors unrelated to the project.

One of the key steps in performing the statistical test is the defi-
nition of a level of confidence by which statistical fluctuations will be
tested. In other words, what is the level of risk a decision maker is
willing to accept in rejecting a hypothesis when it is true (Type 1 er-
ror). If the results are to be combined with other study results to de-
velop a Statewide database, it may be desirable to use a constant confi-
dence level to determine whether the MOE changes are significant. On the
other hand, confidence testing is a tool tc be used in interpretation of
study results. Results which are significant at the 95 percent level
indicate a larger difference exists in the MOE being tested than those at
the 80 percent level. Results at both levels may offer valuable insight
into project effectiveness buf one (95%) can be used with greater assur-
ance that a large difference exists in the MOE. ‘

The Poisson Distribution Test is recommended as the test to be used
to determine whether the change in the MOE's is statistically significant.
This technique is an accepted method of testing the effectiveness of
accident-related MOE's for safety projects.

Inputs required for this function come from the data cellected and
reduced in FUNCTION B, as well as from the results of the MOE comparison
performed in FUNCTION C.

STEP D1 - PERFORM STATISTICAL SIGNIFICANCE TESTING OF ACCIDENT RELATED
MOE s

Historically, two techniques have been used to determine the signifi-
cance of the reduction in the value of accident MOE's; the Chi-Square
(X 2) test, and the Poisson test.
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One application of the Chi-square test utilizes a contingency table
to determine whether accident freguencies at a site differ significantly
from the frequencies of all the~ data sets considered in the analysis.
This is particularly useful when the evaluator is interested in determin-
ing whether the proportion of the accidents falling in a specific category
of severity (fatal, injury, property damage) has been altered by the
jmplementation of a project. A commonly used form of the 3 2 test is
used together with several simplified assumptions to generate curves
similar to the Poisson curves. One of the assumptions is that the
expected accident frequency is the average of the before and after data.
This assumption is different from the assumptions used in FUNCTION C. In
FUNCTION C, the expected value of the MOE was calculated based on the
hypothesis that the performance of the site wouild remain constant {or
consistent with trend) if the safety improvement were not implemented. We
then compared the actual accident experience with that which was projected
from the before period. Therefore in order to use the Chi-square test, it
js necessary to calculate the expected value which is the average of the
before and after values. Further use of the Chi-square test will not be
discussed in this section, however, guidelines for using the procedure are
included in FUNCTION D of non-accident-based evaluations.

Because the Poisson technique can be used directly with the results
of FUNCTION C, this technigue is used in Accident-Based Evaluation rather
than the Chi-square technique. The Poisson technique is the more liberal
(i.e., the easier of the two tests to show significance} for the same
levels of confidence. However, more conservative results can be achieved
by increasing the confidence level used in the Poisson technigue.

The Poisson technique is used to determine whether an observed reduc-
tion in accident frequency constitutes a significant reduction within a
specified degree of confidence. This technique is based on the fact that
differences between the mean value of two samples randomly selected from a
common distribution have known characteristics. If, by using the Poisson
technigue, it is concluded that the two samples are from different distri-
butions, then it can be said that the implemented project effected a
change in the tested MOE. 1If, on the other hand, the conclusion is that
the samples are from the same distribution then it can be stated that the
project had no effect on the tested MOE.

To illustrate the basis for reaching such conclusions, assume that
there are a large number of data points representing accident frequencies
at highway locations with a common set of characteristics. Those data
points are randomly mixed in a single box and withdrawn two at a time. As
they are withdrawn, the difference between the two samples is recorded.

If this procedure is repeated over a large number of trials, the frequency
with which each value of the difference occurs will form a distribution of
known characteristics (see Figure 38)}.

The shaded area in Figure 38, as a percentage of the total area under
the curve, represents the probability that the difference in the mean
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value of two samples will exceed D. As D is increased, the probability of
the difference exceeding this value decreases. This characteristic prop-
erty of distributions is used to select confidence levels for statistical

testing.

If we designate the percent represented by the shaded area as o ,
and D as K& , we have Figure 39. One should remember that statistical

tests are based on the null hypothesis. That is, if the difference
between two data points is larger than K & | we conclude with confidence
l1-o¢  that the two samples are not representative of the same distribu-
tion. In safety project evaluation studies, this would represent those
times when the difference between the expected value of the MOE and the
actual value of the MOE exceed K&,  This conclusion will be wrong &<

percent of the time, and this is called a Type I ervror.

On the cther hand, if we conclude that the difference was the result
of randemly selecting two samples from the same distribution, when in fact
they represent samples from iwo different distributions, we will aiso be
wrong. This is called a Type Il error, and is represented by the shaded

area in Figure 40.

It should be clear that for a given sample size as the value of Ko
js increased, the probability of a Type I error decreases, and the proba-
bility of a Type II error increases. The only way to decrease both Type I
and II errors 1is tc increase the sample size, i.e., coliect additional
data. For & more thorough discussion of errors, the reader should consult
any standard statistics text.

The evaluator will be required to specify the risk {calied Tevel of
confidence) of a Type I error to be used in the analysis. In specifying
the level of confidence, the evaluater should consider the type of project
{or improvement) and the overall cost of implementing and maintaining the
project.

Since one of the uses of the evaluation of highway safety project
effectiveness is to provide guidance for the selection of future projects,
it is essential that the conclusions reached in each study specify the
probability of a Type I error. The level of confidence associated with
the conclusion is equal to one minus this probability, i.e., 1-2%.

It is appropriate to use a greater degree of confidence in high cost
projects than on low cost projects because the cost of a Type I error is
greater. High confidence levels are Jjustified for major construction
projects because the probability of these projects being effective must be
high to justify their cost. A confidence level of 85 or 99% is commonly
used for these projects.

If the project consists of low cost safety treatments involving only
minor construction or modification to traffic control devices the evalua-

‘tor can use a comparatively low confidence level since the cost:of a Type
I error would be small. )

112




The probability of meking a Type I error has been calculated for
various values of before accident freguency. The probabilities appear
both in tabular form and in graphical form. A set of Poisson curves are
shown in Figure 41. These curves are based on the assumption that the
distribution of sample differences is drawn from the Poisson Distribution.
This technique is called the Poisson test.

The Poisson distribution is described by the egquation:

P ) m A

Where:

e is the base of natural Jogarithms
}i is the mean value of the MOE
x is any selected valus of the MOE

Yalues for the sum of the probabilities from ¢ to x for any value of
4 have been tabuilated and can be found in standard statistical texts.
The curves shown in Figure 41 represent the table values of 80%, 90%, 95%
and 99% confidence levels, respectively.

if the calculated difference between the "expected” and the "actual
MOE exceeds the difference which could be anticipated from the random
selection of two samples, we conciude that some factor caused the differ-
ence. In conducting & highway safety evaluation, it is assumed that the
difference is due to the implemented highway project. If there is reason
to believe that factors other than those accounted for in the analysis
have contributed to the change in the MOE, the results of the statistical
analyses are questionable.
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reguired to achieve statistical 31gn1f1cance increases w1th 8 decreas1ng
number of accidents. This limits ihe practical use of this technique to
Jocations with accident frequencies greater than 5 accidents. If the
observed freqqency at the site is low, the percentage change in acc1dents
must be wvery large to be significant. The use of this statistical
technique does not require that the freguency be calculated on an annual
basis. However, an assumption of the test is that the fregquency used 1is
the "true" mean of the accident experience at the project site. The
frequency can be stated in terms of accidents per day, per month, per
year, or per multi-vear study period. The primary Timitation on the
accumulation of data over time is that the longer the time period, the
higher the risk that factors other than the treatment being evaluated,
contributed to the change in the MOE‘s.

The Poisson chart {(Figure 41) can be used either for the expected an-
nual average or expected total accidents. However, any conclusions drawn
from the Poisson test will indicate the significance of the change for the

- time pericd used in expressing the expected accident frequency.
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The interpretation of thes results is directly dependent on the before
accident frequency. If the difference in the expected and actual MOE
exceeds K & , then it can be concluded (with confidence 1- & ) that there
was a reduction in accident frequency per study period as a result of the
safety project.

ATthough the Poisson curves shown in Figure 41 are used to determine
if an accident reduction is significant, the curves can also be used to
determine if accident increases are significant. It should be noted that
a small error in the curves exist for accident freguencies less than 10
accidents, however, the error is small enough to be neglected.

The statistical testing procedure is as follows:

1. Obtain the value of the expected accident fregquency asso-
ciated with each MOE and the percent change 1in the MOE
from FUNCTION C, STEP (2.

2. Locate the point of intersection of the expected frequency
and the percent change on Figure 41. If the project is a
nigh cost project (such as major reconstruction) compare
this point to the curves for a level of confidence of 95%
or 99%. If the project is a low cost project, compare the
point of intersection to the curves for the 80% or 90%
level of confidence.

3. If the point of intersection is below the curve, the
change was not significant at the selected confidence
level, It may alsc be of interest to compare the point
with lower confidence limits to determine at which level
the project becomes effective.

4. If the point of intersection iJs above the curve, the
change was significant at the selected confidence level
and we conclude that the project was effective for the
particular MOE being tested. Again, it may be desirable
to identify the confidence level at the point of intersec-
tion and note this level in the project report.

Summary of FUNCTION D

%IEP D1 - PERFORM STATISTICAL TESTING OF ACCIDENT-RELATED
O S

@ Select the level of confidence

@ Obtain expected accident frequency without treatment (s)
and percent changes for each MOE,

@ Test the significance of MOE changes with the Poisson
curves. ’
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Example of FUNCTION D

Statistical Testing Example Using the Poisson Technique

An urban intersection with six approach legs and a three-phase signal
was identified as a high-accident Tlocation based on a large number of
accidents involving through and left-turning vehicles on two approaches,
as well as a number of rear-end accidents on the right-turning lane of a
third approach. A safety project consisting of adding separate left turn
lanes and protected left turn phases and widening the right turn lanes was
implemented at the intersection. The total cost of the project was
$500,000 due to the requirements of a substantial right-of-way acquisi-
tion, new signal hardware, reconstruction, etc. It was not possible to
identify any control site as the roadway and geometric characteristics
were somewhat unique. Accident and traffic volume data for three-year
before and three-year after periods were collected.

For illustrative purposes, only total accidents are considered for
this example.

Because of the relatively expensive nature of the project, future
decisions on utilizing this treatment at similar sites should be made with
only a minimal probability of Type 1 error occuring, and thus a confidence
Tevel of 85% 1is specified.

The expected 3-year accident frequency without improvement for total
accidents was 51 accidents and the percent reduction in the MOE total ac-

cident frequency was caiculated as 35.3% using the appropriate equations
in FUNCTION C.

Using 35.3% as the percent reduction in accident frequency and 51
accidents as the expected accident frequency, check the Poisson Curve for
the 95% confidence level. The required percent reduction is 23%. Since
35.3% is greater than 23.0%, it can be concliuded {at a 95% confidence
level) that the number of accidents in the after period (3 year) are sig-
nificantly reduced. The accident reduction is also significant at the 99%
confidence level.
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FUNCTION E: Perform Economic Analysis

This function enables the evaluator to:

1. Select an economic analysis technique for the evaluation
study.

2. Perform an economic analysis.
Overview

An important objective of effectiveness evaluation is to obtain a
complete picture of how well the completed project is operating from a
safety standpoint. Economic analysis provides an additional perspective
of the effectiveness of the completed safety project. From the analysis,
an assessment of the combined effects of cost and accident reduction of
the project may be made. This aspect of the evaluation is particularly

m

valuable since it is possible to have an extremely effective projec
terms of reducing accident MOE's but which 1is cost-prohibitive to the
agency for future use under similar circumstances.

Engineering economic literature contains several economic analysis
techniques which historically have been used in the evaluation of public
Works projects. Each method gives acceptable results when properly
applied and all constraints are taken into account. There is generally no
concensus among the authors of economic analysis, engineering economy and
capital budgeting literature as to the relative merit of various analysis
methods, how to handle certain factors, and the limitations of the
methods. Thus, for the purpose of evaluating completed safety projects
two methods have been included in the Guide which are most often used by
evaluators at the State level (as determined from a 1979 current practices
survey}. They are the benefit/cost and cost/effectiveness methods. Fur-
ther, the economic data can be derived using numerous economic approaches.
However, for the purpose of this Guide, present worth of benefits and
costs and equivalent uniform annual benefits and costs are the only
approaches considered.

It is important that the results of the economic analysis are repre-
sentative of the effect of the project. Thus, it is recommended to conduct
the analysis for only those projects for which MOE's were found to be sta-
tistically significant at the selected level of confidence. The cost-
effectiveness of a project based on a chance reduction in an accident
category does not provide usable information on the effectiveness of the
project.
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STEP E1 - SELECT ECONOMIC ANALYSIS TECHNIQUE

In 1979, a current practices survey was conducted to determine the
state-ofthe-practice in highway safety evaluation. The survey revealed
that a mejority of agencies use either the benefit/cost ratioc or cost/
effectiveness methods. The evaluator must recognize the pro and con
aspects of each method in order to select a single method in this step.

The benefit/cost ratio is the ratic of the benefits accrued from

A a3 Aot Af 5 q 1 ]
erved accident and/or severity reduction to costs of implementing,

operating and maintaining the project. The ratio of either present worth
of benefits to costs or equivalent uniform annual benefits to cost can be
used to determine the benefit/cost ratio. Any project that has a benefit/
cost ratio greater than 1.0 yielded more dollar-value benefits than the
cost of the project.

b
P

The use of this method requires that a dollar value be placed on all

cost and benefit elements related to the project. The most controversial
of these elements is the dollar value of benefits derived from saving a

T o LIS R

human life and reducing human suffering as a result of a safety improve-
ment.

The selection of a dollar value for these benefits must be made in
order to use the technique. The values used should be documented in the
final report. If the agency conducting the evaluation has adopted a set
of cost figures for highway fatalities, injuries and property damage
accidents, the benefit/cost analysis technigue is recommended. Also, if
the MOE's of major interest are related to accident severity, (as opposed
to specific accident types) the benefit/cost method may provide a good

measure of economic effectiveness.

An alternative to the benefit/cost technique is to determine the cost

the agency of preventing a single accident and then deciding whether

the project cost was justified. This is the cost/effect1veness techn1que
A1l project costs are valued on a dollar basis as in the previous tech-
nigue. Benefits are not assigned a cost. Rather, they are used to deter-
mine the cost of reducing a type of accident. This can only be performed
for one type of accident at a time. For example, the outcome of a
cost/effectiveness analysis may indicate that the cost for each accident
reduced was $750. In the same evaluation study, it can also be concluded
that the cost for each injury accident reduced was $2500. If a project
consists of more than one countermeasure and the accident analysis could
not relate the reduction of a specific type of accident to a specific
improvement, then it may be difficult to attach individual dollar costs to
specific types of accidents and in turn to specific types of countermea-
sures.

If the agency conducting the study has neither adopted a set of cost
figures for highway fatalities, injuries and property damage accidents,
nor is willing to select established figures or undertake a study to de-
termine accident cost data for the agency, it is recommended that the
cost/effectiveness technique be selected. Also, if the MOE of major
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interest is related to a specific accident type (as opposed to severity)

this method may provide a good measure of economic effectiveness,

STEP E2 - PERFORM THE ECONOMIC ANALYSIS USING THE B/C RATIO TECHNIQUE

ways.

ed:

The benefit/cost ratio (B/C} of a project may be determined in two

B/C = EUAB/EUAC
or
B/C = PWOB/PWOC
where:

EUAB = Equivalent Uniform Annual Benefit
EUAC = Eguivalent Uniform Annual Cost
PWOB = Present Worth of Benefits ~
PHOC = Present Worth of Costs

The behefit/cost

Determine the initial cost of implementation of the safety
improvement being studied. This includes all costs asso-

ciated with right-cf-way acquisition, construction, site -

preparation, labor, equipment design, traffic maintenance,
and other costs that may be associated with the implement-
ation of the project. Typically, such cost data are
available from ROW, design and construction files and re-
ports. An Administrative Evaluation §s recommended to
determine these econcmic data.

Determine the net annual operating and maintenance costs.
These data should be accumulated for each year of opera-
tion of the project facility. Such information is usually
available from maintenance files. The net annual operat-
ing and maintenance cost should reflect the annual differ-
ence between the costs incurred before project implementa-
tion and those incurred following the implementation of
the project. Therefore, if the project results in a lower
combined annual operating and maintenance cost following
the implementation, a negative cost results. On the other
hand, 1if the after operating and maintenance costs are
greater, the difference is positive.

Determine the average annual safety benefits derived from
the project. Safety benefits are the annual reduction in
the accident frequency associated with each severity MOE.
This 1is the difference between the annualized expected
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frequency and the after frequency for each severity MOE.
These. values were determined in FUNCTION C. The annual
safety benefit determined in FUNCTION C, 1is assumed in
this analysis to continue throughout the service life of
the project.

Many economic evaluations consider the difference in road
user costs as a highway safety benefit. Since, the basic
purpose of this analysis is to evaluate completed highway
safety projects, the road user costs are not considered.

Assign a dollar value to each safety benefit unit. Cur-
rently, various states follow different severity classifi-
cation schemes and thus assign a dollar value to accidents
saved that are unique to the particular agency. If a set
of cost figures has been adopted by the agency, they
should be used in the analysis and documented in the eval-
uation report.

In the interest of a uniform data base of project effec-
tiveness, it is desirable to use uniform cost figures for
all Accident-Based Fvaluation. However, there is disa-
greement on the appropriateness of including certain ele-
ments in the accident cost figures. As an example, the
justification for including future production/consumption
elements in cost estimates for fatalities (stemming from
the loss of ability to produce goods and services) has
been guestioned. Similarly, certain researchers feel that
the societal costs of long-term or permanent disability
due to a non-fatal but severe injury is higher than a
fatal accident because of the long term medical costs
associated with such injuries.

There are various papers and reports available dealing
with the iJssue of accident costs., Some of these have
recommended specific dollar values for accidents. As an
example, the NHTSA document, "1975 Societal Costs for
Motor Vehicle Accidents,” provides a set of average costs
per fatality and injury, and for property damage only
involvements (PDD) per vehicle (Table 5). The third row
of Table 5 shows the total cost figures. These costs
include medical costs, funeral expenses (in the case of
fatalities) legal and court fees, insurance and admini-
stration costs. The first row of Table 5 is the average
cost excluding the vehicle damage and traffic delay costs
which are shown in the second row of the table.

The NHTSA procedure provides cost data for injury severi-

ties scaled from 1 to 6. This scaling is referred to as
the Abbreviated Injury Scale (AIS) and is stratified as:
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Table 5. Average and total accident costs for 1975.

Non-Fatal Injury PDO
Averagel|Involve-
Fatality 5 4 3 2 1 Injury || ment
Average cost excluding
vehicle damage and traffic
delay, in dollars 283,105 || 188,190 82,935 5,005 2,325 435 1,360 45
Total 287,175 ||192,240 86,955 8,085 4,350 2,190 | 3,185 520
Number of occurrences in :
thousands 46.8 4 20 80 492 3,400 4,0004 21,900
Total cost in billions -
of dollars 13.44 17 1.74 .65 2.14 7.45 1275 11.40

Source: 1975 Societal Costs of Motor Vehicle Accidents,
NHTSA, December, 1976.




AIS Code Category

1 Minar

2 Moderate

3 Severe (not life threatening)
4 Severa {1ife threatening,

survival probable)
Critical (survival uncertain)
Maximum severity (fatal)

e

If the evaluator is using EPDO instead of various severity
classifications, the average cost for PDO accidents may be
used.

If the evaluator is using a different severity scale and
wishes to use the NHTSA cost figures, he must transform
his severity categories to AIS codes.

o
o
coned
.

ished accident cost figures include the cost
data recommended by the WMational Safety Council (NSC) 1.
These are $160,000 per fatality, $6,200 per injury, and
$870 per PDO accident. These figures are also used widely
by various agencies. The NSC cost figures are updated

annually.
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The evaluator may use cost figures developed specifically
for the agency, NHTSA, NSC or other cost data. Whichever
is selected, the evaluator should use only the latest cost
figures in eccnomic evaiuation.

Estimate the service 1ife of the project based on patterns
of historic depreciation of similar types of projects or
facilities. For highway safety projects the service life
is that period of time which the project can be reasonably
expected to impact accident experience. Generally, major
construction or geometric improvements should have a maxi-
mum service life of 20 years. The prediction of service
1ife for specific highway improvements can be made reason-
ably accurately if the agency maintains service iife data
and survivor curves for various types of improvements and
projects.

It is desirable for each highway agency accumulate service
life experiences and tc develop service 1ife estimation
criteria. The procedure for the development of survivor

1979 Accident CTosts Published by nSL.
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curves for the service life estimations are available in
most engineering economy texts. In the absence of service
life data, past experience and engineering judgement
should be applied for estimating service lives. The eval-
uator may also wish to utilize service life characteris-
tics generated by other agencies.

However, it is important to consider geographic location
and climatic condition of the areas for which service life
data have been Wnc:aucd. It is unreasonable to expect
that similar service life characteristics will exist for a
project or facility implemented in Michigan and one imple-
mented in Arizona.

Several States including California and Iowa have develop-
ed survivor curves. Existing survivor curves may provide
a startlng point for an agency in determ1n1ng expected

service life of safety improvements. The service lives of
safetv 1mnr‘ovpmr-=nt<; such as traffic C'lnnt: and navement

----- [ St AL ]

mark1ngs can be estimated from the life expectancy data of
the manufacturers and modified by actual field experi-
ences. The evaluator is recommended to start such service
life data files. Selected service life criteria used by
the Federal Highway Administration is provided in the
Appendix.

While the economic evaluation of completed projects does
not involve comparison of alternatives, the determination
of present worth of costs for improvements with unequal
service lives becomes a problem similar to the issue of
comparison of alternative projects. Woh1 and Martinl
provides various approaches for handling the issue:

"Alternative invesiments can only be properly compared by
examining the circumstances of cost and benefit over the
same time period or time span. Briefly, if short- and
Tong-1ife investments are being compared, the economic
analysis is not complete unless cne alsc considers the
investment and income possibilities once the shorter-life
project is terminated (since the longer-life project still

continues and therefore may continue to produce gains or
1nrnmp] This prnh'[nm of differing terminal dates or

LI LR RS’

service Tives may be handled in a number of ways.

s and Martin, E.V., raff1c systems Analysis for Engi-
s and Planners"”, HcGraw Hill, 1967.
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1) It may be assumed that the projects will be perpetual
and thus that the facility will be renewed and replaced
periodically (according to the assumed service Tlives).
While this assumption may be a convenient one, it hardly
appears to be entirely valid. In any case, if this
assumption is made, it should be stated explicitly.

2) The analysis may also be handled by analyzing the costs
and benefits over a-time period egual to the least common
multiple of the lives of the projects being analyzed.
During the time period, all items of capital and service
lives shorter than the time pericd are renewed accoerding
to their respective services lives. The advantage of this
method of handling the problem is simply that it elimi-
nates the necessity of dealing with salvage values; that
is, the end of the analysis or terminal date corresponds
to a date where the capital of all projects is fully de-
preciated and (presumably) has no salvage value.

3) One may select as the time period of analysis (that is,

the planning horizon} the service life of the project of
Tongest life and may use this time period for analyzing
all projects. However, in this case it may be necessary
to account for the saivage value of some capital items,
and it will be necessary to take account of the reinvest-
ment possibilities for capital recovered from nonrenewable
projects of shorter life than the terminal date.”

Estimate the salvage value of the project or improvement
after its primary service life has ended. This consists
of the monetary vailue of the residual elements of the pro-
ject.

Agency maintained histories of safety improvements, ser-
vice life data, and subsequent usage should provide the
basis for estimating the salvage value of a project or an
improvement. In the absence of organized data files, past
experience :and literature should be used to estimate the
salvage value. Although saivage value is generally consi-
dered as a positive cost item, some projects may require
an expenditure to remove the residual elements themselves.
In these instances, the difference between the cost of re-
moval should be deducted from the value of the scrap or
residual elements in estimating the final salvage value.
At times, salvage value can be zero or negative.

Determine the interest rate by taking into account the
time value of money. Realistic estimates of interest
rates are extremely important. The results of fiscal
evaluations are very sensitive to small variations in in-
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terest rates and thus may influence the outcome of econo-
mic analysis. Therefore, it may be advisable to vary the
interest rate to determine the economic effectiveness of
the project at different interest rates. If a project is
found to change from a fiscally effective project to a
marginally effective project with small changes in inter-
est rates, the evaluator may obtain additional insight as
to the true effectiveness of the project and draw appro-
priate conclusions in the final analysis of total project
effectiveness.

It is recommended that a uniform rate of interest be used
for all projects within an agency. The assumption of in-
terest rate should consider:

@ The market

® Interest rates for government bonds and securities
@ Past practice of the agency

@® Current practice and policy of the agency

Many agencies adopt interest rates as a matter of policy.
However, in some instances the evaluator may be required
to assume an interest rate for the evaluation study.

In recent economic studies various criteria have been used
to estimate jnterest rates for highway safety evaluations.
One apprcach is to utilize an interest rate which is re-
flected by the current marginal borrowing rate of the
evaluating (or funding) agency. A common assumption is
made that this rate is reasonably reflected in current
rates on state and municipal bonds. Caution should be
taken not to confuse this rate with the average borrowing
rate of the agency. This rate generally does not reflect
the current marginal borrowing rate since the average bor-
rowing rate includes outstanding debts which were issued
at interest rates which do not reflect the current market.
This approach generally yields a conservative (low) rate
of interest. Another approach uses an interest rate which
is reflected in the marginal rate of return in marginal
Tong-term investments in the private sector. This rate
nas been assumed tc approximate the current net rate of
interest on private savings invested in real estate. This
approach yields a liberal (higher) interest rate. It may
be bhelpful to the evaluator to utilize these two
approaches to determine upper and lower bounds for the
interest rate determination. However, agency policy
should be used whenever available to promote uniformity
between evaluations.
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Calculate the B/C ratio using eguivalent umiform annual
costs and benefits. The use of these economic parameters
provides the evaluator with the first of two alternatives
for obtaining a B/C ratio for the completed highway safety
projects. This formulation of the B/C ratio can be used
when the service life of individual countermeasures within
a single project are egual or unequal. This is because
the approach makes the simplifying assumpticn of replace-
ment of the short-lived countermeasures until the service
life of the preoject is reached.

Using the information described in items 1,2,5,6 and 7
above, equivalent uniform annual costs (EUAC} may be de-
termined from the following equation.

EUAC = 1 (CR1)+K—T(SF;)

Where:

FUAC = Fquivalent uniform annual cost (3)

I = Initial cost of the project (§)

i = Interest rate (%)

n = Estimated service 1ife of the project or im-
provement {years)

T = Net salvage value (3)

K = Net uniform amnual cost of operating and
maintaining the improvement or project
($/year)

CR1 = Capital recovery factor for n years at
interest rate, i.

The capital recovery factor may be found in the compound
interest tables provided in the Appendix, or may be calcu-
Tated as follows.

CR; = ({1+11n)/{i+1)}n -1

SFi = Sinking fund factor for n years at interest
n rate i
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This factor may be found in the compound interest tables
provided in the Appendix or may be calculated as follows:

SF1 = cRT .
n n

Equivalent annual uniform benefits (EUAB) may be deter-
mined using the information described in items 3,4,5 and 7
above and the following equation:

EUAB = F
Where:
EUAB = Equivalent uniform annual benefit (%)

B = Anticipated uniform annual benefit derived from

the project throughout its service life. This
estimate is based on the annualized savings in

various severity categories, derived since 1mp1e-
mentation, times the appropriate accident cost
values ($/year)

| [ 2 I PV S R o
he B/C ratio for

-
i

a project can be calcul
B/C = EUAB/EUAC

Calculate the B/C ratio using the present worth of costs
and benefits. The use of these parameters provides an
alternative for obtaining the B/C ratic for completed
highway safety projects. However, this approach of caicu-
tating B/C based on present worth of benefits and costs

chnitld nnt hn ulcc\ri far nvntiecte having miltinle rounter-
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measures with unequal service life unless the evaluator is
thoroughly familiar with the required assumptions and
adjustments which must be made under unequal service Tlife
conditions.

Using the information described in items 1,2,5,6 and 7
above, the present worth of costs (PWOC) may be determined
from the following equation:

PHOC = T + K (SPW')} - T (PH')
n 1t
Where:
PWOC = Present worth of costs ($)
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I = Initial cost of the project ($)

i = Interest rate (%)

Estimated service life of the project or improvement,
(years)

T = Net salvage value ($)

K = Net uniform annual cost of operating and maintaining
the improvement or project. ($/year%
i .
PW = Present worth factor for n years at interest rate

n i,

SPN1= Present worth factor of a uniform series payment
N for n years at interest rate i.
The present worth of benefits (PWOB) may be determined using the

information described in items 2,3,5 and 7 above and the following equa-
tion:

PWOB = B (SPW')
n
Where:
PWOB = Present worth of benefits ($).
B = Anticipated uniform annual benefit derived from the
project or improvement throughout its service 1iTe
($/year)

n = Service life of the project or improvement (years).

SPWi1 = Present worth factor for an uniform series payment
N for n years at interest rate i.

The B/C ratio for a project or improvement can be calculated using:
B/C = PWOB/PWOC

The B/C worksheet (Figure 42) may be used in the analysis.

The results of the analysis should be viewed as a third plece of
information (the change in the MOE's and the statistical significance of
the changes were previously determined) on the effectiveness of the pro-
ject. The evaluator must determine whether the resuiting B/C ratio lies

within the range of an effective project. It is important to recognize
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B/C ANALYSIS WORKSHEET

Evaluation Np:

Project No;

Date/Evaluator:

1.

2.

Initial Implementation Cost, I: $

Annual Operating and Maintenance
Costs Before Project Implementation: $

Annual Operating and Maintenance
Cost After Project Implementation: $

Net Annual Operating and
Maintenance Costs, K (3-2}): $

Annual Safety Benefits in Number of
Accidents Prevented:

Severity Expected - Actual = Annual Benefit

a) Fatal Accidents
(Fatalities)

b} Injury Accidents
(Injuries)

c) PDO Accidents
{Involvement)
Accident Cost Values (Source )

Severity Cost
a) Fatal Accident (Fatality) $

b} Injury Accident (Injury) §
c) PDO Accident (Involvement) s
Annual Safety Benefits in Dollars Saved, B:

5a) x 6a)

il

5b} x 6b)

fl

5¢) x 6¢)

Total = $

Figure 42. Sample B/C analysis worksheet.
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8. Services life, n: Yrs

9. Salvage Value, T: $

il
s

10. Interest Rate, i: %

1l. EUAC Calculation:

EUAC = I (CRE) + K - T (s¥l)-

12. EUAB Calculation:

EUAB = B

13. B/C = EUAB/EUAC =

14, PWOC Calculation:

i -
PHL =
i
SPWE =

PWOC = I + K (SPwd) - T (ewd)

il

15, PWORB Calculation:

PWOB = B(SPWi)

16. B/C

PWOB/PWOC =

Figure 42. Sample B/C analysis worksheet {continued).
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that there is no universal criteria and each project must be individually
analyzed on its cwn merit based on cost and effectiveness.

STEP E3 ~ PERFORM ECONOMIC AMALYSIS USING COST-EFFECTIVENESS METHOD

If the cost/effectiveness method of econocmic evaluation has been spe-
cified, the following steps should be performed.

1. Determine the initial cost of design, constructicn, right-
of-way cost, and other costs associated with project
implementation (same as Activity 1 in STEP E2).

2. Determine the annual operating and maintenance cost for
the project {same as Activity 2 in STEP E2).

3. Select the units of effectiveness to be used in the analy-
sis. The desired units of effectiveness may be:

a) Number of total accidents prevented.
b) HNumber of accidents by type prevented.

c) MNumber of fatalities or fatal accidents pre-
vented.

d) MNumber of personal injuries or personal injury
accidents prevented.

e) MNumber of EPDO accidents prevented.

As an alternative to considering benefits accrued from
reduction of specific accident severity MOE's, a severity
measure referred to as equivalent property damage only
(EPDG} accidents may be utiiized. This measure is based
on weighting accident severity categories as multiples of
property damage type

accidents. Past studies have assigned a weighting factor
of six to fatal and injury accidents as compared to a pro-
perty damage accident. However, each agency. must decide
upon its own weighting scheme. The weighted number of
accidents is called the EPD0O number. Thus, the safety
benefits can be estimated as yeariy EPDO saved. If the
EPDO approach is used, the evaluator should document the
assumptions in the study report.

4. Determine the annual benefit for the project. Essentially
this step is the same as Activity 3 in STEP E2 with the
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exception that the savings in accidents is expressed in
units of effectiveness (i.e., number of total accidents
prevented) and not in dollar terms.

5. Estimate the service life as in STEP E2 Activity 5.

6. Estimate the net salvage value as in STEP E2 Activity 6.

7. Assume an interest rate as in STEP E2 Activity 7.

8. Calculate the EUAC or PWOC as described in Activities 8
and 9 of STEP E2.

Calcuiate the' average annual benefit, B, in the desired
units of effectiveness using the following equation:

]

. m
B = E:By/m
y=l
Where:
By = benefits for year y since project implementa-

tion in the desired unit of effectiveness.

LS L ]

m number of years since project implementation.

10. Calculate the C/E value using one of the following equa-
tions.

C/E EUAC/B

fl

or,
C/E

PWOC (CR1)/B
n

Where:
CR1 = Capital recovery factor for n years at
B interest rate i.

(This changes the PWOC to an annualized cost for compati-
bility with B.}

Caution should be exercised when applying present worth to multiple

countermeasure projects with unequal service lives, The C/E worksheet
(Figure 43) may be used in the analysis.
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C/E ANALYSIS WOPRFIERET

Evaluation No:
Froject No:
Date/tvaluator:

1, Initial Implementation Cost, I: $

2. Annual Operating and Maintenanc
Costs Before Project Implementa

[
C
o
.

£

3. Annual Operating and Maintenance
Costs After Project Implementation: 8

4. ©Net aAnnual Operating and Maintenance

Costs, K (3-2): S
5. Annual Safety Benefits in Number of
Accidents Prevented, B:
Accident Type Expected - Actual = Annual Benefit
Total
6. Service Life, N: Yrs

7. Salvage Value, T: §

8. Interest Rate: % = 0.
§. EUAC Calculation:

CRp =

SFq =

EUAC = I (CRE) + K - T (SF})

Figure 43. Sample C/E analysis worksheet.
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10, Annual Benefits:

B (from 5)

11. C/E = EUAC/B

12, PWOC Calculation:

PWOC= I + K {sPwl) - T (pwi)

13, Annual Beneifit
n (from 6) = yrs.
B (from 3) = accidents prevented per year

14. C/E = PWOC (CRL)/B

Figure 43. Sample C/E analysis worksheet (continued).

1=

T
o2




Summary of FUNCTION E

STEP El - SELECT ECONOMIC ANALYSIS TECHNIQUE

@ Determine the need for economic analysis by assessing whe-

ther a statistically significant change had taken place in
the MOE's of the evaluation.

@ Select an economic anaiysis technigue to be used 1in the
evaluation.

STEP E2 AND E3 - PERFORM THE ECONOMIC ANALYSIS USING THE B/C RATIO TECH-

NIQUE, ARD PERFORM "ECONOMIC ARALYSIS USING THE COST
EFFECTIVENESS METHOD

® Finalize necessary inputs fo the selected eccnomic techniques.
@ Perform economic analysis.

Examples of FUNCTION E

Example of Economic Analysis Using Cost/Effectiveness Technigue

A highway safety project to provide increased lighting levels at an
urban intersection with a high level of night accident occurrence resulted
in a statistically significant reduction in the injury accident rate. The
following summary shows initial construction costs, operating and mainten-
ance costs and annual benefits. The annual benefits were obtained by
subtracting actual 3 year accident frequency for the after pericd from the
adjusted 3 year before accident frequency and annualizing the difference.
The service life of the project was estimated as 15 years, with a salvage
value of 10% of the initial cost. The benefits are expressed as annual

savings in injury accidents. '

Operating and Benefit {(inJury
Initial Maintenance Costs Accidents Prevented)
- $Construction
Costs
1974 1975 1976 1874 1975 1976
$40,000 $1,000 $1,000 $1,000 8 7 6

An interest rate of 10% was used in the analysis. The EUAC was cal-
culated as follows:

EUAC = I CRi + K-T (SFi}
f n

From standard interest tables for n = 15, and 1 = 10%,
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CR1 and SF1 were found to be 0.1315 and 0.0315 respectively.
n n

EUAC = ($40,000 X 0.1315) + $1,000 - (0.10 X 40,000 X 0.0315)

$5,260 + $1,000 - $126

$6,134

The average annual benefit, B, is calculated as:

|
[

(8 +7 +6)/3

fl

7.0 injury accidents prevented per vear
The C/E value was calculated as:

C/E

EUAC/E

$6,134/7

fl

$875 per injury accident saved

The resuits of this analysis may be interpreted by comparing this C/E
value with those from other similar highway safety projects to determine
whether the findings are consistent and whether the project warrants
future implementation for similar safety problems.

Example of Economic Analysis Using Benefit/Cost Ratio Technique

In an effort to reduce the number of rear-end collisions due to skidding
of vehicles during wet- weather, the h1ghway agency undertook a safety
project of skid proofing a 172 mile roadway section by constructing a
texturized pavement section at a cost of $200,000 in 1974, The estimated
service life of the project is estimated as 10 years with a zero salvage
value. The average annual maintenance cost of the grooved pavement is.
essentialiy zero. Following the AIS scheme outlined in the NHTSA document,
the highway department estimates the dollar benefits of the project in
terms of injuries prevented as $40,000, $45,000 and $50,000 for the years
1974, 1975 and 1976 respectively.

An interest rate of 10% was used in the anal

culated as:

PNOC= I + K (SPWi) - T (PWi)
n n
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Where:

I = $200,000
K =30
T =130

From standard interest tables, for n = 10 and i = 10%, SPWi and
ﬂw1 were found to be 6.1446 and 0.3855, respectively. n

PWOC

$200,000 + $0 + $0
$200,000

i

The PWOB was calculated as:

PWOB = ({$40,000+$45,000+$50,000)/3) SPWi
n

Substituting in the above equation:

$45,000 (6.1446)

PWOB

$276,507
The benefit/cost ratio is calculated as:

B/C

PWOB/PWOC

i

$276,507/$200,000

1.38

When the B/C ratio is greater than unity, the benefits derived from
the project outweigh the incurred costs. In this paritcular case, the
advantage is on the order of 38% .

The B/C ratio may also be compared with the results of other similar
highway safety projects to determine the degree of consistency between the
results and the relative merits of this type of project in future highway
safety efforts.

If the B/C technique is performed to determine which countermeasure
at a problem location is the most advantageous an incremental B/C test
should be performed. '
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FUNCTION F: Prepare Evaluation Documentation

This function enables the svaluator to:

1. Interpret the effectiveness of the highway safety
project.

2. Interpret the validity of the evaluation study.

3. Identify evaiuation results for incorporation into
tne effectiveness data base.

4. Hrite the evaluation study report.
Overview

In the previous functions, the changes in the MOE's, the statistical
significance of these changes, and the economic impact of the highway
safety project has been determined. The evaluator now must draw conclu-
-sions regarding the overall effectiveness and worth of the project and
review the appropriateness of all activities of the evaluation study which

Tead to the final conclusions.

The determination of project effectiveness should address the follow-
ing points:

i. Did the project accomplish the purpose for which it
was intended?

Z. Were the evaluation objectives accomplished?

s
W
.
1

4. Did the study reveal any unexpected results or re-
sults which were contrary to the project purposes.

The evaluation study activities must be critically reviewed to deter-
mine possible inconsistencies in data quality, data collection and sam-
pling procedures, the use of the selected experimentai plan, and statisti-
cal and economical testing. In addition, decisions made in the Planning
and Implementation Components of the HSIP should be reviewed for possible
inconsistencies which may affect the observed effectiveness of the pro-
Ject.

If the evaluation study results are a valid representation of the
.- effectiveness of the project, the evaluation data should be used in esta-
blishing an data base of vroject effectiveness for future use In planning
and impliementation decisions. This data base {see FUNCTION G) and a for-
mal written account of the procedures and findings of the evaluation are

the final outputs of Accident-Based Evaluation.
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STEP F1 - ORGANIZE EVALUATICN STUDY MATERIALS

The final determination of the effectiveness of the project and the

vaiidwty of the evaluation study requires all data and evaluation materi-
ale +n o hwrannaht fnmathaw and ~avafFal Ty v‘auﬂ FTY, |
Qa2 (LW S L= @ 1 uusul— bUgCLHCI Al Lo ciuwi e tCy L L ¥

Because the evaluation study may span several years, the organization
of all materials becomes an important element in writing the study report.
A checklist of the materials and information required for this function is
shown in Figure 44 along with the evaluation function from which the
materials originated.

STEP F2 - DETERMINE THE EFFECTIVENESS OF THE PROJECT

The effectiveness of the project is determined from the changes in
the MOE's and the statistical and economical significance of the observed
changes. This information results from FUNCTIONS C, D and E, %espective-

]y The evaluator must give careful consideration to the results of these
three functions when concluding the effectiveness of this project.

Regardless of the outcome (effectiveness) of the project, the evalu-
ator should also critically review each activity of the evaluation study
for appropriateness in an attempt to establish the overall validity of the
study and the effectiveness of the project. This review should include
the selection of purposes, objectives, MOE, experimental plan, data, data
collection procedures and data analysis procedures. If problems are
observed, an attempt should be made to correct them. If corrections
cannot be made, a brief written description of the problem and how it may

affect the observed effectiveness of the project should be prepared and
inciuded in the final study report.

STEP F3 - IDENTIFY RESULTS FOR INCLUSION IN THE EFFECTIVENESS DATA BASE

One of the primary uses of the evaluation results is the development
of a data base of the effectiveness of various highway safety projects.
The aggregate data base should be developed to assist the agency in
selecting remedial projects and countermeasures for specific highway
safety problems and supplying expected accident reduction factors which
may be utilized in evaluating alternative countermeasures for implementa-
tion. Data bases to be developed by the individual agencies should in-

clude reduction factors for accident types and severity categories from
all evaluations found to bhe reliaghle in the preceding step (STEP F2).

L¥ e L7 L L=

Guidelines for determining accident reduction factors and developing
an effectiveness data base are described in FUNCTION G, Develop and Update
Effect iveness Data Base.
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Justification Statement

Project Description

Funding Level

List of Project Purposes (Function A)

List of Evaiuation Objectives and MOE (Function A)

Experimental Plan Uses with Justification
(Function A)

List of Data Variables (Function A)

List of Control Sites with Selection Criteria
(Function A)

Raw Data (Function B)

Reduced Data {Function B)

Data Collection Techniques Used (Function B)

Data Collection Personnel

Parametric Comparison Tables (Function C)

Percent Changes in MOE with Caiculations (Function C}
Statistical Test Utilized (Function D)

Statistical Results (Function D)

Economic Data Including Impliementation, Operation,
Maintenance, etc. {Function E)

Economic Analysis Technique Used with Assumptions
(Function E)

Economic Analysis Results {Function E)

Figure 44. Evaluation study materials checklist,
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STEP F4 - WRITE THE EVALUATION STUDY REPORT

Whether or not the evaluation study resuits were appropriate for
inclusion in the aggregate data base, the evaluation activities and re-
sults should be thoroughly discussed and documented in the study report.
The documentation should inciude a concise and comprehensive coverage of
all evaluation study activities and results and should follow a standard-
ized format.

The following format is recommended.

1. Introduction
@ name of project
® overview of the project and improvement type(s)
® funding level and period
® evaluation personnel

2. Exécutive Summary of Findings and Recommendations
@ summary of project performance
©® summary of successes, failures and probable causes
@ summary of unexpected impacts, with probable causes
® recommendations for improvement of the project and/or
evaluation activities
® quantifiable support for conclusions

3. Identification and Discussion of the Highway Safety Problem
® problem identification
@ discussion of problem
® discussion of project appropriateness
@ opinions

4. Administrative Evaluation of the Project (refer to Admini-
strative Evaluation).

5. Effectiveness Evaluation of the Project:

@ evaluation study (i.e., purposes, objectives, MOF,
experimental plan, etc.)

® variables measured

® data collection and reduction procedures used in the
study

@ data analysis technigue

@ detailed project resuits relative to achievement of
objectives

@ detailed project impact statement

® problems encountered in the overall evaluation study

A1l information listed above should be incorporated into the final
evaluation report worksheet shown in Figure 45,
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FINAL REPORT

Introducticn

Evaluation No:
Project No:
Date/Evaluator:

Project Location(s):
Countermeasure(s) :

Code(s) :
Initial Implementation Cost:
Annual Operating and Maintenance Cost:

Executive Summary

List Major Findings and Conglusions of the Evaluation
Study

Figure 45. Final report worksheet.
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Identification and Discussion of the Problem

Administrative Evaluation

[oh}

List personnel and role in the evaluation study.

Persocn Role

Estimate man-hours devoted to the evaluation by activity.

Activity Man-hours
+ Data Collection and
Reduction

- Data Analysis

+ Report Writing
Time period over which the evaluation spanned:

Estimated cost of evaluation study:

Effectiveness Evaluation

- List purposes:

Figure 45. Final report worksheet (continued).
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List objectives and MOE's

List experimental plan used:

Discuss data collection activities, techniques, equipment
used, analysis periods.

List % change in each MOE and statistical significance at
selected level.

Discuss economic analysis technique used and results.

Figure 45. Final report worksheet (continued).
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Discuss problems encountered, conclusions, and recommendations
for future evaluation studies.

Figure 45. Final report worksheet {(continued).
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Summary of FUNCTION F

STEP F1 - QORGANIZE EVALUATION STUDY MATERIALS

umulate information pertaining to all the evaluation activi-
S.

STEP F2 -~ EXAMINE THE EFFECTIVENESS OF

@ From FUNCTION C, identify whether the project reduced the safety
deficiencies (MOE's) for which it was intended.

& From FUNCTION D, identify whether the project resulted in a sta-
tistically significant change in the MOE's.

® From FUNCTION E, identify whether the project resuited in benefits

i
»
{or effectiveness) which are considered acceptable when compared

to project cost.

® Based on the above information, establish the worth of the project
and appropriateness of all evaluation activities.

& Justify, in writing, all evaluation study aspects found to be in-
appropriate.

Review the purposes of the project and identify whether the coun-
termeasures were reasonable for the observed deficiencies.

STEP F3 - IDENTIFY RESULTS FOR INCLUSION IN THE EFFECTIVENESS DATA
BASE

& Identify evaluation results for inclusion to the data base for
evaluation studies found to be reliable and continue with FUNCTION
G.

® Exclude evaluation results from the data base for evaluation
studies found to be subject to reliability questions.

STEP F4 - WRITE THE EVALUATION STUDY REPORT

® Prepare documentation of all activities and results of the evalua-
tion study.

@ Review final report for completeness.
@ Distribute copies of report to all highway safety personnel and

file original report in a highway safely evaluation study report
file for future reference.
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FUNCTION G: Develop and Update Data Base

This function enables the evaluator to:

1. Tabulate basic input data to be used in data base develop-
ment

2. Compute accident reduction factors

3. Compute the expected range of the accident reduction fac-
tors.

Overview

An effectiveness data base is an accumulation- of project evaluation
results which are directly usable as input to the project selection and
project priority ranking subprocesses of the HSIP Planning Component. The
data base contains information on the accident reducing capabilities of a
project. The data base must be continually updated with new effectiveness
evaluation information as it becomes available.

. The data base should contain evaluation results from only reliabie and
properly conducted evaluations. Thus, STEP F3 of the preceding function is
extremely important as a screening mechanism to eliminate questionable
evaluation results based on observed evaluation study deficiencies which
are not correctable by the evaluator.

STEP_G1 - ORGANIZE INPUT DATA

For project evaluation results to be included in the data base, the
following information is required:

1. Description of the project including countermeasures, loca-
tions, and year of implementation.

2. Expected and actual accident freguencies by type and severi-
ty.

3. Traffic volume data representative of the before and after
analysis periods.

4. The length of the before and after analysis periods.

Information on the description of the project is used to develop
groups of projects with identical combinations of countermeasures imple-
mented at similar location types. For example, a project involving shoul-
der stabalization should not be combined with projects involving edgelining
only. Similarly, a project involving the installation of a traffic signal
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at an urban intersection should not be combined with signal installations
at a rural intersection.

For projects within each group, & chronological listing (by date of
implementation) of each project with accident frequencies, volumes and
analysis period lengths for both the before and after periods should be
maintained. An effectiveness data base summary form should be developed
and used for tabulating these data.

The accident frequencies tabulated for each project should include:

1. Total accidents;

2. Fatal accidents and fatalities;

3. Injury accidents and injuries;

4. Property damage only accidents; and

5. Other accident types evaluated.

STEP G2 - COMPUTE ACCIDENT REDUCTION FACTORS AND EXPECTED RANGES

Accident Reduction (AR) Factors are estimates of project effective-
ness, expressed as a percent reduction in accident experience. AR Factors
should be computed for the accident and severity measures recorded for the
individual projects listed in STEP Gl which have been implemented within
the latest 5 year period. Eliminating projects older than 5 years insures
current estimates of project effectiveness. For each AR Factor, an ex-
pected range (ER) of values within which the average reduction is expected
to fall, with 95% confidence, must alsc be computed.

The following procedure should be used to compute AR Factors and
ER's.

1. Compute Expected Accident Frequency {(Egf)

The expected accident frequency, Ep, should be computed using
the equations shown in FUNCTION C for the experimental plan used
in the evaluation. The expected frequency should be computed for
each accident category identified in the evaluation objectives.
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2. Calculate AR Factors

Use the following eguation to compute the AR Factor:
AR Factor = 100 | |- 28 ]

Where:

A
E

Actual (after) accident frequency
Expected accident frequency (see FUNCTION C)

3. Calculate ER at the 95% Level of Confidence

Use the following equation to compute ER for each AR Factor:

!
ER = 260 / 4 2, (2A25e2 S 3A 5o g
\;,/é_n—u(zg;)z[& e EF "2 e 2Er .

HWhere:
n = number of projects

STEP G3 - DEVELOP AND UPDATE THE DATA BASE

The AR Factors and corresponding ER's should be maintained in a format
which can be easily updated as new evaluation results become available. A
format similar to those shown in Figures 46 through 48 are appropriate
formats. It is important that each time the data base entries are updated,
a notation be recorded showing the date of the most recent update.

Summary of FUNCTION G

STEP G1 - ORGANIZE INPUT DATA

@ Group projects intc groups with identical countermeasures imple-
mented at similar locationg

a5 P M T e

® Obtain expected and actual accident freguencies, volumes and analy-
sis time period length.

@ Calculate expected and actual accident freguencies.

® Compute AR Factors and ER's for each group of projects developed in
STEP Gl.

STEP G3 - DEVELOP AND UPDATE DATA BASE

4 4 P P
@ bEnter AR Factors and ER's into the data base format.

@ Update as new evaluation results become available.
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Aceidant Redustion (Percent)
fan
Improvemant Fatal HeoadRear(Right [Side [Laft|Rt, |Pined OFf. |Wet
All {lnjury [PDO{On |End jAngle SWipelTum Turn[Ob], [Ped [Night{Read| Pymt
Improve Signals to Cerrespend to Manudl
on Uniform Traffic Controf Devices 200 20 10] 20 20 20
Add Left~Turn Lane w/o Signal =19 | =80
Jumn Phase 695/ 25@""—1 89;/
- Medify Signals 27
Actuate 0] 10| 20 10] 20
Optically Programmed Signals 20 10] 10 10
Pedestrion Phase 60
Remove Signal 90
=}
80
Add Signal 20033
o/ On two or mers lanes.
b/ Two lones.

¢/ Minor street must be 35% or more of fotal intersection volumes; total intersection voluma must be < 8,000 ADT.

Figure 46. Estimated accident reduction table.

Source: "Manual on Identification, Analysis and Correction
of High Accident Locations", USDOT/FHWA



Accldent Reductions {Percent}
&
[
Improvement & < 2 2 | Estimazed
g = = g 4 g u B [Cost Of
Type o 3 2 = a a - o ©
8 [ > 2 = o o < - Improvement
T i - H o - ] w -
-3 3 = L] o = & ar =
- m o o Nt o 2% o [ [
& o bl - ¥ - sl 73 b L
= [ - ws -t -4 -y - = =1
Pavement Markings 10 20 10 io 10 12 3 500
Upgrade 20 10 10 20 300
-
% Overhead Lane 1o 20 400
-
L]
Overhead Warning 20 20 20 0 400
Timlng HA BT 10 | 16 100(E)
12" Lenas 10 BOOLE)
mreey (1) 20 20 10 20 20 20 10, 000{N)
@
31 Tura Fhase 10 50 200(E)
o
Ef opt. rrogram 2 Jw jw | e 2,000(E)
Actuate 10 10 20 10 20 1,500(E)
Padestrian Phasc 50 300
Remove Signal 90 400
Add Signal €33 [ 8o 19,000
Pealick 50 3,000
1 sight Distance 20 20 0 |2
o
5 Turn Bay 20 5,000
Reconstruct 25 10 . 30,000
Opening (10 wo [so fioo §so | oo 1,600
+f Rel te Fixed
g Objeers 60 1,000
-
%% Lighting 50 5,000
Relocate Drives 20 0 10 10 16 10 2,000

{1)--Includes Thming, L2" Lens, Tura Phasing and Actuation
{2)--Percant of Accidents Involved at Median Opentng
{3)+~0One Accldent Increase Per 2000 YPD

{E)--Upgrodiag Existing Equipment

{M)--Replecing Existing With New Equipment

Figure 47. Accident reduction forecasts used by
Mississippi State Highway Department

Source: "Methods for Evaluating Highway .Safety Improvements"
NCHRP 162.
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Source:

Accidont Reduction, Percont®
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tan .
instal! mow troffic sipnals Uan 2phn » 50 - Frovan hozordous
inforsactions, 60%
right ongle and
laft turn accidents
Daslicking u 2 plus 20 15 -
Zumble tirips L3 Z bri 28 24
* The symbols in the parcenioge reduction celumng havo the following meuning:
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Figure 48. Accident reduction forecast from
Evaluation of Criteria.

"mMethods of Evaluating Highway Safety Improvements”®,
NCHRP 162.
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Exampie of FUNCTION G
STEP G1 - ORGAKIZE INPUT DATA

The effectiveness data base summary form shown in Figure 4%
contains evaluation data for three projects which involved the instal-
lation of a separate left-turn phase signal and exclusive left-turn
lane at three urban intersections.

STEP G2 - COMPUTE AR Factors and ER'S

The following calculations show the procedure used to compute AR
Factors and ER’s for left-turn accidents:

1. Before and after period lengths were the same for each project and
no adjustment for unequal periods was needed. The total before
accident frequency and total after accident freguency for all pro-
Jects were used directly in the following calculations and AR Fac-

4 D
tors and ER.

2. AR Factor = 100 [l - %% ]
F

Hl

100 (1 - 15y
L) '2'@'

= 46% {decrease)

¥ g 1'
3. ER = 2060 n [za%+(Z2 y21m 2-2IA sg
Jlgn«-l) ZEme R tipg) I zﬁp wAl

f | e I ylS\qunr\ a1 g LY
] (28}2 Li T yogoey LaS0f=~a |

8

H
M
o

0

o)

fn n

1
'v * Wil

v 2
= 200/0.0019 [77+82,08-153.21;
4]

]
b
=]

= 200 (0.105)
= + 21%

Based on these findings, it was concluded that the estimated accident
reduction in left-turn accidents for future installations of left-turn
phase/left-turn lane projects will average 46% with a range of + 714
at the 95% level of confidence. -

STEP G3 - DEVELOP AND UPDATE THE DATA BASES

The input to the effectiveness data base under this project type
would be a 46% + 21% reduction for the left-turn accident category.
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Project Description:  Separate Left-Turn Lane Construction, Left-Turn Signal Phase Installation.

Lacation Description:

Urban Signalized Intersections

lwplementation | Project Analysis Period Length AADT Accident TFrequencig
Date No. Befare 1 After - Before §| After zRECcts Afier
Totalt [F6YRT(AY PO} wp totel FH{aY F1CH) fID
5 -~ 79 79-=030 2 yr. 2 yr.|32,000 §3s5.000] 25 0(0)‘7(9);;_8 13 22 jo(0)3(3){1e
7 - 79 |79~042 2 yr. | 2 yr.|so000 {ss00f 1§ [1{1)9(M1N10] 6 19 jo(0)(7(8)12
g8 - 79 79-045 2 yr. 2 yr.|si.00 | s3e0) 21 J0(O305 8] 9 15 |o(0)i5(5)10

Figure 49.

Effectiveness data base summary form.




NON-ACCIDENT-BASED PROJECT EVALUATION

NON-ACCIDENT-
BASED PROJECT

EVALUATION

= HIGHWAY SAFETY EVALUATION =3

The objective of Non-Accident-Based Project Evaluation s to provide
guidelines for assessing the intermediate effectiveness of a completed
nighway safety project. The measures of intermediate effectiveness are
observed changes in non-accident safety measures. This subprocess may be
used when accident data are not available or are insufficient for Acci-
dent-Based Evaluation or when an indication of project effectiveness is
desired sooner than the time necessary for Accident-Based Evaluation. Be-
cause accidents are not required for this type of evaluaticen, it may be
performed as soon as traffic adjusts following project implementation.
Non-accident measures are not intended to be a substitute for the ultimate
safety measure (accident and severity reduction), since definitive quanti-
tative relationships between accident experience and many non-accident
measures have not been developed. Rather, they are measures which are
Togically related to accident experience and thus provide a measure of
intermediate project effectiveness. The ultimate effectiveness however,
must be determined through an Effectiveness Evaluation based on observed
changes in accident experience which should be conducted if and when pos-
sible.

Non-Accident-Based Project Evaluation consists of seven functions.
Each function contains a series of systematic steps which lead the evalua-
tor through the activities and decisionmaking processes of a properly de-
signed evaluation study.
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The seven functions which comprise Non-Accident-Based Project Evalua-
tion are:

FUNCTION A

Develop Evaluation Plan

FUNCTION B - Cellect and Reduce Non-Accident Data

FUNCTION C - Compare Non-Accident Measures of Effectiveness
{MOE 's)

FUNCTION D - Perform Statistical Tests

FUNCTION E‘- Perform Economic Analysis

FUNCTION F - Prepare Evaluation Documentation

FUNCTION G - Develop and Update Effectiveness Data Base

These functions are common to all Effectiveness Evaluation subproces-
ses contained in this Procedural Guide. It is strongly recommended that
the evaluator become familiar with the functional details of each subpro-
cess prior to performing an evaluation using any single subprocess, since
some of the information contained in program evaluation may be helpful in
performing a project evaluation and vice versa.
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FUNCTION A: Develop Evaluation Plan

This function enables the evaliuator to:

1. Develop a plan for evaluating a highway safety project based
on non-accident measures.

2. Identify and record the intermediate objectives and non-acci-
dent measures of effectiveness.

3. Select an appropriate experimental plan.
4. Establish a 1ist of data needs.
5. Document the evaluation plan.

Overview

This function presents the steps to be taken in developing an evalu-
ation plan for determining the intermediate effectiveness of a highway
safety project. 1In this function the evaluator selects the projects to be
evaluated, determines intermediate objectives, non-accident MOE's and
experimental plans, and establishes the type and magnitude of data re-
quired for the study.

The objectives of this function are best accomplished by reviewing
and becoming completely familiar with the evaluation planning steps of
Accident-Based Evaluation. This review alds the evaluator in understand-
ing the logical relationships between accident and non-accident-based
safety measures and the sequential nature of the two evaluation subpro-
cesses within the HSIP Evaluation Component. With an understanding of the
accident-based evaluation planning steps, the steps contained in this
f?nction can be sequentially conducted to produce a written evaluation
plan.

Although the tities of planning steps in this subprocess are identi-
cal to Accident-Based Evaluation, there are two basic differences between
accident and non-accident evaluation planning. First, the evaluator's
frame of reference must be expanded beyond addressing the question: What
is the purpose of the project in terms of how it will affect accident ex-
perience at the project site? In this subprocess, the evaluator must also
address the chain of events which leads to observed or potential accident
experience, and how the introduction of a specific project alters these
events and results in the achievement of the ultimate goal of the project,
which is accident, severity and/or hazard potential reduction. The second
~difference is the timing at which evaluation planning takes place. Unlike
Accident-Based Evaluation, the evaluator does not have the option of per-
forming evaluation planning before or after project implementation. This

157




subprocess requires that the evaluation plan be developed during the
Planning Component of the HSIP (before project implementation) so that
before evaluation data can be obtained.

The outcome of this function is a written evaluation plan which
guides the evaluator through the remaining functions and steps of this
evaluation subprocess.

STEP Al - SELECT PROJECTS FOR EVALUATION

The purposes of a highway safety project may include one or a combi-
nation of the following:

® To reduce traffic accidents
¢ To reduce accident severity
e To reduce hazard potential

Also, a secondary purpose of the project may be to improve traffic per-
formance.

Projects implemented for any of the above purposes may be evaluated
with this subprocess. However, certain types of projects and certain
evaluation requirements are well-suited to Non-Accident-Based Evaluation.
These include:

1. Project impact on traffic performance. The primary pur-
pose Of a highway safety project is to reduce accident
losses. However, traffic performance, driver behavior and
other non-accident measures are often affected by the
project. Further, the improvement of traffic performance
may be a secondary purpose of the project. If the evalu-
ator is interested in the affect of the project on traffic
performance measures, the project should be selected and
evaluated with this subprocess.

2. Need for a quick indication of project effectiveness.
Wnen the evaluator needs {o know how wel! a project 1s
performing soon after implementation and 1is willing to
accept a change in non-accident measures as an indicator
of ultimate project effectiveness, the project ShouTd. be
selected and evaluated with this subprocess.

3. Need for a relationship between accident and non-accident
measures. Many non-accident measures such as speed, erra-
tic maneuvers, traffic conflicts, and number of driveways
have logical and in many cases proven correlative rela-
tionships with accident experience. If the evaluator s
interested, however, in determining the association of the
cause and effect relationships between changes in non-
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accident and accident measures, the evaluator should

select a project to be evaluated with both non-accident

and accident measures.
4. Projects implemented toc reduce hazard potentia] Many
safety projects are implemented to meet recommended safety
standards or to eliminate specific safety deficiencies
before accident experience develops. For these projects,
accident data may not exist in sufficient numbers for
Accident-Based Evaluation. If it 1is not possible to ob-
tain a sufficient accident sample through project aggrega-
tion, this subprocess provides a means of evaluating the

project if operational or behavioral non-accident measures
can be identified. If such a nrn'mr‘f warrants evaluation,
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it shouid be se?ected and eva?uated with this subprocess.

5. Presence of factors which affect “after” accident
experience. Accident- Based Eva?uation requires that after
accigent EXPE!"'IEHCE Y‘ETIéﬁt on &y EHE cnange H’l aCCIUEHLb
resuiting from the project’s implementation. If the
evaluator has knowledge of future highway or environ-
mental changes that may affect accident experience and
thus the validity of the evaluation, the project should be
selected and evaluated with this subprocess to obtain an
indication of project effectiveness before the change

takes place.

6. Projects involving staged countermeasure implementation.
Individua! countermeasures and countermeasure combinations
which comprise a project may be evaluated with this pro-
cess when project implementation is staged. The non-
accident measures can be collected and evaluated between
successive project impliementation stages. This subprocess
provides a means of evaluating couatermeasures since the
time periods between successive stages are generally too
short to allow Accident-Based Evaluation.

Any project selected for Accident-Based Evaluation or one which

corresponds to one of the above Tlisted conditions may be selected and
evaluated with Non-Accident-Based Evaluation.

The evaluator should determine the purpose of the project and record
it on the Project Purpose Listing form contained in the Appendix following
the selection of a project. The guidelines of the Accident-Based Evalua-
tion for recording the project purpose should be followed. When a project
purpose is to reduce hazard potential only, the justification should spe-
cify the specific type of accident potential to be reduced or eliminated
-as well as the reason why the accident or severity reducing purpcses are
not appropriate. )
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Figure 50 illustrates a Project Purpose Listing for a project involv-
ing the installation of a flashing beacon on an advance school sign (S1-1)
to be operated during times of heavy school pedestrian crossings.

STEP A2 - STRATIFY PROJECTS

If identical countermeasures are implemented at a number of sites with
similar geometric, environmental and traffic characteristics, they should
be grouped together as a single project. Performing Non-Accident-Based
Evaluation for the group increases the sample size and the statistical
reliability of the evaluation results.

If a large group results, the sampling procedure provided in STEP A2
of Accident-Based Evaluation may be used.

STEP A3 - SELECT INTERMEDIATE OBJECTIVES AND NON-ACCIDENT-BASED MOE'S

The selection of objectives and MOE's for Non-Accident-Based Evalu-
ation is based on the evaluator’s ability to describe the chain of events
which leads to accidents or create potential safety hazards.

When describing the events, three factors must be specified. They
include: 1) the major causal factor(s); 2} the major contributory fac~
tor(s); and 3) the safety problem. Major causal factors are the reasons
why an actual or potential accident problem exists. They are specific
hazardous elements associated with the highway environment or vehicle, or
actions associated with the driver, which result in: 1) the potential for
accidents when a causal factor exists by itseif:; or 2) an accident occur-
rence in the presence of major contributory factors. Major contributory
factors are elements or activities which lead fo or increase the proba-
biTity of a failure in the driver, the vehicle or the environment. Safet
preblems are specific types of accidents or potential accidents which re-
sult from the existence of a causal factor and/or contributory factor.
Figure bl shows the relationship of these factors within the chain of
causality.

Intermediate Objectives

The first step in selecting objectives 1is to develop the chain of
causality for the highway safety project. Since the purpose of the pro-
Ject has ailready been established in STEP Al, the safety problem may be
stated in terms of the actual or potential accident types to be reduced by
the project. Next, the evaluator must identify and record the causal and
contributory factors which lead to the safety problem. In many cases, the
identification of these factors is straightforward since both causal and
contributory factors are considered in the Planning Component where pro-
jects are developed.

For example, suppose the project involves the implementation of an
- advance train-actuated warning flasher on an existing raiiroad crossing
advance warning sign on the west approach to a crossing with limited sight
distance {(Figure 52). The project purpose was to reduce the number and
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Page 1 of
PROJECT PURPOSE LISTING

Eveiuation No. 27
3-23-20/ POP HNT
Date/Evaiuator Checked by

Project No. .1-237-3

Project Description and Location(s) _Install fRoshing beacon om exist-
ing S1-1, Apple Ave., 200' N. of Apple Elementary Schoot {12483 Apple Ave

Countermeasura{s)/Codes Upgrade existimg sign [FHWA Code 601

Projact Purposs Justificstion

1. To reduce pedesirian vehiclef 1. Ventical alignment reatricts

accident potential southbound drivens visibility
of crossing pedesirians.

Existing 81-1 provides the

only advance indication of
school crossing. No accidenfs

hiave oceuned £, date HM’
the adult crossing guand

reponts several nean-accidendys
due to excessive speeds.

2. To aeduce average speed ind 2. Vehicle speeds are considerdd

A QOk s nE

periods of school-aged toao£ ftoi_g i

pedestrians.

Figure 50. Example of completed project purpose listing form.
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MAJOR CAUSAL
FACTORS

MAJOR
CONTRIBUTCRY
FACTORS

SAFETY
PROBLEM

Figure 51. Chain of accident caugality.
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Install N

Beacon

Sight
Obstructiy

Existing
&#710-1

;rfExisting
j | RL5-1

j’f! I Existing

wWl0-1

Existing
R15~1

Figure 52. Site description of railrcad/highway
€rossing example.
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severity of vehicle-train accidents invelving traffic approaching from the
west.

The definition of the project and its purpose provide sufficient

[ N . R, PR T,

information to establiish the chain of causality. The safety probiem in
this example is vehicle-train accidents, which specifically consists of
two accidents involving iwo fatalities and five serious injuries during a
two year period. The major causal factor is the failure of drivers on the
west approach to perceive an occupied railroad crossing with sufficient
time to stop and avcid an accident. The contributory causes are limited
sight distance and excessive vehicular speed (for conditions) on the west
approach to the crossing. Figure 53 shows the chain of accident causality
for this example.

The evaluator must identify and record the intermediate objectives
after establishing the chain of causality. This is accomplished by deter-
mining how each causal and contributory factor is affected by the intro-
duction of the project.

Two types of project objectives are generated from this process; 1)
intermediate objectives and 2) ultimate objectives. Intermediate objec-
tives are short-term corrections or improvements in the causal and contri-
butory factors. The underlying rationale of the approach is that if the

intermediate objectives are acheived, the causal and contributing factors
are eliminated, thereby eliminating the associated safety problem.

For the example involving the instaliation of the flashing beacon at

the ra Thinhuay Araccins L S g SN, .

ae rali-nighway crossing, the intermediate objectives were defined as 1)
to reduce vehicle speeds between the flasher installation and the
crossing, and 2) increase the frequency of drivers that visually check for
oncoming trains. The ultimate goal 1is to reduce both the number and
severity of vehicle-train accidents. Figure 54 illustrates the interme-
diate and ultimate cbjectives in relation to the chain of causality and
the implementation of the project.

The chain of causality and associated intermediate and ultimate ob-
jectives should be developed for each project. The intermediate objec-
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tives should be recorded as evaluation objectives {see Accident-Based
Evaluation), on the Intermediate Objectives and MOE Listing form shown in
Figure 55 and provided in the Appendix.

Objectives such as: to determine the effect of the project on lane
width, or: to determine the effect of the project on the number of advance
warning signs on curves, should be avoided. These measures relate to
countermeasures rather than the effect of the countermeasure and are not
conducive to statistical analysis. These measures are generally addressed
in Administrative Evaluation as opposed to Fffectiveness Evaluation. In
many cases, the types of objectives listed above can be translated into

operational or behavioral objectives. For example, the first objective
- could be transformed to: to determine the effect of the project on the

rate of vehicles running ontc the shoulder or encrcaching .om an adjacent

traffic lane. The second objective could be transformed into an objec-
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MOTORIST NOT
PERCEIVING
OCCUPIED RR

" MAJOR CAUSAL _,_»_ CROSSING
FACTORS

MAJOR sLIMITED SIGHT
CONTRIBUTORY -.b'r .Exc%i?ﬁ%” CE
FACTORS SPEEDS
\L JL

Y Y
TWO ACCIDENTS

IN 2 YEARS, 2
FATALITIES AND
SAFETY

(3| 5 SERIOUS
PROBLEM INJURIES

Figure 53. Example of chain of causality for a
rail/highway safety project.
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99T

MAJOR CAUSAL
FACTORS

Y

~ MAJOR
CONTRIBUTORY
FACTORS

.i?

SAFETY
PROBLEM

Figure 54,

MOTORIST NOT
PERCEIVING
OCCUPIED RR
CROSSING

PROJECT
COUNTERMEASURES

Y

oLIMITED SIGHT
) DISTANCE
"| dEXCESSIVE
SPEEDS

Y

TWO ACCIDENTS
IN 2 YEARS, 2
FATALITIES AND
1 5 SERIOUS

| 1NJURIES

ADVANCE
WARNING BEACON
ON EXISTING
SIGN (W1l0-1)

Completed chain of causality for rail/highway safety project.

INTERMEDIATE | .

OBJECTIVES

ULTIMATE
OBJECTIVES

o T0O

REDUCE SPEEDS
ON APPROACH
TO RR
CROSSING

TO INCREASE THE
UMBER OF DRIV-
R HEAD TURNS

N THE APPROACH]

TO REDUCE AUT(
1 TRAIN ACCIDENT
AND SEVERITY




Fage — of

INTERMEDIATE OBJECTIVE
NON-ACCIDENT MOE LISTING

Evaiuation No,

Date/Evaluator Chacked by
Evaluation Objective Msasure of Efoctiveness (MOE]
Determine tha effect of Porcant change in:
the project on:
1. 1
2, 2.
3. 3.
4, 4
Figure 55.

Intermediate objective and non~accident MOE listing form.
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tive such as: to determine the effect of the project on vehicle speeds on
the curves. Each of these objectives, logically related to accident
occurrences, may be selected and statistically analyzed.

In additien, record an objective related to economic analysis contin-
gent upon achieving a significant improvement in the non-accident MOE's

Measures of Effectiveness

One or more MOE's must be specified for each intermediate object ive.
MOE's resulting from this process should be related to traffic operational
or behavior characteristics which are expected to be affected by the pro-
Ject. MOE's expressed as frequency, rate, and/or percentage are appropri-
ate.

The MOE should reflect the quantitative measurements and units to be
taken in the field to evaluate each intermediate objective. The evaluator
should be as specific as possible when listing the MOE's. It is suggested
that the evaluator refer to the state-of-the-art of accident surrogate or
proxy measures when selecting MOE’s. As an example, a recently completed
MCHRP Report (No. 219} lists specific traffic conflict types which may be
affected by various safety improvements at signalized and unsignalized
intersections (see Figures 56 through 58). Such information way provide
valuable insight in selecting MOE‘s.

Figure 59 shows a completed Intermediate Objective and MQOE Listing
form for the example discussed in this siep.

STEP A4 -~ SELECT EXPERIMENTAL PLAN

The experimental plans presented in Accident-Based Evaluation may be
used in Non-Accident-Based Evaluation under the appreopriate circumstances
for each plan. However, because of the relatively short period of time
between the before and after data collection pericds and the requirement
for developing the evaiuation plan before project implementation, the sim-
ple before and after plan is appropriate under most conditions. The time
period between the before and after data collection are generally only a
few months (depending on the length of the construction period) as opposed
to several years as required for Accident-Based Evaluation. Thus, it is
not likely that significant changes other than the project itself will

affect the MOE‘s and the results of the evaluation.

Evaiuation plans involiving control sites may be appropriate. If the
time period between data collection periods becomes lengthy (i.e., more
than one year), or if it is expected that atypical conditions may exist
for either one or both periods, the contrcl site experimental plans should
be used. If only a subset of the identified Jocations are to be improved,
the unimproved locations may serve as control sites for the evaluation.
If control sites are required but not available, the evaluation should not
be conducted and an Accident-Based Evaluation should be performed if fea-

sible.

168




Figure 56.

Figure 57.
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Page 1 of_1
INTERMEDIATE OBJECTIVE
NON-ACCIDENT MOE LISTING

Evaluation No. 432

Date/Evaluator 9-74-79/9L Checked by __LP
Evstuztion Dbjective Messurs of EHectlvansas (MOE)
Determing the affect of Parcant change in:
the project on:
% Approack Speed [folfowing sfgnY Avg. speed 50 past of sian
. 2 Visual sean_for approachingl 2. Ne. of drivea head tunns
Trhains on RR. approgch

J

Figure 59. Sample cbjective and MOE listing form.
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Generally, single point estimates are dpropriate for all experiment-

al plans. Trend analysis versions of experimental plans generally do not
Justify the added effort in data cellection for this type of experimental

plan.
STEP A5 - DETERMINE DATA NEEDS

A wider range of evaluation data may be required for this subprocess
as opposed to Accident-Based Evaluation. Non-accident measures may range
from traffic performance variables such as travel time, delay, and speeds
io driver behavior variables such as traffic conflicts and erratic maneu-
vers.

The intermediate objectives and associated MOE's provide input to
determining what types of field data are required. The evaluator should
specify, to the extent possible, the exact type of data to be collected
for each MOE and the data stratifications to be used for the collected
data.

If an economic analysis is to be conducted, construction, maintenance
and operating costs should be Tisted as data needs.

A1l data needs should be recorded on the Data Requirements Listing
form contained in the Appendix.

STEP A6 -~ DETERMINE MAGNITUDE OF DATA REQUIREMENTS

The magnitude of data requirements refers to when the data are to be
collected, how the data are to be collected, and how much data are
required to obtain a statistically reliable sample. Information on these
items are contained in many of traffic engineering references such as the
ITE Manual of Traffic Engineering Studies and the ITE Traffic and Trans-
portation Engineering Handbook. Excerpts from these and other references
for commonly used traffic engineering studies which result in non-accident
measures are provided below.

SEot Sgeeds

When? Off-peak periods:

9:00 A.M. to 11:30 A.M.
1:30 P.M. to 4:30 P.M.
7:00 P.M. to 10:00 P.M.

Data should be taken under favorable weather conditions and
typical conditions. More than one day may be required for
Tow-volume roads.

How? Manual method using stop watch and measured distance. Automa-
tic) method using electrical and/or mechanical devices (ra-
dar;.
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How Much? The following equation can be used to calculate the number of
speeds to be measured:

N = fSKy2
\"E/

Where:
N = minimum sample size
S = estimated sample standard deviation {mph or kph)
K = E?E§f§2$ corresponding to the desired confidence level (see
Table 6}
E = permitted error in the speed estimate (mph or kph)

If the standard deviation of spot speeds at the study location
has not been determined from a previous speed analysis, then
an estimate for S can be made from Table 7.

Table 6. Constant corresponding to Level of Confidence.

Confidence Level
Constant, K {percent)

1.00 68.3

1.50 86.6

1.64 90.0

1.96 895.0

2.00 95.5

2.50 98.8

2.58 99.0

3.00 99.7

Table 7. Standard deviations of spot speeds for sample size determination
Average Standard Deviation
Traffic Highway

Area -~ Type mph kph
“Rural Two-1ane 5.3 8.5
Rurai Four~lane 4,2 6.8
Intermediate Two-lane 5.3 8.5
Intermediate Four-lane 5.3 8.5
Urban Two-lane 4.8 7.7
Urban Four-lane 4.9 7.9
Rounded Value 5.0 S. U
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Travel Time

If the statistic of interest is some value other than the mean
speed, such as the 85th percentile speed, then the following
formula is eppropriate for determining the required sample
size:

N = S22 (2 + y2)

22
Where:
N = minimum sample size
S = estimated sample standard deviation {mph or kph)
K = constant corresponding to the desired confidence
Tevel
£ = permitted error in the speed estimate (mph or kph)
U = constant corresponding to the desired speed statis-
tic; mean speed, use 0.00
15th or 85th percentile, use 1.04
5th or 95th percentile, use 1.64
and Delay

When?

How?

This study 1is often designed to reflect travel conditions
during the peak hours and in the directions of heaviest traf-
fic movements. Travel may also be compared between periods of
peak and non-peak periods, although all of these time inter-
vals are not required:

7:00 A.M. to 9:00 A.M. (peak)

9:30 A.M, to 11-30 A.M. {off-peak)
:30 P.M. to 2:30 P.M. {off-peak)

0 P.M. to 6:00 P.M. (peak)

:00 P.M. to 10:00 P.M. {off-peak)

Specific shift times at major industrial or commercial loca-
tions may require adjustments tc the suggested time periods.

The license plate technigue usually involves a two-person
team, an observer and recorder, for each direction of travel
at both the start and the end of the study route. Low volume
routes may require only one person. A one- or two-person team
for each direction of travel at each major intersection may be
required where significant volumes of traffic are leaving the
study route.
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How Much?

A study car is needed to collect the travel time and delay
data by the test car method. Manual operation reguires a
driver, a recorder, and two stop watches for each test car in
operation.

If an automatic recording device is used in the test car,
then only the driver is needed. One person is generally able
both to drive the vehicle and to operate the various control
buttons that code the travel and delay information for the
automatic recording device. Automatic recording devices are
available for recording travel distance, travel time, and
locations of delay or other significant points by & system of
coded numbers that are imprinted on the continuous paper read-
out.

The sample size for a travel time and delay study is based on
the specific need for the information. The following suggest-
ed ranges of permitted errors in the estimate of the mean

traynl enoad are r012+nﬂ tn tha curypovy purnace:
LSRN S L VO | JP\-\-U U o %W b wiJ LI A ™) «~2RAT ¥ -J .J'Ul HUJ\—-

1. Transportation planning and highway needs studies ---
+ 3.0 to + 5.0 mph {+ 5.0 to + 8.0 kph)}

2. Traffic operation, trend analysis, and economic evalu-
ations ---- + 2.0 to + 4.0 mph (+3.5 to + 6.5 kph)

3. Before-and-after studies ---- + 1.0 to + 3.0 mph (+
2.0 to + 5.0 kph) -

The permitted error for other uses of travel time and de-
lay results can be correlated with the above criteria to allow
for the determination of minimum sample sizes.

Although the determination of sampie size reguirements is
difficult for travel times or travel speeds, the information
given in Table 8 provides an approximate value for designing
travel time and delay studies. A sample size is determined
for each direction of travel, and for each set of traffic and
environmental conditions. The desired permitted error is
first determined in accordance with the purpose of the study.

The intersection delay study should be performed during peri-
ods of congestion. Excessive delays generally occur during
peak traffic per1ods wh1ch are 7dentsf1ed from traffic counts.

intersection delay studies may be performed in off-peak

periods to permit a comparative evaluation of the delay
problem.
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Table 8. Approximate minimum sample size requirements for
travel time and delay studies with confidence level of 95.0

percent.
Average Range M inimum Number of Runs for
in Specified Permitted Error
Travel Speed
(mph) N ,.
+1.0mph | £20mph | £3.0mph | 4.0 mph | £ 5.0 mph
2.5 4 2 2 2 2
5.0 8 4 3 2 2
i0.0 21 8 5 4 3
15.0 38 14 8 & 5
20.0 58 21 12 8 ]
Average Range i inimum Number of Runs for
in Specified Permitted Ermvor
Travel Speed
R +20kph | +3.5kph | +5.0kph | +6.5kph | *B.0kph
5.0 4 3 2 2 2
0.0 8 4 3 3 2
15.0 14 7 5 3 3
20.0 21 ] 8 5 4
25.0 28 13 8 & 5
30.0 38 16 10 7 ]

Source: ITE Manual of Traffic Engineering Studies, 4th Edition.
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For before-and~after studies, similar conditions must
exist at both times of data collection. Intersection delay
studies should be performed in good weather and under normal
traffic conditions. Observations are only made in inclement
weather when it is necessary to determine delay characteris-
tics under adverse conditions.

How? Intersection delay data can be collected by the manual method
T or with a delay meter that accumulates the number of vehicle-
seconds of stopped-time delay. In myst instances, one observ-
er is required for each intersection approach that is being
evaluated., If the traffic volume on the approach is too heavy
for one observer to count and r¢£0rd then other observers are

P T, g o ol e mwam  dombron Emw oavamnl

a::a!guv:u a@s uccucu OoFr ranuom o Qi M::..; QI T LORTI. PR W;Auml.rleg
see the Berger-Robertson Method for measuring intersection
delay.

Each observer requires a stop watch for the manual proce-
dure. However, a delay meter or recorder is required for each
observer if this equipment 1is available. Electric adding
machines have been modified for the purpose of summing vehi-
cle-seconds of delay.

How Much?  The following equation provides a reasonable approximation of
the minimum number of vehicles that should ke cbserved on the
selected intersection approach:

£y D

N= g
Where:
N = minimum sample size
p = proportion of vehicles that are required to stop

on the intersection approach

X2 = Chi-square value for the desired confidence
fevel {see Table 3)

g = permitted error in the proportion estimate of
stopping vehicles.

Sample size requirements are summarized in Table 10. The in-
dicated sampie is for each intersection approach that is to be

evaiuated and includes the sum of both the stopping and the
non-stopping vehicles.

Traffic Conflicts

khen? The conflict field siudy is usually performed during peak
pericds of traff1 Because directional distributions vary
throughout the day, separate checks should be taken during the

morning and the evening peak periods.
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Table 9. Chi-Sgquare wvalue corresponding to the level of confidence.

i Confidence Level
Chi-Square X 2 {percent)
2.71 90.0
3.84 85.0
5.02 97.5
B.63 9.0
7.88 8.5
Source: ITE Manual of Traffic Engineering
Studies, 4th Edition.

Table 10. Sample size reguirements for intersection

m~alawr od1imioc
AT L .‘.:!.—u.u.u;-‘:

{p=q=0.5)
Permitied Error, d Confidence Leve!
90% 95%
59/, 1080 1540
10% I 270 380

Source: ITE Manual of Traffic Engineering
Studies, 4th Edition.
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How?

How Much?

Accident data or other information at some intersections
may suggest obtaining conflicts at other times, such as during
the early evening, or on Saturdays or Sundays.

Conflict studies are generally conducted in good weather
and under normal traffic conditions. Counts are only made in
inclement weather when data are required for such conditions.

When an "after" study is performed, conditions, such as time,
weather, volume, etc., must be similar to those in the *®he-

(LA | b=

fore" phase.

Counting of traffic conflicts is generally done by the manual
method. An observer records conflicts and traffic volume at
an intersection for one or more movements. If the volume is
too large to permit one person to observe and record con-
flicts, separate observers may be assigned for each lane.
Each observer must be equipped with the necessary volume and
conflict count forms.

~An agency should be aware that properly trained and ex-
perienced observers are necessary for success. Otherwise, in-
accurate and unreliable data can be expected. Available op-

i 3 P4 T+ antc»
tions are: 1)} contract such work with qualified consultants;

or 2) train and maintain traffic technicians inhouse. The
jatter may be most cost effective if the use of conflict
studies are to be widespread; the former may be more
appropriate for occasional needs or wunusual applications
(e.g., nights or weekends).

The amount of data needed depends on the types of conflicts of
interest, the traffic volumes, the type of intersection, and
the precision required.

The following equation caen be used to determine the minimum sample

size:

Where:

i

pgK?

[

minimum sample size

proportion of the vehicles that are involved in a specific traf-
fic conflict for the observed flow of traffic.

constant corresponding to the desired confidence level (Table 6)

permitted error in the proportion estimate of traffic conflicts
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Table 11 provides additional guidance for sampling various types of
conflicts. '

The evaluator should specify, for each data item listed in STEP A5,
the data collection procedures, the amount of data to be collected and
when (to the extent possibie) the data are to be collected. This informa-
tion should be recorded on the Data Requirements iisting Form provided in
the Appendix.

STEP A7 - PREPARE WRITTEN EVALUATION PLAN

An evaluation plan document should be prepared for each project to be
evaluated. The plan document should summarize and specify the various
decisions made and activities to be undertaken in the evaluation.

The Evaiuation Plan should be similar to the plan document described
in Accident-Based Evaluation and should include:

1) A Description of the Project(s)

Describe the safety problems, project countermeasures and the
reason for performing Non-Accident-Based Evaluation.

2) A Description of the Overall Evaluation Plan

Include project purposels) and justification, intermediate
evaluation objectives and non-accident MOE's.

3} An Qutline of Evaluation Methods

Clearly specify the experimental plan, measures of effective-
ness, types of comparison employed and other details concern-
ing data collection needs and procedures. The desirability
and type of economic analysis and statistical testing should
be addressed including values and assumptions.

Appended to this document should be Tistings, forms and work
sheets shown in the Appendix. These should be completed to
the extent possible. A1} available data should be listed at
the time the Plan is developed to facilitate later retrieval
for subsequent evaluation activities.

Surmary of FUNCTION A

STEP Al - SELECT PROJECTS

@ Review available documentation on highway safety projects pro-
grammed for implementation.

180




Tabkle 11. Guidelines for traffic conflicts datz collection amounts.

Mean Hcurly Hours of
Conflict Category Count Observation a/
Left-Turn, Same Direction 7.14 4.6
Right-Turn, Same Direction 4.89 5.1
Slow Vehicle 3.21 5.9
Opposing Left Turn 0.77 21.6
Right-Turn From Right 0.71 23.9
Cross Traffic From Right 0.31 39.3
Left~-Turn From Right 0.59 24.5
Left-Turn From Left .78 18.1
Cross Traffic From Left 0.39 30.0
All Same Direction 15.48 3.4
A1l Cross Traffic From Left 0.82 20.0
Al1 Cross Traffic From Right 1.45 14.8

2/ Hours of data required to estimate mean hourly count within + 50% with

90% confidence.

Source: NCHRP 219
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@ Select specific projects which warrant Non-Accident-Based Evalua-
tion.

& Determine the project purposes and list the specific accidents or
accident potential problems.

@ List the project purposes and justification for their selection on
the provided form and save the form for future reference.

STEP A2 - STRATIFY PROJECTS

® Group similar countermeasures which are to be implemented at loca-
tions with similar site characteristics as a single project.

® If Tlarger groups of projects result, sample the projects to be
evaluated (if desired).

® List the projects tc be evaluated.
STEP A3 - SELECT SAMPLED OBJECTIVES AND NON-ACCIDENT MOE ‘S

@ Determine major causal and contributory factors for the safety pro-
blem to be corrected.

@ Develop the chain of causality.
@ Identify the intermediate objectives of the evaluation.
@& Select non-accident MOE(s) for intermediate objectives.

e List intermediate objectives and non-accident MOE's on the provided
form and save for future reference.

STEP A4 - SELECT EXPERIMENTAL PLAN

@ Select the experimental plan based on the soundness of the experi-
mental plan and the feasibility of its use.

STEP A5 - DETERMINE DATA VARIABLES TO BE COLLECTED

® Determine all data variables associated with the non-accident MOE's
of the evaluation.

® List the variables on the provided form.

STEP A6 - DETERMINE MAGNITUDE OF DATA NEEDS

® Determine for each variable listed in STEP Ab, the data collection
procedure, the amount of data to be collected and when the data are

to be collected.
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® List the information on the form provided and save for future
reference.

STEP A7 - PREPARE WRITTEN EVALUATION PLAN

® Assemble all completed forms, data, listings and cther items used
or developed in FUNCTICH A.

® Prepare a written description of the project(s).
® Prepare a written outline of the evaluation plan.

® Prepare a written description of the anticipated method of analy-
sis.

® Combine these descriptions into an Evaluation Plan document.

® Save.the evaluation plan document for future reference.

Example of FUNCTION A

The City Engineer for Walkertown has programmed a highway safety pro-
ject to reduce the number of pedestrian-auto accidents at five urban in-
tersections. Project implementaticn is scheduled to start in ©& months.
Each intersection is signalized for both vehicle and pedesirian traffic.

The project involves implementing an identical countermeasure at each
of the five intersections. The countermeasure is the standardization of
pedestrian signal indications from a two-phase cperation (steady WALK (W)
and DON'T WALK (DW) only) to a three-phase operation with a flashing DON'T
WALK (FDW) clearance indication as recommended in the Manual of Uniform
Traffic Control Devices (MUTCD). (The existing DW phase includes the pe-
destrian clearance interval).

The project was justified because of the high frequency of pedes-
trian-auto accidents occurring at the intersections over the last two
years. Ouring the period, each intersection experienced over 10 pedestri-
an accidents per year. Engineering studies conducted at the intersections
resulted in the conclusion that the majority of accidents involved pedes-
trian violation of DW phase. It was felt that the FDW clearance interval
would reduce violations by providing an advance indication of the DW
phase. The addition of FDW would also reduce confusion associated with
combined DW and clearance phases.

The decisions and activities invelved in developing an evaluation
plan for this project are described in the following steps:
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STEP Al - SELECT PROJECTS

At the time the project was programmed for implementation, it was de-
cided that Accident-Based Evaluation would be conducted to determine the

impact of the proiect on raducing nedestrian-autn accidents T+ wac pcti-
Vot WA e WU Wi N r’l M e A LR T S d A ll's FMU\;J\-I 1 RANF WM U T2 e & wug ad b B

mated that a twoe year period following project implementation would be
required to establish a representative “after" accident experience. Be-
fore the Accident-Based Evaluation can be conducted, the City Traffic
Safety Council is p1anning to conduct a media campaign on pedestrian safe-
ty. In conjuction with this campaign, the City Engineer has been asked to
provide input on past and upcoming pedestrian safety improvements in the
City. To satisfy this request, the Engineer has decided to conduct & Non-
Accident-Based Evaluation of the upcoming pedesirian signal improvement
project. Sufficient time is available to perform the evaluation before
the campaign is started and the campaign will not affect the outcome of
the Non-Accident Evaluation.

The purpose of the project was determined to be: to reduce pedestri-

an_anta arcridante at Fha Fivua Iintawmcartinne trasatad with +has nadactvian
ad=aunU QLLIUSNHLS di LT 7Tive sNeSiSeLlLiundy LigdeU Wiln i€ pedesir rali

signal improvement countermeasure. The purpose was recorded in the Pro-
ject Purpose Listing Form (Figure 60).

STEP A2 - STRATIFY PROJECTS

The project consists of adding a FDW phase at twenty intersection
approaches to five urban intersections. All approaches were similar with

respect to width, parking regulations, approach speeds, and pedestrian and
vehicle volumes. It was decided that a statistically representative group

S WT R Fhatlia L O oVl iR STl

of the approaches should be sampled to reduce data co]]ectlon tlme re-
guired. The sampling was performed on the basis of total pedestrian acci-
dent frequency for two years for each approach.
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Page .. of .t
PROJECT PURPOSE LISTING

Evaluation No. _80-12-4

Date/Evaluator _ 5-27-80/GH Checked by _H2

Project Mo. §0-12-4-»

Project Description and Location{e} Pedestrian 349 natization improve-
ments af Live (8} dowmfown inforsections

Countermessurels)/Codes Add fLashing don't wath phase at 20
approaches Lo each of 5 infersections/

Project Purposs Justification
1. To rezduce pedestricn auto 1. Over 10 pedestrian-aule
i aceidents gt 5 downfown accidents per yean have

internsections " oecarned

Nunina the peniod 1877 -1979

9 To sedues fhe 4necusney ofi 7, Probable cause of Pedebﬂiﬁﬁ
pedestrian signal accidents 44 violation o

widolations don't walh phase. The
additions of a clearance

phase is expected o reduce
violations.

Figure 60. Project purpose listing for FUNCTION- A example.
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Total two-year pedestrian accident freguencies aggregated by approach
are:

Two Year Accident
Intersection Approach Frequency

1. (Oakmont - 5th) North 1
tast
South
West

2. {Allen - 4th) North
East
South
West

o o wo

-

3. {Montcalm - 7th) North
East
South
West

[y

4. {Edgemont -~ 4th} North
East
South
West

5. (ETm-Oakmont) North
East
South
West

MY (5 QW aS N FE I Y O ShOD b MY =

-t

The foliowing equation was used to determine the sample size for the
95% level of confidence with an allowable departure from the mean accident
frequency (E) of 3 accidents.

sample size

9
Wonon

standard deviation of groups ‘
E allowable departure from mean accident frequency
2
4{3.89)
nS T e ——
(3)2
=6.71 or 7
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The following seven approaches were randomly selected from the list
of twenty approaches using the random number table.

Two-Year Accident
Intersection Approach Frequency

1 South

2 North

East

West 1
West

South

West

PN
ARG O

The seven approaches listed above represent a statistically represent-
ative sample of the twenty approaches and will serve as the data collec-
tion sites for the evaluation.

STEP A3 - SELECT INTERMEDIATE OBJECTIVES AND NON-ACCIDENT MOE'S

The chain of accident causality shown in Figure 61 resulted in the
selection of the objectives and MOE's listed in the Intermediate Objective
and Non-Accident MOE Listing Form (Figure 62).

STEP A4 - SELECT EXPERIMENTAL PLAN

The before-after experimental plan was selected as the most feasible
plan. The selection of this plan was based on the fact that control sites
were not available and that reliable data on the MOE's could be collected
and analyzed for the seven approaches with existing manpower.

STEP A5 - DETERMINE DATA NEEDS

The data variables to be collected for this evaluation were recorded
in the Data Requirements Listing Form shown in Figure 63.

STEP A6 - DETERMINE MAGNITUDE OF DATA REQUIREMENTS

Figure 63 also describes the sample sizes required for each data
variable to be collected. The sample size requirements were based on
recommendat ions found in the reference, Model Pedestrian Safety Program
Users' Manual, 78-6 Implementation Package, Federal Highway Administra-
tion, June 1978, Table 5-4, page 216.

STEP A7 - PREPARE WRITTEN EVALUATION PLAN

The evaluation plan document shown on the following pages was pre-
pared for the evaluation study.
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PROJECT
COUNTERMEASURES

MAJOR CAUSAL
FACTORS

violation of
bon't walk
pedestrian

1 signal phase

MA.JOR
CONTRIBUTORY
FACTORS

«Pedestrian
impatience

*Pedestrian
delay

*Absgsence of
clearance
phase

SAFETY
PROBLEM

Pedestrian-aut
accidents,
average of 10
accidents per
vear for each
of 5 signalize
intersections.

i

Add Flashing
Don't Walk
as clearance
phase

INTERMEDIATE |

OBJECTIVES

o reducee
pedestrian
delay

to increase
compliance

sto reduce
pedestrian
auto conflicts

ULTIMATE
OBJECTIVES

To reduce
pedestrian-
auto accidents

Figure 61.

Chain of causality.




Figure 62.

Page of.

INTERMEDIATE OBJECTIVE

NON-ACCIDENT MOE LISTING

Evaluation No. L0-12-4

Date/Evaluator __5-27-80/CH

Checked by HQ

Evaluation Objective

Meeasure of Effectiveness (MOE)

Determine the effect of
the project on:

Parcent changs in:

1. Pedestrian Delay

ta)Total pedeatnimn'dezag

{seconds]

b)Total infersection delay

TEonnmAL 1
o Cliado

2. Pedestrian Compliance

2.a)lNumber and percent of Dw

violations

blNumber and peavent of FOW

violations

3. Pedestrnian-Auto Conflicts

3. Numben. and percent o4:

ajpedestnian backup or

hesitation

b)Moving vehicle and ped-

estrian occupying choss-

welk ail same time.

clpedestnian within 20°' of

tunning vehicle

dlpedestiian entening

thaffic Lane with vehicle

approathing that {4

unxestricted by Zraffic

signal.

elpedestinian arunning due

to (d) above.

§)pedestnian running due

2o {e! above
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DATA REQUIREMERNTS LISTING

Evaluation No. 80-12-4
Date/Evaluator ___5-27-80/GH Checked by HO_
Experimental Plan _Before - Affen

Data Nesds } Megnindo

Rumber of Bhaes, Tinme Porfed, Botos)

1. Pedestrian Delay

9, Colfeect pedesinian delay at

the 7 sampled appicached af

2east fwe weeks befone and

loflawing o 4 week adinsimend

perniod aften implementation.

P BB B o - 3 oman
Soflect medesindian delay fon

fjour houns fon ecch approdch

on three consecufive days

[Tuesday, Wecnedday, & |RUAS.

before and afier project

Tmplemenfafidinize manwal

method and sfopwatchk and

peagoim survey during midday

veak peniod [171:30 am - 1:30

pm] . Penfonm Lhe burvey du&&ﬂg

favornable weather.

2. Vohicke Delay 2, Collect vehicle delay duning
aape Ldme perdods ag in I
chawve flae
stop wateh,

3. Pedestrian Compliance 3. Recoad DPW and FPW viclatdions

§on af feast 50 wedestrions

at each approach, Ceollzet

during pealk and odf veah penlods

manucily reecnd viglaidiona,

Figure 63.

i9¢

Data requirements listing for FUNCTION A example.
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DATA REQUIREMENTS LISTING

Evaluation No. $0-12-4
Date/Evalustor __°-27-80/C# __ Checked by HQ

Experimental Plan Bzfore - Aften

Magnituds
Date Noeds {Number of Sitas, Tims Pariod, Dates}

4, P anh . ,
of each type at all 7 approa

ehes and poragsponding
‘pedestrian ochossing volumes

loppontunities}. Coflect
during peak-peniods,

Manually necond confficts |

Figure 63. Data requirements listing for FUNCTION example
~ {continued).
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EVALUATION PLAN

TITLE: Standardization of Pedestrian Signal Phases at Five Downtown
: Intersections

Date/Evaluation: May 27, 1980, GH Checked by: HQ
Evaluation: 80-12-4
DESCRIPTION OF THE SAFETY PROBLEM

A review of annual accident experience over the past two years re-
vealed a high frequency of pedestrian-autc accidents occurring at five
major downtown intersections. During the period, each intersection ex-
perienced over 10 pedestrian accidents per year. Engineering studies
conducted at the intersections resulted in the conclusion that the majori-
ty of accidents involved pedestrian violation of the DW phase as a
probable contributing factor.

DESCRIPTION OF THE PROJECT

The project involves implementing an identical countermeasure at each
of the five intersections. The countermeasure was standardization of pe-
destrian signal indications from a two-phase operation {steady WALK (W)
and DON'T WALK (DW) only} to a three-phase operation with a flashing
DON'T WALK (FDW) clearance indication as recommended in the Manual of Uni-
form Traffic Control Devices {MUTCD).

EVALUATION PLAN STEPS
STEP Al - SELECT PROJECTS

The project was selected for evaluation with both the Accident

and Non-Accident-Based Evaluation subprocess. The Non-Accident-Based

- Evaluation is being performed to provide input to a pedestrian safety

media campaign. The anticipated starting date for the campaign does

not aliow for the Accident-Based Evaluation to be performed prior to
the start of the campaign.

The project purpose was determined to be:
To reduce pedestrian-auto accidents and pedestrian violations at the
five intersections treated with the pedestrian signalization improve-
ments (refer to Figure 60 for Project Purpose Listing).

STEP AZ - STRATIFY PROJECTS

The project involived improving pedestrian signalization across
20 intersection approaches at five urban intersections. - All approa-
ches were determined to be similar in geometry and vehicle and pedes-
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trian traffic characteristics. To minimize data collection efforts,
seven approaches were randomly sampied from the twenty treated
approaches. The seven approaches were determined to be representa-
tive of the twenty approaches at the 95% level of conf idence.

The approach selected for data collection are:

Oakmont - 5th, South approach

Allen - 4th, North, East and West approaches

Montcalm - 7th, West approach

STEP A3 - SELECT INTERMEDIATE AND NON-ACCIDENT MOE 'S

The evaluation objectives and MOE's are shown in Figure 62. The
selection of these objectives and MOE's was based on the development
of the causal chain of events leading to the observed accident prob-
lem {(Figure 61).

STEP A4 - SELECT EXPERIMENTAL PLAN

The before-after plan was selected because control sites were
i

unavailable.

STEP A5 - DETERMINE DATA NEEDS

_ A

The evaluation data needs are recorded in the Data Requirements
Listing Form (Figure 63)

STEP A6 - DETERMINE THE MAGNITUDE OF DATA REQUIREMENTS

The sample size, data collection periods and collection proce-
dures are listed in Figure 63 for each data requirement.
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FUNCTION B: Collect and Reduce Non-Accident Data

1. Select and perform data collection techniques.

2. Perform data reduction and analysis activities to obtain
MOE's.

Overview

1
]

CI.
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and suggested proced ures fo bta1n1ng the evaluation data needs specified
in FUNCTION A. Because many types of field data may be needed for the
evaluation, traffic engineering handbooks, manuals and reports should be
consulted to determine the specific activities to be performed in this
function.

Field data are required to develop the MOE's defined in the previous
function. An analysis of the magnitude and statistical significance of

nhecoarved chanase in MOF ‘c nravide the hacig for reneincionc an intarmoedi.
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ate project effectiveness,

This function requires field data collectors and basic traffic engi-
neering data coliection equipment. The number and level of involvement of
field personnel varies with the type of field survey to be conducted as
does the type of equipment. Generally, the evaluator has sufficient flex-
ibility in the sophistication of the study procedure and equipment re-~
quirements. Either manual or automatic procedures may be used depending
en agency resource levels with little or no sacrifice in data quality or

WA M
reliability.

STEP B1 -~ SELECT CONTROL SITES (IF REQUIRED)

When an experimental plan is selected which requires control sites,
data on key variables must be colliected and analyzed. These data are re-
quired to select appropriate control sites which are similar to the pro-
Ject site before the improvement.

Any control site selected for this subprocess must be appropriate for
subsequent Accident-Based Evaluation. Therefore, the guidelines for se-
lecting control sites provided in FUNCTION B of Accident-Based Evaluation
should be followed.

STEP B2 - COLLECT AND REDUCE NON-ACCIDENT DATA

A broad range of possible non-accident safety measures may require
field data collection depending on the type of broject, the MOE's and

associated data requirements
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Traffic engineering studies which may be performed to obtain the non-
accident measures may include the following {possible non-accident mea-
sures are listed for each study):

Traffic Yolume Study - Performed to obtain values of average
daily traffic, peak hour traffic volumes, turning movements, and
intersection approach volumes.

Spot Speed Studies - Performed to obtain average and 85th per-
centiie speeds, speed variance, and number of speed violators.

Travel Time and Delay Studies - Performed to obtain values of
travel time between two points, route efficiency, number of
stops, stopped time delay, total travel time delay, average
spead between two points, service volumes, and capacities.

Intersection Delay Studies ~ Performed to obtain values of in-
Tersection etriciency, total intersection delay, average delay
per stopped wvehicle, average delay per approach vehicle, and
percent of vehicles stopped.

Traffic Conflicts and Erratic Maneuvers Studies - Performed to
obtain, observe, and record the number, type, rate, and percent-
age of evasive maneuvers, traffic violations and/or other traf-
fic behavior measures.

Gap Studies - Performed to obtain the number and length of gaps
In the traffic stream which are acceptable or unacceptable for
certain traffic maneuvers.

Traffic Lane Occupancy Studies - Performed to obtain the per-
centage of time during which a point on either an intersection
approach or section of roadway is occupied.

Queueing Studies - Performed to obtain the average queue length
and waiting time at intersections and driveways.

School Crossing Studies - Performed to obtain the number and
percentages of accepfable gaps, and school crossing behavior and
compiiance. '

Traffic Control Observance Study - Performed to observe and re-
cord violations, compiiance and behavior characteristics of
traffic contrecl devices at all types of locations.

Most engineering studies may be performed using manual or automatic
procedures and equipment. This provides a high degree of flexibility and
allows the study to be tailored to the available resources and equipment
of the agency.
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A detailed description of the alternative procedures associated with
all possible field studies is beyond the scope of this Procedural Guide.
Therefore, the evaluator is directed to the existing state-of-the-art on
traffic engineering field studies for detailed information of data collec-
tion procedures. Table 12 provides suggested references on the traffic
engineering field studies listed in this Step. Each- reference has been
categorized as a procedural or informational reference (denoted by P or I,
respectively). Procedural references provide information on how to per-
form the study, what equipment is required and how raw data are reduced.
Informational references provide details on specific aspects of the study
procedure or the use of the resulting data.

ATH
Al

STEP B3 - COLLECT AND

X

Economic analysis should be performed for this type of evaluation.
Sources of cost data include project files, invoice files, or the results
of an Administrative Evaluation performed for the project. Al1 cost data
specified in STEP A5 should be obtained and recorded for later use. The
Administrative Evaluation subprocess is recommended for determining pro-
Jject cost and other implementation information.

Summary of FUNCTION B

STEP Bl - SELECT CONTROL SITES

trol sites if required for the experimental plan selected
ON A, and if sites are available.

Nt
Wi

STEP B2 - COLLECT AND REDUCE NON-ACCIDIENT DATA

e Collect required non-accident data as specified in the Evaluation
Plan.
@ Reduce data to the form of the evaluation MOE's.

STEP B3 - COLLECT AND REDUCE PROJECT COST DATA

@ Collect required project cost data as specified in the Evaluation
Plan. The Administrative Evaluation subprocess is recommended.
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Table 12. Summary of field data collection references.
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Table 12. Summary of field data collection references {continued).
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DATA COLLECTION PROCEDURES
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Table 12. Summary of field data collection references {continued).
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FUNCTION C: Compare Non-Accident MOF’s

This function enables the evaluator to:

i. Prepare non-accident MOE summary tables
2. Calculate percentage changes in the non-accident MOE's.

Overview

This function presents organizaticnal and computational procedures
for determining the change in the non-accident MOE's. Intermediate pro-
ject effectiveness, as defined by a change in non-accident MOE's, 1s the
percentage by which the expected value of the MOL differs from the value
of the MOE observed following implementation of the project. This change
provides an indication of the practical significance of the project. The
method for determining the expected MOE and the percent change differs
according tc the experﬁmentai pian selected for the evaluation. The com-
putational methods described in FUNCTION C of Accident-Based Evaluation
are gppropriate for this type of evaluation.

TED ™1
ST

Non-accident MCE's dats should be tabulated on the provided summary
table which corresponds tc the experimental plan selected for the evalua-
tion. Figure 64 shows the general format of the summary of tables while
Figures 65 through 68 illustrates modified versions of the summary table
for before-after with control sites, before-after, comparative parallel
and the before-during-after studies respectively.

CULATE THE CHANGE IN THE MON-ACCIDENT MOE'S

T4 a L

This step requires that two computations be performed. The first is
to compute the expected value of the MOEL's if the project had not been
1mp]emented E. The second is to compute the percent change in the MOE's

between expected and after MOE values. The computational procedures for
determining these quantities differ for each experimental plan.

Before-After with Control Sites

£ = Bp(Ac/Be)
Where:
£ = Expected non-accident MOE at the project site if the im-

provement had not been made

Before MOE at ﬁﬂé é;agect site
After MOE at the control site(s)

Bp
AC

It n
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NON-ACCIDENT-BASED
MOE DATA COMPARISON WORKSHEET

Evaiuation No.
Date/Evaluator _ Checked by
Experimental Plan

Control Project Expected! Percent
Before! After |Before| After | MOE [Reduction
B & 8 A
MOE cl® |l i | E (%)

Figure 64. Generai form of the MOE comparison worksheet.
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NON-ACCIDENT-BASED
MOE DATA COMPARISON WORKSHEET

Evalualion No.
Date/Evaluator . Checked by
Experimental Plan

Commﬁ Project Expected| Percent
Before] Afier |Before| After | MOE |Reduction

MOE C ﬁ‘ac %@ ﬁp E {%)

Figure 65. MOE comparison worksheet for before and after
with control sites.
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NON-ACCIDENT-BASED
MOE DATA COMPARISON WORKSHEET

Evaluation No.
Date/Evaluaior . Checked by
Experimental Plan

Control Project Expected| Percent
|Befre| After [Before| Atter | MOE |Reduction

MOE % \ B, 1A | E (%)
A
/
/
/
/
/
/
/
/

Figure 6. MOE comparison worksheet modified fo: before
and after plan.
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NON-ACCIDENT-BASED
MOE DATA COMPARISON WORKSHEET

Evaluation No. _
Date/Evaluator _ Checked by
Experimental Plan

Control Project Expecled| Percent
glord] After (Beford] After | MOE |Reduction

£ Kla 1K ]a
!

Q{P\P
i
|
i
1
a
{
|

&
o
i

0%
§ ey

Figure 67. MOE comparison worksheet modified for
comparative parallel plan.
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NON-ACCIDENT-BASED
MCE DATA COMPARISON WORKSHEET

Evaluation No.
Date/Evaiuator Checked by
Experimentai Plan

During Prcfect

Control Project Expected| Percent
l8eto Her iBefore| After | MOE |Reduction

MOE A Bo | &% E (%)

Figure 68. MOE comparison worksheet modified for before,
during and after plan.
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B = Before MOE at the control site(s)
and
Percent Change = [(E-Ap)/E}]100

Where:
E = Expected non-accident MOE at the project site if the im-
provement had not been implemented
Ap = After MOE at the project site.

Before-After Study

E =Bp
Where:
E = Expected non-accident MOE at the project site if the im-
provement had not been made
Bp = Before MOE at the project site

and
Percent Change = [{E-Ap)/E]100

Where:
E = Expected MOE at the project site if the improvement had not
been made
Ap = After MOE at the project site
Comparative Parallel Study
E= A
Where:
E = Expected non-accident MOE at the project site if the im-

provement had not been made

Ac = After MOE at the control site{s)

il

and
Percent Change = [{E-Ap)/E}]100

Where:
E = Expected non-accident MOL at the project site if the im-
provement had not been made
Ap = After MOE at the project site

Before-During-After Study

As in Accident-Based Evaluation, there are three possible conditions
that may be encountered in this experimental plan:
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A. The MOE value after the projett is completed and femoved is
Jower than the MOE value before project implementation.

o
,.
L
)
=
3
)
i
+
)
H

[
‘3

(=%
i

o3
X

.
v-nmnup\A -is

C. The MOE value after the project is completed and removed is
the same or nearly the same as the MOE value before project
implementation.

If either condition A or B is indicated, there is an implied residual

effect from the temporary project. If condition C is indicated, it im-
plies that there is no residual effect from the temporary nv-n'inr‘f. The

Lot R LT LY e e A Y .1 )

1mpact of the temporary project on the MOE's is assessed using three se-
parate computations similar to the before-after study computations. The
first measures the effect of the project by comparing the before MCE to
the dur1ng MOE. The second measures the effect of the project by compar-
ing the after MOEL condition to the during MOE. The third measures the
residual effect of the project using before and after MOE's only, negiect-
ing MOE's during project implementation.

To compare the during and before MOE's,

E =8p
Where:
= = Fvnartad nan_arcidant MAF 3€ 4+ha Spmmwnuaman Inard st s s
'™ EAPCLLTW iRIT ALy TUTHL PR e LT Hltp!UVL:lllt:HL nauv  live kcoil
implemented
Bp = Before MOE at the project site
and :
Percent Change = [(E-Dp)/EJ100
Where:
E = Expected non-accident MOE if the improvement had not been
imp lemented
Dp = During MOE at the project site

To compare the after and during MOE's,

9 e
1]

Expected non-accident MOE if the improvement had not been
removed

L]
)
3

During MOE at the project site

and
Percent Change = [(E-Ap}/E)]100
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Where:
E = Expected non-accident MOE if the improvement had not been
removed

Ap = After MOE at the project site

To compare the before and after {residual effect) MOE's,

= - [+
. U}J’
Where:
E = Expected non-accident MOE if the improvement had not been
made

. Bp = Before MOE at the project site
an

Percent Change = [(E-Ap)/E)]J100

Where:
E

H

Expected non-accident MOE if the improvement had not been
made

A Y- R ¥} . :
Ab = ATLEr U

the project site

&
m
o

i

Calculated values of the expected MOE's and percent changes should be
recorded on the Non-Accident MOL Data Comparison Work Sheet for each MOE.
(Figure 64).

Summary of FUNCTION C

STEP C1 - PREPARE SUMMARY TABLES

@ Prepare summary tables of the collected data in FUNCTION B using
the tabular format related to the experimental plan.
® Record non-accident MOE values in the summary table.

-
i

tf 02 - CALCULA

(7]

® Compute percent change for all MOE's. .
@ Compute the expected value of each MOE using the appropriate
equation for selected experimental plan.
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FUNCTION D: Perform Statistical Tests

This function enables the evaluator to:
1. Define the type of data for each non-accident MOE.

2. Select the appropriate statistical test based on the type of
data and sample size of the MOE's.

3, Perform the statistical tests.

4. List conclusions regarding the intermediate effectiveness of
the project.

Overview

In this function, statistical tests are selected and performed for
each non-accident MOE collected and developed in FUNCTION B. To perform
significance testing, the evaluator must possess a knowledge of the types
of data variables which make up the MOE's and be able to select the appro-
priate statistical test for each data type. This function involves more
activities than FUNCTION D of Accident-Based Eva1uat1on s1nce there are a
greater number of types of non-accident-based MOE's which may be evalu-
ated. It should be noted that only a few of the test statistics normally
encountered in safety analyses are given in this section. For details on
other statistical procedures, any standard statistical text should be
consulted.

In this function, the evaluator 1is presented with definitions and
examples of the types of data which may be encountered, the MOE summary
formats, and the activities which must be undertaken for statistical

actdne
[ IIIS.

STEP D1 - DEFINE THE TYPE OF DATA FOR EACH NON-ACCIDENT MOE

MOE's may be comprised of either discrete or continuous data. Dis-
crete data fall into categories and have specific values only. For
instarice, one roll of a die can only result in a discrete integer value of
1,2,3,4,5 or 6. No other value is possible. The number of traffic con-
flicts and the number of shoulder encroachments are also examples of a
discrete variables. These measures are recorded in discrete integer
values of 1,2,3...etc '

Continuous data may have any value within a specified range of val-
ues. Height and weight are continuous data since an infinite number of

values exist within any defined range of heights or weights. Vehicle

speeds, delay and conflict rates are also examples of continuous data.

There are three types of categorical {discrete) data which are of ma-
jor importance in deciding how to organize MOE data for statistical test-
ing. These categorical data are nominal, ordinal, and scalar.
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Nominal variables are categorical data which are classified by an un-
ordered name or label. Examples of nominal data are pavement type, rural
vs. urban location and signalized vs. unsignalized intersection. Ordinal
variables are categorical data which are rank ordered by name or label.
Examples of ordinal data inciude conflict severity levels (i.e., severe,
moderate, routine). Scalar variables are categorical data which have
names or labels with known distances apart. For example, roadways may be
classified by the number of lanes, i.e., 1,2,3, etc. or width of the pave-
ment, i.e., 10, 11 or 12 foot lanes, etc.

There are also two other types of data which may be either discrete
or continuous which are of importance in organizing MOE data for statisti-
cal testing. These data are interval and ratio. The distinction between
these variables is subtle in terms of selecting a format for significance
testing, thus these two classes are not treated individually in this text.
Examples of these data include the proportion of vehicles exceeding the
speed 1imit or the ratio of speeds at two points on a roadway. Statisti-
cal procedures for analyzing interval and ratio variables constitute the
targest and most important testing methods.

Selection of the appropriate statistical test is based on the type of
MOE data and the number of variables involved. Statistical testing of ca-
tegorical variables is usually performed with the use of non-parametric or
distribution-free methods. Examples of non-parametric tests include the

L e}

Chi-Square test, Wilcoxen rank sum test, and the Mann-Whitney U-Test.

Statistical testing of interval and ratio data is generally performed
with parametric statistics. Parametric methods are used to examine
differences
mean or variance. Parametric tests incliude the t-test, 7-test, and analy-
sis of variance and covariance.

In addition to defining the type of data for each MOE, the evaluator
should carefully review the selected evaluation objectives and MOE's to
determine which types of statements must be answered in order to satisfy
the evaluation objective(s). These statements are referred to as statis-
tical hypotheses.

Two statistical hypotheses should be stated for statistical testing;
a null hypothesis and an alternative hypothesis. The null hypothesis,

gaélas commenly expressed, asserts that no difference exists between the

s. For example, the null hypothesis expressed below implies there is
€ mwvman~a hon - v

e A $earmmen s Al awis e me W R BTN N P - T [T

o Ui erenlc DCLWERT LnE OET0reE miedil, AR and tne arter mean, AA:
Ho: Xg - X4 = 0

However, the null hypothesis may also be expressed as:

Ho: XB > Xa
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or

Ho: X < XA
Statistical tests are performed to examine the correctness of the
null hypothesis at a pre-specified level of confidence. The nulil hypothe-

sis may be accepted, which implies that the project was not successful in
changing the mean MOE at a specified level of confidence; or it may be
rejected, which implies that the project was successful in creating a
significant change in the before and afier mean MOE. If the nuil
hypothesis is rejected, the alternative hypothesis, Hj, is accepted;

Hy: Xg - Xa ¥ 0 or Hi: Xg > Xp or Hi: Xg < Xa

and the conclusion is made that the means are significantly different as a
result of the project.

When the null hypothesis, Ho: Xg - Xg = 0
+

+imanal + + §
tional or two-tailed test is used to tes

the difference between two sample means. Resuit
dicates significance of the absolute magnitude of
regard for the direction (sign} of the difference.

he

oL

ifference without

A directional or one-taiied test is used when the null hypothesis,

Hg: XB>XA or XBSXA, is stated. The direction or sign of the
difference is indicated as a result of performing the one-tailed test.

As an evaluation activity, each of the non-accident MOE's developed
from the data collected in FUNCTION B must be identified as being either
discrete or continuous and hypotheses to be statistically tested must be
developed.
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The type of non-accident MOE's, the evaluation objectives, the sample
size, the experimental plan, and the hypotheses are the deciding factors
in the selection of an appropriate statistical test. Several statistical
techniques are provided in this step to enable the evaluator to test the
statistical significance of changes in the MOE's. A description of each
technique is provided along with the applicability of each technique, the
type of data which may be evaluated and the assumptions which underly each
technique.

Chi-Square Test

The Chi-Square test 1is used to test whether two discrete variables

are independent of each other. The variables may be scalar, nominal or

ordinal. In this non-parametric test, observed frequencies of non-acci-
dent MOE's are compared with expected frequencies which would exist if the
two variables are truly independent of each other.
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The variables to be tested are arranged in a contingency table which
may be composed of any number of rows or columns. For example, the fol-
lowing contingency table consists of iwo rows which represent the before

and after anaiysis periods for an-evaiuation and five columns which repre-
sent five similar sites at which the same countermeasure has been imple-

mented. This contingency table is referred to as a 2 X 5 cont1ngency
table. :

™ of

Col. Project Sites
;;:\\ 1 2 3 4 5

Before 8 15 23 11 12

After S 10 15 8 11

A requirement for all Chi-Square tests 1is that every cell within the con-

t1ngency table must have at least five observations.

The Chi-Square may be used to test the independence of any discrete
non-accident MOE. A7l experimental plans are appropriate for testing by
hi

~ Qo
Lvhni-s>guare,

t-Test

The t-test is a parametric statistic used to test the statistical
significance of differences in the mean values of two sets of MOE's when
the data are continuous and an assumption of normality and homogeneity of
variance in the data can be made. Two variations of the t-test are
provided; the paired t-test and the Student's t-test.

The paired t-test is applicable for the before-after experimental
pian where differences in pairs of observations representing the before
and after situation are to be tested. The statement to be addressed with
this test is whether the before mean for a group of locations is signifi-
cantly different from the after mean of the same locations. The paired
t-test is not appropriate for testing differences between the project and
control sites because the data are taken at different Jocations. Also,
the paired t-test can be used fo test differences in the mean for a group
of pedestrians, vehicles, etc. at a before and after location or a project

and a control site. The word “"group® means the same location, or same the
same pedestrian, etc.

The Student's t-test is appropriate for testing the difference be-

tween a project and control site. There is no requirement for paired ob-

servations or egual number of observations. It should be noted that the
student's t-test can be used to test for differences in the mean for
pedestrians, vehicles, or other items which are randomly drawn from the
population. The assumption of approximately egual group variances is made
in this test in addition to the assumption of normality. The-statement to
be addressed with this test is whether the two means are significantly
different. The test is therefore
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applicable for testing differences between project and control sites dur-
ing either the before or after period. In a situation where the assump-
tion of egual variance cannot be reasonably made, a modification to the
Student's t-test can be made. This modification is referred to as Yates'
Correction Factor for Continuity.

Z-Test For Proportions

s data which are expressed as
ed hy $+hie Toct 1:- uwhothor thae

U‘r Lilt i o LR wi P T el SRR
proportion of occurrences in one sample is significantly different from
the proportion in a second sample. The assumptions underlying the test
include the requirement that the data follow a binominal distribution
(i.e., only two levels can make up the data set), that the observations
are independent, and that a sample size of at least 30 is available. The
sanple size may be expressed in either values of the MOE or locations
depending on the requirements of the evaluation. For example, the sample
may be the number of recorded vehicle speeds fer a case where the propor-
tion of vehicle speeds in excess of the speed limit is to be evaluated.
As with the Student s t-test, this techn1que is applicable for testing
differences in proportions between different samples. Thus, the test may
be used to examine the MOE difference between project and control sites
during either the before or after period.

This test is epplicable for coatinuou
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A modification of the Z-test may also be used to test for significant
differences in proportions from two samples which are not independent (or
correlated proportions). This test may be appropriate for use when a
before-after experimental plan is used and the before and after MOE’s are
likely to be correlated due to the fact that paired measurements are taken
at the same locations under similar conditions. This application of the
Z-test accounts for the correlation between the paired measurements.

For example, suppose the MOE of interest is the proportion of 33
sites that exceed an average “no turn on red violation rate of 20 viola-
tions per 1,000 opportunities before and after upgrading non-standard
RI0-1 signs (no turn on red) to MUTCD code. The proportion of sites that
exceed the average rate before and after the project may be considered to
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this situation.

Before Treatment
No. Exceeding No. Not Exceeding
Avg. Rate Avg. Rate
After No. HNot
Treatment Exceeding 9 3
Avg. Rate
No. Ex-
ceeding i0 5
Avg. Rate

213




F-Test

This test is applicable for continuous, non-accident MOE's expressed
as variances. The analysis question addressed by this test is whether the
variance of one population is significantly different from that of a
second population. The assumptions underlying the test include the re-
quirement that the underlying distribution of the popuiation is normal and
the data represent independent random samples drawn from the population.
The test is applicable for testing MOE's using any experimental plan.

Based on the characteristics and requirements for each statistical
test, the evaluator must select the most appropriate technigque(s) for the
evaluation. In addition, the level of confidence and the statistical null

hypothesis must be recorded for each statistical test application.

STEP D3 - PERFORM THE STATISTICAL TEST

This step provides the evaluator with the activities which must be
undertaken in performing each of the statistical tests described in the
previous step. An example of each technique is provided. Following the
examples, a procedure for selecting a test statistic is given.

Chi-Sguare Test

These activities should be performed when applying the Chi-Square
test to address the following null hypothesis:

There is no significant difference between the observed fre
i

and the expected frequencies of the two variables being tested, i.e.,
variables are independent.

auenet
quench

I. Select a level of confidence.

2. Arrange the observed frequencies in a contingency table format
consisting of any number of rows and columns, as shown below.

Columns
1 2 3 4 . . . Row Sum

Rows

E Ay

Col. Sum Grand Total
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3. Compute expected frequencies for each cell of the contingency
table developed in step 2 above and arrangs the expected frequen-
cies intc a similar contingency table format. The expected
frequencies for each cell are obtained by multipliyirg the row sum
by the column sum and then dividing by the grand total.

Expected Frequency _ Row Sum for Row i x Col. Sum for Column J.
for Row i, = Grand Total
Column jJ.

4. Compute the Chi-Square value using the following equation:

(035 - £44)2

X2 =2_
all
Ted
Where:
Oij = Observed frequencies for row i, column j.
Ejj = Expected frequercies for row i, colum j.

The following computational format may be helpful in computing
Chi-Square.

{0-E)2

Observed (0) Expected{E) 0-E (0-E )2 E

Sum =

5. Determine the critical Chi-Sgquare value from statistical tables
contained in the Appendix using the degrees of freedom for the
test;

Degrees of Freedom = (R-1} (C-1)
Where:

number of rows in the contingency table

R
C = number of columns in the contingency table

n
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and the selected level of confidence (ie., 1 minus the level of
significance)}.

6. Compare the calculated Chi-Square value with the -critical Chi-
Square value. If the calculated Chi-Square is greater than the
critical value, reject the null hypothesis and conclude that the
variables are not independent at the stated level of confidence.
If calculated Chi-Square is less than the critical value, accept
the null hypothesis and conclude that the MOE's are independent.

Example

A project to reduce accident severity and the number of ROR accidents

at four high accident rural isolated curve roads involved the p1acement of
an advisory speed panel on the curve advance sign. The non-accident MOE
selected for the evaluation was the number of tire tracks on the shoulder
before and after project installation. The before-after experimental plan

was used in the evaluation. The null hypothesis was stated as:

The effect of the advisory speed signs on accident freguency is
independent of the project site.

The foilowing data represent the number of tire tracks observed at

ach of 4 curves at which the speed panel was installed during 10 days of
is

uaily recording (shoulders were raked after each daily v1s1t) the
number of tire tracks before and after project implementation.

Q(‘B

Project Site
Analysis
Period i 2z 3 4
Before i4 36 a4z 3¢9
After 8 18 20 27

gh?gabove accident data were arranged in a 2 x 4 contingency table as
oliows:

Observed Freguencies

Project Site
Analysis )
Period 1 2 3 4 Row Sum
Before 14 36 4z 39 131
After 8 i8 20 27 73
Col. Sum 22 54 62 66 204
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Next, the expected frequencies were calculated for each cell as follows:

Row Sum 2 x Col. Sum 1
Grand Total

Expected Frequency
for Row 2, Col. 1 =

=73 x 22
208

= 7.87

The following contingency table of expected frequencies was developed.

Expected Frequencies
Analysis Project Site
Period
1 2 3 4 Row Sum
Before 14,13 34, 39.81 42.38 131.00
After 7.87 16, 22.19 23.62 73.00
Coi. Sum 22.00 Lt 62.00 66.C0 204.00
Chi-Square was calculated as follows:
2 (0-E)2
Observed (0) Expected (E) 0-E {0-E) “E
17 14,13 -.13 02 .00
36 34.68 1.32 1.74 .05
42 35.81 2.19 4.80 .12
39 42.38 -3.38 11.42 .27
8 7.87 .13 .02 .00
i8 19.32 -1.32 1.74 .09
20 22.18 -2.1% 4.80 .22
27 23.62 3.38 11.42 .48
| Sum = 1,23

The critical Chi-Square value for the 95% level of confidence and (2-1)
times (4-1) = 3 degrees of freedom was found to be 7.81 from the Chi-
Since the calculated value is
less than the critical value, the null hypothesis is accepted and the con-
clusion is that the freguency of tire tracks before and after project

Square table contained in the Appendix.

implementation are independent of the project site.
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Paired t-Test

These activities should be performed when applying the paired t-test to
address the following null hypothesis:

There is no significant difference between the before mean of a group
and the after mean for the same group.

1. Select a level of confidence.
2. Arrange the MOE in the following form:

MOE
Analysis Periods Locations {N=n) Av?. Var.
MOE Units 12 3 4. . nijTotalj(X) i{S5¢)

Before MOE Rate
Dates:

Units:

After MOE Rate
Dates:

Units:

— |

3. Compute the t value using the following equation:

Xy - Xa
=
Sp/VW
and
2 2 2 1 N - -
Sp =3g +Sa - 2AFT %(Xai - Xg){Xai - Xa)]
'E:
Where: ¥ = Before sample mean
Xy = After sample mean
S; = Before samplie variance
2 .
SA = After sample variance
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N = Number of cases

4, Determine the critical t value from statistical tables contained in

the Appendix using the degrees of freedom (M-1) and the selected level
of confidence.

5. Compare the calculated t value with the critical t value. If calcu-
lated t is greater than critical t, reject the null hypothesis and

conclude that the means are different at the selected level of confi-
dgence.

If calculated t is less than critical t, accept the null hypothesis
and conclude that the means are not different.

Example

A project to reduce the number of passing accidents on a two-lane
rural highway invoived the installation of left-hand side no-passing pen-
nant signs (W14-3) at five identified high accident no passing zones
(NPZ's). The non-accident MOE selected was the number of passing viola-
tions per 1,000 opportunities. The before-after experimental plan was
selected. The analysis periods were chosen as 6 hours of direct observa-
tion per day for each of 5 consecutive days (Monday- Friday) taken before
and after project implementation. The statistical analysis invoived test-
ing for significant differences between the before and after violation
rates at the NPZ's. The null hypothesis was stated as:

There is no difference in the before and after mean violation
rates for the project sites at the 95% level of confidence.

The following data were tabulated for the before and after periods.

MOE and
Analysis Period Location (N=5) Avg. Varignce
 Units 1 2 3 4 5 |Total { (X) (5¢)
Before NPL
Yiolation Rate
8/6/79-8/10/7% 5.20 8.10 7.80 6.50 5.60 1% 33.2 | 6.64 1.68
Violations/1000
Opportunities
After NFZ
Violation Rate
8/27/79-8/31/79 6.00 6.20 4.30 6.40 2.10} 25.0 | 5.00 3.33
Viglations/10C0
Opportunities
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Computing the t value for the group:

XB-XA

Sn/'/_'

t =

6.64

>
o2
n

3.33

w
I>
fl

6.64 ~ 5.00

1.96/ f5

7 (calculated)

G)

= 1.

From the statistical table of the t-distribution, the critical t was
determined to be 2.776 for 4 degrees of freedom (5-1) and a 0.05 level of
sign1f1cance Thus, the conciusion is that there was no significance dif-
ference in the before and after mean NPZ violation rate at the project
sites.

Student's t-Test

These activities should be performed when applying the Student's
t-test to address the following null hypothesis:
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There is no significant difference between the mean accident rate
for one group and the mean accident rate for another group.

1. Select a level of confidence.

2. Arrange the individual accident rates for each group in the
following form:

MOE Analysis
Period A!%. Var.
MOE Units Locations N | Total | (X (5¢)

Group 1 MOE Rate 1 2 3 4 5...
Dates
Units:

Group 2 MOE 1 2 3-4 5 6...
Nateoc

AT L L = ]

Units:

3. If the group variances are approximately equal in magnitude,

compute the t value using the following equation.

. X - X
S /(linl) + (1/n2)
522‘"1'1’5§ ¢ (np-1)s5

and

ne 4+ A _ 2
La ¢ ll‘ i

Where: X3 = Group 1 sample mean
X2 = Group 2 sample mean
hl = Number of locations in Group 1
nz = Number of locations in Group 2
2 .
S1 = Group 1 sample variance
2 .
S2 = Group 2 sample variance
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If the group variances are not similar in magnitude, compute the t
value using the following equation:

X1 - %
2 2

Sp+S2
ng n,

4. Determine the critical t value from statistical tables {from the
Appendix). If the group variances are similar, the critical t
value is determined using ny+np-2 degrees of freedom and the

selected level of confidence. If the variances are dissimilar,
the critical t value is computed by the following equation:

LS L

2
Sl-l-Sz
ny hy

where: t¢ = critical t value at the selected level of confidence

t;1 = critical t value for ny; - 1 degrees of freedom at the
selected level of confidence.
tp = critical t value for np - 1 degrees of freedom at the

selected jevel of confidence.

5. Compare the calculated t value with the critical t value. If
calculated t is greater than critical t, reject the null hypothe-
sis and conclude that the project is effective at the stated
tevel of confidence. If calculated t is less than critical t,
accept the null hypothesis and conclude that the project is not
effective.

Example

A project to reduce run-off-rcad {(ROR} accidents on a two-lane rural
winding section involved pavement edgelining and delineator installation.
A non-accident MOE was selected to be the number of edgeline and shoulder
encroachments per 1000 vehicles. The winding roadway section crossed the
boundary of an adjacent county and thus the project was implemented on
only 1 mile of the 2 mile roadway section. The untreated section of
roadway was selected as a control site and necessary arrangements were
made to collect non-accident MOE's in the neighboring coumnty. Encroach-

~ ment rates were collected at 6 locations on the project section and 7

locations on the control section. Comparison of before MOE's showed no
significant differences between the two sectioms.

The following null hypothesis was stated:
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There is no significant difference between the mean encroachment
rate on the treatment and the mean encroachment rate on the
control section at the 95% level of confidence.

The following encroachment data were collected.

0E and .
nalysis Period Locations Avg. | Var.
OE Units T 72 3 & & 6 | N|Total (Y% (52)

Group 1 (Project)
Encroachment Rate
4/8/80 5.6 9.2 10.4 19.8 25.2 16.4| 6} 86.6| 14.4| 54.0
Units:
Encroachments /1000
Vehicles

MOE and
Analysis Period ____Locations . | Av
IMOE Units 1 2 3 & 5 6 7 N| Tot. | (

=
e LY
-

Group 2 (Control) _
Encroachment Rate | 9.0 23.2 19.6 20.4 18.8 30.2 10.44] 7{131.6} 18.8 53.2

4/29/80

Units:
Encroachments/
1000 Vehicles

[}
—
=5
Y}
e
1]

Since the group variances were approx
culated as follows:

X1 - X2
S /(1/ng) + (1/np)

Where: X; = 14.4
Xp = 18.8
n1=6
n2=7

and

) (6-1)54.0 + (7-1)53.2
S°=

6+7-2

[ 8]
N)
[




= 689.2

= 53.6

14.4 - 18.8

7.3201/6+1/7
-4.40

= cm—

4,

= -1

[ o
(o) ~J

The critical t value from the Appendix for a confidence level of 95% (0.05
level of significance) and 11 degrees of freedom (6 + 7 - 2) is 2.201.
Since the critical t value is greater than the calculated value, the nuii

hypothesis is accepted and the conclusion is made that the project had no
effect on the mean encroachment rate.

Z-Test for Proportions

These activities should be performed when applying the Z-test to
address the following null hypothesis:

There is no significant difference in the proportion of occur-
rences in one sampie compared to the proportion of occurrences in
another sample.

1. Select a level of confidence.

2. If the two samples are assumed to be independent, arrange the
proportions and sample size in the following form:

Total -~ Number of
Group _ Sample Occurrences | Proportion
Analysis Periods (N) (X) (P)
Group 1
Dates
Group 2
Natac

LR ROl v ]
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3. If the two proportions being compared are from independent sam-
ples (i.e., comparisen of program group proportions vs. a control
site(s) ~proportion), calculate the Z value using the following
equation:

Py - P2
Where:
X1
P1 =—
Nj
X
Py = —
. Np
X1 + X2  N1P1 + N2P2
p = -~
Np + N2 Np + N2
g=1-p
X1 = Number of occurrences in Group 1
Xo = Number of occurrences in Group 2
Ni = Total sampie in Group 1

N2 = Total sample in Group 2

4. If the two proportions being compared are from correlated samples
(i.e., comparison of proportions of before and after pairs at the
same sample, arrange the data in the following forwms.

Before
No. of No. Non-
Occurrences Occurrences
_ No. Non-Occurrences A B A+B
After
: No. Occurrences C D C+D
A+C B+D N
5. If correlated samples are assumed, calculate the Z value using the

following equation:
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D - A
‘T /A + D

6. Determine the critical 7 value from the statijstical tables for
the selected level of confidence.

7. Compare the calculated Z value with the critical Z value. If
calculated Z is greater than critical Z, reject the null hypothe-
sis and conclude that the project is effective at the stated
level of confidence. If calculated Z is less than critical Z,
accept the null hypothesis and conclude that the project is not

effective,
Example

A project to reduce nighttime accidents involved the installation of
improved street lighting at an intersection which had experienced an over-
represented night to day accident ratio. The non-accident MOE was chosen
as the propertion of total night traffic conflicts to total night plus day
conflicts. Because another intersection was to receive & similar trea-
tment for the same safety problem, the before-after study with control
sites plan was chosen for the study. Traffic conflicts were collected for
1000 opportunities each during daylight and nighttime conditions.

Two null hypotheses were stated:

There is no difference between the proportion of night to total
traffic conflicts between the project and control site before and
after implementation.

The following data were collected:

BEFORE PROJECT IMPLEMENTATION

Group Possible Occurrences: | Number of Occurrences: Propor-
Analysis Period |Total Conflicts for Night Conflicts tion

Night Plus Day :
() I (P)

‘Group 2 (Control)

Group 1 (Project) :
6/79 257 69 .27

7/79 242 58 0.24
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AFTER PROJECT IMPLEMENTATION

Group Possible Gccurrences:] Number of Occurrences: Propor-
Analysis Pericd Total Conflicts for Night Conflicts tion
Night Plus Day
(N} (X) {P)
‘. . ====:m============g=======:=4
Group 1 {Project}
5/79 275 35 0.13
Group 2 {Control)
7/7% 289 75 0.26

The Z value for the independent samples was computed as follows:

. Pp-pP
/oa(1/Nn) + (1/Nz)
whefe: P; = 0.27
Py = 0.24
N1 = 257
Ny = 242
69 + 58
p = ———— = 0.25
257 + 242

g =1l-p=1-0.26=20.75

Substituting
0.27 - 0.24
Z= iy
J(0.25)(0.75)(1/257 + 1/242)
C.03
C.04
= 0.77

The critical Z value for the 0.05 level of significance was determined as
1.96. Since the calculated 7 is less than the critical Z, the null hypo-
thesis is accepted and the conclusion is made that there is na difference
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between the proportion of night conflicts for the project and control
sites for the before period.

In a similar manner, the 7 value was calculated between the project
and control sites for the after period.

0.13 - 0.26
Z =
J(0.20 0.80)(1/275 + 1/289)
-0.13
0.03
= -3.86

Since the calculated Z is greater than the critical Z for the 0.05
level of signiﬁcance, the null hypothesis is rejecneu and the conciusion
is made that there is a s1gn1f1cant difference in the proport1on of nignht
conflicts and that the project is effective.

F-Test

These activities would be performed when applying the F-test to ad-
dress the following null hypothesis.

- - I . < Lo, . L

There §is no significant difference between the variance o
lation and that of another population.

1. Select level of confidence.

2. Arrange the number of observations N, the mean X and the variance
S2 of the populations in the following form:

Sample Hean Yariance
Size
Analysis Period
Dates
Units N X 52
efore Period

Dates _ 52
Units N Xg B
After Period
Dates 52
Units N XA A

3. Compute the F-value using the fo]lowing equation.
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2 2 2
F = Sg/Sp, (assuming Sg is the greater of the two, if not,

2
Sp

e

2
F =3Sa/S

)

= Before sample variance

_ 2
f Ve & LYY

EI\ - A

i HA-l

2 .
Sa = After sample variance

Example

o
>
(=%
><|

I

]

- 2
= {Xpi - X
i A - 1

and Np = Before and After sample size.

Before and after sample means.

Determine the critical F-value from statistical tables contained

in the Appendix using the degrees of freedom (Ng - 1) and (Np

- 1) and the selected level of confidence.

Compare the calculated F-value with the critical F-value. If the
calculated F-value is greater than the critical F-value, reject
the null hypothesis and conclude that the project is effective at
the selected level of confidence. If the calculated F is 1less
than the critical F, accept the null hypothesis and conclude the
project had no significant affect on variance at the 95% level

~f ranti
of confidence.

A project to reduce total accidents and accident severity involved
establishing a new speed zone on a section of rural highway. A non-acci-
dent MOE was selected as the speed variance of the speed distribution.
The before-after experimental plan was selected. The following nuli-hypo-
thesis was stated:

There is no significant difference between the before and after
speed variance at the 95% level of confidence.

The following speed data were collected:
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Sample

Analysis Period Size Mean Variance
Dates
Units N X s2

Before Period
4/13/79
Miles Per Hour 120 55.4 49.3

After Period
5/6/79
Miles Per Hour 120 55.2 34.7

Computing the F value:

F =52/52
5/

fl

49.3/34.7

1.42

From the statistical table, the critical F value for 119 and 119 de-
grees of freedom at the 95% level of confidence was 1.35. Since the cal-
culated F(1.42) was greater than the critical F(1.35), the null hypothesis
is rejected and the conclusion is made that the project was effective in
reducing speed variance at the 95% level of confidence.

Procedure for Selecting a Test Statistic

Table 13 summarizes the properties for each of the test statistics
described. in this function and provides guidelines for selecting a statis-
tical test.

SUMMARY OF FUNCTION D
STEP D1 - DEFINE THE TYPE OF DATA FOR EACH MOE

® Review the selected intermediate evaluation objectives, non-acci-
dent MOE's, and experimental plan and determine the types of data
to be evaluated (i.e., discrete or continuous).

® List the statement(s} (hypotheses) to be statistically tested for
each 1ntermed1ate evaluation objective.

STEP D2 - SELECT THE STATISTICAL TEST

® Select the appropriate statistical test based on objectives, the
MOE's, experimental plan, and types of statements to be statisti-

cally tested.
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Table 13. Procedure for selecting a test statistic
PROCEDURE FOR SELECTING A TEST STATISTIC
Properties
Tests of Type of Type of Parameter Minimum
Significance Statistic VYariabie Being Tested Sample Size Comments
Chi-Squére Non-Parametricy Discrete Freguency 25 for Test for indepen-
each cell dence bstween
variables.

Student's t Parametric Continuous | Means '2ﬁ Normality and
equality of vari-
ance assumed.
Samples are inde-
pendent.

Paired t Parametric Cont fnuous | Means 26 Normality and
eguality of vari-
ance assumed.
Samples are paired.

F Parametric Continuous } Yariance : >B Normality-and
equality of vari-
ance assumed.

z Parametric Cont {nuous| Proportions 230 Binomial Distribu-
tion is assumed.
Observations or
samples are inde-
pendent.

As a guide in se1ectiﬁg a test statistic for a set of data, the following
procedure is suggested.

i.

For the data under consideration, answer the following questions.

What type.of MOE is under consideration, i.e., can assumptions be
made about the population parameters (parametric or non-parametric

statistic)?

Is the variable discrete or continuous?

What is the parameter being tested, i.e., difference in means, vari-

ance, etc.?

What is the
tions?

size of the sampie size, i.e., the number of observa-

Are the samples independent?

Compare the answers to the above gquestions with the sest- statistic pro-
perties given above and select the statistical test which best meets

these reguirements.

WHEN IN DOUBT, OONSULT A STATISTICIAN!
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STEP D3 - PERFORM THE STATISTICAL TEST

® Select a level of confidence.

® Arrange the data in the format for the selected statistical test.

® Perform the necessary computations.

® Compare calculated statistical values with critical values taken
from tables based on the selected level of confidence and the de-

grees of freedom.

® State conclusions on the intermediate effectiveness of the project
based on the statistical testing results.
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FUNCTION E: Perform Economic Analysis

-
!

his

function enabies the evalu
1. Develop measures of project benefits and costs.
2. Perform an economic analysis.

Overview

This function presents an analysis technique for determining the cost
of achieving one unit of improvement in a non-accident MOE. This informa-
tion provides an additional perspective of the intermediate effect iveness
of the safety project. It is entirely possible to have an extremely
effective project in terms of improving the non-accident MOE's, but the
project may be cost-prohibitive to the agency for future use under similar
circumstances because of the high cost of achieving the desired level of

AL L Lrre e

effectiveness.

The objective of this function is accomplished through the use of the
Cost-Effect iveness technique of economic analysis. In this technique, the
project costs are valued on a dollar basis. The benefits are not assigned
costs. Project benefits are expressed as the number of units of improve-
ment in the MOE (e.g., number of miles per hour of speed reduction, number
of traffic conflicts reduced, number of traffic conflicts reduced per 1000
opportunities, number of shoulder encroachments reduced, etc.). The ratio
of project costs to benefits yields a measure which is expressed as the

(LY pe J e [PLP S H A

cost in dollars for each unit of improvement in the MOE.

It is important that the results of the economic analysis be repre-
sentative of the effects of the project on the selected MOE's. Thus, it is
recommended that the economic analysis be conducted for only those MOE's
which were significantly changed at the selected level of confidence. The
cost-effectiveness of a project based on MOE's which were reduced as a
result of chance or random occurrence does not provide usable information
for future project planning activities. Because the improvement of non-
accident MOE's is the measure of benefit instead of number of accidents
reduced, the output from this economic analysis may seem to be of limited
usefulness in future planning activities. This however is not necessariiy
the case. With time, cost-effectiveness information on non-accident MOE's
can be accumulated for similar types of projects and provide a basis for
astimating the cost of achieving specified improvement levels in non-acci-
dent measures. Further, cost-effectiveness measures resuiting from simi-
lar type of projects can be compared to determine whether the cost of
achieving a unit of improvement was consistent with the cost of other
highway improvements. Aiso, if current research efforts to investigate
relationships between accident and non-accident measures result in acci-
dent surrogates, unit changes in non-accident measures (if they are iden-
tified as surrogates) can be transiated to changes in accident experience
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and accident cost vajues developed by NSC, NHTSA and other Federal, State
and local agencies may be applied. '

STEP £1 - DETVERMINE PROJECT BENEFITS AND COSTS

Inputs to the Cost-Effectiveness (C-E} technique are:
a} Cost of implementing, operating and maintaining the project;

b} Benefit derived from the project in terms of statistically signi-
ficant non-accident MOE improvements.

Project Costs

Three types ef'project costs should be determined: 1) initial imple-
mentation costs, 2) net operating costs, and 3) net maintenance costs.

initial Impiementation Losts

This input includes all costs associated with implementation, place-
ment or construction of the project. It should include right-of-way ac-
guisition, construction, site preparation, labor, equipment, design, traf-
fic maintenance, and cther costs that may be associated with the project.
Typically, such cost data are available from ROW, design and construction
files and reporis. Detailed cost information can also be obtained from an
Administrative Evaluation of the project. Administrative Evaluation is
highly recommended and shouid be conducted in accordance with the proce-
dure previded in this Procedural Guide.

Het Operating Costs

Ret operating costs are defined as the difference in operating an
element of the highway system before and after project implementation
(i.e. after operating cost minus before operating cost). The net operat-
ing cost may be positive (operating cost increase), negative (operating
cost savings} in value, or it may be zero if the project does not change
operating costs. For example, the installation of a flashing beacon on an
advance warning sign has no operating cost before the beacon is installed
but after installation the cost of power is an operating expense to the
agency. In this case, the operating cost is positive. On the other hand,
it a safety project involves providing increased highway Tighting levels
and the project invoives the replacement of a mercury vapor lighting sys-
tem with a low-pressure sodium lighting system, a negative (cost savings)
net operating cost results. Net operating costs should be determined (or
estimated if unknown) on an annual basis.

fet ¥aintenance Costs

Met maintenance cosis are analogous to net operating costs. This
cost component may also be positive (maintenance cost increase), negative
{maintenance cost savings) or zero if the project does not change mainten-
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ance costs. Net maintenance costs should be determined (or estimated) on
an annual basis.

Project Benefits

Project benefits for the purpose of this &nalysis are defined as the
difference in the non-accident MOE's before and after project implementa-
tion. Depending on the MOE‘s of the evaluation, the following types of
benefits may result.

e Number of miles per hour reduced

e Number of total or specific types of traffic conflicts reduced per
hour

@ Number of edgeline encroachments reduced per 1,000 vehicles
&

e Average number of tire tracks reduced per day

@ Number of violations reduced per 1,000 vehicles.

Only MOE's found to be significantly changed at the selected level of con-
fidence should be used in the analysis.

STEP E2 - PERFORM COST-EFFECTIVENESS ANALYSIS

When applying the Cost-Effectiveness technique, the following activi-
. ties should be performed.

1. Assemble the project cost and benefit items determined 1in STEP
Ei.

2. Estimate the service life of the project based on patterns of
historic depreciation of similar types of projects or facilities.
For highway safety projects, the service life is that period of
time which the project can be reasonably expected to impact acci-
dent experience. Generally, major construction or geometric im-
provements should have a maximum service 1ife of 20 years. The
prediction of service life for specific highway improvements can

~ be made reasonably accurate if the agency maintains service 1ife
data and survivor curves for various types of Iimprovemenis and
projects. If service life data are not available to the agency,
the service life criteria used by the Federal Highway Administra-
tion are provided in the Appendix, anc may be used in the analy-
sis. If a project containing countermeasures with differing ser-
vice lives is encountered, the evaluator should refer to FUNCTION

£ of Accident-Based Evaluation for methods of dealing with such a
situation.

3. Estimate the saivage value of the project after iis primary ser-
vice life has ended. Salvage value is defined as the monetary
value of the residual elements of the project at the end of its
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service life. In the absence of salvage value data, past experi-
ence and literature should be used to estimate the salvage value.
Although salvage value 1is genera11y considered as a positive cost
item, some projects may réquire an expenditure to remove the re-

sidual elements themselves. In these instances, the cost of re-

moval should be deducted from the value of the scrap or residual
elements in estimating the final salvage value. Salvage value
can be positive, negative, or zero.

Determine the interest rate by taking into account the time value
of money. Realistic estimates of interest rates are extremely
important. The results of fiscal evaluations are very sensitive
to small variations in interest rates and thus may influence the
outcome of economic analysis. Therefore, it mayv be advisable to
vary the interest rate to determine the change in the economic
cutcome of the analysis. The evaluator is directed to FUNCTION E
of Accident-Based Evaluation for further detai1s.

Calculate the present worth of costs {(PWOC) for th
PWOC 1is recommended for this application of economic ana1ys1s to
be consistent with the short time frame over which the non-acci-
dent MOE's have been measured. That 1is, the change in the MOE is
considered to be the current estimate of the impact of the pro-
ject and not necessarily representative of the Jong-term impact
of the project. Thus, both costs and benefits represent present
as opposed to average annualized impacts of the project (which

are reflected in the equivalent uniform annual cost, EUAC).

PWOC is computed using the cost items determined in STEP Fl
in the following equation:’

Present worth of costs ($)

e
=
o
lyp]
"

I = Initial costs of the project (%)

Interest rate (%)

e
il

n = Estimated service Tife of the project or improvement (years).
T = Net salvage value {3}
K = Net uniform annual cost of 0perat1ng and maintaining the

improvement or project. ($/year)

i
PWp = Present worth factor for n years at interest rate i.
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‘i -
SPW, = Present worth factor of a uniform series payment for n
years at interst rate i.

ute the Cost-Effectiveness value using the following equa-

C-E = Cost-Effectiveness Value ($/unit of benefit)
PWOC = Present worth of costs (%)

B = Benefit (number of units of change in the MOE resulting from
the project)

iR oF W = - YA I L & Cilals

project implementation from a cost versus benefit viewpoint. Cost-effec-
tiveness values for individual projects may not be immediately usable nor
meaningful. However, as Non-Accident Based Evaluations are completed for
similar projects on the basis of identical non-accident measures, & basis
for comparison of the values resuits.

The cost-effectiveness value provides a measure of the feasibility of

Summary of FUNCTION E
STEP E1 - DETERMINE PROJECT BENEFITS AND COSTS

® Obtain and review project cost data including initial implementa-
tion cost, net operating cost and net maintenance costs.

e Determine project benefits as measured by the before and after val-

ues of the MOE's which were determined to be significantly
changed.

STEP E2 - PERFORM COST-EFFECTIVENESS TECHNIQUE

® Select and/or finalize inputs to the economic technique.
® Perform economic analysis.

® Compare the resulting cost-effectiveness value with the values from
similar projects if available.

" Example of FUNCTION E

Recent residential development along a two-mile section of two-lane
paved roadway in an outlying suburban area resulted in a significant
. increase in annual accident frequency and rate. A highway safety project
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involving lowering the posted speed limit from 50 to 35 miles per hour was
implemented and evaluated with Non-Accident-Based Evaluation.

The intermediate evaluation objective was:

To determine the effect of the speed zoning project on vehicle
speeds on the two-mile roadway section.

The non-accident MOE was the 85th percentile speed.

The before-after plan was used and statistical tests resulting in the
conclusion that the 85th percentile speed was significantly reduced at the
95% level of confidence from 52.1 to 44.3 mph.

The decisions and activities involved 1in performing an economic
analysis for this project are described in the following steps:

STEP E1 - DETERMINE PROJECT BENEFITS AND COSTS

An Administrative Evaluation was conducted following the implementa-
tion of the project. The evaluation report was obtained and reviewed to
determine the cost of the project.

The project consisted of removing four existing speed signs and re-
placing each with new speed limit signs. Removal and installation costs
were $57.98 per sign or $230.00 for the combined project. Net maintenance

and operating costs were zero.

The benefit resulting from the project, as determined by the signifi-
cantly reduced non-accident MOE was determined from earlier evaluation
functions to be a 7.8 mph reduction in the 85th percentile speed.

STEP E2 - PERFORM COST EFFECTIVENESS TECHNIQUE

il G H Vit H S ~

The 1inputs to the cost-effectiveness technique were determined to be
as follows:

Service Life, n = 6 year
Salvage Value, T = Negligibie
Interest Rate, i = 10% per year
Initial Cost, I = $230.00

Net Annual Operating and Maintenance Costs, k = Negligible

Present Worth factor, PWi for i = 10% and n = 6 years = (.5645
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The econcmic analysis inputs were substituted into the following

equation to determine the present worth of costs (PWOC).

tion:

PWOC

i i
I+ K (PHp) - T(SPH,)
230.00 + 0 - 0

il

= 230 00
Tt N 5 NS

The cost-effectiveness value was determined by the following equa-

C-E

PWOC/B
230.00/7.8

i

I

$30.20 per mile per hour reduction in the 85th percentile
speed.
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FUNCTION F: Prepare Evaluation Documentation

This function enables the evaluator to:

1. Interpret the intermediate effectiveness of the highway
safety project.

2. Interpret the validity of the evaluation results.

g e

3. Identify evaluation results for incorporation to the data
base containing changes in non-accident measures.

Write an evaluation study report.

Y

Overview

This function presents guidelines for determining the intermediate
effectiveness of the project based on the cbserved change in the MOE's,
the statistical significance of the change, and the cost of achieving the
change. This function also invelves a review of all functional activities

of the evaluation study to determine the appropriateness of the decisions,
accumnt igng nroceduyres  and 1n‘ﬂ‘nrnr‘nfa1"lnnc If the evaluation QtUdV
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results are determined to be a va11d representation of the intermediate
effectiveness of the project, the evaluation results should be used in
establishing a data base of changes in the non-accident MOE's for future
use in highway safety planning and impliementation.

STEP F1 - ORGANIZE EVALUATION STUDY MATERIALS

The determination of the intermediate effectiveness of the project
requires that all data and evaluation study findings be brought together.
A checklist of the materials and information required for this function is
shown in Figure 69 along with the function from which these materials
originate.

STEP FZ2 - DETERMINE THE INTERMEDI

The final determination of intermediate effectiveness requires infor-
mation on three aspects of the evaluation:

1) The changes in the MOE‘s according to the experimental plan used;
2) The statistical significance of changes in the MOE's; and
3) The results of the economic analysis.

The evaluator must develop from these information sources, a conclu-
sion of the intermediate effectiveness of the project. Regardless of whe-
ther a conclusion is positive {sucess), negative (failure) or otherwise,
the evaluator must critically assess the validity of the entire evaluation
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Statement of the Safety Praoblem

Project Description

Funding Level

List of Project Purposes (FUNCTION A)

list of Intermediate Objectives and Non-Accident MOE's
(FUNCTION A)

Experimental Plan Used with Justification (FUNCTION A)
List of Data Variables (FUNCTION A)

List of Control Sites with Selection Criteria {FUNCTION B)
Raw Data {FUNCTION B)

Reduced Data {FUNCTION B)

Data Collection Techniques Used (FUNCTION B)

Data Collection Personnel

MOE Comparison Tables (FUNCTION )

Calculations of Expected Values and Percent Changes in the
MOE's {FUNCTION C)

Statistical Test Procedure (FUNCTION D)

Statistical Results {(FUNCTION D}

Economic Data Including Implementation, Operation,
Maintenance, etc. {FUNCTION E)

Economic Analysis Technique Used with Assumptions (FUNCTION
E)

Economic Analysis Results {FUNCTION E)

Figure 69%9. Evaluation study materials checklist.
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procedure. The review should be carried out on a function-by-function
basis and address the following questions:

FUNCTION A
1. Was the project appropriate for achieving its intended purpose?

2. Were the chain of accident causality and the resulting intermedi-
ate objectives and non-accident MOE's appropriate?

3. Was the experimental pian appropriate? What were the threats to
validity which were not or could not be overcome?

FUNCTION B

1. Yere the non-accident and cost data reliable and complete? What
were the actual or suspected problems which were not correctable?

2. Were the control site{s) appropriate? What were the trade-off's
made in control site selection?

FUNCTION C

i. MWere problems encountered in computing expected MOE values or
percent changes in the MOE‘s?

FUNCTION D

1. Was the statistical technigue appropriate for the type of MOE and
the desired evaluation objective?

2. Was the selected level of confidence appropriate?
3. HWere statistical test results reasonable?

FUNCTION E

1. Were economic analysis inputs including accident cost figures,
interest rate, expected life, and salvage value appropriate?

2. Were the economic analysis results reasonable?

In addition to reviewing the evaluaticn study procedures, it is also
important to review the appropriateness of decisions and activities which
took place in the Planning and Implementation Components of the HSIP. It
is important to recognize: 1) whether the project was properly selected
and appropriate for the safety deficiency; and 2} whether the project was
implemented as planned and designed.

If problems are observed or suspected for any of the above issues,
they should be noted and an attempt should be made to correct the prob-
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lems.

if fhe problem is not correctable, this fact should be noted and accompany
the conclusions on intermediate project effectiveness.

STEP F3 - IDENTIFY RESULTS FOR INCLUSION IN THE INTERMEDIATE EFFECTIVENESS
DATA BASE

One of the primary purposes of conducting formal evaluation is to
- feedback evaluation results to improve decisionmaking in future HSIP
Planning, Implementation and Evaluation Components. The evaluator nust,
therefore, be certain that only reliable evaluation results enter the
feedback loop. If serious uncorrectable problems were identified (in STEP
F2), the evaluation results should not be combined with the results of
evaluations which do not experience similar problems. Allowing question-
able evaluation results to enter the feedback 1loop reduces the overall
reliability of the data base and may result in inappropriate future deci-
sions regarding similar projects.

STEP F4 - WRITE THE EVALUATION REPORT

The evaluation activities and results should be thoroughly discussed
and documented in an evaluation study report. The documentation should
include a concise and comprehensive coverage of all Non-Accident-Based
Evaluation aspects. The report should follow the format shown in STEP F4
of the Accident-Based Project Evaluation, substituting non-accident for
accident-based evaluation findings.

The report should be distributed to those persons in the agency who
benefit most from evaluation results.

Summary of FUNCTION F

STEP F1 - ORGANIZE EVALUATION STUDY MATERIALS

@® Obtain information pertaining to all the evaluation activities.

® Review the material for completeness.

STEP F2 - EXAMINE THE INTERMEDIATE EFFECTIVENESS OF THE PROJECT

® From FUNCTION C, identify whether the project reduced the safety
deficiencies for which it was intended.

@ From FUNCTION D, identify whether the project resulted in a sta-
tistically significant change in the MOE's.

@ From FUNCTION E, identify whether the project resulted in benefits
which are considered acceptable when compared to project costs.
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@ Review the apﬁropriateness of evaluation decisions and activities
in FUNCTIONS A-E, and the activities associated with HSIP Planning
and Implementation.

® Correct observed deficiencies, if possible.

& Record all non-correctable problems encountered.

STEP F3 - IDENTIFY RESULTS FOR INCLUSION IN THE INTERMEDIATE

EFFECTTVENESS DATA BASE
¢ Identify changes in the MOE's for inclusion to the data base.
e Identify evaluation results for which inconsistencies were identi-

fied and exclude these from the effectiveness data base.

STEP F4 - WRITE THE EVALUATION REPORT

L]

Prepare the final evaluation study report following the recommend-
ed report outline.

Review final report.

= 2
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FUNCTION G: Develop and Update Data Base

This function enables the evaluator to:

1. Tabulate basic input data for the data base
2. Compute the average difference in the non-accident measure.
3. Compute the expected range of the difference
4. Examine relationships between acc1dent and non-accident mea-
sures
OVERVIEW
A data base containing Non-Accident-Based Evaluation results is de-
veloped in this function. The data base 1is analogous to the data base
developed 1in FUNCTION G of Accident-Based Evaluation except entries are

changes in the non-accident MOE'‘s.

This data base has two primary uses. First, it provides feedback
information useful in planning and implementing future projects for which
Non-Accident-Based Evaluation may be performed. Second, it provides a
gquantitative cause and effect relationship between a project and its im--
pact on non-accident measures. This relationship, if analyzed with the
cause and effect relationship between the same project and accident mea-
sures, may result in identifying accident surrogates for evaluation.

Guide1ines for deve]oping and maintaining the data base and suggested

data analysis procedures for investigating ﬁOSS“luw retationships between
accident and non-accident measures are provided in this function.

STEP Gl - ORGANIZE INPUT DATA

Information for data base development may be obtained directly from
the final study report. The information required includes:

1. Description of the project including countermeasures, loca-
tion and year of implementaticn.

2. Expected and actual values of all non-accident MOE's.
3. Sample size and dates of before and after data.

The project description allows the evaluator to establish categories
of project types and location, which may be updated with new evaluation
resuits as similar types of projects are evaluated. The year of implemen-
tation is used to eliminate outdated evaluation results (i.e., greater
than 5 years} from the data base. Before and after values of the non-
accident MOE's are used to compute average percent changes due to project
implementation. Sample size information, including the dates and Tength
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of data collection periods are necessary to ensure that the data base
entries represent statistically reliable input data.

STEP GZ ~ COMPUTE PERCENT CHANGES IN NON-ACCIDENT MOE'S

Estimates of intermediate project effectiveness, expressed as a per-
cent change in the non-accident MOE, is input to the data base. Percent
changes should be computed for each MOE for individual projecis. Average
percent change values should be computed if more than one project is con-
tained in a single project category. Percent change averages should not
contain projects older than 5 years to insure that only current estimates
are contained in the data base.

ects are
5 are

)

alculated as follows:

'53
L_a

Expected MOE - After MCE
Percent Change = x 100
Expected MOE

Caution should be exercised when interpreting the "sign" of the per-
cent change value. A decrease in speed variance is considered an improve-
ment while a decrease in the speed differential at points in advance and
following an advance warning device is not considered an improvement.

STEP G3 - DEVELOP AND UPDATE THE DATA BASE

The percent changes should be maintained in a format which can be

easily updated as new evaluation results become available. A format simi-

Tar to those used to record accident reduction factors such as the exam-
ples shown in Figures 45, 46 and 47 of Accident-Based Project Evaluation
can be used. It is 1mportant that each time the data base entries are
updated, a notation be recorded showing the date of the most recent infor-
maiion.

STEP G4 - INVESTIGATE RELATIONSHIPS BETWEEN ACCIDENT AND NON-ACCIDENT
MEASURES

When both Accident-Based and Non-Accident-Based Evaluation are per-
formed for a number of similar projects, the evaluator has the opportunity
to determine if there 1is a statistically significant relationship between
accident and non-accident measures. If a strong, logical relationship is

ad a3t an arcident cnrrnnn%a
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A two step process is suggested for determining whether a relation-
ship exists and if it does, establishing the relationship itself.

1. Correlation Analysis

Correlation analyses should be performed between pairs of abso-
Tute changes in accident and non-accident measures. Correlation pro-
vides a single number (the correlation coefficient) which numerically
guantifies the relationship between two variables. Correlation co-
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efficients indicate the degree to which variation {or change) in one
variable has an influence on the variatior (change} in another. A
correlation coefficient mathematically defines the strength of associ-
ation between a pair of variables. In this appliicaticn, the variable
pair is the change in the non-accident MOE, and the change ir the
accident MOE for the same project. A set of data points representing
variable pairs for a group of ten similar projects is given in Table
13 and a plot of these pairs is shown in Figure 70.

Two types of correlations may be used: nonparametric and para-
metric. Nonparametric techniques require no assumptions about the
distribution of the variables. Examples include: Spearmen's RHO and
Kendall's TAU correlation technique. Parametric techrniques reguire
that the variables be normally distributed. An example of a parame-

tric corvelation techniguye is the Pearson Product Moment '{@ggﬂiﬂ?qug-
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Details on these techniques are available in most statistics texts.

The coefficient which results from the correiation technigues
ranges from -1.0 to +1.0. A negative coefficient indicates an inverse
iinear reiationship {one variable tends io increase as ihe other de-
creases or- vice versa). A perfect inverse linear relationship is
denoted by -1.0.

A positive coefficient indicates that the variables tend tc in-
crease (or decrease) together. Perfect positive linear correlation is
denoted by +1.0. A coefficient of zero denotes the absence of a
linear relation. The significance of each ccefficient should be
examined for statistical reliability.

Correlation coefficients and confidence levels should be computed
for combinations of changes in all available types of accident and
non-accident measures. For example, suppose several projects involy-
ing the posting of lower advisory speed panels at isolated curves were
evaiuated on the basis of changes in average speed and changes in
total, fatal, injury, property damage and run-off-road accidents. In
this case, correlation analysis should be performed between the change
in speed and the change ir accidents for each individual accident MOF
(i.e. five correlations should be performed).

In general, if a correlation coefficient of at least 0.83 is ob-
served at a confidence level of 95% or greater (a significance level
of 0.05 or less), regression analysis should be performed to determine

the relationship between the accident and non
a

Several pairs of data are needed to formulate
regression analysis.

~arridant moanciimnae
Qo Tuciih IIICG:;L.H Larde- B

conciusion based on

Regression Analysis

The most common statistical procedure for fitting a line to a set
of data points utilizes the method of 1least-squares. This method
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Table 14. Pairs of data points for 10 similar projects.

‘ Change In
Pair Wo. Accident MOE Non-Accident MOE
1 5.5 4.9
2 5.1 7.5
3 4,2 4,2
4 3.6 5.8
5 2.8 3.9
6 2.1 6.0
7 2.0 4.0
8 1.9 2.2
0 1.9 8.0
16 1.0 2.5

Change in Accident MOFE

fv

Y & " n 2 . Y

Change in Non-Accident MORE

Figure 70. Plot of data points for 10 similar projects.
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is based on determining the best-fit line for which the vertical dis-
tances of all the points from the 1ine are minimized. The line it-
self is called the regression line.

The most common type of regression is linear regression. The
objective of the procedure is to locate the best-fitting straight
line. Linear regression is most commonly used because it gives &
simple summary of the relationship. Most variables of interest are
assumed to be related in a straightline manner, although this assump-
tion is not necessarily true for all variables. The generail formula

for a straight line is:

T diad Loomamais T = Ball dm mmTiamsd a3 amed Te 4
TRV I Gy d I LabitTu L I afnid 1o it

[ L~ 14
the point where the line crosses the Y {vertical) axis (X is zero
there), and b is the slope of the line (it denotes how much Y changes
for a one unit change in X, see Figure 70). The values of a and b
are calcuiated using the least-sgquares regression method.

The evaluator should consult a statistics textbook for the de-
tails of performing linear regression. The methed is also described
in FUNCTIGN C of Accident-Based Evaluation.

The result of the regression analysis is a linear relaticnship
(equation) between the dependent variable (¥} which represents a
change in accidents and the independent variable {X) which represents
a change in the non-accident measure. For example, a regression egua-
tion for the speed panel installation project described above may
take the form of the following hypothetical relationship:

Y = 0.3 +G.1X
Where:
Y = Unit change in run-off-the-road accidents
X = Unit change in average speed on the curve
This relationship implies that for a 1 mph reduction {X = -1.0

mph) in average speed {due to the installation of reduced advisory
speed panel), a reduction in run-off-road accidents of 0.2 accidents
(Y = -0.2) can be expected. Statistical indices such as RZ, may be
obtained for the regression equation to help the evaluator guantify
the reliability of the regression equation. The evaluator should
become familiar with those indices and compute these statistical
vajues -according to procedures contained in statistics textbooks.
One of the most important precautions that must be observed is to
identify and stay within the range of the independent and dependent
variables used in developing the equation. Extrapolation outside of
known points violates the assumptions used in developing the rela-
iionship and can lead to erroneous results.
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Summary of FUNCTION &
STEP &1 - ORGANIZE INPUT DATA

@ From the evaluation study report obtain information on the project
GESC“ipEaOP, before and after values of MOE's, and sample size and
data collecticn procedurss.

® Review information for completeness.

STEP G2 - COMPUTE PERCENT CHANGES IN MON-ACCIDENT MOL'S

® Compute the percent changes between the before and after values of
the MOE's.

Compute average percent changes for similar projects.

2]

STEP G3 - DEVELOP AND UPDATE DATA BASE

® Devise a Tormat for recording and updating percent changes.

e Incorporate non-accident changes into the data base.

STEP G4 - INVESTIGATE RELATIONSHIPS BETWEEN ACCIDENT AND NON-ACCIDENT
MEASURES

When several simi?a' rojects have been evaluated by both Accident
and han Accident-Eased Evaluation, perfcrm correlation analyses
for combinations of accident and non-accident measures.

&

® If significant correletions are observed, perform regression
anatyses o determine th relationship between the accident and
non-accident {potential surrocate) measures.
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PROGRAM EVALUATION

55§3353§N . == HIGHWAY SAFETY EVALUATION =3

¥

A highway safety program is a group of projects (not necessarily si-
milar in type or location), implemented to achieve a common highway safety
goal of reducing the number and severity of accidents and decreasing the
potential for accidents on all roads.

The objective of Program Evaluation is to provide guidelines for

assessing the value of a completed or ongoing highway safety program. The

measures of program effectiveness are observed changes in the number, rate
and severity of traffic accidents resulting from the implementation of the
program. Program effectiveness is also examined with respect to the bene-
fits derived from the program given the cost of implementing the program.

Program Evaluation consists of seven functions. £Each function con-
tains a series of systematic steps which lead the evaluator through the

activities and decisionmaking processes of a properly designed evaluation
study.
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The seven functions which comprise Program Evaluation are:

FUNCTION A - Develop Evaluation Plan

FUNCTION B - Collect and Reduce Data

FUNCTION C - Compare Measures of Effectiveness (MOL's)
FfUNCTION D - Perform Tests of Significance

FUNCTION E - Perform Economic Analysis

FUNCTION F - Prepare Evaluation Documentation

FUNCTION G - Develop and Update Effectiveness Data Base

FUNCTION A addresses the necessary planning activities which must be con-
sidered prior to performing an evaluation of a completed or ongoing high-
way safety program. The evaluation objectives and MOE's, the analytical
framework for the evaluation (experimental plan) and data requirements are
established in this function. FUNCTION B provides guidelines for collect-
ing, reducing and presenting evaluation data. FUNCTION C presents various
methods for comparing MOE's according to the experimental plan selected
for the evaluation. FUNCTION D provides a framework for testing the sta-
tistical significance of the changes in the MOE's. FUNCTION E presents
economic analysis techniques for conducting a fiscal evaluation of program
effectiveness. Guidelines for documenting the observed effectiveness of
the program are presented in FUNCTION F. FUNCTION G provides a format for
maintaining information on program effectiveness to be used as feedback to
the Planning and Implementation Components of the HSIP.

These functions are common to &ll Effectiveness Evaluation subproces-
ses contained in this Procedural Guide. It is strongly recommended that
the evaluator become familiar with the functional details of each subpro-
cess prior to performing an evaluation using any single subprocess, since
some of the information contained in project evaluation may be helpful in
performing a program evaluation and visa versa.
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FUNCTION A: Develop Evaluation Plan

This function enables the evaluator to:

1. Develop an analysis plan for evaluating the effectiveness of
a highway safety program.

2. lIdentify and record the evaluation objectives and measures
of effectiveness (MOE's)

3. Select an appropriate experimental plan for use in the eval-
uation.

4, Establish a list of data needs for evaluating the program.
5. Document the evaluation plan.
Overview

The development of an evaluation plan is the first important step
toward transforming Effectiveness Evaluation into an efficient and worth-
while activity in the Highway Safety Improvement Program (HSIP). During
plan development, the evaiuator is required to think through the entire
evaluation process. With proper planning, the time and effort required
for evaluation can be efficiently utilized to produce high-quality program
Effectiveness Evaluation resuits. Thus, the plan development process can
be considered as the singlemost critical activity in any evaluation
study.

The evaluation plan may be developed before program implementation
(during the Planning Component of the HSIP} or following implementation.
Evaluation planning before implementation is highly recommended. Prior
planning makes it possible to select and utilize more reliable experiment-
al plans and to plan data collection activities in advance of actual data
collection so that crucial "before" data are not overlooked.

Many project and program evaluation planning activities are similar
and are not duplicated here. Rather, supplemental discussions are pro-
vided to enhance the evaluator's understanding of the steps to be per-
formed. The evaluator should be familiar with the plan development func-
tion of Accident-Based Project Evaluation to develop a total picture of
the activities and decisions which must be made.

STEP Al - DETERMINE THE PROGRAM GOAL

A program consists of a group of individual projects with a common
highway safety goal. Programs may be categorized as: 1) established safe-
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ty programs, or 2) designed safety programs which consist of projects that
have been selectively combined for evaluation purposes. Examples of esta-
blished programs include those . administered by Federal agencies (e.g.,
Safer-0ff-System Roads, Hazard Elimination, Pavement Marking Demonstra-
tion, and Rail-Highway Crossing), subsets of projects within a single
program (e.g., elimination of roadside obstacles on two-lane rural winding
sections), and other programs established and administered by governmental

agencies.

In additio tablished programs, it may be desirable to evaluate
a program consisting of several projects, all of which have a common goal.
For example, suppose an agency is considering a program to identify and
correct Tocations on rural highways with a high incidence of wet-pavement
accidents. An important input to the decision to implement this type of a
program is the effectiveness of past countermeasures used to reduce wet-

weather accidents, such as:

ion

® Placement of an open-graded friction course on signalized in-
tersection approaches.

@ Longitudinal grooving on highway section.

® Installation of “Slippery When Wet"(W8-5) signing.
These project types could be combined to form a program whose common goal
is the reduction of wet-pavement accidents. The evaluation of this pro-
gram would provide the administrator and planner with information con-
cerning the effectiveness of a wet-weather accident reduction program.

Statement of the Goal

The first activity in Program Evaluation is to determine the high

way
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safety goal to be evaluated. The goal must be stated in a brief but con-

cise statement in accordance with the following criteria:

1. The program scope as defined by the type(s) of accident
and/or severity measures which are expected to be affected
by the program. These measures should be specific to the
program but general enough to be appropriate for all possi-
ble projects within the program;

2. The program objective defined should always be the improve-
ment of safety. (Operational improvement and maintenance
may be a secondary goal of the program but not the primary
goalj;

i

on

3. The location type(s) included in the program (i.e., in

b +
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sections, curves, tangents, or combinations of locat
types);

4. The geographic program area affected by program activities
{i.e., City, State, county, road class, etc.).
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If an established prcogram is te be evaluated, the elements of the
highway safety goal are generally derived from the program statement and a
knowledge of the types of projects which make up the program.” Therefore,
the evaluator must know the types of projects which have been (or will be)
implemented under the program, the types of project sites and the geogra-
phic area(s) which are affected by the program. This information can be
obtained through discussions with program planners, a review of program or
preject files and referral to stated program objectives established prior
to initiation of program activities. For example, & possible goal of a
program implemented under the FHWA Rail-Highway Crossing Program was
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stated as follows:

To reduce fatalities, injuries and property damage associated with
auto-train accidents through improved safety at all at-grade rail
crossing locations on the State road system.

In this goal statement, the type of accident and/or severity measures (the
scope of the program) are auto-train accident fatalities, injuries and
property damage; the objective of the safety activities is to reduce the
stated accident measures; the location types are all rail/highway grade
crossings; and the program area is the State road system.

For Program Evaluations which require the selection of completed pro-
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should precede the selection process. In many instances the evaluator re-
ceives a general description of the program to be evaluated from manageri-
al, planning or supervisory personnel. The evaluator must transform the
general description into a goal statement utilizing the four criteria
described above.

The goal statement should always be reviewed and finalized by the
person requesting the evaluation before program development (project
selection) begins.

The statement of the highway safety goal must be documented in the
evaluation plan (STEP A5) and used for future reference in the preparation
of the Program Evaluation Report.

STEP AZ - SELECT AND STRATIFY PROJECTS

After identifying and recording the statement of the highway safety
goal, the evaluator should select highway safety projects to be evaluated.
Project review and selection must be done whether the evaluation is being
conducted on an established program or on a program to be developed. Re-
view and selection are important because some projects may not be appro-

priate for evaluation due to data unavailability, atypical accident ex-
perience, etc. In addition to selecting projects which make up the pro-
gram, there may be a need to divide the program into groups of projects
which have similar countermeasure and locational characteristics. Strati-
fication of the program into subsets should be performed when the evalua-

tor is interested in determining the contribution of specific types of

anom F ol - S

projects tc the overall effectiveness of a program or when - the program
consists of radically different project and location types. If an esta-
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blished program is being evaluated, a Tist should be prepared of all pro-
Jjects which are a part of the program.

Project Selection

The evaluator should review available information for each completed
project and make a 1ist of projects to be included in the program. If
projects are not already categorized under an established program, pro-
Jects meeting the four goal criteria in STEP Al should be selected for
detailed review. Projects implemented more than five years ago should
generally not be selected because of the possibility of changes, other
than the project, which may influence accident experience at the project
site. This rule helps the evaluator to make the trade-off between the
need to obtain enough before and after accident data to collect a repre-
sentative sample of the “true" before and after accident experience and
the need to minimize the introduction of geometric, traffic and/or envi-
ronmental changes ({other than the project) which may influence accidents
during the before and after analysis periods.

Other factors which should be considered when preparing a list of
projects include data availability and data sufficiency. Each of these
factors are described in detail in STEP Al of the Accident-Based Project
Evaluation. Projects with incomplete, unavailable, or questionable acci-
dent data should be eliminated from the program.

A1l candidate projects which satisfy the selection criteria may be
used to form the final highway safety program. The foliowing information
should be recorded for each project within the final program.

@ Implementation date (start and end date)
® Type of countermeasure(s) within each project
® Project location

Stratify Projects

It is advisable to stratify the projects into program subsets with
similar project and location characteristics if the program includes sever-
al types of projects. Stratification into program subsets makes it possi-
ble to determine the contribution of various types of projects at specific
location types to the overall program effectiveness. Thus, the effective-
ness of the program can be determined by evaluating the. effectiveness of
each program subset. For example, the evaluator may be interested in the
effectiveness of the following program subsets within a Statewide program
to reduce accidents at rail-highway grade crossings.

o Installation of flashing lights
® Relocation of the crossing

@ I1lumination
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@ Installation of automatic gates

e Signing and/or marking

@&
w
| =

® Sight distance improvements
© Combinations of two or more project types
Each of these improvements could be established as a program subset.

The total Highway Safety Improvement Program itself may be the sub-
ject of evaluation. This program may consist of railroad-highway crossing
projects, signalization progects, pavement marking projects, etc. For
this program, it is necessary to group all railroad-highway crossing pro-
jects together into one program subset, all signalization projects into
another subset, and so forth since the effectiveness of the combined pro-
gram would be of limited usefulness for future decisions and also the com-
bined effectiveness may mask highly effective or ineffective program sub-
sets.

Less extensive programs may or may not warrant stratification. For
example, a countywide edgelining program may, at the discretion of the
evaluator, be stratified into road class subsets such as county primary,
county secondary and county Tocal; or it may be stratified by alignment
such as tangent and curves. It may also be evaluated as a single program

H'}thﬂut strat i 1-F'|r~a+ 1nn

If a large number of projects (i.e., greater than 20-30) are included
in a single program subset, it may be possible to sample projects which
statistically represent the total subset. To determine the minimum number
of projects, the evaluator shouid use the project sampling procedure des-
cribed in STEP A2 (STRAFIFY PROJECTS) of Accident-Based Project Evalua-
tion. If project sampling is employed, the sampling procedure and the
selected sample projects should be indicated 1in the program definition
{project listing).

STEP A3 - SELECT EVALUATICN OBJECTIVES AND MOE'S

al step in Effectiveness Evaluation is the formal selec-
n ives and MCE's.

Evaluation Objectives

An evaluation objective is & brief statement describing the desired
outcome of the evaiuation study. Program evaluation objectives are dif-
ferent than program goals which describe the specific safety problem to be
corrected by the program. Evaluation objectives must be established for
each program subset and relate to the desired outcome of the evaluation
study. A1l objectives selected for the evaluation should be recorded on
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the provided forms and be included in the evaluation plan document to be
prepared in STEP A5, :

The evaluation objectives should be stated in a brief but concise
orm which lends itself to guantitative measurement, and they should be
realistic and attainable. When writing an objective, start with the
phrase "to determine the effect of the program (or program subset) on:",
followed by a single accident measure to be evaluated. Because the pro-
grams being evaluated must have & goal related to highway safety (as
opposed to operations or maintenance gnals), the effect of the program on
an accident measure will always be the primary objective(s) of the evalua-
tion. In some cases, however, additional {secondary) evaluation objec-
tives may be specified which relate to changes in non-accident measures
(evaluation of non-accident measures is beyond the scope of Program Evalu-

ion).

ation - refer to Non-Accident-Based Project Evaluat

=

Four fundamental evaluation objectives should always be selected for
every program. These objectives are:

To determine the éffect of the program on:

e total accidents
& fatal accidents
@ personal injury accidents
® property damage accidents

Additional accident-related evaluation objectives should be selected
which relate specifically to the program being evaluated. These objec-
tives may be related to the program goal or to any other accident measure
which may be affected (either positively or negatively) by the program.
For instance, evaluation objectives (in addition to the four fundamental
objectives) which may be of interest to the evaluator for a program subset

1 3

of road resurfacing and delineation on two-lane rural highways may be: To
determine the effect of the program on 1) run-off-road accidents, 2) fixed
object accidents, and 3) the number of injury accidents as a percentage of

total run-off-road accidents.

The rationale for selecting these additional objectives is that re-
surfacing and delineation countermeasures are expected to reduce run-
off-road and fixed object accidents through increased skid resistance and
delineation. In addition, the new surface may result in increased vehicle
speeds which may result in a higher percentage of injury accidents when a
fixed cbject is struck. It may also be of interest in this case, to eval-
uate (if possible) the effect of the program on vehicle speed as a second-
ary, non-accident evaluation objective. This information may be of assis-
tance in analyzing the evaluation study results. Of course, the selection
of an evaluation objective related to speed is dependent on whether vehij-
cle speed data are available prior to program implementation.
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Evaluation objectives related to the economic effect of the program
should also be stated during plan development. Although the final deci-
sion on whether to perform an economic evaluation is generally dependent
on the observation of a statistically significant change in the accident
MOE, the intent to conduct an economic analysis should be stated. It must
be remembered that the person responsible for plan development may not be
present at the time the actual evaluation study is conducted. Therefore,
all planned steps of the study must be recorded for future reference.

To simplify the evaluation process, the number and nature of the
evaluation objectives should be limited to the four fundamental objectives
plus those objectives of critical interest to the evaluator.

Measures of Effectiveness (MOE's)

One or more MOE's must be assigned to each evaluation objective to
transform it into a quantifiable measure which provides evidence of the
effectiveness of the program. For Program Evaluation, MOE's must be
assigned for each objective selected. It is not necessary that all pro-
gram subsets have the same MOE's. These measures may be related to acci-
dent frequency, severity, rate, proportion, or percentage. It is recom-
mended that rate-related (as opposed to freguency) units be used whenever
possible. Rate MOE's generally reflect more realistic accident conditions
at a site by allowing the evaluator to compare the accident population to
the total population at risk.

Frequency MOE's are expressed as the number of accidents {often stra-
tified by severity i.e., fatal accidents, injury accidents, etc.). Rate
MOE's are expressed as the number of accidents (by severity) per unit ve-
hicle exposure (opportunity for accidents). Exposure units are expressed
either as vehicle-miles (or a multiple thereof e.g., million vehicle-
miles) or entering vehicles (or some multiple thereof e.g., million enter-
ing vehicles). The selection of an exposure unit is based on the nature
of the program subset. If the project within a subset are implemented on
a roadway section, vehicle-miles 1is appropriate for use as an exposure
unit. If projects are implemented at an intersection or a spot location,
vehicles (or entering vehicles) should be used as the exposure unit. A
discussion and set of recommendations for the appropriate selection of ex-
posure units are provided in STEP A3 of Accident-Based Project Evalua-
tion.

Other MOE's include accident type or severity as a proportion or per-
centage of total accidents {or a subset of total accidents). Examples of
these MOE's include; wet to dry accident ratio, the night to day accident
ratio, injury accidents as a percent of total accidents, or "A" severities
as a percent of total persons injured.

After determining appropriate units for the measurement of each ob-

jective, the MOE for each objective should be recorded. The MOE should
take the form of "The change in:" followed by the accident measure stated
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in the evaluation objective and the assigned units and time period. MOE
examples include:

The change in:

a) the number of total accidents for a three year period (fre-
quency);

b) average number of run-off-the-road accidents per million
vehicle-miles per year (rate};

c) the ratio of “severe" injuries to total injuries per year
{proportion); and

d) the annual average number of injury plus fatal accidents as
a percent of total accidents {percentage).

MOE ‘s should also be assigned to economic evaluation objectives. If
possible, the evaluator should specify whether the measure is to be a
benefit/cost ratio or the cost for reducing one unit of an accident type
or severity (cost-effectiveness). The criteria for this decision is
generally whether the evaluator (or agency) is willing to place a monetary
value on an accident fatality or injury as an input to the economic analy-
sis. If costs are assigned the benefit/cost ratio should be specifed as
the MOE. If not, a cost-effectiveness apprcach can be employed.

A1l evaluation objectives and MOE's should be recorded on the form
provided in the Appendix and documented in the evaluation plan.

STEP A4 - SELECT EXPERIMENTAL PLAN

After the evaluation objectives and MOE's have been selected, the
evaluator must next select the experimental plan for comparing the MOE's
for each program subset. Generally, the selected experimental plan is
used for all subsets within a program, but this is not a requirement. The
selected experimental plan is an important issue in the evaluation plan
because it enables the evaluator to plan for the method of data collec-
tion, time periods, and locations for which data must be obtained.

There are several experimental plans which are appropriate for use in
evaluating highway safety programs. Thus, the evaluator must be able to
select a plan which is appropriate for the evaluation and to assess the
feasibility of applying the plan under prevailing resource limitations.
This requires the evaluator to possess an understanding of each plan, its
strengths, weaknesses, limitations, and assumptions.

Theoretical Selection Considerations

Experimental plan selection should be based on maximizing the validi-
ty of the evaluation study. VYalidity is defined as the assurance that
observed changes in the MOE's result entirely from the implementation of
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the program (and its component projects) and for nc other reasons. The
type of experimental plan selected for the evaluation directly affects the
ability of the investigator to achieve high levels of validity.

There are several factors (often referred to as threats to validity)
which must be recognized and overcome in the evaluation of highway safety
programs {and projects). They include:

a) Changes in the values of the MOE's caused by factors other
than the program (referred to in the literature as & "his-
tory" threat). As an example, the initiation of a selective
law enforcement program at one or more high accident inter-
sections during the after evaluation period may affect the
accident experience and mask the effectiveness of the pro-
gram.

b) Trends in the values of the MOE'S over time (referred to in
the literature as "maturation”). As an example, a compari-
son of total accident rates before and after program imple-
mentation may show a large decrease in the total accident
rate (Figure 71). This may be a result of the program or it
may be that the decrease is an extensicn of a long-term de-
creasing trend in total accident rates at the program sites
(Figure 72).

c) Regression to the mean. Regression-to-the-mean is a pheno-
menon which may result when sites are selected on the basis
of extreme values (i.e., high accident experience). Regres-
sion is the tendency of a response variable such as acci-
dents to fluctuate about the true mean value. As an exam-
ple, the decrease in accident rates shown in Figure 71 may
be a result of the program or it may be the regression
(natural fluctuation) of the accident rate about the mean
accident rate (Figure 73).

d) Random data fluctuations (instability). Accident data are
particulariy subject to random variations when measured over
time or at a small number of locations.

The evaluator must recognize and attempt to overcome the validity
threats. Threats (a), (b) and (c} may be minimized through appropriate
experimental plan selection and use. Threat (d) mey be overcome using
statistical technigues.

Practical Selection Considerations

Recognizing and attempting to overcome the above described threats to
validity is an important step toward selecting a sound experimental plan.
However, the evaluator must alsc recognize the real-world constraints
which 1imit (and often dictate} the type of experimental plan which can be
used in the evaluation study. Among the constraints which must be con-
sidered are the manpower and fiscal capabilities of the evaluating agency,
the availability of accident data, the availability of control sites {or

261




feepeme [MPE FMENTATION

&>

- MOE
{Accident Rate)
(R

TIME

Figure 71. Assumed change in MOE's Before and After
Project Implementation.

| ettmen [MIPLEMENTATION

A
OO.

MOE
{Accident Rate)

Figure 72. Trends in MOE's over time.

e P EMENTATION

®
. 0 Average

e o e —————

@A

MOE
(Accident Rate)

TIME

Figure 73. Regression-tc-the-mean influences on MOE's

262




groups), and the point in time {(with respect to implementation) that eval-
uation plan development is undertaken,

Agency Capabilities

In many cases, the size of the agency, its facilities, and the number
of persons available for conducting evaiuations is a deciding factor in
the selection of an experimental plan. Plans which recuire controi sites
also require significantly higher levels of effort {in data collection
requirements associated with control site selection) than do plans which
do not require control sites. This is especially trus if accident data
are not maintained in a computerized format and must be manually extracted
and surmarized from historic accident files. However, it shouid be remem-
bered that plans which include control sites provide more reliable results
compared to other experimental plans.

Accident Data Availability

The validity of any evaluation study is dependent on the ability of
the investigator to obtain wvalues for the MOE's which are indicative of
the "true" conditions which exist during the evaluaticn periods. Since
the evaluation objectives and MOE's Tor this subprocess are always related
to changes in accidents, the cuality of accident data is of paramount im-
portance in selecting an experimental plan. Each preogram site must be re-
viewed to determine if any geometric, operational or environmental changes
other than the project, has occurred (this is a check of the "history"
threat to validity). In general, this review should include a pericd of at
jeast three years before and three years after project implementation.
The review of site characteristics should be accompanied by a critical re-
view of accident experience for the same time period. The annual accident
frequency and rate should be simiiar for each year before the program is
implemented. Also, the frequency and rate should be similar for each year
following completion of the program. Years with significantly higher or
lower accident experience may indicate a change at the site other than the
jmprovement ({this is a check of “maturation® and “history"). Also, law
enforcement agencies should be contacted to determine #f changes in acci-
dent reporting and/or enforcement characteristics have occurred during the
study period.

If serious problems are observed or suspected with respect to either
the accident data or factors which affect accident experience at the sites
during the before or after periods, steps must be taken to alleviate the
problem. For example, if the changes affect a large area within which the
program sites are located, it may be possible to identify and use control
sites. If the change is site specific and/or temporary in nature, control
sites are not appropriate for accounting for the effects of within-site
variability and analysis periods may need to be shortened to eliminate the
periods for which the change took place. If accident data are incomplete
or serious problems are observed in the period before ‘implementation, the
before periocd may be eliminated from consideration, given that parallel
- control sites exist. If these accident data problems cannot be overcome,
the project should be removed from the program subset.
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Controi Site Availability

Threats to Ihe validity of the evaluation study can generally be
evercome or minimized through the use of experimental plans which utiiize
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control sites. The ability of the evaluator to use such experimental

plans to improve the validity of the evaluation study depends on the
availability of control sites. Control sites {also referred to as com-
parison sites) must have similar accident, geometric and environmental
characteristics as those of the project site or sites in the program sub-
set prior to program implementation. If inappropriate control sites are
selected and used in the evaluation, other serious validity problems asso-
ciated with control site bias may result. Control site selection guide-
lines are provided in FUNCTION B {Collect and Reduce Data) of this subpro-
cess as weﬂ as in Accident-Based Project Evaluation.

A technigue for controlling pessible validity threats in the selec-
tion of control sites is to randomly select sites for improvement from
groups of sites which warrant improvewent The use of this technique pro-
vides the evaluator with an extremely powerful plan for COﬂLTOiI?ﬂg the
validity threats to the evaluation. However, evaluation planning is re-
guired before implementation for the use of this technigue.

Evaluation“?}aﬂ“Timing

Evaluation plan development can occur at two points. The evaiuation
plan can be developed within the Planning Component of the HSIP or the

evaluation plan can be developed after the program has been implemented.
Ideally, evaluation plan development should be an integral part of the
Planning Component to provide the evaluator with the opportunity to select
and develop 2 reliable experimental plan. This is especially true for a
program which involves large safety expenditures and a wide-range of safe-
ty activities. If the evaluation plan 1is selected foliowing implementa-
tion, the evaluator is somewhat iimited in the available experimental plan
options. Without pre-implementation planning, random assignment of pro-
gram treatments to program sites within a subset cannot be made. Further,
when pianning is done after implementation, 1t is Tess likely that ade-
guate control sites can be identified.

cxperimental Plans

The four experimental plans and the variations of each plan {(i.e.,

trend analysis vs. single point estimates) presented in the project evalu-

ation s&bprOfess are applicabie for Program Evaluation. The four plans
inciude:

A, Before and After Study With Contrcl Groups;
E. Before and After Study;

C. Comparative Parallel Study;

0. Before, During and After Study.




It 1is important that the evaluator recognize the strengths and
weaknesses of each plan. These issues are discussed at length in STEP A4
of Accident-Based Project Evaluation. In this function of Program Evalu-
ation, these strengths and weaknesses are discussed in terms of overcoming
or mﬁn1m171ng the threats to evaluation validity. In addition, one new
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variation is presented for the before and after study with contro] groups
plan (i.e., randomized assignment of treatments). This variation, when
properly implemented, is one of the soundest experimental plans.

It should be recognized that all possible experimental plans and
variations are not presented in this Guide. The plans that are presented
provide experimental plan options which range from designing an extremely
strong evaluation study {randomized assignment) to designing an evaluation
study from the standpoint of operating under Tlimited resource conditions
and real-worlid constraints (i.e., before and after study).

Before and After Study With Control Groups (Single Point Estimates,
See Figure 8] ¥

The strength (soundness) of this experimental plan (also pre-
sented in STEP A4 of Accident-Based Project Evaluation) is based en-
tirely on the ability of the evaluator to select control sites and
develop a control group which is similar to the program subset.

This experimental plan may be selected whether evaluation pilan
development precedes or follows actual implementation. If the
evaluation pian precedes the program, the probability of obtaining
the strongest possible design is increased since control groups may
be planned. When the evaluation occurs after the program has been
implemented, care must be taken in the selection of control sites.

Factors which affect the MOE's (other than the program) which

exist Tocally at one or several of the proaram sites is not controll-
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ed by the use of this plan. Site specific long-term trends cannot be
controlled. However, when these characteristics exist for all pro-
gram and control sites, the plan can adequately control for these
threats. ‘

Before and After Study With Control Groups {Trend Analysis, See
Figure 9)

This experimental plan also reguires the selection of a group of
control sites which are similar to the program sites. The plan is
somewhat more powerful than the single point estimate by virtue of
its control over the threats of long-term trends and regression.
This plan is only appropriate when significant increasing or decreas-
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groups accident experience is combined (see STEP A4 of Accident-Based
Project Evaluation).
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Before and After Study With Randomized Control Groups

This experimental plan is one of the strongest plans available to
the evaluator. The use of this plan requires that evaluation plan
development be performed prior to the implementation of the program.
The model of the experimental plan is shown below:

Treatment . Measurement _ Treatment . Measurement

Group » Before ¥ > After
Group of Random <
Candidate # Assign-
Locations  ment
4
Control Measurement No Treat- _Measurement
Group Before ¥ ment After

This plan is a third version of the Before-After with Control
Groups in which all candidate sites are randomiy assigned to either
the program group or the control group. Random assignment of sites
insures that the program group and controfl group are drawn from the
same popuiation. Thus, any improvement in the treatment sites can be
attributed to the program treatment. {The minimum size of each group
may be determined using the sampling size determination procedure in
STEP A2 of the Accident-Based Project Evaluation). A1l threats to
validity previously described are controlled by this plan except when
enforcement of other external changes are not applied uniformly to
beth groups.

Before and After Study (Single Point Estimates, See Figure 10}

This experimental plan, aithough simple and straightforward in
appiication is one of the weakest plans with respect to controlling
validity threats. This plan provides the evaluator with an experi-
mental plan which should be used only when an evaluation must be per-
formed, control sites are not available and, for practical reasons,
the use of other plans are not possible (see STEP A4 of Accident-
Based Project Evaluation).

Before and After Study (Trend Analysis, See Figure 11)

When control groups cannot be used, and significant trends are
observed in the before accident experience, this experimental plan
provides a refatively strong alternative to the single point estimate
before and after study plan. It controls for both long-term trends
and regression. It does not, however, control for the presence of
factors during the analysis periocds other than the programs which may
impact the MOE's (See STEP A4 of Accident-Based Project Evaluation
for further details).
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Comparative Parallel Study (See Figure 12)

This experimental plan is useful when before values of the MOE's
do not exist or are considered unacceptable. The plan utilizes con-
trol groups with the similarities between the program and control
groups beang assumed but not validated. The plan is “rather weak with
respect to controlling for the threats to validity. However, its use
may be appropriate when the before MOE values are not acceptable and
the eva?uatwon must be performed (See STEF A4 of Accident-Based Pro-

&

ject Evaluation).

Before, During, and After Study (See Figure 13)

This plan is appropriate for use when an evaluation must be per-
formed on & program which is temporary or experimental in nature and
is to be discontinued (See STEP A4 of Accident-Based Project Evalua-
tion).

The experimental plans described above are applicable for evaluating
individual program subsets within a program. The purpose of each plan is
to determine the difference between a changed condition (resulting from
the program) and the condition which would be expected to exist had the
program not been 1mp1emented There are other types of programs, however,
I.ﬂdL C(‘Jﬁ?‘:‘lbl, UT Tmﬁléméﬂl._lﬁg UISL‘Ii"ICL lEVEIb UT ‘lmﬁruvemems at bllf!tldr
program sites. An example of such a program is a lengitudinal grooving
program consisting of different groove depths and spacing on different
roadway sections. Experimental plans for this type of Program Evaluation
include Latin Squares design and factorial designs. If such a program is
encountered, the evaluator is directed to experimental design texts listed
in the bibliography.

Experimental Plan Selection

The evaluator now has sufficient information to select an experiment-
al plan for the evaluation. If the program consists of subsets, an ex-
perimental plan must be selected for each subset. In selecting the plan,
the evaluation should begin with the strongest plan (the one which mini-
mizes threats to vaiidity) and analyze the practical aspects of applying
that plan. Should the use of the stirongest plan be infeasible, the next
most powerful plan should be considered until a feasible plan is selected.

This process results in using the most powerful plan feasible for the
evaluation.

When selecting the plan, the evaluator should be thoroth]y familiar
with both the thecretical and practical considerations of each experiment-

al plan. These considerations are described above and in STEP A4 of Acci-
dent-Based Prn1pr+ Fvaluation.
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Each experimental plan selected for the evaluation should be recorded
along with the rationale for its selection and the program subset for
which it is to be applied. If sample size determinations are appropriate
(in the Before and After Study with Randomized Control Groups), the mini-
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mum sample size should be determined and documented.

STEP A5 - DETERMINE DATA NEEDS

3

Evaluation data needs must refl ne evaluation MOE's and the type
of experimental plan selected for the evaluation. The possible types of
data which may be needed include field and accident data on key variables
at each candidate control site, accident frequencies, traffic volumes, and
program costs including implementation, maintenance and operating costs.
. The time periods, possible data sources, and data collection procedures
must be specified for each item of data.

Data Needs for Control Group Selection

The 1ideal control group contains sites which are identical to the
sites within a program subset before program treatments are implemented.
The use of randomized assignment insures the selection of control sites
that are similar to the program sites. However, when randomized assign-
ment is not possible, the use of properly selected control sites strength-
en the experimental plan. The evaluator should avoid the use of a single
control site, especially when trend analysis is not employed. Obviously,
the larger the number of sites within the control group, the greater the
probability that the group is representative of the population of possible
control sites. The results of an evaluation which utilizes a single con-
trol site or section often raises more questions regarding the validity of
the findings than if the control was not used, since validity gquestions
must be dealt with for both the program sites and the single control
site.

As stated in the previocus step, the minimum number of program and
control sites must be determined through statistical sampling procedures
when the evaluation is planned before the implementation of the program.
When the evaluator is faced with sefecting control sites for impiemented
programs, as many control sites as practical and, at least, the minimum
number as determined by statistical sampling procedures should be used.

Data needs for control site selection must be determined separately
for each program subset. The evaluator must critically review the type of
location which has been or will be improved to identify key variables
(geometric, operational and/or environmental) which may affect the MOE
values (other than the program treatments) and must therefore be controll-

ed for by the use of the control group.

For example, an evaluation of a program to provide clear zones on
rural highways may consist of evaluating a program subset impiemented on
two-Tane rural isolated curves. Geometric variables may include degree of
curvature, lane width, shoulder width, superelevation, sight distance and
side slope angle. Operational variables may include traffic wvolume,
posted speed, and vehicle approach speed. Environmental variables may
include annual amount of rainfall, number of days of dense fog and amount

of snowfall. Since research on defining the term "similarity" is limited,
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the evaluator may accept as a rule of thumb, a variation of 10% between
the values of the MOE's and key variables at the program sites and control
sites. The procedure suggested in FUNCTION B, STEP Bl of Accident-Based
Project Evaluation should be consulted for additional information.

Data Needs Related to MOE's

Data needs related to evaluation MOE's consist of accident and, 1in
most cases, traffic volumes. MOE data needs must alsc relate directly to
the selected experimental plan. If the trend analysis plan is to be used,
several years of accident data must be obtained. If control groups are
involved, the before accident experience for the program group must be
similar (within 10% is recommended) to the control‘group accident experi-
ence. Accident data must always provide accidents by type, time of day,
location, severity, etc. for a period of one {minimum) to three {recom-
mended) years before and after implementation. If the MOE's are rate-
related, traffic volumes for periods corresponding tc accident data must
be obtained.

Data Needs Related to Economic Analysis

If one of the evaluation objectives is to determine the economic as-
pects of the program, program cost data must be collected. If the bene-
fit/cost ratio technique s to be used, accident severity data are also
required. The economic technique may require severity data depending on
the economic evaluation objectives. Cost data needs include the followin
for each project within a program subset 1) total implementation cost: 2?
and 3) program maintenance costs. These data may

.
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be obtained from the Administrative Evaluation of the program.

A1l data to be collected for the evaluation should be documented in a
detailed format which specifies the type of data, locations, time periods
and other data related characteristics. Date requirement listing forms
con- tained in the Appendix should be used to record the data for projects
within each program subset.

STEP A6 - DOCUMENT EVALUATION PLAN

This step consists of organizing the decisions made during STEPS Al -
A5 and the rationale for these decisions along with the listing of objec-
tives, MOE's, selected experimental plans and data needs. It must be re-
membered that the evaluation pericds may span several years (in the case
where the plan is developed before program implementation) and it is pos-
sible that the evaluator who developed the plan may not be present to
implement the plan and perform the evaluation. Therefore, a rather de-
tailed description of the plan is required. The evaluation plan document
also provides input to the evaluation final report and may be referenced
when unexpected evaluation results are observed which may have evolved

from inappropriate decisions made at the plan development stage.
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The evaluation plan document should consist of: 1) a description of
the safety problem and the recommended program; 2) the rationale for pro-
gram initiation; 3) a full description and discussion of each planning
issue; and 4) the criteria used to address each issue and ' the resulting

Anricinng Pan i ]
decisions. C(op be provided in the document
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Summary of FUNCTION A

STEP Al - DETERMINE THE PROGRAM GOAL

e Determine from the person{s) requesting the evaluation, whether
the program to be evaluated consists of specified highway safety
projects or whether a program is to be developed for evaluation
purposes.

@ Obtain available program and project information from files and
through discussions with planning personnel to determine;

the scope of the program,

the objective of the program,

the types of locations to be treated by the program, and

the geographic area of the program.

e MWrite the program goal in a brief but concise format.

® Review the program goal statement with the person(s) requesting
the evaluation.

® Finalize the program goal statement and save for future refer-
ence.

STEP A2 - SELECT AND STRATIFY PROJECTS

® If an established program is being evaluated, 1ist all projects
which are a part of the program.

@ If projects are to be selected to form the program, Tist all pro-
jects which satisfy the program goal statement.

& Obtain before accident data for each listed project.. Eliminate
any projects with incomplete, unavailable or questionable accident
data. As a general rule, eliminate projects implemented earlier
than five years ago.
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For each of the remaining projects, record implementation dates,
the types of countermeasures for each project and the location of
the project.

Assign projects :to program subsets based on the type of project
{and countermeasure) and location.

Sample projects for evaluation from within program subsets if
desired (see STEP A2, of Accident-Based Project Evaluation).

STEP A3 - SELECT EVALUATION OBJECTIVES AND MOE'S

Write the fundamental evaluation objectives related to reducing

total, fatal, injury, and property damage acciden

gram subset. Use the form provided in the Appendix.
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Specify additional evaluation objectives related specifically to
the program subset and of interest to the evaluator.

&
Specify evaluation chjectives related to the economic evaluation.
Assign one or more MOE's to each evaluation objective.

List the objectives and MOE's for each program subset. Use the
form provided in the Appendix.

STEP A4 - SELECT EXPERIMENTAL PLANS

@

Select the strongest possible experimental plan which can be used
under existing manpower and resource constraints for each program
subset.

Record the experimental plan selected for each subset.

STEP A5 - DETERMINE DATA NEEDS

List the key variables to be collected which must be similar for

both the preogram and control groups if a control group is reguired
for the experimental plan(s) selected in STEP A4,

List data variables associated with the selected MOE's. Record
i i riods rocedures for each data varia-
List data variables associated with the economic analysis.

Record data needs for each project within a program subset on the
form provided in the Appendix.
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STEP A6 - DOCUMENT EVALUATION PLAN

e Assemble all compieted forms, data, Tistings and cther items used
in the development of the evaiuation plan.

@ Write the Evaluation ﬁﬁan document and record the decisions and
rationale used in each step of FUNCTION A and attach all completed
forms.

@ Save the evaluation pian document for future reference.

Example of FUNCTION A

In 1976, the Mountain County Road Commission completed a study of the
accident characteristics on the county road system. Among the findings of
the study was the identification of an overrepresentation of passing-re-
lated accidents on two-lane highways. A follow-up field inspection and a
review of maintenance records indicated that standard no-passing zone
pavement markings existed on the rural system and that all pavement mark-
ing including edgelines, centerilines and striping were well-maintained as
part of routine maintenance. Traffic signs incliuding DO MOT PASS {R4-1)
and PASS WITH CARE {R4-2)} were found tc be in conformance with the Manual
of Uniform Traffic Control Devices {MUTCD). Further study resulted in a
recommendation for placement of NO PASSING 70NE pennants {W14-3) at all no
passing zones to supplement existing traffic control devices. In 1977, a
program was initiated to install signs at all {87) no passing zones on
two-lane highways throughout the county. The program was started and com-
pleted in the same year. A reguest in the form of an inter-office memo
was received to perferm an Effectiveness Evaluation of the complieted pro-
?ram. The evaluation plan development activities were performed as fol-

OWS .«

STEP Al - DETERMINE THE PROGRAM GOAL

A meeting was scheduled between the evaluator and members of the
department requesting the evaluation to discuss the program and ob~
tain any information relative to the evaluation. During the meeting,
a thorough discussion was conducted regarding the program and its
justification in terms of the observed accident problem. From these
discussions, the evaluator suggested the following goal statement for
the program:

“The goal of the no passing zone pennant installation program is
to reduce accidents at no passing zones including head-on, side-
swipe, and run-off-the-road accidents, associated accident
severity, and the proportion of nighttime passing accidents at
all marked no passing zones on two-Tane highways on the county
road svstem.”

The goal statement was considered by those in attendence to be appro-
priate and representative of the anticipated outcome of -the program.
During the meeting, the requesting department supplied the evaluator
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with sign installation work orders for all 87 zones. Each work order
contained the distance of the new sign installation to the nearest
intersection.

STEP A2 - SELECT AND STRATIFY PROJECTS

From the work orders, a list was developed containing all &7
no passing zones. Two technicians were assigned to pull and photo-
copy all accident reports which occurred in the years 1975-1979 on
sections containing one of the no passing zones {these years included
two years before and two years after the program).

While the accident files were being searched, the evaluator
visited each sign installation and recorded the length of each no
passing zone and the roadway alignment (horizontal curve, vertical
curve or combinaticn). The number of zones falling within each cate-
gory was:

Aligrment Frequency Average Length

Horizontal Curve 21 .38 miles

Vertical Curve 36 .32 miles

Both 30 .35 miles
Total B7

Based on these observations, three program subsets were specified
since it was felt that the effectiveness of the program treatments
may differ depending on the alignment of the no passing zone. The
effect of the no passing zone length was considered not to be an in-
fluencing factor.

It was observed from a review of the accident reports that con-
struction-related accidents had occurred between 1975-1979 at six
project sites (2 in each subset). These projects were eliminated
from further consideration. Before and after accident data for the
remaining sites were considered complete and reliable. A listing of
the projects remaining in each of the three subsets including the
work order number, the no passing zone Tocation, and length and the
date of sign installation was prepared.

It was decided that sampling of projects within each subset was

not warranted since accident data were easily obtainable and manage-
able in size.
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STEP A3 - SELECT EVALUATION CBJECTIVES AND MOE'S

The objectives and MOE's were selected and recorded on the
appropriate summary form {see Figure 74 to 76). The objectives were
the same for each subset and rate MOE's were selected for all objec-
tives.

STEP A4 - SELECT EXPERIMENTAL PLAN

Experimental plan selection considered the fact that all no
passing zones in the county were treated by the program and that
contrel groups were not available. Further, a check of the before
accident data showed that there was no trend in the accident data
before program implementation. Thus, the before-after experimental
plan was chosen as the best possible plan under the prevailing cir-
cumstances.

STEP A5 - DETERMINE DATA NEEDS

Evaluation data are reqguired from the project sites which com-
prise each subset. Data reguirements include accidents by type, di-
rection of travel, time of day, and involvement (i.e., passing acci-
dents and non-passing accidents), accidents by severity, and traffic
volumes for the accident evaluation phase of the study. Only acci-
dents occurring in the no passing zone or within 300 feet in advance
of the zone {and sign)} were considered to be affectable by the pro-
gram.

For economic analyses, the number of fatalities and injuries re-
sulting from passing accidents are reguired. The evaluation periods
were specified as 1975 and 1976 for the before period and 1978 and
1979 for the after period. 1977 was considered as the program imple-
mentation period. The data needs for each subset were recorded in
the appropriate forms Figures 77 to 79.

STEP A6 - DOCUMENT THE EVALUATION PLAN

A1l forms, data, and discussion notes were obtained and reviewed
for the purpose of documenting the evaluation plan. The plan was de-
veloped as follows:
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Page.. 1 of.. 2

OBJECTIVE AND MOE LISTING

Evaluation No. 80-4-11 (Honizonial M_ignmclnut}

Date/Evaluator _4/1/80, LM Checked by __fF
Evaluation Objective Measurs of Effectivenass {MOE]
Determine the effect of Percent change in:
the project on: {check one)
{fundamental) Rate _ v~ __ or Frequency
{fundamental)
1. Total Accidents 1. Total Accidents/
2. Fatal Accidents 2. Fatal Accidents/
3. Injury Accidents ' 3. Injury Accidents/
4. PDC Accidents 4. PDO Accidents/
{project purpose) . {project purpose)
5. Head-on Accidents 5. Head-on Aceidents /MyM
6.84ideswipes accidents b6.54ideswipes accidents/MUM
T.ROR accidents T.ROR Accidents/MYM
8.Passing accident fatalitics §.Passing fatalities /MUM
9.Passing accident infurias 9.Passing dnfunies/MVM
10.Pasding accident PDO 10.Passing PPO Involvements
involvements pan MUM

TT.Nightime passing accidents. 17].Pencent nighfime passing

aceidents of total passin
accidents.

12.8/C Ratic 12.B7C Ratio

Figure 74. Objective and MOZ listing form for horizontal alignments.
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Page 2. of 3

OBJECTIVE AND MOE LISTING

Evaluation No.

Date/Evaiuator _4/1/80, (M

Determine the affect of
the project on:
{tundamaental)

Percent change in:

{check one) )

Rats or Frequency
{fundamental)

%. Total Accidents

1. Total Accidents/

2. Fatal Accidents

2. Fatal Accidents/

3. Injury Accidents

3. Injury Accidents/

4, PDO Accidents

4. PDO Accidents/

{project purpose]

{project purpose)

5. Sze Page

5. See Page

1 o4 32

1 04 3

Figure 75.

Objective and MOE listing form for verticle alignments.
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Page___ 2 of__3

OBJECTIVE AND MOE LISTING

Evaluation No. ___$80-4-11 [(Combined Abignmenis)

Date/Evaluator _4/1/80, LK Checked by _HF
Evaluaticn Objective Measure of Effectivenese (MOE)
Determine the effect of Percent change in:
the projsct on: {check one})
{fundamental} Rate .7 __ orFrequency — ..

{fundamental}

1. Total Accidents 1. Total Accidents/
2. Fatal Accidents 2. Fatal Accidents/
3. injury Accidents 3. Injury Accidents/
4. PDO Accidents ‘ 4. PDO Accidents/
{project purpose) {project purpose}
5. see page 5. See Page
1043 1 04 3

Figure 76. Objective and MOE listing form for combined alignments.
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Page 1 of 3

DATA REQUIREMENTS LISTING

Evaiuation No. _ §0-4-11 [Horizontal Alignment]
Date/Evaluator _4/1/80, LM Checked by _HT

Experimental Plan _Before - Adten

Magnitude

Data Needs (Number of Sites, Time Pericd, Datas)

V. Accident Repoats 1. 30 NPZ's [Refern fo hoalzon-
tal NPZ £ist inm proiect
fife # 135X foxn Locafions
and Limits}, afl accident
aeports forn yeant 1975, 1974
1978, 1979,

2, Traffic Volumes 2. AADT's for yeans 1975, 1976

j978, 1979, Fon all
Pocations stated in 1 {abovd

3, Fiefd Measurements - Length 3. Length - Measurements {on
o4 NPZ all WPZ focaiigns siated
in_3 (above)

4, Cosats 4, Total sign installation

7 cost fon placemend of
pennants at all Locations
stated in 1 {ablvel. Annual
total maintenance costs fonr
gears 1975, 1976, 7978.197¢

Figure 77. Data requirements listing form for horizontal aligmments.
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Page 2. _ of 3

DATA REGUIREMENTS LISTING

Evaluation No. __£0-4-]1 {vexti{cal ALignment)
Date/Evaluator ___4/£/80, LM Checked by _HF
Experimental Plan __Before-Aften

Magniteds
Data Needs {Number of Sites, Time Perled, Datos)
1. Accident Reponts 1. 34 NPZ's {Reder to vent,

NPI £4is in project §ife ¢
133x fon Locntions and
Limits}, allf aeponts {on
years J975, 1974, §978, 1979

2, Traffic volumes Z. AADT's {on ypans 1975, 1975
1978, 1979 {ox afl focaiions
stated in I [ghbovel ;

| 3. Field Measunements 3. Lengih ox gl NPZ Pocatinua

in 1 labove])

4. Costs 4, Total sign dipstaffation

; costs and annual maintenance
fon yeans 1975, 1976, 1978,
1979

Figure 78. Data requirements listing form for wverticle alignments.
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Page 3 of‘ 3

BATA REQUIREMENTS LISTING

Evaluation No. $o-4-13 {COM_ﬁiﬂﬁd H+ ¥ Mignmcuui
Date/Evaluator _4/1/80, L Checked by . HF
Experimental Plan
Magnitude
Dats Nosds {Numbar of Siiss, Tims Period, Datas)
1. Accident aeports . I8 NP2's {nefen fo projerd

fife ¥35 x for Locafions
and 2imifs}, all reponts
for yeans 1975, §97s5, 1978
1979,

Z. Trnaffic Volumes 2 AADT s fon years 1975, 1974
1978, 197% don alf Locatioma
in 1 {above)

3, Field Messunements 3.1length fon pff NPZ focationms |
in 1 (above]

costs and annual mainienance
costs fon yearns 1375, 1974
1978, 1979

Figure 79. Data requirements listing form for combined alignments.
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EVALUATICN PLAN

Title: No Passing Zone Pennant Installation Program
Date/Evaluator: 4/1/80 LM Checked by HF

Evaluation: #80-4-11

i

DESCRIPTION OF THE SAFETY PROBLEM: The r‘.dunt‘ywjrin safety needs study

Folala]
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ducted in 1976 revealed a significant safety problem associated with pass-
ing maneuvers at or near marked rural two-lane no passing zones (refer to
Countywide Safety Needs Study, 1976).

PROGRAM_DESCRIPTION: Engineering studies for the above described safety
problems resuited in the recommended installation of no passing zone pen-
nants (W14-3) at 87 zones to supplement existing traffic control features
(signs and pavement markings} at no passing zones.

EVALUATION PLAN DEVELOPMENT STEPS

The following goal statements were developed for the program:

"The goal of the no passing zone pennant installation program is
to reduce accidents in no passing zomes including head-on, side-
swipe, and run-off-the-road accidents, associated accident sever-
ity, and the proportion of nighttime passing accidents at all
marked no passing zones on two-Tane highways on the county road
system”.

STEP A2 - Project Selection and Stratification

Six of the 87 project sites were eliminated from the evaluation
due to construction during the period 1975-1979. The remaining 81
sign installation projects were stratified into 3 program subsets
based on roadway alignment. The subsets and the number of projects
in each are:

[NT~Ys)
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Alignment Frequency of NPZ

Horizontal Curve i9
Vertical Curve 34
Combination of Horizontal

and Vertical Curves 28
TOTAL BL

Accident data were obtained and reviewed for each project. Data were
considered both compiete and reliable and usable in an effectiveness

evaluation subject to the results of a critical accident data review
in FUNCTION B.

STEP A3 - Objectives and MOE's

The evaluation objectives and MOE's were selected and are shown in
Figures 74 to 76 for each of the three subsets respectively.

STEP A4 - Experimental Plan

Since control sites were not available and trends 1in the before

accident data were not observed, the before-after study was selected.

STEP A5 - Data Needs

The data needs and sample size requirements for each subset are
recorded in Figures 77 to 79.

282




FUNCTION B: Collect and Reduce Data

This function enables the evaluator to:
1. Collect data necessary for the selection of control groups.

Z. Collect and critically review accident and volume data for
individual projects which make up the program and control

group.
3. Collect cost data for use in economic analyses.

Qverview

FUNCTION B of Accident-Based Project Evaluation provides guidelines

for the collection and reduction of the data required for a project evalu-
ation. Those guidelines are appropriate and applicable for Program Evalu-

JaL M Y & ) S

ation as well.

Accident and volume data are used most often as the evaluation cri-
terion on which program effectiveness and {partially) control group selec-
tion is based. The Overview section of FUNCTION B of Accident-Based
Project Evaluation should be consulted to enable the evaluator to recog-
nize and minimize problems associated with the use of accident and volume

data in Effectiveness Evaluations.

STEP B1 ~ SELECT CONTROL GROUPS

The evaluator may be faced with either selecting control groups for a
completed program or randomly assigning program treatments to a portion of
a group of sites which warrant improvement.

Selecting Control Groups for Completed Programs

In STEP A4, candidate control sites were identified which had geome-
tric similarities to the program sites prior to program implementation.
In addition, a listing of key variables was developed for data collection.
These variables along with accident data must be coliected for all candi-
date control sites as well as the program sites.

The first activity in control site selection is to collect or obtain
accident and exposure data for the program sites and all candidate control
sites. These data should cover a period of one to three years prior to

the implementation of the program depending on the before analysis period
length. A1l accident and exposuyre data should be carefully reviewed to

Ghw Tl

determine whether any of the potential data reliability problems discussed
eariier in this function exist. Any observed data deficiencies should be
recorded.
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Next, the values of the befcre period MOE's for all candidate control
and program sites should be calculated. The evaluator must select a sub-
set of candidate control sites..whose accident experience is similar to
that of the program group. The evaluator should avoid matching a single
candidate control site with a single program site on a one-to-one basis
since this may introduce a control site selection bias to the evaluation.
Candidate control sites which have MOE values significantly lower or high-
er than the program group should be eliminated from further considera-
tion.

Field data for the key variables identified in STEP A4 must also be
collected. Again, a comparison must be made between the key variables
collected at the candidate control and program sites. Candidate control
sites which have key variables which are significantly different from the
program group should be eliminated from further consideration.

The remaining candidate control sites now constitute the control
group for the evaluation.

Selecting Control Groups Through Random Assignment

When the Before and After Study with Randomized Control Groups
experimental plan is to be used in the evaluation, the control group is
determined in a different way. As discussed in STEP A3 - SELECT EXPERI-
MENTAL PLAN, the use of this plan regquires that the evaluation plan be
developed before program implementation. Thus, the evaluator has a group
of similar locations, all of which warrant safety improvement with nearly
equal priority-ranking. If & decision has been made to correct only a
selected number of the sites (this decision is probably based on safety
funds, manpower, and/or scheduling limitations), the sites to receive im-
provement can be randomly selected to meet the minimum sample size deter-
mined through a statistical sampling procedure in STEP A4. This can be
accomplished by flipping a "fair®” coin for each site, for example, heads
indicating a site toc be improved, taiils indicating a control site. Random
selection can alsoc be accomplished using the random numbers table provided
in the Appendix (i.e., an odd number indicating an improvement site; an
even number indicating a control site). The minimum sample size require-

ment should be satisfied by both groups (program and control).

STEP B2 - COLLECT AND REDUCE ACCIDENT AND VOLUME DATA

In this step, accident and exposure data must be utilized to develop
the MOE's for the evaluation study.

Accident data must be reviewed for the possible deficiencies and pro-
blems referred to earlier in this step. Also, it is important that all
possible accident data sources are identified to ensure that all available

accident data are being used. This is particularly important when a

N
o3
W




statewide computerized accident data base is the primary accident data
source. The evaluator should determine if all local jurisdictions submit
accident reports to the agency which maintains the data base. It may be
necessary to manually collect accident data from non-participating agen-
cies.

A1l accident data should be tabulated on the accident summary table
form provided in the Appendix. One summary table form should be used for
each program and control site within a subset.

Annual (or other time period duration, i.e., monthly, depending on
the MOE's and experimental plan) exposure data is also required when the
MOE's are rate-related. Again, the data should be critically reviewed
with regard to the potential problems discussed earlier. If exposure (or
volume) data are not directly obtained for the program or control sites,
it may be necessary to collect sample data to check thea validity of exist-
ing volume counts. For instance, if the wet-pavement accident rate is one
of the MOE's, the evaluator may need to take wet-pavement volume counts
and estimate the change in wet-pavement exposure compared to total expo-
sure. Historic annual rainfall data can then be used to develop annual
wet-pavement exposure rates. Volume data for all evaluation Tocations
should be tabulated on the exposure work sheet provided in the Appendix.

The qval}ab’i}?t of these two SELS vad
develop the MOE's seTected for th evaluation (frequency, rate, propor-
tion, or percentage).

STEP B3 - COLLECT AND REDUCE PROGRAM COST DATA

)

If an economic analysis is to be performed, program cost data must be
collected. Cost data must be obtained for each program site. Sources of

cost data include project files, invoice files, and the results of an ad-
ministrative evaluation studv performed for the program. A1l cost data

specified in STEP A4 should be obtained and recorded for later use. In
addition, the number of before and after fatalities, injuries, and proper-
ty damage involvements or accident types may be required depending on the

economic analysis technique to be used.

Summary of FUNCTION B

STEP Bl - SELECT CONTROL GROUP

Selecting control groups for completed programs:

@ Coliect data related to key variables at ali program sites and
candidate control sites according to STEP A4 data requirement
listings.

® Obtain and critically review accident and exposure data for can-
didate control and program sites. Record observed deficiencies.
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& Calculate values of before period MOE's for candidate control and
program sites.

@ Eliminate candidate control sites which are not comparable with
the program MOE 's.

e Eliminate candidate control sites which are not comparable with
the program group.

@ List the candidate sites which now comprise the control group.

Selecting control groups for random assignment:

® Select a random sampling technique (i.e., coin flipping, random
numbers table, etc.).

e Apply the sampling technique and assign sites to either the pro-
gram or control group.

STEP B2 - COLLECT AND REDUCE ACCIDENT AND VOLUME DATA

@ Collect and critically review accident and exposure data accord-
ing to the MOE data needs listed in STEP A4.

@ Summarize the data, by site and analysis period using the appro-
priate forms provided in the Appendix.

STEP B3 -~ COLLECT AND REDUCE PROGRAM COST DATA

e Obtain and record program cost data according to the data needs
for the economic analysis listed in STEP A4.

Example of FUNCTION B

In 1977, the traffic engineering department of a major east coast
city initiated a five year highway safety improvement program to reduce
total accidents throughout the city by identifying and correcting high
accident locations. An Effectiveness Evaluation of the program was to be
conducted following the program period due to the magnitude and importance
of the program.

Program planning resulted in a wide range of high and low cost pro-
jects which were subsequently scheduled for construction throughout the
five year program period, 1977-1981. Among the high cost program improve-
ments were major road widening projects consisting of widening nine nar-
row, four-lane urban arterials from widths of 35 to 37 feet toc 48 feet.
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Program scheduling called for the widening of four arterials in 1977 (one
widening project each for the north, south, east and west sides of the
city) and the remaining five in the 1980, 1981 construction seasons.

Because of rising construction costs, it was decided that program
evaluation activities should be moved up to determine the effectiveness of
early {1977) program improvements. Evaluation of the four 1977 widening
projects was of special interest due to the upcoming decision to request
bids for the remaining five widening projects.

Evaluation plan development consisted of combining the four widening
projects into a single program subset since all arterials were similar in
alignment and geometrics (all sections were tangents ranging in length
from 3/4 to 1 mile} and had identical project countermeasures (widening to

£ 192 _frnt 1 A _a . . . '
four, l2-foot lanes and 6-inch curb}. Evaluation objectives and MOE's

consisted of the fundamental objectives (total, fatal, injury and property
damage accidents) measured in units of accidents per million vehicle-
miles. The before-after study with control groups was selected with the
five unwidened arterials as candidate control sites. The analysis periods
were selected as 1975 and 1976 for the before period and 1978 and 1979 for
the after period.

The following key variables in addition to total accident rate for
the before period were specified in the evaluation plan as criteria for
cont

rol s1te selection.

Section length
Traffic volume
Number of signaliz
Number of commerci
Land use

ial dr1veways

Data on each key variable were obtained for each of the nine arteri-
als.

Total accident rates were calculated for each of the nine sections
ing total accidents for 1975 and 1976, average AADT volumes for the same

iod and the lengths of the pro iact sections.
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PROGRAM GROUP (WIDENED ARTERIALS)

Accidents AADT({avg.) Length Exposure MVM Accident Rate

1. 87 29,100 0.95 Mi. 20.18 4.31 Acc./MVM
2. 102 25,600 0.90 Mi. 16.82 6.06 Acc./MVM
3. 71 19,900 0.70 Mi. 10.17 6.98 Acc. /MM
4. 78 22,500 1.00 Mi. 16.43 4.81 Acc./MWM
339 63.60
CANDIDATE CONTROL GROUP (UNWIDENED ARTERIALS)
Accidents AADT (avg.) Length Exposure MVM Accident Rate
1. 92 19,900 0.75 Mi. 10.90 8.44 Acc./MWM
2. 85 25,400 0.90 Mi. 16.69 5.09 Acc./MVM
3. 105 28,500 1.00 Mi. 20.81 5.05 Acc./MVM
4, 65 22,300 0.70 Mi. 11.40 5.70 Acc./MVWM
5. 89 29,900 0.90 Mi. 19.64 4.53 Acc./MVM
136 79.4%

The average accident rate (accidents/MVM) for the program group was
calculated as 5.33. The rates for candidate control sites 2, 3 and 4 were
similar (i.e. within + 10%). Candidates 1 and 5 were eliminated from fur-
ther consideration as control sites.

Key variables for each group were compared. From the above data, it
was observed that section length and traffic volumes for the control group
were similar to the program groups. A review of the number of signalized
intersections indicated 3 to 4 signals per section for all sections within
either group. A review of land uses indicated that candidate control sec-
tion 3 was primarily light-industrial as compared to the program sections
which were all a combination of commercial and residential Tand uses.
Candidate sections 2 and 4 and the program group had similar land uses.
Thus, section 3 was eliminated as a candidate contreol site. It was also
observed that candidate control section 3 had one third as many driveways
(commercial and residential combined) as the average number of driveways
for the program group, to further Jjustify the elimination of candidate
control site 3.
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The average total accident rate for the final control group after
eliminating sections 1, 3, and 5 was calculated to be 5.34 accidents/MVM
(150/28.09) which is within 10% of the rate for the program group.

It was decided that candidate contro
ate sites for the control group.
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FUNCTION C: Compare MOF’s

This function enables the evaluator to:

1. Prepare MOE summary tables
2. Calculate percentage changes in the MOE's

Overview
eV oW

The first step in determining the effectiveness of a nhighway safety
program is to compute the change between the expected value of the MOE
without the program and the value of the MOE observed following implemen-
tation of the program. This change, expressed as a percentage, provides
an indication of the value of the program in terms of its impact on the
MOE's. However, these estimates provide only a limited view of the true
effectiveness of the program. Thus, both statistical and econcmic analy-
ses are performed in subsequent functions to determine if the observed

Sudacds

changes are statistically significant and if each program subset is econo-
mically feasible for future or continued use.

The method for determining the expected MOE and the percent change
differs according to the experimental plan selected for the evaluation.
The computational methods described in FUNCTION C of Accident-Based Pro-
Ject Evaluation are appropriate for program evaluation.

STEP C1 - PREPARE DATA SUMMARY TABLES

MOE Data Comparison Worksheets (with modifications for each experi-
mental plan) provided in STEP (1 of Accident-Based Project Evaluation and
in the Appendix are appropriate for the experimental plans discussed in
this Procedural Guide. MOE's for each program subset should be tabulated
on the appropriate MOE Data Comparison Worksheets using accident and expo-
sure data collected and recorded for individual projects in each subset in
FUNCTION B. The evaluator must determine before and after MOE's which
represent both the program group or the control group depending on the

evaluation plan.

STEP C2 - CALCULATE PERCENT CHANGE IN THE MOE'S

In this step, the expected value of the MOE is determined and compar-~
ed with the actual MOE value and a pércent difference is calculated. The
percent change provides a measure of the program's impact on the objec-
tives and MOE's of the evaluation.

The evaluator should refer to STEP (2 o roject

aiuator t Acciden
Evaluation for the computational procedure for calculati
MOE values and percent changes for each experimental plan.

"
i
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Summary of FUNCTION C
STEP C1 - PREPARE DATA SUMMARY TABLES

® Modify the general form of the MOZ Data Comparison Worksheet for
the experimental plans being used.

® Record accident and exposure data for each program subset using the
data collected in FUNCTION B.

e Compute the MOE's for each program subset for the periods and
groups which correspend to the experimental plan.

@ Caiculate the expected value of the MOE's for each program sub-
set.

e Calculate the percent change of each MOE for each program sub-
set.

Total accident rates (accidents/MV) were computed from accident and
volume data collected in FUNCTION B for each of seven projects within a
program subset and for each of the six sites within a control group. The
before-after study with control groups was selected for the evaluation.
The total accident frequency and exposure for the program group was 121
accidents and 16.33 MV for the before period and 111 accidents and 16.78
MV for the after period. For the contrel group, accidents and exposure
were 105 accidents and 14.81 MV for the before period and 119 accidents

and 16.5 MY for the after period.
STEP C1 - PREPARE DATA SUMMARY TABLES
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be:
Before, Program Group Average = 7.4l accidents/MV
After, Program Group Average = 6.62 accidents/MV
Before, Control Group Average = 7.09 accidents/MV

After, Control Group Average = 7.21 accidents/MV




These average accident rates were recorded on the data comparison
work sheet shown in Figure 80.

STEP C2 - CALCULATE PERCENT CHANGE IN THE MOE'S

The expected value of the total accident rate MOF was calculated
to be 7.54 accidents/MV as follows:

Ep = Bpr (Acr/Bcr)

7.41 (7.21/7.09)

tl

7.54 accidents/MV

The percent change was calculated as a 12.2% decrease using the
following equation:

Percent Change

i

[{Eg - Apg)/ER]100
[(7.54 - 6.62)/7.54]100
12.2% (decrease)

fl

1]
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Pa ge 1 of__1 __
MOE DATA COMPARISON WORKSHERT

Evaluation No. 12345X
Date/Evaluator 4/2/79 - HB . Checked by . Po

Experimental Plan . _Begase - Affen with contack groups

Controt Project [Expscted]
Aftor
Before| Aftor |Before| After | Raea X ‘Rt::fc.t?:nq

or {%)

MOE Date Summary | {Bgg) [{Agg) | Bpg) ({Rpgy | Frog,

-~

Accidents:

{Fundamental)

Total Accidents 105 119 121 111

Fatal Accidents

Imjury Accidents

PFDO Accidents

{Project Purpose)

Exposure

units:_MV, or__ VM 14,811 16.50

MO E Comparison

B A A
Rate_ X or Frequency C_R C-R P—R P'R‘ Ea' (%)

Towal Accidents/ - g 7.000 7.21{ 7.41] 6.62] 7.34 | A¢.2.

Fatal Accidents/

Injury Accidents/

PDO Accidents/

ple MOE data comparison worksheet.
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- FUNCTION D: Perform Statistical Tests

This function enables the evaluator to:
1. Define the type of data for each MOE;

2. Select the appropriate statistical test based on the type of
data and sample size of the MOE's;

3. Perform the statistical tests; and

4. List conclusions regarding the effectiveness of the program
based on the statistical test results.

Overview

Statistical tests must now be selected and performed on the MOE's
developed in FUNCTION B. To accomplish this, the evaluator must possess a
knowledge of the types of data variables which make up the MOE's and the
appropriate statistical tests for each data type. This function involves
more activities than FUNCTION D of Accident-Based Project Evaluation since
the sample size (number of program subsets and projects in each subset) is
Tikely to be larger for programs and there are a greater number of types

of MOE's which may be evaluated. S

In this function, the evaluator is presented with definitions and
examples of the types of data which may be encountered, the MOE summary
formats, and the activities which must be undertaken for statistical
testing.

STEP D1 - DEFINE THE TYPE OF DATA FOR EACH MOE

MOE data may exist either as a discrete or continuous variable. Dis-
crete data fall into categories and have specific values only. For in-
stance, one roll of a die can only result in a discrete integer value of
1, 2, 3, 4, 5 or 6. No other value is possible. Accident frequency 1is
also an example of a discrete variable. Accidents are reported in dis-
crete integer values of 1, 2, 3...etc. Continuous data may have any value
within a specified range of values. Height and weight are continuous data
since an infinite number of values exist within any defined range of
heights or weights. Accident rates and severity rates are also examples
of continuous data.

There are three types of categorical (discrete) data which are of
major importance in deciding how to organize MOE data for statistical
testing. These categorical data are called nominai, ordinal, and scalar
variables.

Nominal variables are categorical data which are classified by an
unordered name or label. Examples of nominal data are pavement type,.
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rural vs. urban location, signalized vs. unsignalized intersection, etc.
Ordinal variables are categorical data which are rank ordered by name or
label. Examples of ordinal data include injury scales, i.e., A {incapaci-
tating), B (non- 1ncapac1tat1ng) C (poss1b1e 1n3ury) or severity sca]es,
j.e., fatal, injury, and property damage. Scalar variables are categori-
cal data which have names or labels with known distances apart. For exam-
ple, roadways may be classified by the number of lanes, i.e., 1, 2, 3,

etc., or width of the pavement, i.e., 10, 11 or 12 foot lanes, etc.

There are also two other types of data which may be either disgrete
or continuous which are of importance in organizing MOE data for statisti-
cal testing. ‘These data are interval and ratio. The distinction between

these variables is subtle in terms of selecting a format for significance

testing, thus these two classes are not treated individually in this fext.

Examples of these data include accident frequency at a 10cat1on, acc1dent
rates, night-to-day accident ratio, etc. Statistical procedures for
analyzing interval and ratio variables constitute the largest and most
important testing methods.

Selection of the appropriate statistical test is based on the type of
MOE data and the number of variables involved. Statistical testing of
categorical variables is usually performed with the use of non-parametric
or distribution-free methods. Examples of non-parametric tests include
the Chi-Square test, Wilcoxen rank sum test, and the Mann-Whitney U-Test.

Statistical testing of interval and ratio data is generally performed
with parametric statistics. Parametric methods are used to examine

A3EE by ot + A
differences between sample estimates and population parameters such as the

mean or variance. Parametric tests include the t-test, Z-test and analy-
sis of variance and covariance.

In addition to defining the type of data for each MOE, the evaluator
should carefully review the selected evaluation objectives and MOE's to
determine which types of statements must be answered to satisfy the evalu-
ation objective(s). For example, consider a program with a goal of reduc-
ing severity associated with fixed object accidents occurring in freeway
exit gore areas. Suppose the program has been stratified into two program
subsets consisting of 15 projects each; 1) crash cushion installations,
and 2) fixed object removal.

that for each program subset, the foilowing evaluation objec-
TAarE
icTub

To determine the effect of the program subset on:

1. Total accidents;

2. Fatal accidents;

3. Injury accidents;

4. PDO accidents; and

5. Severity of ROR accidents in the gore.
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MOE‘s for objectives 1-4 were selected as “the change in total, fatal,
injury and PDO accidents per 100 miilion exiting wehicles". Objective 5
was assigned two MOE's; 1} the change in the number of ROR fatal plus in-
Jury accidents as a percent of total ROR accidents and 2} the ratio of
type "A" severity in JUFTGS resulting from ROR accidents as a percent of
total ROR accident injuries. The experimental plan selected for each
program subset was the Before and After Study with Control Groups (single

point estimate).

As a program evaluation activity, each of the MJE's developed from
the data collected in FUNCTION B must be identified as being either dis-
crete or continuous and what types of statements are to be tested statis-
tically.

For this example, MOE's for objectives 1-4 are continuous. The state-
ments to be tested for these objectives are whether there is a statisti-
cally sfgnificant difference between the mean accident rate for total,
fatal, injury and PDO acc1dents in the program group and the jnean acc1dent
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The two MOE's for objective 5 are also continuous since the MOE is a
percentage of total ROR accidents and total ROR injuries. The statement
to be tested for each of these MOE's 1is whether there is a statistically
significant difference between the percentage of ROR injury accidents and
ROR "A" dinjuries between the control group and the program group after im-
piementation.

STEP D? - SELECT THE STATISTICAL TEST

The type of MOE's, the evaluation objectives, the sample size and the
experimental plan are the deciding factors in the selection of an appro-
priate statistical test. Several statistical techniques are provided in
this step to enable the evaluator to test the statistical significance of
changes in the MOE's. The following description of each technique 1is pro-
vided to acquaint the evaluator with the applicability of each technigue,
the type of data which may be evaluated and the assumptions which underlie
each technique.

Poisson Test

This statistical technigque is presented in FUNCTION D, STEP D1 of

Arrldanf Rased Prnwnrf Fun?nn+1nn T+ 1: znn11rah1n frr +nr+1nn whothow 2
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significant dmfference exists between an expected and observed MOE (as
measured by a percent change in the MOE) when the MOE can be expressed as
a discrete variable. The test is appropriate when the sample size (number
of locations and expected number of accidents) is relatively small. The
Poisson test requires as input, the percent change in the MOE and the ex-
pected value of the MOE. Percent changes in either freqguency or rate-
related MOE's may be tested by this technique as long as a translation is
made to a discrete variable (freguency). Since all of the exnerimental
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plans produce an expected MOE and a percent change (as described in FUNC-
TION C), the test is applicable for all experimental plans.

Chi—Sduare Test

The Chi-Square test is used to test whether two discrete variables are
independent of each cother. The variables may be nominal or ordinal. In
this nonparametric test, observed frequencies of accidents, injuries, etc.,
are compared with expected frequencies which would exist if the two varia-
bles were truly independent of each other.

The variables to be tested are arranged in a contingency table which
may be composed of any number of rows or columns. For example, the follow-
ing contingency table consists of two rows which represent the before and
after analysis periods for an evaluation and five columns which represent
five project sites within a program subset. This contingency table is re-
ferred to as a 2 X 5 contingency table.

Program Sites
1 2 3 [ 5
Before 8 15 23 11 12
After 9 10 15 8 11

The only requirement for the Chi-Square test is that every cell within the
contingency table must have at least five observations.

The Chi-Square may be used to test the independence of discrete MOE's
such as accident frequencies, severity level frequencies, PD0 accident
frequencies, and specific types of accidents. All experimental plans are
appropriate for testing by Chi-Square.

t-Test

The t-test is a parametric statistic used to fest the statistical
significance of differences in the mean values of two sets of MOE's when
the data are continuous and an assumption of normality in the data can be
made. Two variations of the t-test are provided: the paired t-test and the
Student's t-test.

The paired t-test is applicable for the before-after experimental plan
where differences in pairs of observations representing the before and af-
ter situation are to be tested. The statement to be addressed with this
test is whether the before mean for a group of locations is significantiy
different from the after mean of the same locations. The paired t-test is
not appropriate for testing differences between the program and contrcl
groups because the data are taken at different locations.
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The Student's t-test is appropriate for testing the difference be-
tween contrel and program groups. There is no requirement for paired
observations or equal number of observations in each group. The assump-
tion of approximately equal group variances is made in this test in
addition to the assumption of normality. The statement to be addressed
with this test is whether the mean of one group is significantly different
from the mean of another group. The test is therefore appiicabie for
testing differences between program and control groups during either the
before or after period. In a situation where the assumption of equal
variance cannot be reasonably made, a modification to the Student's t-test
can be made (Yates' Correction Factor for Continuity).

Z-Test For Proportions

This test is applicable for continuous data which are expressed as
proportions. The analysis question addressed by this test is whether the
proporiion of occurrences in one group is significantly different from the
proportion in another group. The assumptions underlying the test include
the requirement that the data follow a binominal distribution {i.e., only
twe Jevels can make up the data set), that the observations are indepen-
dent, and that a sample size of at Teast 30 is available for each group.
If the samples are not independent (i.e., correlated) a Z-test for corre-
tated samples may be used (see FUNCTION D of Non-Accident-Based Evaluation
for details). The sample size may be expressed in either accidents or
locations depending on the requirements of the evaluation. For example,
the sample may be the number of accidents for an evaluation where the
proportion of injury to total accidents is to be evaluated. As an alter-
native, the sample may be the number of locations for a case where the
proportion of Tlocations which experience an accident frequency greater
than 25 is to be evaluated. In still another example, the sampie may be a
subset of the total number of accidents as in the case where the number of
ROR injury accidents expressed as a proportion of total ROR accidents is
of interest. As with the Student's t-test, this technique is applicable
for testing group differences. Thus, the test may be used to test the
difference between a program and control group during either the before or
after period. Testing for differences between the before and after period
for a single group {program or control) may not be appropriate since the

observations may not be independent.

F-Test

The F-test 1is applicable for testing the significance of differences
in the variance of two populations. The evaluator is directed to FUNCTION
D of Non-Accident-Based Project Evaluation for further details of this

test and its application.

Based on the characteristics and requirements for each statistical
test, the evaluator must select the most appropriate technigue{s) for the
evaluation. In addition, the level of confidence and the null hypothesis

must be recorded for each statistical test application. For discussion of
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these statistical testing aspects, the evaluatcr is directed to FUNCTION D
of Accident and Non-Accident-Based Project Evaluation.

STEP D3 - PERFORM THE STATISTICAL TEST

This step provides the evaluator with the activities which must be
undertaken in performing each of the statistical tests described in the

previous step,.

An example of each technique 1is provided. Following the

examples, a procedure for selecting a test statistic is given.

Poisson Test

These activities shouid be followed when applying the Poisson test to
address the following null hypothesis:

There is no significant difference between the expected value of the

MOE (as determined from the program group, the control group or both)
and the observed MOE.

1.

Example

Select a level of confidence for the test. If the program
is a medium to high-cost program, select a relatively high
level of confidence such as 95% or 99%. If the program is a
low-cost program, select a relatively low level of confi-
dence such as 80% or 90%.

Obtain the value of the expected accident freguency without
the treatment and the percent change for each MOE from
FUNCTION C, STEP C2.

Locate the point of intersection of the expected accident
frequency and the percent change on Figure 40 (See FUNCTION
D of Accident-Based Project Evaluation).

If the peint of intersection is below the curve for the
selected level of confidence, the change was not statisti-
cally significant at the selected confidence level. (It may
be of interest to compare the point of intersection with

Trwoaw ranfFidancns Tounle edneca +ha MACD mayv nat he cinifFirant
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at the 95% level, but significant at the 90% or 80% level).

If the point of intersection is above the curve, the change
was significant at the selected confidence level and we con-
clude that the program was effective in changing the parti-
cular MOE being tested. (Again it may be of interest to
identify the level of confidence at the point of intersec-
tion and note the level in the final report).

A program to reduce accidents at all disolated horizontal curves on
rural, two-lane roads involved upgrading curve advance warning signs and
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selected. Freguency-re1ated MOE 's for two years before and after the im-
plementation of the program was chosen since there was no appreciable in-
crease in the before and after exposure rates. The null hypothesis to be
tested was stated as:

“There is no difference in the frequency of total accidents between
two years before and two years after the implementation of the program
treatments (at the 95% level of confidence)".

The following accident data were collected:

Accident Type Before After
1975 1976 Total 1978 1979 Total

Total Accident
Frequency 13 15 28_ 12 8 20

The expected accident frequency was determined to be 17 {(equal to the be-
fore accident frequency) and the percent change was 28.6% ({decrease}.
Entering expected accident frequency of 17 into Figure 38 ({page 110 of
Accident-Based Project Evaluation) resulted in a required percent change of
30%. Since the observed percent change was 28,6% {less than 30%), the null
nypothesis was accepted at the 95% level of confidence.

Chi-Square Test

These activities should be performed when applying the Chi-Square test
to address the following null hypothesis:

There is no significant difference between the observed frequencies
and the expected freguencies of the variables being tested, i.e., the
variables are independent.

1. Select a level of confidence.

2. Arrange the observed frequencies in a contingency table format
consisting of any number of rows and columns.

Columns

1 2 3 4 R . . Row Sum

Rows

e 0 8 P L) PO

Col. Sum Grand Total
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3. Compute expected frequencies for each cell of the contingency ta-
ble developed in Step 2 above and arrange the expected frequencies
into a similar contingency table format. The expected frequencies
for each cell are obtained by multiplying the row sum by the

r‘n'hlmn sum and then dividing by tha arand +natal
il d :’ UJ Wil SI LY ARV LRLW N P oy

Expected Frequency Row Sum for Row i x Col. Sum for Column j.
for Row i, Grand Total
Column j.

4. Compute the Chi-Square value using the following equation:

2
<~ (045 - E43)
xX2= 2
SHERE Eq;
Where:
0;; = Observed frequencies for row i, column j.

ETJ Expected frequencies for row i, columm j.

5. Determine the critical Chi-Square value from statistical tables

contained 1in the Appendix using the degrees of freedom for the
test; ;

Degrees of Freedom = {R-1} (C-1)

Where:
R = number of rows in the contingency table
C = number of columns in the contingency table

and the selected level of confidence.

6. Compare the calculated Chi-Square value with the critical Chi-
Square value. If the calculated Chi-Square is greater than the
critical value, reject the null hypothesis and conclude that the
variables are not independent at the stated level of confidence.
If the calculated Chi-Square is less than the critical value,
accept the null hypothesis and conclude that the MOE's are inde-
pendent. _

ExamE1e

A program to reduce accident severity on rura1 roads involved the
installation of guardrails on isolated curves which experience a signifi-
cant number of run-off-the-road, fixed- obaect accidents. The MOE's select-

ed for the evaiuation included the changes in the frequency of fatalities,
"A" injuries, "B" injuries, and "C" injuries. The comparative parallel
experimental plan was used in the evaluation. The null hypothesis was
stated as:
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Accident severity is independent of the existence of guardrails.

The following accident data were obtained for the program and control
groups: :

Severity Level

F A B C
Program Group 8 18 20 27
Control Group 14 36 42 39

The above accident data were arranged in a 2 x 4 contingency table as
follows:

Observed Frequencies

Severity Level
Group | F A B C Row Sum
| Program 8 18 20 27 73
Control 14 36 42 39 131
Col. Sum 22 54 62 66 204

Next, the expected severity frequencies were calculated for each cell as
follows:

Expected Frequency Row Sum 1 x Col. Sum 1
for Row 1, Col. 1 Grand Total
= 73 x 22
- 204
= 7.87

The following contingency table of expected frequencies was developed.

Ekpected Frequencies

Severity Level
Groups F A B C Row Sum
Program 7.87 19.32 22.19 23.62 73.00
Control 14.13 34.68 39.81 42.38 131.00
Col. Sum 22.00 5400 62.00 66.00 20400
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Chi-Square was calculated as follows:

2 (0-E)2
Observed (0} Expected (E) . 0-E {0-E) T
8 7.87 . .13 .02 00
18 19.32 -1.32 1.74 .08
20 22.19 -2.19 4.80 .22
27 23.62 3.38 11.42 .48
14 14.13 -.13 02 .00
36 34 .68 1.32 1.74 .05
42 39.81 2.19 4.80 .12
39 42.38 ~3.38 11.42 27
Sum = 1.23

The critical Chi-Square value for the 95% level of confidence and (2-1)
(4-1) = 3 degrees of freedom was found to be 7.81 from the Chi-Square
table. Since the calculated value is less than the critical value, the
null hypothesis 1is accepted and the conclusion is that the severity levels
are independent of the groups of accidents (program and control).

Paired t-Test

These activities should be performed when applying the paired t-test
to address the following null hypothesis:

There is no significant difference between the before mean of a group
and the after mean for the same group.

1. Select a level of confidence.

2. Arrange the individual accident rates for each location within the
following form:

MOE
Analysis Periods Locations {N=n) Avg.| Var.
MOE Units 1 2 3 4. . nlTotalj (X) |(S%)

Before Accident Rate
Dates:

Units: Accidents/
After Accident Rate
Dates:

Units: Accidents/
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3. Compute the t value using the following equation:
g - Xp
Sp/ /N

t

and

2 2 1
S5p = SE +Sp -2 [-E_

MZ

(xgi - XB) (Xai - Xa)]l

1=l

Where: Xg = Before sample mean
X, = After sample mean
2 .

Sg = Before sample variance

2
Sp = After sample variance

B = Number of cases

4. Determine the critical t value from statistical tables (see
Appendix) using the degrees of freedom (N-1) and the selected
level of confidence.

5. Compare the calculated t value with the critical t value. If cal-
culated t is greater than critical t, reject the null hypothesis
and conclude that the program is effective at the selected level
of confidence. If calculated t is less than critical t, accept
the null hypothesis and conclude that the program is not effec-
tive.

Examp le

A program to reduce the number of passing accidents on two-iane
highways involved the installation of no-passing pennant signs (W14-3). The
before-after with control sites experimental plan was selected. The units
of the MOE was selected as head-on accidents per million vehicle miles of
no-passing zone. The analysis periods were chosen as 2 years before and
after program impliementation. The statistical analysis involived testing for
significant differences between the before and after periods at both the
control and program groups. The null hypotheses were stated as:
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There is no difference in the before mean head-on accident rate for a)
the program group and b} the control group as compared to their res-
pective after head-on accident rates at the 95% level of confidence.

The following data were tabulated for the program and control groups.

Program Group

MOE
Analysis Period Location (N=5) Avg. Variance
Units 1 ? 3 4 5 1 Total | (X) (s?) _

Bafore Head-On
Accident Rate

6/74-12/76 5.20 8.10 7.80 6.50 5.60) 33.2 | 6.64 1.66
Accidents/MVM

After Head-On

Accident Rate

6/17-12/79 6.00 6.20 4.30 6.40 2.10] 25.C | 5.00 3.33
Rccidents/MVM

Control Group

MOE
Analysis Period Locations {N=4) Avg. Varignce
Units 1 2 3 4 Total (Y? (S<)

Before Head-0On
Accident Rate

6/74-12/76 6.60 7.80 5,40 7.30 27,101 6,78 | 1.08
Accidents/MVM

Aftter Head-On
Accident Rate
6/77-12/76

Accidents/MVM
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Computing the t value for the program group:

Xz - Xa
+ o

TSN
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Where:

6.64

o]
1l

5.00

o
x>
il

1.66

(7]
(€]
It

3.33

[¥%]
X=
I

1%
[we
H

1.66 + 3.33-2 §1/4[
{1.16){-0.70)+{-0.1

4.99 - 2(0.58)
3.83

then
6.64 - 5.060

1.96/ﬁ

1.87 (calculated)

From the statistical table of the t-distribution (see Appendix) the
critical t was determined to be 2.776 for & degrees of freedom (5-1) and a
0.05 tevel of significance. Thus, the conclusion is that there was no sig-
nificant difference in the before and after mean accident rate for the pro-
gram group.

Computing the t value for the control group:

6.78 - 13.75
t =
1.97/ f4
= -7.08

The critical t value for 3 degrees of freedom {4-1) at the 0.05 level
of significance is 3.182. Since the calculated t is greater than the criti-
cal t, the null hypothesis is rejected.

The overall conclusion to be drawn from the statistical analysis is
that the program was effective in reducing the rate of head-on accidents.
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That is, the control group experienced a significant increase in the MOE
which did not occur for the program group.

Student's t-Test

. These activities should be performed when applying the Student's
t-test to address the following null hypothesis:

There is no significant difference between the mean accident rate
for a group of locations and the mean accident rate for another
group.

1. Select a level of confidence.

2. Arrange the individual location accident rates for each group in
the following form:

MOE Analysis
Period Av?. Vgrv
MOE Units Locations N |Total | (X {S<)

Group 1 Accident Rate |1 2 3 4 5...
Dates
Units: Accidents/

Group 2 Accident Rate |1 2 3 4 5 6...
Dates
Units: Accidents/

3. If the group variances are approximately equal in magnitude, com-
pute the t value using the following equation.
X1 -X2

t =
s JI/n1) + (/n72)

and

2
2 (n1-1)s7 + (nz-l)Sg

ni+ny -2
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Where:

Xi = Group 1 sampie mean
X2 = Group 2 sample mean
n1 = Number of locations in Group 1
n2 = Number of locations in Group 2

2
S1 = Group 1 sample variance

= Group 2 sample variance
S

[T pN]

If the group variances are not similar in magnitude, compute the t
value using the following equation:

X1 - %

t_.._._

e

4. Determine the critical t value from statistical tables (see
Appendix). If the group variances are similar, the critical t
value 1is determined using n} + n2 - 2 degrees of freedom and
the selected level of confidence. If the variances are dissimi-
tar, the critical t value is computed by the foilowing equation:

<2, 2,
>3ty + 52t
1 n2

tc_—,
2
S1 + S%
L Tz
te = critical t value at the selected level of confidence
1 = critical t value for m - 1 degrees of freedom at the select-

ed level of confidence.

-+
™

aﬁ:
—
m -

iti + wvalus For
1] L% LA IN" L= VAT

] no
L3 Ve
el of confidence.
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5. Compare the calculated t value with the critical t value. If cal-
culated t is greater than critical t, reject the null hypothesis
and conclude that the program is effective at the stated level of
confidence. If calculated t is less than critical t, accept the
null hypothesis and conclude that the program is not effective.

Example

A program to reduce run-off-the-road {ROR) accident r
winding sections involved pavement edgelining a elin on.
A MOE was selected to be the number of ROR accidents per mile ar.
Since the police agency, having jurisdiction for the improved sections, had
changed during the program implementation period, it was decided that a
comparative parallel study would be used to reduce the problems of differ-
ing accident reporting characteristics between the before and after period
(reporting differences did exist between the police agencies) and a control
group was selected. The following null hypothesis was stated:

u
i

o =

There is no significant difference between the mean ROR accident rate
for the program group and the mean ROR accident rate for the control
group at the 95% level of confidence.

The following accident data were collected.

A
Mi

4,
Analysis Period Locations Avg. VaE.
MOE Units 1 2 3 & 5 F N Total { (X) |(s9)

v m

Group 1 {Program)
ROR Accident Rate
1977-1978 5.6 6.2 10.4 19.8 25.2 16.4 | 6 } 86,6 |14.4 | 54.0
Units:

ROR Acc./Mile/Yr.

' Avg.f Var.
1 2 3 4 5 8 7 N Tot. | (X} ks2)

Group 2 {Control}
ROR Accident Rate
1977-1978 9.0 23.2 19.6 20.4 18.8 30.2 10.4 | 7{131.6 18.8} 53.2
Units:

ROR Acc./Mile/Yr.
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Since the group. variances were approximately equal, the t value was
calculated as follows:

. k2
A1 - Xz

s JTng) + ()

t

Where: Xy = 14.4

Yé = 18.8
n‘! = 6
Ny, =7
and
2 (6-1)54.0 + { 7-1)53.2
5% =
6+ 7 -2
= 53.6
then
14.4 - 18.8
t =
7 32/11/6 + 1/7)
7.32/(1/6 1/7)
-4 .40
4,07
= .1.08

The critical t value (see Appendix) for a confidence level of 95% (0.05
level of significance) and 11 degrees of freedom (6 + 7 - 2) is 2.201.
Since the critical t value is greater than the calculated value, the null

hypothesis is accepted and the conclusion is made that the pregram had no
effect on the mean number of ROR accidents.

7-Toct far Prn
= LR g ) Wy o W

These activities should be performed when applying the Z-test to
address the following null hypothesis:

There is no significant difference in the proportion of occurrences in
cne group compared to the proportion of occurrences in another group.
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1. Select a level of confidence.

2. Arrange the proportions and sample size in the following form:

Totai Number of
Group Sample Occurrences | Proportion
Analysis Periods (N) {X) (P}
Group 1
Dates
Group 2
Dates

3. If the two proportions being compared are from independeni sampies
{i.e., comparison of program group propocrtions vs. a control group
proportion), calculate the 7 value using the following equation.

where:
P1 - P2
z:
1 1
Pq(-— +—-)
Nl No
A1
Pl =
N1
Xy
P2 =-;-
"2
X1 + X2 NP1 + N2P2
p = =
Ni + N2 N1 + N2
q=1-p
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Number of occurrences in Group 1

Xo = Number of occurrences in Group 2
Ny = Total sample in Group 1
Np = Total sample in Group 2

4. If the samples are correlated, develop a contingency table and
calculate the 7 value for correlated sample (see FUNCTION D of
Mon-Accident-Based Evaluation}.

5. Determine the critical Z value from the statistical tables for the
selected level of confidence.

6. Compare the calculated Z value with the critical Z value. If cal-
culated 7 is greater than critical Z, reject the null hypothesis
and conciude that the program is effective at the stated level of
confidence. If calculated Z is less than critical Z, accept the
null hypothesis and conclude that the program is not effective.

Example

A program to reduce nighttime accidents involved the installation of
jmproved street lighting at randomly selected intersections which experi-
ence an overrepresentation of the night-tc-day accident ratio. The MOE was
chosen as the proportion of night accidents to total accidents since expo-
sure data stratified by light conditions were not available. The before-
after study with randomized control group was chosen for the study. The
program and control groups consisted of ten locations each.

The two nulil hypotheses to be tested include:

There is no difference between the proportion of night accidents to
total accidents between the program and control groups before and
after program implementation.

The following data were coilected:

BEFORE PRCGRAM IMPLEMENTATION

Group Possible Occurrences: | Number of Occurrences: Propor-
Analysis Period (Total Accidents for Night Accidents tion
Analysis Period For Period
(M) (X (P)
Group L {(Program)
6/76 -~ 6/77 257 59 0.27
Group 2 {Control)
1/76 - 6/77 242 58 0.24
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AFTER PROGRAM IMPLEMENTATION

Group Possible Occurrences: [ Number of Occurrences: Propor-
Analysis Period Total Accidents for Night Accidents tion
Analysis Period For Period
(N) {(X) (P} .

Group 1 (Program)

6/78 - 6/79 275 35 0.13
Group 2 (Control}

6/78 - 6/79 289 75 0.26

The Z value for the before pericd was computed as foliows:

P1 - P2

Joa(1/Ny + 1Ny)

Where:
P1 = 0.27
Py = 0.24
Ny = 257
No = 242
69 + 58
P P
g=1-p=1-20.25=0.95
Substituting
0.27 - 0.24
o /(0.25)(0.75) (1/257 + 1/242)
0.03
= 0.77
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The critical Z value for the 0.05 level of significance was determined to
be 1.96. Since the calculated 7 is less than the critical Z, the null hy-
pothesis is accepted and the conclusion is made that there is no difference
between the proportion of nighttime accidents for the program and control
groups for-the before period.

in a similar manner, the Z value was calculated for the after period.

0.13 - 0.26
7 = -
S10.20)(0.80)(1/275 + 1/289)
-0.13
7 = —————
0.03
= -3.86

Since the calculated 7 is greater than the critical Z for the 0.05
level of significance, the null hypothesis is rejected an8 the conclusion
is made that there is a significant difference in the proportion of night-
time accidents and that the program is effective.

E_Tact
1] [ Wy 3

The use of the F-Test is generally of limited use in the evaluation of
accident statistics. Rather, its primary use is in the testing of differ-
ence in distributions for which the variance of the distribution is of in-
terest (i.e., speed distribution). The evaluator is directed to Non-Acci-
dent-Based Evaluation for a discussion and example of the test.

Procedure for Selecting a Test Statistic

The procedure for selecting a test statistic (Table 3 in FUNCTION D of
Nen-Accident-Based Evaluation) should be used to select the test statistic
for the evaluation. If there is uncertainty regarding the seiection of the
appropriate test however, it is recommended that a statistician be con-
sulted.

Summary of FUNCTION D

STEP D1 - DEFINE THE TYPE OF DATA FOR EACH MOE

@ Review the selected evaluation objectives, MOE's, and experimental
plan and determine the types of data to be evaluated (i.e., dis-
crete or continuocus).

@ List the statement{s) to be statistically tested for each evalua-
tion objective.

STEP D2 - SELECT THE STATISTICAL TEST

@ Select the appropriate statistical test based on objectives, the
MOE's, experimental plan, sample size, and types of statements to
be statistically tested.

314




STEP D3 - PERFORM THE STATISTICAL TEST

r- Y
=

Select a Tevel of confidence
ata in-the format for the selected statistical test.
Perform the necessary computations.

Compare calculated statistical values with critical value
from tables based on the selected level ¢f confidence an
grees of freedom.

s taken
) e .
Liig ug~

u
A
a un

State conclusions on the effectiveness of the program based on the
statistical testing results.
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FUNCTION E: Perform Economic Analysis

This function enables the evaluator to:
1. Select an economic analysis technique, and
2. Perform an economic analysis.
Overview |

The economic analysis technigues provided in FUNCTION E of Accident-
Based Project Evaluation include the benefit/cost ratio technique and the
cost-effectiveness technique. Both methods are appropriate for determining
the economic impact of a program. It should be noted that the economic
analysis should only be conducted for programs for which the MOE's were
found to.be significantly changed at the selected level of confidence.

Ll e + P R, Lo
il

When applyin g the techniques to safely programs, the evaluator should
perform an economic analysis for each program subset as well as the entire
program. The values of eguivalent uniform annual costs (EUAC) and present
worth of costs (PWOC) are a summation of the program cost items (implemen-
tation, operating and maintenance costs) for each project within the pro-
gram subset. This measure provides insight to the feasibility of imple-
menting similar future program subsets from an economic viewpoint.

The evaluator is directed to FUNCTION E of the project evaluation sub-
process. The procedures and decision criteria are similar for both pro-

jects and programs.

STEP E1 - SELECT ECONOMIC ANALYSIS TECHNIQUE

Thaom o
i e

C
tical for pr

onomic technique selection criteria for programs are iden-

[LU{ERE ™

ojects. The criteria are summnarized below:

a. MWillingness to Assign Dollar Values to Accident Outcomes - If the
evaluator {agency) 1s willing to place a dolTar value on accident
fatalities, injuries, or property damages, the benefit/cost ratio
technique is appropriate. If not, the cost-effectiveness tech-
nigue may be applied without the requirement of using accident
costs as an input to the analysis.

b. Availability of Acceptable Accident Cost Values - The evaluator
(agency) may be wilting fo assign accident cost values but may not
agree with a dollar figure for various accident outcomes. If the
agency has developed its' own accident cost values, or existing
values suggested by organizations. such as NHTSA and NSC are
acceptable to the agency for evaluation purposes, the benefit/cost
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ratio technique is appropriate. If not, the cost-effectiveness
technique may be applied.

c. Type of MOE - If the MOE is related to reducing accident losses
associated with severity, the benefit/cost ratio technique pro-
vides an appropriate measure of econcmic effectiveness (i.e.,
ratio of accident loss benefits to program costs}. If the MOE is
related to a specific accident type (total accidents or a subset
of total accident such as ROR accidents, etc.), for which cost
figures are non-existent, the cost-effectiveness technigue
vides an appropriate measure of economic effectiveness (i.e.,
per accident forestalled).

STEP E2 - PERFORM BENEFIT/COST RATIO TECHNIQUE

The benefit/cost ratio (B/C) of a program can be determined using
equivalent uniform annual cost and benefits or by using present worth
of costs and benefits. Activities 1-8 of the procedure provided in
STEP E2 of Accident-Based Project Evaluation should be followed when
evaluating either an entire program or program subset. However, the
elements of the equations represent the summation of costs and bene-
fits within the entire program subset.

When present worth is utilized in the analysis, similar changes
must be made to the equations for PWOC and PWOB to allow for the de-
termination of costs and benefits for several projects.

The B/C analysis worksheet provided in STEP E2 of Accident-Based
Project Evaluation should be completed for each subset evaluated in
the program. Projects within the same subset are thus combined to
determine the economic effectiveness.

STEP E3 - PERFORM C-E TECHNIQUE

If the cost-effectiveness technique was selected, STEP E3, of
Accident-Based Project Evaluation should be followed. The modifica-
tions for EUAC and PWOC shown in STEP E£2 of this function should be
used. :

Summary of FUNCTION E

STEP E1 - SELECT ECONOMIC ANALYSIS TECHNIQUE

e Determine the need for economic analysis by assessing whether a
statistically significant change occurred in the MOE's at the
selected level of confidence.
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® Select the economic analysis technique on the basis of the will-
ingness tec assign dollar values to accident outcomes, availabili-
ty of acceptable cost data and the type of MOE.

STEP E2 and E3 - PERFORM THE ECONOMIC ANALYSIS USING B/C TECHNIQUE OR
PERFORM ECONOMIC ANALYSTS USTNG THE C-E TECHANIQUE

® Finalize accident and cost inputs.
® Perform the selected technique.

Example of FUNCTION E

Suppose that in the example provided in FUNCTION A, Program Evalua-
tion, a statistically significant change in the mean total passing accident
rate was observed for the horizontal and combined alignment subsets only
and an economic analysis is to be conducted. Referral to the objective and
MOE 1isting form shows that a B/C ratio is desired. From the accident and
cost data collected in FUNCTION B, the following data were summarized:

Cost Data (Unit Cost)

Initial installation cost per sign = $75.00

Annual Average maintenance per sign = $5.00

Salvage value per sign = $10.00

Accident Severity Data (Horizontal Alignment Subset)

Before fatalitites = 2/yr., After fatalities = 2/yr.
Before injuries = 12/yr., After injuries = 10/yr.
Before PDO accidents = 25/yr., After PDO accidents = 11/yr.

Accident Severity Data (Combined Alignment Subset)

Before fatalities = 1/yr., After fatalities = 0.5/yr.
Before injuries = 19/yr., After injuries = 15/yr.

Before PDO accidents = 26/yr., After accidents = 20/yr.

NSC accident cost figures and the equivalent uniform annual benefits were
chosen to be used in determining the B/C ratio.
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Other cost-related inputs to the economic technique include:

12%

Interest Rate

Expected Life = 6 years

Capital Recovery Factor = 0.2432
Sinking Fund Factor = 0.1232

The B/C ratio was determined for each subset using the B/C Analysis Work
Sheet (see Figures 81 and 82). The B/C ratio for the horizontal alignment
subset was 58.8. The B/C ratio for the combined alignment was 178.6.

A comparison of these ratios with the B/C ratios of other evaluated
edgelining programs subsets revealed that this program exceeded the previ-
ously determined ratios by a factor of 2. The program was, therefore,
concluded to be cost-effective based on a comparison of past evaluation
results.
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Evaluation No: &§0-4-11 [Hordlzontak AlLignment)

Date/Evaluator: 4/1/80, LM

l. Initial Implementation Cost, I: $ 19 x $75 = $1425
2. Annual Operating and Maintenance
Costs Before Project Implementation: 8 -0
3. Annual Operating and Maintenance
Cost After Project Implementation $ 19 x $5.00 = $95
4, Net Annual Operating and
Maintenance Costs, K (3-2): $ 95
5. BAnnual Safety Benefits in Number of-
Accidents Prevented:
Severity Expected - Actual = Annual Benefit
a) Fatal Accidents Z - 1
(Fatalities) (2] (2] {0}
b) Injury Accidents 10 - &
{(Injuries) (12) {i0) (2)
c) PDO Accidents 25 - 11
{Invoivament) {25) (11]) {14}
6. Accident Cost Values (Source NSC Q979 } e
Severity Cost
a) Fatal Accident (Fatality) s 160,000
b) Injury Accident (Injury) $ 6,200
¢) PDC aAccident (Involvement) s £§70

7. Annual Safety Benefits in Dollars Saved, 3:

5a) x 6a) = 0 x 160,000 = 0

5b) x 6b) = 2 x 6,200 = $12,400
5¢) x 6c) = 14 x g7¢ = $12,180
Total = § 24,580

Figure 81. B/C analysis worksheet for horizontal alignments.
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6 . ....__YTs
$19 x $10.00 = $190

g, Cfervices life, n:

-3

9, Salvage Value,

17 $ = 0.]2

[

10. Interest Rate,

11. EUAC Calculation:

CRp = = (.2432
i =
SF; 0.1232
- i iy.
EUAC = I (CRp) + K - T (SFp)

= 1425 {0.2432} + 95 - 190 (0.7232) = $418.15
12. EUAB Calculation:

EUAB = B

= $74,580

13. B/C = EUAB/EUAC = $74,580/$418 = 5&.§

14. PWOC Calculation:
i
PWn =
i _
SPWE =

pwoc = I + K (spwd) - T (Pwd)

15. PWOB Calculation:

PWOB = B (SPW3)

16. B/C = PWOB/PWOC =

Figure 8l. B/C analysis worksheet for horizontal alignments
{(continued).
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Evaluation No: 80-4-17 (Combined alignments)

Date/Evaluator: 4/1/80, IM

1.
2.

Initial Implementation Cost, I: $ 28 x $75 = $2100

Annual Operating and Maintenance
Costs Before Project Implementation: $ 0

Annual Operating ang Maintenance
Cost After Project Implementation: $ 28 x $5.00 = $140

Net Annual Operating and -
Maintenance Costs, K (3~2): $ 140

Annual Safety Benefits in Number of
Accidents Prevented:

Severity Expected - Actual = Annual Benefit
a) Fatal Accidents i ]

{Fatalities) (1) - {0.5) (0.5)
b) Injury Accidents 12 9

(Injuries) {19) - (15} (4}
¢} PDO Accidents 26 20

(Involvement) - {26] - {20]) {6)
Accident Cost Values (Source NSC ) :
Severity Cost
al Fatal Accident (Fatality) s 160,000
b) Injury Accident (Injury) s 6,200
c) PDO Accident (Involvement) S §70

Annual Safety Benefits in Dollars Saved, B:

3a) x 6a) = 0.5 x $160,000 = $80,000
Sb) .x 6b) = 4 x § 6,200 = $24,800
5¢) x 6¢c) = 6 x § 870 = $ 5,220
Total o= $110,020

Figure 82. B/C analysis worksheet for combined alignments.
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8. Services life, n: ) n yrs

9. Salvage Value, T: $ 28 x $10.00 = 4250

10. Interest Rate, i: 12 $ = 0.17

11. EUAC Calculation:

i _ 0.2
crb = 432
gpi = 0.1232
n
FUAC = I (CRL) + X - T (SFE)

=2700 (0.2432) + 140 ~ 280 [0.1232) = $616.272
12. EUAR Calculation:

EUAR = B

O I Y AN
$110,020

13, B/C = EUAB/EUAC = $110,020/%616 = 178.6

14. PWOC Calculation:
PWL =
i _
SPWL =

pwOC = I + K (SPWL) - T (Pwd)

[
()]

PWOB = B(SPW])

l16. B/C = PWOB/PWOC =

Figure 82. B/C analysis worksheet for combined alignments
(continued).
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FUNCTION F: Prepare Evaluation Documentation

This function enables the evaluator to:
1. Interpret the effectiveness of the highway safety program;
2. Interpret the validity of the evaluation results;

3. Identify evaluation results for incorporation to the effec-
tiveness data base;

4. Write the evaluation study report.
Overview

The effectiveness of a highway safety program must be described in
terms of the effectiveness of the individual subsets which make up the pro-
gram. The preceding functions are directed toward evaluating the effect-
iveness of each program subset. The evaluator must organize the results of
FUNCTIONS C, D and E for each subset and address the following critical
program evaluation issues:

1. Which program subsets resulted in a significant contribution
toward achieving the program goal? Which subsets did not
contribute? Which made a marginal contribution?

2. Were the evaluation objectives accomplished?

3. MWere any problems or unexpected results produced by the pro-
gram?

Answers to these questions enable the evaluator to draw conclusions regard-
ing the effectiveness of the program, based on the evaluation study re-
sults,

In addition to program effectiveness, a criticial review of the evalu-
ation study itself must be made in order to determine the extent to which
the evaluation results may be used in future planning, imp lementation and
evaluation decisions. The review should address the appropriateness of all
decisions made during the study and the reasonableness and limitations of
the evaluation results. Observed or suspected deficiencies in any of these
areas may limit the use of the evaluation results in future decision-making
activities.

STEP F1 - ORGANIZE EVALUATION STUDY MATERIALS

The evaluation study may have spanned several years between the time
of evaluation plan development and the final analysis of evaluation data.
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At this time, all material relating to the evaluation study must be ga-
thered to allow for an orderly review of the evaluaticn activities under-
taken since the beginning of the evaluation.

The evaluation materials should be thoroughly reviewed to ensure that
all pertinent information has been obtained. The materials should be
stratified by information relating to the total program (i.e., goals, pro-
jects, locations, project stratification and sampling, etc.) and by infor-
mation related to individual program subsets.

STEP F2 - DETERMINE EFFECTIVENESS OF THE PROGRAM

The final determination of program effectiveness requires information
on three aspects of the evaluation subprocess for each program subset: 1)
the observed changes in the MOE's according to the experiemental plan
used; 2) the statistical significance of changes in the MOE's; and 3) the
results of the economic analysis. The evaluator must develop from these
information sources, a conclusion on the effectiveness on each program sub-
set.

Whether a conclusion is positive {success), negative (failure) or
otherwise, the evaluator must critically assess the validity of the evalua-
tion procedure in light of the completed evaluation study. The review
should be carried out on a function-by-function basis and address the fol-
lTowing issues:

FUNCTION A

1. The appropriateness of the program goal for the types of projects
and program subsets evaluated.

2. Appropriateness of the selected evaluation objectives and MOE's.

3. The appropriateness of the selected experimental plan including
the threats to validity which were not or could not be overcome.

FUNCTION B

1. Quality and completeness of accident, volume and cost data includ-
ing actual or suspected problems which were not correctable.

2. The appropriateness of the control groups inciuding the trade-
off's made in control site selection.

FUNCTION C

1. Problems encountered with computing expected MOE values or changes
in the MOE's.
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FUNCTION D

1. Appropriateness of the selected statistical technique.

3. Reasonableness of statistical testing results.
FUNCTION E
1. Appropriateness of the selected economic technique.

2. Appropriateness of economic analysis inputs including accident
cost figures, interest rate, expected life, and salvage value.

3. Reasconableness of economic analysis results.

In addition to reviewing the evaluation study procedures, it is also
important to review the appropriateness of decisions and activities which
took place in the planning and implementation components of the HSIP. For

example, if some of the program sites were not actually "hazardous" and/or
the projects and countermeasures were not appropriate for the safety pro-
blems that existed, the program may prove to be ineffective when, in
actuality, the program is effective when properly applied. If the evaluat-
or fails to recognize this, effective programs and projects may be over-
Tooked in the future. The evaluator must recognize both the effectiveness

of the program and the appropriateness of its use.

The same type of problem may arise from improper implementation acti-
vities. For example, suppose an advance warning sign is designed to be
installed 200 feet (based on sight distance and stopping distance charac-
teristics) in advance of a "blind intersection." If the sign is installed
100 feet in advance of the intersection, the effectiveness of the project
Ts likely to be reduced. Without knowledge of the improper impTementation,
the sign would be considered to be ineffective when actually the ineffect-

iveness is due to improper installation and not the sign itself.

If problems are observed or suspected for any of the above issues,
they should be noted and an attempt should be made to correct the problems.
If the problem is not correctable, this fact should be noted and accompany
the conclusions on program effectiveness.

STEP F3 - IDENTIFY RESULTS FOR INCLUSION IN THE EFFECTIVENESS DATA BASE

One of the primary purposes of conducting Effectiveness Evaluations is
to feed back effectiveness information to improve decisionmaking in future
planning, implementation and evaluation components. The evaluator must
therefore be certain that only reliable evaluation results enter the feed-
back loop for future use in the HSIP decisions. If serious problems were
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identified (in STEP F2) for the evaluation study procedure or the activi-
ties which preceded the Evaluation Component, the evaluation results should
not be combined with more reliable evaluation results. Allowing question-
able evaluation results to enter. the ]oop will reduce the re]uab111ty of

_'A,.L_A ......... Y, P

effectiveness estimates and may result in inappropriate decisions.

It is important to note that evaluation study shortcomings which are
common in all studies should not necessarily be grounds for excluding eval-
uation results from the data base. For instance, it is a well-established
fact that only a portion of all accidents are reported and available for
use in evaluations. Although this 1is a problem in effectiveness evalua-
tion, it is a problem which is common to all evaluations. Should the per-

centage of reported accidents change for reasons such as a change in mini-
mum accident cost renorting +hrnchn1rﬂc then the mann1?udp of the nrob'ﬂem
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is no longer constant for evaluations performed before and after the change
and it is advisable to develop a new data base which represents the effec-
tiveness of programs under the new accident reporting procedures.

EP F4 - WRITE THE EVALUATION REPORT

The evaluation activities and results should be thoroughly discussed
and documented in the study report. The documentation should include con-
cise and comprehensive coverage of all evaluation study aspects and should
follow a standardized format. The following format 1is recommended:

1. Introduction: name of program, program goal statement, projects
in the program, funding level and period.

2. Executive Summary cof Findings and Recommendations:  summary of
program performance; summary of success, failures and probable
causes; summary of unexpected impacts, with probable causes; re-
commendat ions for improvement of the program and/or evaluation ac-
tivities; and quantifiable support for conclusions.

3. Identification and Discussion of the Highway Safety Probiem: pro-
blem identification; discussion of problem; discussion of program
appropriateness; and opinions.

4. Administrative Evaluation of the Program (refer to the Administra-
tive Evaluation Subprocess)

n
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iveness ogram: program subset descrip-
tions; evaluation stud ts (1.e., objectives, MOE's, experi-
mental plan, etc.}; data collection and reduction procedures used
in the study; data analysis technique; detailed evaluation results
relative to achievement of ob3ect1ves, detailed program effective-

ness statement; and proolems encountered in the evaluation SI'.UQ_V
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Summary of FUNCTION F

STEP F1 - ORGANIZE EVALUATION STUDY MATERIALS

N s R

Cbtain information pertaining to all the evaluation activities.

® Review the material for completeness.

STEP F2 - EXAMINE THE EFFECTIVENESS OF THE PROGRAM

L

Identify whether each subset reduced the safety deficiencies for
which it was intended from FUNCTION C.

Identify whether each subset resulted in a statistically si

.......... edcn set iLeg
r

t
cant change in the MOE's from FUNCTION D.

Identify whether each subset resulted in benefits {(or effective-
ness) which are considered acceptable when compared to program

adan Lenmen TIHIRMSTTAM ™
costs Trom FUNCTION E.

Determine the effectiveness of each subset and the appropriateness
of all evaluation activities, and the activities associated with
planning and implementation.

Correct observed deficiencies if possible.

Record ali problems encountered.

STEP F3 - IDENTIFY RESULTS FOR INCLUSION IN THE FFFECTIVENESS DATA

BASE

L

Identify changes in the MOE's from sound evaluation studies for
inciusion to the effectiveness data base.

Identify evaluation results for which inconsistencies were identi-
fied and exclude these from the effectiveness data base.

STEP F4 - WRITE THE EVALUATION REPORT

Prepare the final evaluation study report following the recommended
guidelines.

Review final report.

Distribute copies of report to all highway safety personnel.
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FUNCTION G: Develop and Update Data Base

This function enables the evaluator to:
1. Record basic input data to be used in data base development;
2. Compute average accident reduction factors; and
3. Compute the expected range of accident reduction factors.

Overview

Individual projects are the building blocks of highway safety pro-
grams. Therefore, to provide planning personnel with a useful tool for
improving their ability to estimate expected benefits for projects and
programs, a data base of accident reduction factors should be developed
for projects. Planners are then able to combine expected benefit esti-
mates for any combination of project types which may comprise a program.

Evaluation data for individual projects within a program or program
subset are required as input to the data base in the form of accident
reduction factors {AR Factors) and associated expected ranges (ER's).
Therefore, the steps for this function are jdentical to the steps and
activities described in FUNCTION G of Accident-Based Project Evaluation.
The evaluator is directed to FUNCTION G for details on organizing input
data, computing AR Factors and ER's, and developing (or updating) the
effectiveness data base.

STEP G1 - ORGANIZE INPUT DATA

Accident, volume and time period lengths for individual projects
within each program subset identified for inclusion to the effectiveness
data base are used to develop (or update existing) AR Factors and ER's.

The evaluator should follow the procedure described in STEP Gl of the
project evaluation subprocess and use the data summary form provided in
the Appendix. If project categories similar to the projects within the
program have already been established, the new data should be added to
gxisting data and STEPS G2 and G3 should be performed to update the data

ase.

STEP G2 - COMPUTE AR FACTORS AND ER'S

The evaluator is directed to STEP G2 of the project evaiuation sub-
process for details on computing initial and/or updating existing values
of the AR Factors and ER's using the newly obtained evaluation data.
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STEP G3 - DEVELOP AND UPDATE THE DATA BASE

If the .projects evaluated in the program represent new project cate-
gories, the AR Factors and ER's should be added to the existing data base
as a new project category. If AR Factors and ER's already exist, the
values of new AR Factors and ER's should be updated into the data base.

Summary of FUNCTION G

STEP Gl - ORGANIZE INPUT DATA

® Obtain evaluation data for individual projects which make up the
evaluated program.

& Develiop new project categories or add to existing categories fol-

iowing the procedure and using the forms provided in STEP Gl of
Accident-Based Project Evaluation.

STEP G2 - COMPUTE AR FACTORS AND ER'S

@ Compute AR Factors and ER's using the procedure described in STEP
GZ of Accident-Based Project Evaluation.

STEP G3 - DEVELOP AND UPDATE DATA BASE

@ Add new project categories or update existing AR Factors and ER's
in the effectiveness data base.
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ADMINISTRATIVE EVALUATIO

<G HIGHWAY SAFETY EVALUATION =3

¥

ADMINISTRATIVE
EVALUATION

Administrative Evaluation is the assessment of the activities under-
takan during the 1mn'lnmani'af1nn of a hmhwav qafpfv nrmprt or program.
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This type of evaluat1on is a fundamental part of the Evaluation Component

of the Highway Safety Improvement Program (HSIP). It is a supplement to
but not a substitute for Effectiveness Evaluation. Administrative Evalua-
tion does not address the outcome or effectiveness of a safety project or

program on accidents or accident severity.
Administrative Evailuation explores three basic implementation issues:
1. Actual resource expenditures.
2. Planned versus actual resource expenditures.
3. Productivity of implementation activities.

Administrative Evaluation addresses both implementation resource ex-
penditures {estimated and actual} and productivity. Resource expenditures
are defined as: 1) the level of manpower involvement, Z) the amcunt of
time used to complete specific activities or meet implementation mile-
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and materials. Productivity is defined as the amount of work produced
(e.g. lineal feet of guardrail installed, miles of edgelining completed)
for the amounts of time, cost and manpower expended.

Benefits of Administrative Evaluation

Information on implementation provides valuable input to future deci-
sions which must be made in all three components of the HSIP. In the
Planning Component, priorities must be made on the basis of comparisons
between benefit and cost estimates for competing projects and programs.
Administrative Evaluation results can be used to improve cost estimating
procedures by providing data on the actual costs and material requirements
of past similar projects or programs. Administrative Evaluation can only
improve cost estimates. Estimates of project and program benefits can be
improved through the use of sound Effectiveness Evaluation results.

In the Implementation Component, scheduling decisions must be made
based on estimates of manpower and time requirements for specific activi-
ties. Information on the appropriateness of scheduling decisions and the
productivity of previous implementation activities can significantly im-
prove future scheduling capabilities for similar projects and programs.
This can result in a more optimal use of available time and manpower re-
sources.

In the Evaluation Component, Administrative Evaluation provides cost
information for economic analyses which accompany Effectiveness Evalua-
tion. Administrative Evaluation also insures that the Effectiveness Eval-
uation is being performed on the project or program as it was actually
implemented and not as it was planned. There are many times when planned
projects do not coincide with the project implemented in the field.

Administrative Evaluation Scope

Administrative Evaluation is performed to assess implementation acti-
vities and to produce feedback information to all HSIP components. An un-
derstanding of the Implementation Component aids in defining the scope of
the Administrative Evaluation.

The Implementation Component consists of the following:

1. Scheduiing

Scheduling involves determining when each project (by itself or with-
in a program) should be started and completed under real-world constraints
such as weather and funding availablility. Scheduling input comes from
the Planning Component in the form of a selected highway safety project or
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program. Scheduling output is a time schedule including estimates of the
start date, duration, and completion date for the project and/or the other
major implementation elements (i.e., design, construction, operational
review). This information is often recorded in the form of a milestone

e oy

2. Design

Design involves the preparation of plans, specifications, and esti-
mates (PS and E). Design may involve highway agency personnel, a contrac-
tor, or both. For high-cost projects, design may involve conducting topo-
graphic surveys, preparing construction drawings and specifications, ad-

avtict and  anal in haAd +atinnce at | nlu_r 5 7
VEriising and anaiyzing oid quotations, eic. Low-cost p‘i"OJect dES‘.gﬂ may

invoive the submission of a traffic control work order for a sign instal-
lation.

3. Construction

Construction involves placement or installation. Construction may
involve highway agency personnel or contractors.

4. OQperational Review

Operational review involves observation and adjustment of the coun-

e P R . YT ~ Ean 3 .
termeasures following construction to ensure smooth and safe tiraffic

flow at the project location. The review usually involves an on-site sur-
vey of traffic operations and may or may not be conducted depending on
whether or not the project affects traffic flow {(e.g., fixed object remov-
al projects generally do not affect traffic flow).

Administrative Evaluation is recommended for all projects and pro-
grams. The decision on whether tc perform the evaluation should be made
when the improvement is programmed for implementation. If Administrative
Evaluation is to be conducted, it may be conducted after implementation or
during implementation. The latter approach {(during implementation) is re-
commended because: 1} the evaluation becomes a monitoring procedure and
implementation activities may be modified as problems arise; and 2) data
for the evaluation can be collected on a continuing basis, reducing the
chance that vital data will be overlooked.

Administrative Evaluation may be performed at various levels of de-
tail, depending on the amount of administrative information desired from
the evaluation. The most detailed level of evaluation invclves defining
and evaluating specific work activities within each of the four implemen-
tation elements. As an example, the activities in the design element of a
traffic signal installation project may include: 1) signal timing design,

333




2) interconnect and wiring design, 3} signal head location design, and 4)
signal hardware purchase. Construction activities may include: 1) con-
struction zone traffic control, 2) signal head installation, 3) wiring, 4)
temporary flash operation, and 5) stop-go operation. In this example, the
administrative issues of resource expenditures and productivity would be
addressed for each work activity Tisted above. High-cost projects and
programs which involve a number of definable implementation activities may
warrant this level of evaluation detail.

The least detailed level involves evaluating implementation schedul-
ing, design, construction and operational review, without vregard to
specific activities within each. Information on resource expenditures,
comparisons and productivity are only desired on an aggregate, project
(program)-wide basis for each element. This level of detail is generally
appropriate for low-cost projects and programs.

Evaluation Steps

Administrative Evaluation consists of eight steps (refer to Figure
83):

1. Select Evaluation Subjects
. Review Project (Program) Details
Identify Administrative Issues

Obtain Available Data Sources

Evaluate Administrative Issues

2

3

4

5. Prepare Administrative Data Summary Tables

6

7. Prepare and Distribute the Evaluation Report
8

. Develop and Update Data Base

STEP #1 - SELECT EVALUATION SUBJECTS

This step invoives selecting future or past projects and programs
to receive Administrative Evaluation. Administrative Evaluations
should be conducted for all projects and programs. Due to resource
limitations, however, this may not always be possible. Formal Admin-
istrative Evaluation should be given high priority for the following
highway safety projects and programs: -
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STEP 1
SELECT EVALUATION
SUBJECT

r .

STEP 2
REVIEW PROJECT OR
PROGRAM DETAILS

v
STEP 3

IDENTIFY
ADMINISTRATIVE
ISSUES

v
STEP 4

OBTAIN AVAILABLE
DATA SOURCES

L 4
STEP 5

PREPARE ADMINISTRATIVE
DATA SUMMARY TABLES

‘ 4
STEP 6
EVALUATE
ADMINISTRATIVE
ISSUES

v
STEP 7
PREPARE AND
DISTRIBUTE EVALUATION
REPCRT

>

STEP 8
DEVELOP AND
UPDATE DATA BASE

¢ FEEDBACK

FUTURE HSIP PLANNING,
IMPLEMENTATION, AND
EVALUATION

Figure 83. Administrative evaluation flow chart,.
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® Safety improvements Tikely to be impliemented or considered for
implementation in the future

@ Safety improvements which warrant or require detailed effect-
iveness evaluation

@ Safety improvements being implemented for the first time
® Safety improvements which are experimental or innovative

e Safety improvements which warrant or require continual monitor-
ing of impliementation activities

The decision on whether to conduct Administrative Evaluation
{and Effectiveness Evaluation) should be made when the improvement is
proegrammed for implementation. Preliminary evaluation planning ac-
tivities should also commence at this time.

A periodic review of past projects and programs should be per-

formed to determine if evaluation of completed projects may benefit
current highway safety efforts.

STEP #2 - REVIEW PROJECT (PROGRAM} DETAILS

The evaluator must understand the what, where and how aspects of
the project{s) to be evaluated. After selecting the evaluation sub-
Ject, the evaluator should become familiar with the types of pro-
ject{s}, countermeasures, and locations through a review of project
files and/or discussions with planning and implementation personnel.

The purpose of the review and information gathering process is to
obtain necessary input to prepare a written description of the pro-
Ject or projects to be evaluated.

The written description of the project should include the follow-
ing information. (If & program is being evaluated, each project
should be individually described.):

1. Prcject identification number and funding source.

2. Preoject location.

3. Purpose of the project or goal of the program (the safe-
ty problem and description of how the improvement will
remedy the problem should be provided).

4., Individual countermeasures within the project.
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5. Person(s}, department, contractor, etc. responsible for
gach implementation element including scheduling, de-
sign, construction and operational review.

The description of the project{s) should be brief but concise and
convey a clear description of the characteristics of the project(s).
This aliows easy reference and retrieval of the Administrative Evalu-
ation resuits for simiiar types of projects.

STEF #3 - IDENTIFY ADMINISTRATIVE ISSUES

This step presents guidelines for deiermining the administration
issues tc be evaluated. In this step, the evaluator must specify the
manpower categories, the activities, the milestones, and the materi-
als to be evaluated in each implementation element.

The number of categories, activities, milestones and materials
specified for each element directly affects the Tevel of detail of
the Administrative Evaluation. Several factors must be considered
when the level of detail is established. These include the cost of
the project or program, the relative cost of scheduling, design,
construct ion and operational review, the importance of the evaluation
results in future decision-making for similar projects and programs,
and the required data and manpower to conduct the evaluation. Input
on the evaluation details may be obtained from the person requesting
the evaluation, the persons who will use the results of the evalua-
tion, or based on the evaluators knowledge of the project and past
evaluation experience.

Other constraints may limit the level of evaluation detail. A
detailed evaluation of scheduling, design, construction and review
activities may not be warranted for low-cost improvements which are
not likely to be implemented again. Also, data must be available or
derivable for each activity and manpower category. If they are not,
detailed evaluation may not be feasible.

The level of evaluation detail may vary for each implementation
element. If scheduling for a particular project is a straightfor-
ward, lJow-cost activity, it may be acceptable to perform a simple
Administrative Evaluation of all scheduling activities combined. For
the same project, however, the design and construction elements may
warrant a detailed evaluation of specific resource expenditure and
productivity aspects of specific design and constiruction activities.

When the level of Administrative Evaluation detail has been es-
tablished, a form such as that shown in Figure 84 should be used to
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ADMINISTRATIVE ESSUES LISTIRG

Administrative Issues

SCHEDUL ING

CONSTRUCTION

REVIEW

MANPOWER CATEGORY

List categories for

which information is

desired on the level

of effort expended.

ACTIVITIES

List activities for

which information is

desired on the total

cost of achieving the

activity.

TIME SCHEDULE

List the major mile-

stones Tor which in-

formation is desired

on the start and com-

pietion dates.

MATERIALS

List material items

for which information

is desired on cost

and gquantity.

PRODUCTIVITY

L.ist productivity

measures to be

evaluated.

OTHED
i

Thy
el

List other specific

administrative issues

ta be evaluated.

Figure 84,

Administrative issues listing.
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record specific implementaticn issues to be evaluated. The following
guidelines may be helpful when completing the form:

Manpower Category

Manpower categories should reflect only the major types of man-
power involvement required to perform the activities within each im-
plementation element. Scheduling and operational review manpower
categories are likely to be very general such as “"engineer", "techni-
cian”, and “other". Design and construction manpower categories are
1ikely to be required in much greater detail, depending on the pro-
ject type. For example, design manpower may include engineers by
discipiine {i.e., civil, structural, electrical), surveyors, drafts-
persons, reviewers, specification writers, etc. Construction manpow-
er may include heavy equipment operators, laborers, field engineers,
jnspectors and others used by the agency or contractor for billing
purposes.

Activities
Only major activities within an implementation element should be
tisted. The level! of detail may vary for each element. Design and

construction activities should reflect specific work tasks and acti-
vities.

Time Schedule

As a minimum, time scheduling inciudes the start date, end date,
and duration of each implementation element. For some elements spe-
cific milestones should be listed if they have been established.

Materials

This heading generally relates tc the construction element and
to a lesser extent, the design elements. Construction materials
should include the specific materials being placed in the field, i.e.
guardrailing, signs and supports, paint (for striping), asphalt,
concrete, etc.

After the level of evaluation detail has been established, spe-
cific questions to be answered in the Administrative Evaluation must
be determined. Questions on actual resource expenditures, planned
versus actual resource expenditures, and productivity must be,
specified for each implementation element.
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The following questions are recommended as the minimum which
need to be answered for each implementation element to the level of
detail established in this step. The evaluator should add questions
to the list to ensure that all administrative issues relating to the
specific project or program are addressed in the evaluation:

R

Actual Resource Expenditures

-l
et

Can vel
1. For evei
?

2. What was the actual cost for performing major activities
within the implementation element?

3. What was the actual start date, end date, and duration of
each element and its major activities?

Actual Versus Planned Resource Expenditures

1. How did the planned manpower categories compare with actual
categories?

2. How did the planned levels of effort for each manpower cate-
gory compare with the actual level of effort?

3. How did the estimated cost compare with the actual costs?

4. How did the scheduled start date, end date, and duration
compare with actual events and durations?

Productivity

1. What was the productivity of output produced per unit of
manpower expended?

™~

What was the productivity of output produced per unit of
cost incurred?

3. What was the productivity of output produced per unit of
time expended?

The productivity gquestions are appropriate only when a tangible out-
put is produced from the elements such as an installed sign, in-

e¢etalled girardrail navamant c<trining ohiart remnvad atr Thiic
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productivity questions are more appropriate for the construction
element than the scheduling, design, and review for which the outputs
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may )be of less importance to the evaluation (i.e., plans, visits,
etc. ).

When developing the administrative questions, the evaluator
should coordinate with those individuals who are most Tikely to use
the results of the evaluations, ‘i.e., program planners, administrat-
ors, project engineers, etc. This ensures that all pertinent ques-
tions are listed and that steps to secure necessary data are taken.
Eventually, a standard list of questions to be addressed in an Admin-

istrative Evaluation may be daun1npnr§ go that this c+nn rnqnnrnc nm]u

minimal time on the part of the evaluator.

STEP #4 - OBTAIN AVAILABLE DATA SOURCES

Data required for Administrative Evaluation inciude planned (es-
timated) and actual expenditures of time, cost, manpower, and materi-
al. Data on planned implementation resource expenditures may be ob-
tained from several sources including the following:

1. Construction schedules

2. Milestone and CPM Charts

3. Bid quotations

4. Plan, Specification and Estimate (PS and E) documents
5. Project files

Data on actual resource expenditures may be obtained from several
other sources including:

1. Invoices

2. Inspection reports

Lo
-
=35

ogress reports
4. Data maintained as a funding requirement
5. As-built drawings

o

Project files.

Data from both sources provide the majority of input to the eval-

uvation. Depending on the detail of the eva]uat1onq additional data
related to specific activities may be required.

341




The data sources should be thoroughly reviewed during this evalu-
ation step to ensure that data on the administrative issues specified
in STEP #3 are available. If not, the evaluator must identify addi-
tional data and information sources to meet the evaluation needs.

STEP #5 - PREPARE ADMINISTRATIVE DATA SUMMARY TABLES

This step involves organizing the evaluation data in a format
which allows the evaluator to efficiently conduct the evaluation.
Manpower, cost, time, material and other resource information ob-
tained in STEP #4 must be summarized to simplify the task of address-
ing the administrative issues 1listed in STEP #3. The data summary
table shown in Figure 85 is suggested for summarizing pertinent ad-
ministrative data.

Four summary tables should be prepared for each project tc be
evaiuated; one each for scheduling, design, construction and opera-
tional review.

The manpower categories, activities, milestones, and materials
Tisted in the Detailed Administrative Issues Listing (developed in
STEP #3) should be transferred to the appropriate Summary Table.

Data from the sources obtained in STEP #4 should be recorded on
the Summary Tables. If data required on the summary form are not
available, note this fact under the “Comments® heading on the Summary
Table. Steps should be taken to obtain data from other sources and
to ensure that the missing data are maintained for future similar
projects.

STEP #b6 EVALUATE ADMINISTRATIVE ISSUES

The administrative issues listed in STEP #3 can be directly ad-
dressed using the Summary Table prepared in STEP #5. Answers to the
questions on actual resource expenditures may be taken directly from

the Summary Tables.

Issues on planned versus the actual resource expenditures may be
addressed by computing the percent differences between planned and
actual quantities and costs. When large or unexpected differences
are observed between the planned and actual expenditures, a follow-up
investigation should be performed to determine the reasons for such
differences. Discussions with project engineers, inspectors or con-
tractors may be helpful in the investigation.

Issues relating to productivity may be obtained by computing
ratios between project output measures and input measures such as
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Project NHeo.
Evaluation Ro.

e e,

ADMIRISTRATIVE DATA SUMMARY T2BLE

Scheduling
Desien

—Construction

_Op. Review

MANPOWER
Msnpower Involvement
Category Role Fianned Actual Dif ferences Commenta
iPersons |Person Hrs, [iPexsons Pereon Hrg. | Hrg,
ACTIVITY COSTS
Activity Cests Differences | o
Bajor Activity Fianned Actual $ & Comments
TIME SCHEDIM E
. Time Buratjon Differences e EE
Event or Milestone TR REEEEY s 5E T Lom
MATERIAL
Material Rewvuirements ifferences
Item Fianned hetual Sunt] & Comment 5
PRODUC TIVITY
Input Measure Qutout Meoasyre Ratio Comments

COMMENTS

Figure 85.
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manpower, time and cost. Answers to the administrative issues
dealing with productivity should be recorded in the "Productivity"
section of the Summary Table.

The results of follow-up discussions to determine reasons for
Targe differences between planned and actual conditions should be
recorded in the "Comments” section.

The completed Summary Tables provide a full description of the
actua? resource and planned resource expenditures and information on

implementation productivity. These tables, therefore, are the pri-
mary product of the Administrative Evaluation.

A brief written report on the evaluation results should be pre-
pared after all administrative questions have been answered. The re-
port should describe the project, the impiementation data and answers
to pertinent administrative questions. Lengthy discussions of theor-
fes, possibilities, and explanations should be avoided. The report
should include the following:

a. Evaluation number,

b. Project number,

¢. Date evaluation began,

d. Date evaluation ended,

e. Project location,

f. Codes,

g. Funding source,

h. Estimated total project cost,
i. Project purpose, and

J. Implementation coordinators;

2. Executive Summary - A Tisting of conclusions on the
administrative issues relative to scheduling, design,

construction and operational review. This information
can be taken directly from the Summary Tables;
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3. Recommendations; and

4. Appendix - Attach copies of Summary Tabies.

If the Administrative Evaluation is being conducted to supple-
ment an Effectiveness Evaluaticn, it may be included in the Effect-
iveness Evaluation Report. However, the Administrative Evaluation
Report may not be reviewed or usable by the same personnel who are
primarily interested in the Effectiveness Evaluation Report, there
fore, copies of the reports should be distributed to the appropriate
personnel.

STEP #8 - DEVELOP AND UPDATE DATA BASE

An Administrative Evaluation Report provides information on a
specific project or program which is usable in future planning ard
impiementation decisions. As the number of evaluations increases for
similar types of highway improvements, the reliability and quality of
decision criteria becomes stronger. Thus, the development of a
filing system for which Administrative Evaluation Reports and data
contained in the Summary Tables may be maintained and updated is es-
sential.
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GLOSSARY OF TERMS

ACCEPTANCE REGION - Set of values of a test statistic that imply ac-
ceptance of the null hypothesis.

ACCIDENT -BASED-EVALUATION - The assessment of a highway safety pro-
ject or program in terms of the extent to which the number and se-
verity of accidents are reduced.

ACCIDENT CAUSALITY CHAIN - The chain of events {major causal factor -
major contributory factor - safety problem) which lead to accident
experience or accident potential.

wmber of accidents which occur during a
i.e., accidents per year, accidents per

three years).

ACCIDENT POTENTIAL - An impending accident situation characterized by
an unsafe roadway condition.

ACCIDENT RATE - The number of accidents which occur during a speci-
fied period of time, divided by a measure of the degree of vehicular

exnosure over the same period (see FXDOQHDF\

CApuUIul © i [ poet AT VIWRL g

ACCIDENT REDUCTION FACTORS (ARF's) - Values of percent accident re-
duction derived from the observed accident reductions of one or se-
veral highway safety projects or programs.

ACCIDENT SEVERITY - The number of proportion of accidents measured by
the seriousness or violence of the accident. Accident severity may
be expressed in terms of the number of fatalities, injuries or pro-
perty damage accidents or 1nv01vements which occur during a specified
period of time.

ACCIDENT SURROGATE (PROXY) - Measurable traffic operational or driver
behavioral characteristics which have a quantitative relationship

with arrdidoant mo -
with accident measures and thus can be used as a substitute for acci

dent experience.

ADMINISTRATIVE EVALUATION - The assessment of project or program
implementation activities exploring such issues as resource expendi-
tures, planned versus actual rescurce expenditures, and productivi-

ty.

ADMINISTRATIVE ISSUES - Areas of interest related to project/program
implementation,” which may be subject to administrative evaluation.
These issues are: 1) manpower categories, 2) implementation activi-
ties, 3) time schedule requirements, 4) material reguirements, 5)
productivity, and 6) other specific administrative issues.

351




ALTERNATIVE HYPOTHESIS - Hypothesis to be accepted if null hypothesis
75 rejected.

ANALYSIS OF VARIANCE - A statistical technique that tests for signi-
ficance differences in the mean values between two or wmore data
sets.

BEHAVIORAL NON~ACCIDENT MEASURES - (See NON-ACCIDENT MEASURES).

BIAS - Any effect that systematically distorts the outcome of an
experiment.

BINOMIAL DISTRIBUTION - A distribution describing the probability of
observing one of two possible outcomes given & specified number of
trials.

CATEGORICAL PROGRAMS - Highway safety improvement classification pro-
vided in FHPM 6-8-2-1.

CHI-SQUARE DISTRIBUTION - Distribution of test statistic used to test
the nuTl hypothesis of "independence" for two or more variables.

CLASS BOUNDARY - Dividing point between two cells in a freguency his-
togram.

CONFIDENCE INTERVAL - A range of numbers computed from sample data,
that form an interval which has a probability of including the popu-
lation parameter.

CONFIDENCE LIMITS - The upper and lower limits of the confidence in-
terval.

CONSTRUCTION (IN THE IMPLEMENTATION COMPONENT) - The placement or
installation of highway safety projects/programs countermeasures.

CONTINGENCY TABLE - A matrix composed of variables to be statistical-
1y tested by the Lhi-Square technique.

CONTINUOUS DATA -~ Possible data values that can take on an infinite
number of values within a defined range.

CONTROL SITE(S) - A site or group of sites with similar characteris-
tics which are not exposed to the same countermeasure as the project
site, used to aid in determining if the results achieved by the
treatment group are a consequence of the countermeasure rather than
the result of some outside influence.
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CORRELATION COEFFICIENT - An index whose value lies between -1 and 1
and describes the degree of association between two variables.

COST/BENEFIT ANALYSIS - A form of economic evaluation in which input
is measured in terms of dollar costs and output 1is measured in terms
of economic benefit of a project as compared to the incurred cost of
the project.

COST/EFFECTIVENESS ANALYSIS ~ A form of econcmic evaluation in which
input is measured in terms of project effectiveness and output is
measured in terms of the cost of achieving one unit of the desired
measure of effectiveness.

COUNTERMEASURE -~ A single highway safety treatment or corrective ac-

Lild = L

tivity designed to alleviate a safety problem.

CRITICAL VALUE OF A TEST STATISTIC - Value(s) that separate the re-
jection and acceptance regions in a statistical test.

DATA BASE - The document collection or file of collected data which
serves as the basis of an information retrieval system.

DATA COLLECTION - The process of accumuTating statistical information

relating to the empirical effects of a highway safety project.

DATA SET - A set of data pertaining to a single site or a single data
collection period.

DATA TABULATION - The process of displaying experimental results in a
tabie so that the information can more readily be interpreted.

DEGREES OF FREEDOM - The number of independent observations for a
source of variation minus the number of independent parameters esti-
mated in computing the variation.

DESIGN (IN THE IMPLEMENTATION COMPONENT) - The preparation of plans,
specifications, and estimates [{PS and t] for highway safety projects/
programs.

DEVIATION FROM THE MEAN - Distance between a sample observation and
the sample mean, X.

DISCRETE DATA - Possible data values that fall into categories and
have specific values only.

EFFECTIVENESS DATA BASE - A matrix of information showing the effec-
Tiveness of various countermeasures or projects in terms of their
impact on total accidents, accidents by type, time of day and pre-
vailing conditions and accident severity. Accident reductions for
specific projects or countermeasures are stratified by the type of
location (four-legged intersection, tee-intersection, urban, rural,
two-laned section, etc.).
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EFFECTIVENESS EVALUATION - A statistical and economic assessment of
the extent to which a highway safety project or program achieves re-
ductions 1in the number and severity of accidents (accident-based
evaluation), or the intermediate 1impact of a project on observed
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EMPIRICAL RULE - Rule that describes the variability of data that
possess a mound shaped frequency distribution.

EDPO, EQUIVALENT PROPERTY DAMAGE ONLY (ACCIDENTS) - A measure of
accident experience, based on attaching weights to accident severity
categories as muitiples of property damage only accidents.

ESTIMATE - Number computed from sample data used to approximate a
populaf ion parameter.

EVALUATION - A comparison pro that measures an item of activity
Py b 2 in mmardat am m1 vwad (-+ -3nrﬂ-\vu4f- U R - ) i nmnn+ £
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value or worth.

EVALUATION COMPONENT (HSIP) ~ The third of three HSIP components.
This component consists of one process and four subprocesses which
involves the determination of the effect of highway safety improve-
ments through the appropriate use of 1) non-accident-based project
evaluation, 2) accident-based project evaluation, 3) program evalua-
tion, and 4) administrative evaluation.

EVALUATION OBJECTIVE - A brief statement describing the desired out-
come of an evaluation study.

EXPECTED RANGES (ER 'S) - Estimates of the variance associated with
nnnnnn PR —— P B AN~ TRCUT DOCNIICAT TNA l—ﬂf"l'('\n(‘\
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EXPERIMENTAL PLAN - A method of evaluation involving alternate tech-
niques which allow for a determination of project impact. The ex-
perimental plan selection criteria depends on project characteristics
and data availability.

EXPOSURE - The quantity of vehicles, vehicle-miles of travel or cther
volume and/or time related factor which measures the degree of vehi-
cular exposure to a particular situation.

F-DISTRIBUTION (F-TEST) - Distribution of test statistic used to com-
pare)variances from two normal populations. (See ANALYSIS OF VARI-
ANCE ).

FHPM - Federai-Aid Highway Program Manual.

FREQUENCY - Number of observations falling in a cell or classifica-
tion category.
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FUNDAMENTAL OBJECTIVES - Four evaluation objectives which should al-
ways be incliuded 1in accident-based evaluation. These objectives are
to determine the effect of the project/program on 1) total accidents,
2) fatal accidents, 3) injury accidents, and 4) property damage acci-
dents.

HAZARD - Conditions which exist on the highway system which are con-
ducive to future accident occurrences.

HAZARDOUS LOCATION - Highway spots, intersections or sections experi-
encing abnormally high accident occurrences or accident potential.

HAZARD POTENTIAL - (See ACCIDENT POTENTIAL)

HIGH COST PROJECT - Major highway safety projects which require a
signiticant 1nitial cost outlay. Exampies include lane additions,
bridge replacements, roadway alignment changes, constructing highway
grade separations, etc.

HIGHWAY SAFETY GOAL - Expected safety improvements resulting from a
highway safety program.

HIGHWAY SAFETY PROJECT - One or more remedial countermeasures insti-
tuted to wmprove specific safety deficiencies on the highway or its
environs.

HIGHWAY SAFETY TREATMENT - A single remedial countermeasure insti-
tuted to mprove the overall safety environment of the highway sys-
tem.

HISTOGRAM - Graphical method for describing a set of data.
HSIP - Highway Safety Improvement Program, defined in FHPM 8-2-3.

IMPLEMENTATION COMPONENT (HSIP) - The second of the three HSIP com-
ponents. This component consists of one process and three subpro-
cesses which involve 1) the scheduling, 2) the design and construc-
tion, and 3) the operational review of the project(s).

INTERMEDIATE OBJECTIVE -~ Expected short term improvements in the
causal and contributory factors of a non-accident-based project eval-
uation.

ITE - Institute of Transportation Engineers.

LEVEL OF CONFIDENCE - Probability of accepting the null hypothesis
when 11 s true (1- & ).

LEVEL OF SIGNIFICANCE - Probability of rejecting the null hypothesis
when it is true. (Type I error (&)). _

LOW COST PROJECT - Highway safety projects which require low or
moderate initial cost outlays. Examples include pavement edgelining,
traffic signal timing medifications, traffic sign installation, road-
way delineator installations, etc.
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MAJOR CAUSAL FACTORS - Specific hazardous elements associated with
ithe highway, environment or vehicle, or actijons associated with the

road user which describe why an actual or potential accident problem
exists.

MAJOR COMTRIBUTORY FACTOR - Elements or activities which lead to or
increase the probability of a failure in the road user, the vehicle
or the highway environment.

MEAN - Average of a set of measurements. The symbols x and m denote
the means of a sample and a population, respectively.

MEASURE OF CENTRAL TERDENCY - A measure of the center of the distri-
pution.

MEASURE OF EFFECTIVENESS {MOE) - A measurable unit or set of units
assigned toc each evaluation objective. The data collected in the
units of the MOF will allow for a determination of the degree of
achievement for that objective.

MEASURE OF VARIABILITY - A measure of dispersion of a distribution.

MEDIAN - Middle measurement when a set of data is ordered according
to numerical value.

MILESTONE - The point of compietion of a major impiementation eiement
or activity.

MUTCD - Manual of Uniform Traffic Control Devices.

NCHRP - Maticnal Cooperative Highway Research Program.
NHTSA - National Highway Traffic Safety Administration.

NOMINAL VARIABLES - Categorical data which are classified by an un-
ordered name or label.

NON-ACCIDENT-BASED PROJECT EVALUATION ~ An assessment of the inter-
mediate effect Of a project on observed changes in traffic operations
and road user behavior.

NON-ACCIDENT MEASURE - A measurable unit of safety which is legicaltly
related to accident measures such as traffic performance and opera-
tion (travel time, delay, and speeds) and road user behavior (traffic
control violations and erratic driver maneuvers).

‘NON-PARAMETRIC METHOD - A statistical significance test where no
assumptions are made about the underlying distributions or parame-
ters. Examples of non-parametric tests are 1} Wilcoxen Rank Sum
Test, and 2) Mann-Whitney U-Test.




NORMAL DISTRIBUTION - A symetrial bell-shaped probability distribu-
tion. Many events in nature have frequency distributions which
closely approximate the normal distribution.

NSC - National Safety Council

NULL HYPOTHESIS - The hypothesis, tested in statistical analysis,
assumes that there is no difference between the before and after
accident experience.

OBJECTIVE - The specific accident or severity measures which are to
be evaluated by the evaluation study. There are two types of objec-
tives: 1) Fundamental objectives refer to those measures which must
be evaluated in all studies. They are total accidents, fatal acci-
dents, personal injury accidents and property damage only accidents;
2) Objectives relating to project purposes. These objectives may
include one or more of the purposes of the project (See PURPOSE }.

ONE-TAILED TEST - A statistical test where the direction (sign} of
The difference between two sample means is of interest. The null
hypothesis to be tested s |Hg:Xg>Xay or |Hg:Xg<Xp {Xg =
Before mean, Xp = After mean).

OPERATIONAL NON-ACCIDENT MEASURE - (See NON-ACCIDENT MEASURE)

OPERATIONAL REVIEW (IN THE IMPLEMENTATION COMPONENT) - The observa-
tion and adjustment of constructed countermeasures for the purpose of
ensuring smooth and safe traffic flow at the location{s) and that the
improvement was consiructed as designed.

ORDINAL VARIABLES - Categorical data which are rank ordered by name
or label.

PARAMETER - Numerical descriptive measures of a population.

PARAMETRIC METHODS - Statistical significance tests which require
assumptions regarding the underlying distribution.

PLANNING COMPONENT (HSIP) - The first of the three HSIP components.
This component consists of four procesSes {and associated subprocess-
es) which involve; 1) identifying hazardous locations and elements,
2) conducting engineering studies, 3) developing candidate counter-
measures, 4) developing projects based on the candidate countermea-
sures, and 5) prioritizing the developed safety improvement project.

POISSON DISTRIBUTION - A distribution which often appears in observed
events which are very improbable compared to all possible events, but
which occur occasionally since so many trials occur, e.g., traffic
deaths, industrial accidents, and radioactive emissions. The mean
and variance of the poisson distribution are equal.
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POPULATION - The total set of items defined by & characteristic of
The items.

PRE-PROJECT {OR BASELIRE) DATA - Data collected or maintained prior
To project mpiementation ¥or use in describing conditions before an
improvement.

PROBABILITY DISTRIBUTION - Representation of the theoretical frequen-
cy distribution ¥or a random variable.

PRODUCTIVITY - The amount of work produced {e.g., linear feet of
guargrail installed, miles of edgelining completed) for the amounts
of Time, cost and manpower expended.

PROGRAM - A group of aorojects {not necessarily similar in:type or
jotation) implemented to achieve a common highway safety goal.

PROGRAM/PROJECT BENEFIT - A measure of the positive effect of a high-

way saretly program or project given in terms of accident or non-acci-
dent measure reduction.

PROGRAMMED PROJECTS - A highway safety project, formally planned for

implementation at some Jater peint in time. Projects contained in
the Annual Work Program (AWP} are programmed projects.

PROGRAM SUBSET - A aroup of projects, within a highway safety pro-
gram, which can be stratified according to similarities in project
iypes and location characteristics.

PROJECT - One or more couniermeasures implemented to reduce identi-
Tied or potential safety deficiencies at a Tocation on the highway or
its environs. Also, a project way censist of identical countermea-
sures implementaed at several similar Tocations, which have been
grouped io increase the evaluation sampie size.

DQUJ C? IWPAC]‘ - Project effectiveness in achiving -the evaiu tion
2CL1y a1s0 any unexpected consequences of the proj ich as

§:
action.

PROJECT JUSTIFICATION STATEMENT - A formal statement of the perceived
need for Implementing a parcicular highway safety project.  This
statement 1is generally submitted to State funding agencies as a re-
guest for project finding. The statement ge nerally provides a quan-
titative Jjustification in terms of the existing adverse conditions
{accidents) as well as the expecied benefits to be derived from the

b e e

Crajeci.

PURPOSE ~ The reason for which the highway safey project was imple-
mented. The purposes refers to the reduction or elimination of a
specific highway safety deficiency such as & type of accident, a se-
verity class, a nazard potertial indicator and/or a traffic perform-
ance variable.

iON - & pr ocess by whECP evary element in & population
v i T3ty




RANGE OF A SET OF MEASUREMENTS - Difference between the largest and
smallest members of the set.
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REJECTION REGION - Set of va1qes of a test statistic that indicates

rejection of tne null hypoth

RESOURCE EXPENDITURES - Elements used in the implementation of a
project or program such as: 1)} the level of manpower invoivement, 2)
the amount of time used to complete specific activities or meet im-
plementation milestones, 3) the guantities of materials used, and 4)
the cost of manpower and materials.

SAFETY PROBLEM (NON-ACCIDENT-BASED EVALUATION) - Specific types of
accidents or potential accidents which result from the existence of a

causal and/or contributory factor.

SALVAGE VALUE - Estimated residual worth of program or project com-
ponents at the end of their expected service lives.

SAMPLE - A subgroup of the population. A finite portion of a popula-
tion or universe.

SCALAR VARIABLES - Categorical data which have names or labels with’
known distances apart.

SCHEDULING (IN THE IMPLEMENTATION COMPONENT) - The determination of
when highway safety projects (individually or as part of a program)
should be started and completed under real-world constraints.

SERVICE LIFE - The period of time, in years, in which the components
of a program or project can be expected to actively affect accident
experience.

SINGLE POINT ESTIMATE - An average of individual MOE's for either the
before or after period when accident trends are net observed.

STANDARD DEVIATION - Measure of data variation. Square root of the
variance represents the population standard deviation,
represents the sample standard deviation.

STATISTICAL SIGNIFICANCE - The determination of whether an observed
change in an WOE (by use of a selected statistical technigue) consti-
tuytes a significant change within a selected level of confidence.

T-TEST {PAIRED T) - A statistical technique used to test the differ-

L

ehce betwaen the befcre and after means of a group of Tocations.

T-TEST (STUDENT'S T} - A statistical technigue for testing the Null
Hypothésis, 1.8., that the mean scores from two groups do noet differ
in a statistically significant way. Applicable to the test of the
hypothesis that a random sample of cbservations is from a normal
population with mean and with the variance unspecified. This test
can be used when the sample size is less than 3C.
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TEST OF PROPORTIONS - A statistical technique based on a contingency
tabie to test the hypothesis that two proportions are or are not

equal. The Z-Statistic calculated in this test is compared to a
tabuiated 7 .

TEST STATISTIC - A statistic used to provide a test of some statisti-
Cal nhypothesis.

THO-TAILED TEST - A statistical test where no assertion is made about
the direction (sign) of the difference between two sample means. The
null hypothesis to be tested is H,:Xg-Xp=0. (Xg = Before
mean, Ap = After mean).

TYPE I ERROR {
when it s true.

R 1 [ N 1 - ~ ar
o )} - Probability of rejecting the nu

TYPE.II ERROR { & } - Probability of accepting the null hypothesis
when it is false.

ULTIMATE SAFETY OBJECTIVES - A significant reduction in the number
and severity of accicents.

VALIDITY THREATS - Factors which influence the change in a specified
MOE but are not a direct result of program/project implementation.
VARIANCE - Measure of data variation. 0-2 represents population

variances, s represents sample variance.

Z-STATISTIC - Standardized normal random variable that is fregently
used as a test statistic. .
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The t-distribution for l-tail test. (Values of t. where a
equals the area under the t-distribution to the r1ght of t).

X-level
Degrees of
Freedom 0.29 0.10 0.05 0.01
1 1.376 3.078 6.314 31.821
2 1.061 1.886 2.920 €. 265
3 0.978 1.638 2.353 4,541
4 0.941 1.533 2.137 3.747
5 0.920 1.476 2.015 3.365
6 0. 906 1.440 1.943 3.143
7 0.896 1.415 1.88% 2.998
8 0. 889 2.397 1.860 2.896
9 0.883 1.383 1.833 2.821
10 0.879 1.372 1.812 2.764
11 0.876 1.363 1.796 2.718
12 0.873 1.356 1.782 2.681
13 0.870 1,350 1.771 2.650
14 0.868 1.345 1.761 2.674
15 0. 866 1,341 1.753 2.602
16 -0.866 1.337 1.746 2.583
17 0.863 1.333 1.740 2.567
18 0.862 1.330 1.734 2.552
19 0.851 1.328 1.72¢ 2.539
20 0.850 1.32% 1.725 2.528
21 0.859 1.323 1.721 2.518
22 0.858 1.321 1.717 2.508
23 0.858 1.319 1.714 ‘ 2.500
24 0. 857 1.318 1.711 2.492
25 0.856 1.316 1.708 2.485
26 0. 856 1.315 1.706 2.479
27 0. 855 1.314 1.703 2.473
28 0.855 1.313 1.701 Z.467
29 0. 854 1.311 1.69¢ 2.462
30 0.854 1.310 1.697 2.457
40 0.851 1.303 1.684 2.423
60 0.848 1.296 1.671 Z.390
120 0.845 1.289 1.658 2.358
00 0.842 1.282 1.645 2.326
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The t-distribution for 2-tail test. {Values of te where a
equais the sum of the area under the t-distribution to the
right of t, and to the left of -tc).

&-level
Degrees of
Freadom G.20 .10 0.05 .01
1 3.078 6.314 12,706 63.657
2 1.886 Z2.920 4,303 9,925
3 1.638 2.383 3.182 5.841
4 1.533 2,132 2.776 §.604
5 1.476 Z2.015 2.571 4,032
6 1.440 1.943 2.447 3.707
7 1.415% 1.885 2.365 3.499
8 2.397 1.860 2.306 3.355
9 1.383 1,833 2,262 3.250
10 1.372 1.812 2.228 3.169
11 1.363 1.796 2.201 3.106
12 1,356 1.782 2.179 3.055
13 1.350 1.771 2.16D 3.012
14 1.345 1.761 Z2.145 2.977
15 1,341 1.753 2.131 2.%47
16 1.337 1.74¢ 2.120 2.921
17 1.333 1.740 2.110 2.898
18 1.330 1.734 2.101 2.878
15 1.328 1.729 Z.093 2.861
20 1,325 1,725 2.086 2.845
21 1.323 1.721 2.080 2.831
22 1.321 1.717 2.G74 2.81¢9
23 1.319 1.714 2.06% 2.807
24 1.318 1.711 2.064 2.797
25 1.316 1.708 2.060 Z2.787
26 1.315 1.706 2.056 Z2.779
27 1.314 1.703 2.052 2.771
28 1.313 1,701 2.048 2.763
29 1.311 1.699 2.045 2.756
30 1.310 1.697 2.042 2.750
4 1.303 1.684 2.021 Z2.704
60 1.256 1.671 2.000 2.660
120 1.289 1.658 1.980 2.617
XK 1.282 1.645 1.960 2.576




The X¢ distribution for 2- t511 test. (Values of X. where a

equa?s the area under the X

dastr1but1on to the right of

Xl
x-level
Degrees of

Freedom - 0.20 0.10 0.05 .01
1 1.642 Z2.706 3.841 6.635
Z 3.219 4,605 5.991 9,210
3 4,642 6,251 7.815 11.345%
4 5.989 7.779 9,488 13.277
5 7.289 8.236 11.07C 15.086
6 8.558 10.645 12.592 16.812
7 9.803 12.017 14,067 18.475
8 11.030 13.362 15,507 20.080
9 12.242 14.684 16.91¢9 23.209
10 13.442 15.987 18.307 23.209
11 14,631 17.275 19.675 24.725
12 15.812 18,549 21.02¢6 26,217
13 16,985 19.812 22.362 27.688
14 18.151 21.064 23,685 29.141
15 19.311 22,307 Z24.996 30.578
15 20.465 23.542 26,286 32.000
17 21.615 24.769 27.587 33.408
18 22.750 25.989 28.86¢9 34,805
19 23.900 27.204 30.144 36.191
20 25,038 28.412 31.410 37.566
z1 26,171 29.615 32.671 38.932
22 27.301 30.813 33.924 40,289
23 28.420 32.007 35,172 41.638
24 29.853 33,196 36.415% 42.980
25 30.675 34.382 37.652 44,314
26 31.795 35.563 38.885 45,642
27 32.912 36.741 40.113 45.963
28 34,027 37.%16 41.337 48.278
25 35,138 35.087 42,537 49,588
30 36.250 40,256 43,773 50.892
35 41,778 46,059 49,802 57.342
40 47,269 51.805 55.758 63.591
45 52.729 57.505 61.656 69.957
50 58.164 63.167 67.505 76.154
60 68.972 74,397 75.082 88.379
70 79.715 85.527 90.531 100.425
a0 90, 405 96.578 101.878 112.329
90 101.054 107.565 113.145 124.116
100 111.667 118.498 124,342 135,806
120 132.806 140,233 146,567 158,950
14g 153.854 161.827 168.613 181.840
160 174,828 183.311 190.516 204,530
180 195,743 204,704 212.304 227.056
. 200 216.609 226,021 . 233.994 249,445
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The z-distribution for 1- and 2-tail tests. {Values of z¢
where a equals the area in the tail{s) of the distribution).

a-level

0.20 0.15 0.10 0.05 0.01

i-tailed 0.84 1.04 1.28 1.64 2.33
2-tailed 1.28 1.44 1.564 1.96 2.58
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Gy

0

Critical Points on the F=Distribution

F

e (4= 221 Ar 2y _
P(F) L 37211, = 2171 [ VA =32y + 1 F)- 102 dF
NOTE: Tha number of degrees of freedom for the numerator is 1y, for the denominator, {,.
P(F) = 0.10
i
H 2 3 4 5 ) 7 8 8 10 12 15 20 24 30 40 60 120 oo
fa :
1 39.86 4950 B350 5583 5724 5820 58,9t 5944 5988 6020 6070 6122 61,74 $200 62268 6253 6279 63.06 €333
2 8.53 8.00 9.18 8,24 9,29 833 9.35 9.37 9,38 9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.48 9.49
3 6.54 65.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23 5,22 5.20 518 518 517 6.16 515 514 5.13
4 454 432 419 4.11 4,05 4.01 3.98 3.96 3.94 3.92 3.90 3.87 3.84 3.83 3.82 3.80 3719 3.78 .76
B 4.08 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30 3.27 3.24 vy 3.19 317 3.16 314 312 310
8 3.78 3.46 3.29 3.18 3.1t 3.04 3.0t 2,98 2.86 2.94 2.90 2.87 2.84 2.82 2.80 2,78 2.76 274 2.72
7 3.59 3.26 .07 2.98 2,88 2.83 2,78 275 2.72 2.70 2.67 263 259 2,58 2.56 2.54 2.51 2.40 2.47
8 .46 an 2.92 2.81 2.73 2.67 2,62 2.59 2,58 2.54 2.50 2.46 2.42 2.40 2.38 2,30 2.34 232 2,29
9 3.38 X1} 2.81 2.69 2.61 2.65 2.51 2.47 2.44 2.42 2.38 2.34 2.30 2,28 2.25 2.23 2.21 218 216
10 3.28 3.92 2.73 2.6 2.52 246 2.4 2.38 2,35 2.32 2,28 2.24 2.20 218 218 213 FAR| 2.08 2,06
11 3.23 2,86 2.68 2.54 2.45 2.39 2.34 2,30 2.27 2.25 221 217 232 210 2.08 2.05 2.03 2.00 1.97
12 3.18 281 2.61 2.48 2,39 2.33 2.28 2.24 2.2 219 215 210 2,06 2.04 2.1 1.99 1.96 1.93 1.80
13 3.14 275 2.56 243 2.36 2.28 2.23 2.20 2,16 2.14 210 2.05 2,01 1.58 1.88 1.83 1.820 1.88 1.88
14 3.10 273 252 2.39 2,31 2,24 219 215 212 210 2.05 2.01 1.86 1.84 1.91 1.89 1.86 1.83 1.80
15 3.07 270 249 2386 2,27 221 2.6 212 2,09 2.06 2,02 1.97 1.92 1.80 1.87 1.85 1.82 1.79 1.76
16 3.05 2,67 2.46 233 224 218 213 2.09 2,06 203 1.99 1.94 1.89 1.87 1.84 1.81 1.78 1.76 1.72
17 3.03 284 244 2.3 2.22 215 2,10 2.06 2.03 2.00 1.96 1.81 1.86 1.84 i.81 1.78 1.75 1.72 1.6¢
i8 3.01 2,62 242 2,29 2,20 213 2.08 2.04 2.00 1.98 1.93 1.89 1.84 1.81 1.78 1.75 1.72 1.69 1.68
19 2.8 - 2.61 2,40 227 218 219 2.08 2.02 1,98 1.96 1.9% 1.86 1.81 1.79 1.76 1.73 1.70 1.67 1.63
20 2.97 259, 238 2,25 2.16 2.09 2.04 2.00 1.86 1.84 1.88 1.84 1.79 1.77 174 1.71 1.68 1.64 1.61
2% 2,96 2.57 2,38 2.23 214 2.08 2.02 1.98 1.95 1.92 1.88 1.83 1.78 1.78 1.72 1.69 1.66 1.62 1.69
22 2,95 2.56 2.35 2,22 213 2.08 2.0 1.97 1.93 1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.64 1.60 1.57
23 2.94 2.56 2.34 2.2 2.1 2.05 1.89 1.95 1.92 1.89 1.84 1.80 1.74 1.72 1.69 1.66 1.62 1.59 1.5656
24 2.93 2.54 2,33 219 2.10 2.04 1.98 1.24 1.91 1.88 1.83 1.78 173 1.70 1.67 1.64 1.61 1.67 1.63
25 2,92 2,53 2.32 218 2.09 2.02 1.97 1.93 1.89 i.87 18z 1.77 1.72 1.69 i.66 1.63 1.59 1.56 1.52
28 2,81 2.52 2.31 217 2,08 2.0f 1.96 1.82 1.88 1.86 1.81 1.76 in 1.68 1.65 1.61 1.68 1.54 1.50
27 2.90 251 2,30 237 207 2.00 1.95 1.91 1.87 1.85 1.80 i75 1.70 1.67 1.64 1.80 1.57 1.63 1.49
28 2.89 2.50 2,29 218 2.06 2.00 1.94 1.80 1.87 1.84 1.79 1.74 1.69 1.66 1.63 1.59 1.56 1.52 1.48
29 2.89 250 2.28 215 2.06 1.99 1.93 1.88 1.86 1.83 178  1.73 1.68 1.65 1.62 1.58 1.65 1.51 1.47
30 - 289 2.49 2.28 214 2,05 1.88 1.93 1.88 1.85 1.82 1.77 1.72 1.64 1.64 1.61 1.57 1.64 $.50 1.46
Source: Pignataro, "Traffic Engineering Theory and Practice", Prentice-Hall, 1973.



Critical Points on the F-Distribution {(continued).
P(F) = 010
, o 1 2 3 4 5 6 7 8 9 0 12 15 200 24 30 40 60 720
2 .
40 284 244 223 209 200 183 187 183 179 176 L7 166 1.61 157 154 151 147 142  1.38
60 279 239 218 204 195 187 182 177 174 171 166 160 154 151 148 144 140 135 {79
120 275 235 213 198 190 1.82 177 1,72 168 166 1.60 164 148 145 141 137 132 1 119
oa 271 230 208 194 18 177 172 167 163 100 155 149 142 139 134 130 124 147 00
P(F} = 0.05
) f i 2 3 4 5 & 7 8 g 10 12 5 20 24 30 40 60 120 eo
2
1 161,45 19960 21671 22456 230.16 233.99 236.77 238.88 240.54 241.88 243.91 246.95 24801 24905 250.09 251.14 26220 253.25 284.92
2 185t 19.00 1916 19256 9.30 1933 1935 1937 1938 1940 1941 1943 1945 1945 1946 19.47 1948 1949 1950
3 1013 966 028 912 901 894 889 885 881 879 874 870 8.66 664 862 850 857 855 853
4 771 694 659 639 626 646 600 606 600 596 591 58 G580 577 575 572 569 566 503
5 661 679 541 519 505 495 488 482 477 474 468 462 456 453 450 446 443 440 436
6 599 514 476 453 439 428 421 415 410 406 400 394 387 384 3.8% 377 374 370 367
7 559 474 435 412 397 387 379 373 368 364 357 351 344 341 338 334 330 327 323
8 532 446 407 384 369 358 350 344 339 335 328 322 315 312 308 304 301 287 2.03
9 612 426 386 363 348 337 329 323 318 314 307 3.01 294 280 286 283 278 275 2.7
10 498 410 371 348 333 322 314 307 302 298 291 284 277 274 270 266 262 258 2.6
)
- 1 484 398 359 336 320 309 301 295 290 285 279 272 265 261 257 253 249 245 240
> 12 475 389 348 326 311 300 291 285 280 275 269 262 254 251 247 243 238 234 230
13 467 381 341 348 303 282 283 277 271 267 260 253 246 242 238 234 230 225 2.7
14 460 374 334 311 296 285 26 270 265 250 253 246 239 235 231 227 222 248 213
: 15 454 368 329 306 290 279 271 284 259 254 248 240 2433 2329 225 230 246 241 207
16 449 363 324 301 285 274 266 259 254 249 242 235 228 224 249 215 211 206  2.01
17 445 359 320 296 281 270 261 255 249 245 238 231 223 219 245 210 208 201  1.98
18 441 355 3146 293 277 266 258 251 246 241 234 227 249 215 291 206 202 197  1.92
19 438 352 343 290 274 263 254 248 242 238 231 223 216 211 207 203 1.98 1.93 188
20 435 349 310 287 271 260 251 245 239 235 228 220 212 208 204 199 1.95 1.90 184
21 432 347 307 284 258 257 248 242 237 232 225 248 240 208 201 196 1.92 187 181
22 430 344 305 282 266 255 246 240 234 230 223 215 207 203 198 196 189 184  1.78
23 428 342 303 280 264 253 244 237 232 227 220 213 206 200 1.96 1.91 185 1.8 1.7
24 426 340 301 278 262 251 242 236 230 225 218 211 203 1.98 1.94 189  4.84 178 1.73
25 424 339 299 276 280 240 240 234 228 224 218 208 201 195  1.82 187 182 497 47
26 423 337 298 274 259 247 239 232 227 222 215 207 1.9% 195 4.90 1.85 1.80 175  1.69
27 421 335 286 273 257 246 237 231 225 220 213 206 1.87 193 188 184 179 173  1.87
28 4.20 3.34 2,95 2.1 2.56 2.45 2.36 2.29 2.24 219 212 2.04 1.96 1.91 1.87 1.82 1.77 1.7t 1,65
29 418 333 293 270 255 243 235 228 222 218 240 203 194 180 18 181 175 470 164
30 417 332 282 269 253 242 233 227 221 216 209 2061 193 189  1.84 179 174 168  4.62
40 408 323 284 261 245 234 225 248 242 208 200 192 184 174 179 169 164 168  1.51
60 4.00 3.15 2.76 2.53 2.37 2.25 217 210 2.04 1.99 1.92 1,84 1.75 1.70 1.65 1,59 1.53 1.47 1.39
120 3892 307 288 248 229 218 209 202 t96 191 183 175 166 1.61 155 150 143 135 1.93
o0 3.84 3.00 2.60 2.37 2.21 210 2.0 1.94 1.88 1.83 1.75 1.67 1.57 1.62 1.46 1.39 1.32 1.22 1.00

Source: Pignataro, "Traffiec Engineering Theory and Practice™, Prentice-Hall, 1973.
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6% . INTEREST FACTORS FOR ANNUAL COMPOUNDING INTEREST

I

+ teorecacnow
i 1COMPOUND
3 YEAR 3 AMOUNT

i ) FACYOR
Jomomw= +

] 1 ] 1.060
3 g 3 i.124
I 3 1 i.121
I 4 3 1.262
3 S 1.338
] 6 I f.419
1 701 1.504
] & I 1.594
! 2 1.689
Pooie 1 1.791
o1y ] 1.898
o121} 2.012
113 i 2.133
o143 2.261
3 15 2.397
1 16 1 2.540
N W A 2.693
1 18} 2.854
119 3 3.026
1 20 3 3.207
E S 3.400
i ez 1 3.604
123 1 3.820
1 24 1 4,089
P 25 1 4,292
] 286 I 4,549
o217 1 4,822
1 28 1} 5.112
1 29 1 5.418
3 30 3 5.743
1 31 6,088
1 32 3 6,453
i 23 1 6.841
P34 1 7.251
PR - T 7.686
1 3 3 8.147
i 37 3 8.636
i 38 1 9.154
I 39 ] 9.704
I &0 3 10.286
1 4t ) 10.903
I 42 1 11.557
i 43 1 12.250
o441 12,985
3 45 i 13.765
1 45 1} 14.590
i 487 3 15.466
1 48 1 16.394
¥ oas ] 17.378
I 50 3 18,420

PRESENT 1]

WORTH
FACTOR

0.9434

n o agnn
WeO7T7WUVY

0.83986
0.7921
0.,7473
0.7050
¢.60651
2.6274
0,5919
0.5584
0.5268
0.4970
0.4688
0.4423
0.43573
0.3936
80,3734
0.3503
0.3305
0.3118

n 20n
Vel 7‘92

0.2775
0.2618
0.2470
0.2330
ﬁ-éiga
0.2074
¢.1956
0.1846
0.1741
0.1643
0.1550
0.1462
0.1379

0.1092
0,i031

Hh AT
VU777 C

0.0917
0.0865
0.0816
6.0770
¢.0727
0.0685
0.0647
¢.0610
0.057%5
0.0543

Huuuuuluuuwhuuut—lum—lwwul—ll—n&-l\—ll—lhlh‘u-ﬂk—lw‘-ll—dl—ih—lhﬂw!—lut—lul—luul—l\—‘uruul—!l—ll—g!—d+I—a\—l

COMPOUND
AMOUNT
FACTOR

13.181
14,972
16.870
18,882
21,0153
23.276
25.873
26.213
30.9086
33.760

35,788
¢ _aa3y

- f e 77

43,392
46,996
50.8516
54,865
59.1586
63,706
68,528
73,640
79,058
84.802
90.890
97,343
104,184
111.435
119.121
i27.265
135,904
145,058

154,762

165,048
175.951
187.508
199,758
2ig.744
226,508
241,099
256,565
272.958
290,336

SINKING
FUND
FACTOR

1.0000

n o nRASH
il

Vea™mU J

0.3141
0.2286
0.1774
0.1434
0.1191
01016
0.0870
0.0759
0.0668
0.0593
0.0530
$.0476
0.0430
0.0390
0.0354
0.0324
0.0296

00272
0.0250

Mag VL oW

0.0230
0.0213
0.0197
0.018¢2
0.0169
6.0157
0.0146
0.0136
0.0126
0.0118
0.0110
0.0103
0.0096
“0.0090
6.0084
0.007°
00,0074

00,0069
0.0065

WiV VA L

0.0061
0.0057
0,0053
90,0050
6.0047
¢.00484
0,0041
0.0039
0.0037
0.0034

PRESENT
WORTH
FACTOR

0.9434
{. 8334

P

2.6730
2.4651
£.,2124

= oo o

7.886%
8,3838
8,8527
2.,2950
9.712¢2
10.1059
10,4773
10,8276
11,1581

11.4699
11,7541
1i2.0416
12.3034
12.5504
i2.7834
13,0032
13.2105
13,4062
13,5907
13,7648
13,9291
14,0849
14,2302
14,3681
14,4982
14,6210
14,7368
14,8460

14,9491
15,0463

- @ W T P

15.1380
15,2245
15.3062
15.383¢2
15,4558
15,5244
15,5890
15,6500
15,7076
15,7619

CAPITAL]

RECOVERY]

FACTOR 1]

- D SR UD e W M SR AR TR A W o N R CD R R A e e -

1.0600 1
08,5454 1
0,3741 1}
0.2886 1
0.2374 1}
0.2034 ]
§,179% 3
0,1610 ]
0.1470 1
0.1359 1}
G.1268 ]
0.1193 1]
0,1130 1}
0.1076 1}
0.1030 1}
0.09990 1
0,09%4 1
0.0924 ]
0.0896
0.0872
0.0R50

Voaow -V

0.0830
0.0813
0.0797
0.0782

6.0769

]
}
1
]
}
}
1
]
0.0757 1
0.0746 )
0.0736 )
0.0728 1
0.0718 1
¢.0710 1
0.0703 ]
0,0696 ]
0.0690 )
6.0684 ]
0.0679 ]
0.0674 ]
1

H

]

1

]

]

J

]

]

]

1

]

0.0669
0. 0AAS

Ve VA

0.0661
0.0657
0.0653
0.0650

2
0.0647

0.0644
0.0641
0.0639
0.0637
0.0634




8% INTEREST FACTORS FOR ANNUAL COMPOUNDING INTEREST

i 1 SINGLE PAYMENY 1 FEQUAL PAYMENT SERIES 3
+ trecr e n e r oo e e G o e e - +
i 1COMPOUND PRESENT ] COMPOUND SINKING PRESENT CAPITAL]
P YEAR 1 AMOUNT WORTH 3 AMOUNT FUND WORTH RECOVERY)
b I FACTOR FACTOR 1 FACTOR FACTOR FACTOR FACTOR 1
Jeoema- R it T R L T R TR e .- e mn - +

1,000 1.00600 0.9259 11,0800
2.080 0,4808 1.7833 0.5608
3,246 0,3080 2.5771 0.3880
4,506 0.2219  3.33121 0.3019
S5.867 0.1705  3.9927 0.2505
7.336 0.1363  4,6229 0.2163
§.923 0.1121 5.2064 0.1921
10,637 0,0940 5.7466 00,1740
12.488 0.0B01 6.2469 0,160t
14,487 0,0690 6,7101 0.1490
0.0601  7,1390 0.1401%
18.977 0.0527 7.5361 0.1327
21.4%5 0.0465 7.9038 °0.1265
24,215 0.0413% B8.2442 0,1213
27.152 0.0368 8.5%95 0.1168
20.324 0.0330 8.8514 0.1130
33,750 0.0296 §.1216 00,1096
37.450 0.0267 9.3719 0,1067
43,4846 00,0241  9.6036 0.1001
45,762 0.0219 9.818%1 0.1019
50,423 0,.0198 19.0168 0.0998
S5,457 0.0180 10,2007 0.0980
60,893 0,064 10,3711 0.0964
66,765 0.0150 10,5288 0.0950
73,106 00,0137 10.6748 0.0937

]

]

]

1.350 0.735¢ ]
]
]
]
]
]
|
1
]
}
1
]
]
]
1
1
]
|
]
]
}
]
72.954 0.0125 10,8100 0.0925 1
]
]
]
]
]
]
]
}
3
H
]
]
]
i
]
]
}
1
j
]
]
]
]
]

I

1

]

]

] 1,869 0.5806

] 1.587 0.6302

H 1.714 $,5835

] 1.851 00,5403

] 1.999 00,5002

} 20,159 0,4632

i £2.3372 0.4289

3 £.518 0.3971

] 2.720 0,3677

3 2937 0.340%5

3 3.172 0§,.3152

3 T.426 00,2913

I 3.700 0.2703

] 3.996 0.2502

3 4.3%16 0.2317

3 4,668 0.,2145

] 5.034 00,1987

I 5.437 0.183¢9

] 5.871 0.1703

] 6.341 0.1577

] £.848 C0.1460
es 1 7.386 (,.1352

1

3

i

]

i

]

]

3

3

1

3

i

]

}

i

)

i

3

]

)

1

)

I

I

o Read At bt BB At Tt bt fwd ot Lod bd b dmd b hd Lod fad g bood 0
=
o
[
9
e
Ui

87,351 90,0114 10,9352 0,0914
95,339 0.0105 1:1.0511 00,0905
103,966 0.0096 11,1584 0,0896
113.283 0.0088 11,2578 (0.0888
i23.346 0.0081 11,3498 ¢.0881
134,214 0.0075 11,4350 0.0875
145,951 0.0¢69 11,5139 (,.0869
i58.627 §$.0063 11.5869 0.0863
172,317 0.0058 11,6546 0.0858
i87.1¢2 0,0053 1:i.7172 10,0853
203,070 0.004% 11,7752 0.0849
220.316 0.0045 11.8289 0.0845
238,941 0.0042 11.8786 6.0842
259,057 0.00639 11,9246 00,0839
260,781 0.0036 11,9672 0.0836
304,244 00,0033 (2.0067 0.0833
589,583 0.0030 12.0432 0.0830
356,950 0.0028 12,0771 06,0828
386.3506 0.0026 12,1084 10,0826
4i8.426 0.0024 12,1374 00,0824
452,900 0.0022 12.1643 0,0822
420.132 0.0020 12,1891 0.0820
530.343 ¢.0019 12,2122 0.081¢%
573,770 0.0017 12,2335 00,0817

7.988 0.1252
B.627 0.,115%
9.317 §.1073
10.063 0.09%4
10.868 0.0920
11.737 0.0852
12,676 0.0789
13.690 0,0730
14,785 2.06675
15.968 0.0626
17.246 06.0580
1B.625 0.0537
20,115 0.0497
21.725 0.0460
83,462 0.042¢&
€5.339 0.0395
27.367 0.0365
29.556 00,0338
31.920 0.0313
36,474 $4.0290
37.2%2 0.026%
40.211 0,0249
43427 0.0230
46,902 0.,0213

{mﬁ&n’&dwtﬂtﬁbﬂhﬁ&gﬂ&vihd&dlmﬂwwwakﬂdehv:ﬂliﬂl:dlz’uhdbdwt;dw




10% INTEREST FACTORS

1 ] SINGLE PAYMENT
+ B - - - e
3 ICOMPOUND PRESENT
1 YEAR 3 AMOUNT WORTH
] I FACTOR FACTOR
Jesmcoewteart e s anan -
S U 1.100 0.9091
12 ] 1.210 0.8264
103 ) 1.331 0,7513
3 4 1 i.464 0,.6830
35 1.611 0.6209
;6 ! 1.772 0.5645
17 ] 1.949 0.5132
1] 8 1 2.144 0.4665
19 3 2.358 0.4241
] 10 1 2.994 0.385%5
1ot ] 2.853 0.3505
112 ) 3.138 0.3186
113 ) 3.452 0.2897
| 14 1 32,797 0.263%
115 ] 4,177 0.2394
1 16 1 4.595 0.2176
H 17 1 5,054 00,1978
1 18 3 5.560 0.1799
119 ] 6.116 0.1635
1 20 6.727 0.1486
121 ] 7.400 0.1351
1 22 3 8.140 0.1228
1 23 ) 8.954 0.1117
1 24 ) 9.850 0.1015
1 25 1 10,835 0.0923
1 26 1 11.918 0.0839
1 27 1 13,110 0.0763
128 1 14,421 0.0693
1 29 1 15,863 0.0630
1 30 1 17.449 0.0573
1 31 31 19,194 0,052%
) 32 1 21,114 0.0474
} 33 1 23.225 0.0431
] 34 ) 25,548 0.0391
1 35 1 28.102 0.0356
1 36 1 30.913 0.0323
1 37 1 34,008 0.0294
1 38 1 37.404 0.0267
] 3¢ 1 41.145 0.0243
180 1 45,259 0.0221
1 41 1 49,785 0.0201
1 42 1 56,764 0.0183
1 43 ) 60,280 0.0166
1 44 1 66.264 0.0151
} 45 1 72.890 0.0137
1 46 1 80,180 0.0125
1 47 1  88.197 0.0113
1 48 1 97.0t7 0.,0103
3 49 3 106.719 0.,0094
1 S0 ! 117,391 0,0085

FOR ANNUAL COMPOUNDING INTEREST

COMPOUND SINKING

AMOUNTY
FACTCOR

15,937
18,531
21.384
24,523
27,975
31,772
35.950
40.545
45,599
51,159

57.275
64 _002

& W W

71,403

79.543

88,497

98,347
igs.182
121,100
134,210
148,631
164,494
181,943
201,138
g22.e52
245,477
271.024
299,127
330,039
364,043

401,448
an> 503

T TV e D wf Tl

487.852
S37.637
592,401
652,641
718,905
791,795
871,975
960,172
1057.190
1163.909

FUND
FACTDR

0000

n LT hD

: Voo W W

0.3021
0.,2155
0.1638
0.1296
0.1054
0.0874
0.0736
0.0827
0.0540

0.04868

0.0408
0.0357
0.0315
0.0278
0.06247
0.0219
0.0195
0.0175
0.01490
0.0126
0.0113
0 0ig2

noA T

0.G0%92
6.0083
00,0075
0,007
0.0061
0.0055
0.0050
0.0045
0.0041
0.0037
0.0033
0.0030
G.0027

¢.0025
0,0023%

WOE W W b

0.0020
0.0019
G.0017
0.0015

LY RN

0.0014
0.0013
0.0011
0.00:0
0.0009
0.0009

WORTH

FACYOR

2.4869
t.16%9
5.7908
4 ,3%53
4.8684
5.3349
5.7590
1486
&,4951
£.8137
7.1034
73667
T.6061
7.8237
B.0216
B8.,20%4
8.3649
84,5136
8,5487
B,7T715
5.8B832
6.9847
93,0770
%,i609
3,2372
2,3066
95,3696
9,4269
g,47%90
99,5264
‘:3:-569“
B.6086
96442
2,.6765
9,7059
2.7327
P,7570
B3.,7791%
9,7991
2,8174
99,8340
53,8491

& or “nao

%.8628
Q,B753
2,.886&6
®,8969
2,.9063
$,9148

PRESENT

CAPITAL

FACTOR

1,1000
0.5762

Ve =i W

0.4021
0.3155
0.2638
0.229¢
0.2054
0.1874
0.1736
0.1627
0.1540
0.1468
O.1408
0.1357
0.,1315
0.1278
0.1247
0.1219
0.1195

0 1175
1156

Vu.‘—-v

0.1140
C.1126
0.1113
0.1102

Fad 4 ™

v.10%92
¢.1083
0.1075
0.10567
¢.1061
0.1055
0.1050
0.1045
0.1041
0,1037
00,1033
0.1030
60,1027

6.,1025
0.1023

LV LY st

0.19020
6.1019
0.1017
0.1015
0.1014
0.,1013
0.1011
¢.1010
0.,100%
0.1009
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11X INTEREST FACTORS FOR ANNUAL CCOMPOUNDING INTERESY

LR B R Rl X R R R N R R N

3
+

I 3 SINGLE PAYMENT 1
] JCOMPOUND

1 YEAR 1 AMOUNT WORTH 3
] } FACTOR FACTOR
]--ﬂ‘--"‘O-’-ﬁ-----—---nwn-
i i 1 1,810 0,9009 1}
) 2 1 1.232 00,8116 ]
] 3 1 1.368 0.7312 ]
3 4 1 1.518 0.6587 1
} S 1 i.685 0.5935% 1]
] 6 1 1.870 0.5346 ]
i 7o e.076 0.4817 I
} 8 1 2.305 0.4339 ]
] g 1 2.558 0.3909 1
} 10 ] 2.839 06,3522 1}
1 11} 3,152 6.3173 ]
1 12 1 3.498 0.2858 ]
i 13 1 3.883 0,275 ]
I 14 3] 4.310 ¢.2320 }
I 15 13 4.78%5 00,2090 ]
I 16 1} 5.311 0.1883 )
I 17 1 5,895 0.16%96 1}
1 18 1 €.544 00,1528 1}
I 19 1 T.263 0.1377 1
1 206 1 B.062 0,1240 ]
I 21 1} 8§.94% 00,1117 1
1 22 1 9.934 0.1007 1
1 23 1 11,026 0,0907 1}
1 24 1 12.239 06,0817 ]
I 25 1 13.585 0.0736 1
1 26 ) 15,080 9.0663 1
I 27 1 16,739 $,0597 1}
i1 28 1 18.580 £.0538 ]
3 29 1 20.624 0.0485 1}
P30 ) 22.892 0.0437 ]
I3t ] 25.410 0.0394 ]
1 32 1 28.206 00,0355 1
1 33 1] 31.308 0.0319 1}
1 34 1] 34,752 0.0288 1
i 35 1 38.575 0.0259 !
1 36 ) 42,818 0.0234 ]
} 37 1 47.528 0.0210 1
] 38 ) 52.7%6 0.0190 3
} 39 1 58.559 0.0171 ]
I 40 1 65.001 ¢.0154 1}
P41 1 72.15%1 00,0139 ]
1 42 ) 80.088 6,0125 1
I a3 1} 86.8%97 0,0112 3
I 44 98,676 0,0101 i
I 45 3§ 109,530 0.0091 I
] 46 1 121.579 0.0082 ]
Io47 1 134,952 0.0074 ]
] 48 1 149,797 0.0067 ]
1 49 1 166,275 00,0060 ]
1 S50 1 184,565 0.0054 )

EQUAL PAYMENT SERIES

@ O e O A B G G TR DR G U Om D AR OD O e S O D D D QD Eo O O 4 O K O O D G5 6 mo @ oo ot o

PRESENT ] COMPUUND SINKING

AMOUNT
FACTOR

R R R OR D ol Bk G s om e SR OD R M SR O O 0D RO D RS 0P G M O G0 oh b S OB O

22,713
26.212
30.095
34.405
29.199
44,501
50,396
56,939
64,203

T2 DL
LR -~ =i + i)

Bil.214
9i.148
i02.:74
114,413
127,999
142,079
159,817
178,397
199.021
221,913
247 .324
275.529
306,837
341,590
380,164
422,982
470,511
523.267

¥R 2 3L
SO Ll W CEDT

646,827
718,978
799,065
887.963
586,639
1092¢.169
1217.747
1352.700
1502.497
1668,771

[#%)
]
E-

FUND
FACTOR

£.0000

N HTFED
Ve=wi 4T

G.2992
0.2123
U:=1606
Coi264
0.iG622

©0.0843

G.07086

" 0.059%8

0.0511
0.0440
t.0382
G.0332
0.0291
¢.0255
0.022%
0.0198
0.0176
0.0156

N N TER
Vel a0

00123
0.0110
0.0098
0.0087
0.0078
¢.0070
0.,0C63
0.0056
¢.0050
00043
0,000
0.0036
00,0033
0.0029

nomoa

0.0010
0-.0009
0.0008
0.0007
0.0007
0.000¢6

PRESENT
WORTH
FACTOR

3.1024
3.6959
4,2305
4.712¢2

1461
5.837¢
5.8892
£.20865
b.4924
&.7499
£,981¢9
7.1909
7.3792
T7.5488
7.7016
7.8393
T.9633

R NATEs
DoWiDy

8,1757
B.26b4
8.3u481

8.4217

8.4881
8.5478
2.601%
8,6501
£.6938
B_73Z%1
85,7686
8.8005
§.8293
8.8552
8.8786
8.8996
B.91886
B,.9397

B Q5495
S,¥011

88,9649
8§.9774
&.9886
B.9988

9,0079 -

9@0161
9.0235
9.0302
G.0362
S.0417

=

CaPIiTaLl
RECOVERY]

FACTOR

1,1100

N mRTO
Wog T

§.4C92
0.3223
8.2706
0,2364
G.zize
0.194%3
0.1806
§.1698
g.1611
04,1549
0.1482
G.1432
0.,1391

0.1298
0.1278
G.1256

amEm

U@.LE.”&G
@aﬁEEE
6.1219
0.1198
$.1187
¢.1178
0.L170
0.1163
€.1156
0.115¢C
0.:1453
£.11469
0,3136
D.1133

i

ES

Bt bt ket bed bed Emd dmd ool bt At b)) bmd et Bed besd bt

[N U [ N [ T )

Bed fed ket

td Led

Tt tmd Enad fesd feed

[T SO Y )

=g

toed B2o) b bmd Bmd k) 2a) La? b b e = A e

1
]
)
[ ]
)
]
]
1
]
[}
)
L]
]
[}
!
]
[
]
)
1
b
]
]
]
1
L]
L]
)
L]
]
1
1
]
i
]
[
1
)
)
t
]
1
!
1
]
)
[}
1
L}
]
!
]
?
]
§



]
*
1
]
]
!
]
§
3
i
}
]
1
]
i
]
]
1
]
]
§
]
]
]
|
]
]
]
]
I
]
i
]
]
]
]
]
}
]
1
}
]
]
]
)
]
]
]
]
]
]
]
]
1
i
3

]

SINGLE PAYMENT

|

EGUAL PAYMENT SERIES

PRESENT 1 COMPOUND SINKING

WORTH
FACTOR

00,7118
0,635%5
0.5674
0.5066
0.4523
0,4039
0.3606
0.322¢C
0.2875
0.2567
0.2292
0.2046
0.1827
0.1631
0.1456
0,1300
D.1161
0.1037
0.0926
0.0826
0.0738
0.0659
0.0%588
0.0525
0.0469
0.G419
0.0374
0.0334
6,0298
C.0265
0.0238
g.0212
0.0189
0.0169
0.0151
0.0135
0.G120
0.0107
0,0096
0,0086
0.007¢
0.0068
0.0061
0.00%4
0.0049
09,0043
0.0039
0.0035

I COMPOUND

YEAR 1 AMOUNT

] FACTOR

R L L L L L L L T ]

i 1 1,120
2 1 1.254
T 1 1,495
4 1] 1.574
5 1 1.762
e 1 1.974
7 3 2.211
8 1 2.476
g9 1] 2.773
10 1 3,106
1y 1 3.479
i2 ] 3,896
13 1 4,363
14 1} 4 887
1s 1 S.U74
16 1 6.130
17 ] 6.B66
18 1 7.630
19 1] B.613
20 1 9,646
21 1 10,804
2 ] iz.100
23 1 13,552
24 1 15.179
25 ] 17,0600
26 1 19.04¢0
27 1 2l.325
28 1 23.884
29 1 26,1590
3¢ 1 29.960
31 1 33.55%
32 1 37.382
I3 1 42,092
34 47,143
35 1 S52.800
36 1 $59.136
27 3 66,232
38 1 74,180
29 ] 83,081
40 1 93,051
41 1 104,217
a4z 1 116.723
43 3} 130,730
44 1 146.418
45 1 163.988
46 1 183.646
a7 1 205,706
48 ] 230,391
49 1} 258,038
50 1 289.002

]
]

AMOUNT
FACTOR

FUND
FACTOR

PRESENT
WORTH
FACTOR

12% INTEREST FACTORS FOR ANNUAL COMPOUNDING INTEREST

i

ppEp—————— L L L e e e P R R R Ll E ok k
CAPITAL}
RECOVERY)
FACTOR 3

AR e P 0D O W O T L L L E L L LN

20.655
24,133
28,029
32,393
37.280
42.753
4&,.884
55,750
63,440
72.052
81,699
92.503
104,603
118,155
133,334
15¢.334
169,374
190,699
214,583
241,333
271.293
304,848
342,429
384,521
431,663
484,463
543,599
609,831
684,010
767.091
860.142
964,359
1081,.083
1211,813
1358,230
1522.218
1705.884
1911,.5%0
2141.981
2400,.018

375

0.2963
0.2092
0.1574
D.t232
0.0991
0.0813
D.0677
0.0570
D.0484
Dovdid
0.0357
0.0309
0.0268
0.0234
00,0205
0.0179
0.01%8
0.,0139
p.0122
0.0108
0.0096
0.0085
¢.0075
0.0067
0.00599%9
0.0052
0.0047
0,004
0.0037
0.0033
0.0029
0.0026
0.0023
g.0021
0.0018
0.0016
0.0015
0.0013
0.0012
0.0010
0.0009
0.0008
0.0007
0.0007
0.0006
0.0005
0.0005
0.0004

0.8929
1.6901
2.4018
3.0373
3,6048
4,5638
4,9676
5.3282
5.6502
5,9377
6.1944
6.4235
6.6282
6.8109
6.9740
7.1196
7.2697
7.3658
7.4694
7.5620
7.6446
7.7184
7.7843
7.8431
7.8957
7.9426
7.9844
8.0218
8.0552
8.0850
8.1116
8.1354
8.1566
8.1755
8.1924
8.2075
8.2210
8.2330
8.2438
8.2534
8.2619
8.2696
8.2764
8.2825
8.2880
8.2928
8.2972
8.3010
8.3045

1.1200
0.5917
D.4163
0.3292
0.2774
0.2432
0.2191
0.2013
0.1877
0.1770
0.1684
0.1614
0.1557
0.1508
G.1468
0.1434
0.1405
0.,1379
0.1358
00,1339
0.132¢2
¢.1308
0.1296
0.1285
0.1275
0.1267
0.1259
06,1252
0.1247
0.1241
0,1237
0.1233
0,1229
G.1226
0,1223
0.1221
60,1218
g.1216
¢.1215
0.1213
0.1212
0.1210
00,1209
60,1208
0.1207
0.1207
0.1206
6.1205
0,1205
0.1204




13% INTEREST FACTORS FOR ANNUAL COMPDUNDING INTERFSY

D R OD CD AR O e M W D A OO D U GE TF W OD W O e W T R > Oy WO - mo o oo o To N W R N WD OGP O W R B O o e OB O AP OO S - e

I SINGLE PAYMENT 1 EQUAL PAYMENT SERIES 3

o v on D o 0D O Ao vuq--+—-n-mnn---nannuman-uuunmnm--uowgw--{-

JCOMPOUND PRESENT ] COMPOUND SINKING PRESENT CAPITALI
YEAR 1 AMOUNT WORTH 3 AMOUNT FUND WORTH RECOVERY]
1 FACTOR FACTOR 1 FACTOR FACTOR FACTOR FACTGR 3

---—nwﬁ-----nnawnu--o--n-a-m-@-muu-w—w-nu--mu-m-vu-ﬁ-nnbn—---u-m--ee-

]
*
]
1
!
1
}
}
]
1
]
]
}
1
i
)
]
]
]
1
)
3

50 3 450.736 0.0C22 34359,.5067 €.0003 7.6752 0.1303

oy o I N G G R P R D XD S e go O D G O ER 0D O O 9O A G R D ) D D G O oS D G0 OF AR GD G MY Gr R Op R W SR or s RS G SR N0 O 4O EE 4B AD OF WD EF

1 1 1.1306 0.8850 1 1.000 1.0000 0.8850 11,1300 )

2 1 1277 00,7831 1 2,130 0.4695 1.6681 0,5995 )}

3 1 1.443% 09,6931 ] 35.807 0.2935 2.3612 0,4235 ]

a 3 1.630 0,6133 ] 4.850 JQ.2062 2.9745 0.3362

5 1 1.842 0.5428 ) 6,480 0.1543 3.5172 0.2843 3

& 1} 2.082 0.4803 ) 8,323 0.1202 3.,8975 10,2502 )

7 1 2.353 0.4251 ] 10,405 0.0961 4.,4226 0.2261 1

8 1 2.658 0.3762 1 12.757 0.0784 4,7988 0.2084 )

9 1} 3.004 0,.3325 ] 15,416 0.05649 5.1317 0¢.1949 ]

ic ] 3.395 00,2946 ] 18,420 0.0543 5.4262 0.1843 )

i1 ] 3.8356 0,25607 ] ei.B8314 0.0458 5.6869 0,1758 1

iz 1 4,335 90,2307 1 25.65% 0.03%0 5.,9176 0.i6%0 3

13 1 4,398 0.2042 1 29,985 0.0334 66,1218 0.1634 ]

14 3 5.53% 0.1807 3 34,883 0.0287 56,3025 O0.1567 }

15 1 6.254 0.1599 ) AG. 417 0.0247 b.4624 00,1547 1}

ie i 7T.067 G.1415 1 d46.672 (.0214 6.6039 0.1514 ]
o171 7.9886 0.125%2 1} 53,739 0.9186 6,7291 0.1486 13
I 18 i 9.024 00,1108 1 51.725 0.0162 5.,8399 00,1482 )
1 19 1 10,197 0.0981 } T¢.74% 0.0141 ©.9380 00,1481 }
I 20 1 11,523 0.0868 1 80,947 0.0124 T.0248 00,1424 3}
1 21 1 13.021 0.0768 1 92.470 0.0108 7.1016 0.1408 1
] ez 1 14,714 0.0680 1 105,491 0.,0095 7.1695 ©0.139%5 7
I 23 1 16.627 0.0601 ) 120,205 0.0083 7.2297 0,1383 1
o224 3 18,788 0,0832 1 136,837 00,0073 7.2829 00,1373 1
I 25 i 21.231 6.0471 [ 155,620 0.0064 7T.3300 0.1364
I 26 1 22.991 0.0417 1 176.850 0.,0097 T.37:7 0.13S57 1}
1 27 1 27,109 0.0369 1 200.8481 G.005¢C 7.4086 00,1350 ]
1 28 3 30.633 0.0326 1 227.950 (.0044 T.4412 0,1344 :
1 2% 3} 34.616 0.0289 1 258.583 0.0039 7T,8701 0,1339 )
I 30 1} 29,116 0.0256 ] 293.199 0,0034 7.4957 0.1334 3
o311 44.201 0.,0226 1 332,315 0,0030 7.5183 0.1330 3
1 32 1 49,947 0.0200 1 376.516 0.0027 7.5383 0.1327 1}
1 33 ] 56.440 00,0177 3} 426,463 0,0023 7.5%60 0,1323 1
1 34 1 63,777 0.0157 I 482,903 (0.0021 T.5717 0.1321 1}
1 35 3} 72,069 0,613%9 1 546,681 0.0018 7.5856 0.1318 1
1 36 1 81.437 00,0123 1 £1i8.749 0.0016 77,5979 00,1316 ]
I 37 1 92.024 0,010% 1 700,187 0,.001¢& T.6087 0.1314 )
I 38 1 103,987 0.0096 1 792,211 0.0013 7.6183 0,1313 3
I 39 1 117.506 0.0085 3} 896,198 10,0011 T.6268 00,1311 1}
] 40 3 132.782 0.007S I 1013.704 0.0016C 7T.6344 06,1310 ]
I 41 1 150.043 00,0067 1 {146,486 0.0009 7.6410 00,1309 1
1 42 )} 169.549 00,0059 1 1296.529 0.0008 T.6469 0,1308 )
1 43 1 191.590 0.0052 3 1466,078 0.0007 T.6522¢ 0,1307 3
I 44 ] 216,497 0.0046 ! 1657.668 0.0006 7,6568 0,1306 ]
1 45 1 244,641 0.0041 I 1874.16% 0.0005 7.6609 0,1305 ]
] 46 1 276.445 0.0036 ) 21:18.806 90,0005 7.6645 0,1305 3}
1 47 '} 312.383%3 0.0032 ] 23%5,251 0.0004 T.6677 00,1304 ]
1 48 1 352,992 0.0028 1 2707.633%3 0.0004 T.6705 0,i304 }
3} 49 1 398,881 0.0025 } 3060,626 0.0003 7T.673G 0,1303 ]
] ] 3




14% INTEREST FACTORS

1

& oo e e e P S S O D

SINGLE PAYMENT

1 COMPOUND
1 AMOUNT
1 FACTOR

Hmwu—luuummuuuuuuuu|..5u-l-..;l—dt—ll..luHumwuuuwwu—tuuuuwwuuwuuul—au\—au

9.276
10.575
i2.056
13.743
15.668
17.861
20.362
23.212
26,462
30.167
34,390
39:20&
44,693
50.950
58.083
66.215
75,485
86.053
28,100

111,834
127,491
145,340
165.687
188,884
215.327
245,473
279.839
319,017
363.679
434,594
472.637
538,807
614,239

PRESENT
WORTH
FACTOR

P L L T R R N N KR

0.8772
0.7695
0.6750
0,5921
0.5194
0.4556
0,3996
0,3506
0.3075
0.2697
0.2366
0.2076
0.,1821
0.1597
0.,1401
0.1229
0,:078
0.0946
0.0829
00,0728
6.0638
0.0560
0.0491
0.0431
0.0378
0,0331¢
0.0291
0,025%
0.0224
06.0196
6.0172
0.0151
0.0132
0.0116
0.0102
6,008¢
0,0078
0.0069
0.00660
0.0053
0.00a¢6
0.00481
0.0036
0.0031
0.0027
0.0024
¢.0021
0.001%
0.0016

FOR ANNiJAL COMPOUNDING INTEREST

EQUAL PAYMENT SERIES

COMPGUND
AMOUNT
FACTOR

27.271
32.089
37.581
43,842
50.980
59,118
68,394
78.969
91,025
104.768
120.436
138,297
158.65%9
181.871
208,333
238,499
272.889
312.094
356,787
447,737
465,820
532,035
607.520
693,573
791,673
903.507
1030,998
1176,.3%8
1342.025
1530,.909
1746,23¢
$1991.70%
2271,548
2590.5865
2954,244
3368.838
3841 .475
4380,282
4994,.521

SINKING
FUND
FACTOR

0.4673

0.2907
0.2032
0!!1513
0.1172
0.,0832
0.0756
0.0622
0.0517
0.,0434
0.0367
0.0312
D,02686
0.0228
0.0196
0.0169
0.0146
0.0127
6.0110
0.0095
0.0083
0.0072
0.0063
6.005%
0.0048
0.0042
0.0037
0.003¢
0,0028
0.0025
0.0021
0,0019
0.0016
0.0014
0.0013
0.0011
0.0010
0.0009
0.,0007
0.0007
0.00086
0.G005
0.0004
0.0004
0.0003
0,0003
0.0003
0.0002
6.0002

PRESENT
WORTH
FACTOR

33,4339
3.8887
4,2883
4.6389
4,9464
S5.2161
S5.4527
5.6603
5.8424
6.0021
6.1422
6.2651
6,3729
6.4674
6.5504
6.6231
6.6870
6.7429
6.7921
$,839]
6.8729
£.9061
65,9352
5.9607
6.9830
7.0027
7.0199
7.0350
7.0482
7.0599
7.0700
7.0790
7.0868
7.0937
7.0997
7.1050
7.1097
7.1138
7.1173
7.1205
T.1232
T.1256
7.1277
7.1296
7.1312
7.1327

------------------------------------ &

CAPITAL]

RECOVERY]

FACTOR 3

]
}
]
)
]
]
]
]
]
]
0.1834 1
0,1767 1
06,1712 ]
0.i1666 )
00,1628 1
0,1596 1
0,1569 1
0.1546 1
0.1527 1
0.1510 )
0,5495 ]
0,1483 )
0.1472 1
0.1463 1
0,1455 ]
0.1448 1
0.1442 1
0.1437 1
0,1432 )
0.1428 ]
0.1425 1
0.t421 )
01419 1
0.1816 1
0.14148 )
0.1413 )
0.1411 1
0.1410 1
0.1409 1
0,1407 1
0,:407 ]
C.1406
0.1405 1
0.1404 )
0.,1404 1
0.1403 1
0.1403 1}
0.31403 1
0.1402 1
0.1402 1




153% INTEREST FACTORS

&+

SINGLE PAYMENT

MPOIIND
184

WA

col
AMODUNT
F

16.761
12.375

i4.232
16,367
18.82¢2
21.645
F4.891
28.625
32.9i9
37.857
43,535
50.066
57.575
Bé.212
76,144
B7.565
100,700

149 ANt
i deV I

133,176
153,152
176,125
202,543
232.925
267 ..864
308,043
354,250
407,387
468,495
538.769
619,585
7i2.522

3o
01‘7 ®Vi

942.311
1083.657

PRESENT

LAy

WORTH
FACTOR

0.86986
0.7561
0.6575
0.5718
0.8972
0.4323
0.3759
0.3269
0.2843
d.2472

-~ e 1N

Uil
0.186%9
0.1625
0.1413
g.1229
D.1069
0.0929
0.0808
0.,0703
0.0531
N.0462
0.0402
0.0349
0.0304
C.0264
0.0230
0.0200
00174
0.01%1
0.0131
0.0114
0.0099

N _nngd
Vavvuuo

0.0075
0.0065
0.0057
90,0049
0.0043
0.0037
0.0032
0.0028
0.0025
0.0021
0.0019
06,0016
0.0014

n o AnTD
VeUVWVIE

0.0011
0.0009

FOR AMNUAL COMPOUNDING INTEREST

COMRBOUMD
WUl (PN L LY

AMOUNT

40,505
47,580
55.717
65.075
75,836
ag. 232

102_aaa

118.810
137.632
159.276

327.104
317,170
434,745
500,957
577,100
664,666

Teh Te &
FoOJe J0DJ

881,170
101d,3406
1167.4968
1343 622
1546.165
1779,.090
2046,954
2354,957
2709.246
3116.,633
3585,128
4123.898
aras, &82

[~ N~
:)HDU@UU]

62¥5.40%
7217.716

378

0.2003
0.1483
0.1142
$.0904
0.072%
0.0596
0.0493
0.0811
0.0345S
0.0291
0.0247
6.0210
90,0179
0.0154
0.0132
0.,0113

¥ omouw Y 2

0.0073
0.0063
G.005¢4
0.0047
0,0041
0.06G35
0.0031
6.0027
0.0023
0.0020
0.0017
0.,0015

i 6fd T
VolWWiJ

0.0011
0.0010
€.0009
0.0007
0.00006
0.000¢6
6.0005
G.0004
0.0004
0.0003
0.0003
0.0002
6.0002

Y i
UQUUUC

0.0002
¢.0001

3.3522
3.7845
4,15604
4,4873
4,7716
5.,0188
5.2337
5.,4206
5.5831
5.7245
5.8474

- 5,9542

6.0472
6,1280

b.1982
6£,259%

R

6.3125
6.3587
6.3988
66,4538
b.4641
6.4906
66,5135
£.5335
6.5509
6.5660
6.5791%
6.5305
6.6005

£ L NG
DeLGU 7L

£.6166
b.6231
6.6288
65,6338
6.6380
6.6418
6.6450
6.6478

6.6543
6.6559
6.6573
6.,6585

6.6596
6.6605

EQUAL PAYMENT SERIES

T O X A D em e e A P O S wn g b e op g dib I QF WD SN OGN SO PR OED T R an Wb LA X

™ADTT ALY
LAar L7 RAL)

RECOVERY]

FACTOR )

i.1500
0.6151
0.4380
0.3503
0.2983
C.2642
0.,2404
0.2229
0.2096
0.1993
0.1911
0.1845
0.1791
0.1747
60,1710
0.1679
0.1654
0.1632

0.1613
¢.1598

AN R P

0.1584
0.1573%
0.1563
80,1554
00,1547
0.1541
0.1535
¢.1531
0.1527
00,1523
0.1520
0,1517
0.1515

N 1292
Val oo

60,1511
0.1510
0.1509
0,1507
0.1506
¢.1506
0,1505
0.1504

Nl ]

0.1502
0.1502
0.1501

bod Gl R bk bod Bood bt fomd ol bowl foad kend beed Gmd b femd dead ek Gmad bl Lond bod bt Gl bt bl bt R berd heed Gk Cm? Lend bt boed Al et Lol bt bl 2ol b bod bk et s Sod bt Gad e

e s W T A Gw AE o e D G A TR Gy G SR e ox W e WD e e ae  ew e A e ek e W ey B




16% . INTEREST FACTORS

FOR ANNUAL COMPOUNDING INTEREST

EQUAL PAYMENT SERIES

(=)

P A G N
i Bl U e S O @ =D B T e

=
a\

N =
RelNe -t

n vy g
£ W e ©

"y
L

w ol Ty Y Y
iR e v B

[ IRV IRV RV R
G U iy Y

B bW
s D A Q9 ~d

L
Led

a4
45
46
47
48

Fils]
b

uuaulwm&hﬂtmhﬂaﬂm&.ﬂ::Jh:alzst:;dtmdau_algzt‘-.ﬂe51h;:!.namv.-ml:a(ggh;!bdmawh:aahmamhghz:n!zlwh:ﬂmhshlmwwmdaﬁ&awhdlﬁ
™

T!h'ﬁ

MPOUND
MOUNT

10.748
1. 468
14,463
16,717
19,4861
22.974
26.186
3I0.376
35,234
40,874
47,414
55,000
63,800
74,009

B agn

3T IV

89.5886
115,520
134,003
155,443
180.314
20%,164
242.631
£81.452
326,484
378,721
439,317
502,607
591,144
685,727
795,444
Q22,715

1070,349

1241.605
1480 .262

d N e L

1670.704

0.8621
0.7432
0.8407
0.5523
0.4761
60,4108
6.3538
0.3050
0.2630

0.2267
00,1954

Ve oo

0.1685
0.5452
6.ie52
¢.1079
0.0930
0.0802
0.0691
0.05986
0.0514
0.0443
0.0382
0.0329
D.0284
0.0245
0.0211
0.0182
0.0157

0.0135
n_0116

Ve Wi e

0.0100
0.0087
0.0075
0.0064
0.0055
0.0048
0.0041
0,0036
0.0031
0.0026
0.0023
00,0020
0,007
06,0015
0.0013
0.0011
0,006089

0.0008
0D.0007

Ve Vv v

0.0006

l—lq—awmHuuuumuuuuhd“hﬂumnduuumMw@aumuuuhduuwunduuuuwuu&-ﬂl—lQ—l

43,672
St.660

LN fQas
CWUe7C0 3

71.673

gd.141

98.603
115.380
134,841
157.415
183,601
213.978
249.214
290,088
337.502
362.503
456,303

831.267

965,270
1120,713
1301.027
1510,191
1752.822
2034,273
2360.757
2739,.478
3178,.795
3688.,402
4279.546
4965,274
5760,718
e683,433
7T753.,782
8995.387

110435.6489

1.0000
0.4630
0.2853
0.1974
0.1454
0.1114
0.0876
t.0702
00571
0.0469
G.0324
00272
0.0229
6.0194

NNt g di
VaWib™

0.0140
0.0119
0.0101
0.0087
0.0074
0.0064
0,0054
0.0047
0.0040
0.0034
0.0030
0.0025
0.0022

0.0010

A o aAnna
YalV7

00,0008
0.0007
D.00086
0.,0005
0.,0004
D.0004
0.0003
0.0003
0.0002
0.0002
0.0002
0.0001
0.0001

--------- - T " T - e 0

PRESENT CAPITAL)
WORTH RECOVERY]
FACTOR FACTOR ]
- e A e D - +
0.8621 1,1600 1
i.6052 0.6230 )
2.2459 0.4453 1
2.7982 0,3574 1
3,2743 0,.3054 1
X, 6847 0.2714 1
4.,03%86 0,2476 1
4,3436 00,2302 1
4,6065 0.2171 1}
4,8332 0.2069 1
5.0286 0.1989 1
5.,1971 0,1924 )
5.3423 0,1872 1]
5.4675 0.,1829 ]
5.5755 0.1794 1}
S.6685 00,1764 ]
S. 7487 00,1740 1
5.8178 0,1719 )
5.8775 0.1701 1
55,9288 0,1687 1
5.9731 0.1674 1}
6.0113 0.1664 1]
6.0442 0.1654 ]
6.,0726 0.1647 1
5.0971 00,1640 1
6.1182 0.1634 ]
6.1364 0.1630 ]
6.1520 0.1625 1]
6.,1656 0.1622 1]
6.,1772 0.1619 1}
6.1872 0.1616 1
66,1959 0.1614 1
6.2034 0.1612 1}
66,2098 0.1610 1
6.2153 00,1609 1
6.2201 0.1608 1
6.2242 0,1607 ]
6.2278 0.1606 ]
6.2309 00,1605 ]
6.2335 00,1604 ]
6.2358 0.1604 ]
6.2377 0.1603 1
6$.2394 00,1603 1
6.2409 0.1602 1
6.2421 0.1602 ]
6.2432 00,1602 ]
b.2d442 00,1601 1
6.2450 00,1601 1]
6.2457 00,1601 1}
6.2463 00,1601 }




17% INTCREST FACTORS

-
mm
=
O

¥
]
[
1
]
[]

Celecah BNe ARV B - T I 4 VR

uuuwumuwwwumuuuwauwuuuwumuu—suuuummuuuuuuuwwmuﬂumﬂmuwumuuuhg+u

+l—=‘l=—ll-ﬂ+

§ bt bd lod oo el L) bt bSOl o B ) b ke Bd Bed boed ok b oo feob bad bl bond hec? et hmd Gk bt el Bl bl hee? ol bod oo tmd ket bed el bl Lt ol et bad bd dord Bend fend

S 2

£7.034

1.629
37.006
8% 297
50.658
56,2790
69,345
81,134
94,97
111.065
129,946
152.036
177 .883

a2nNnn 123
CVU sl I

243.503
‘284,899
333.332
389,998
456,298
533,860
624,626
730,813
855.051
10600.410
1170.479
1369461
1602.269
1874.655
2193,346
2566,215

G.5337
0.4561
0_.2898
0.3332
0.2B848
0.2434
0.2080
0.,1778
0.1520
0.1298
90,1110
0.0946
0.0811
0.0693
0.,0892
0.05086
0,0433
0.0370
0.0316
0.0270
002351
0.0197
0.0169
0.0144
0.0123
6.01053
0.0090
0.0077
0.0066
0.0058

o0 nNnan

Vo WS

0.004%
0.0035%
6.0039
0.0026
0.0022
0.0019
0.0016
6,0018
0.001¢
0.0019
0.0009
0.0007
0.0006
0.0005
0.9005
6.0004

FOR ANNUAL COMPOUNDING INTEREST

+I=dl=dl-d

B fmf End tocd Lol feed Bxd Bod B oo bt bt bed bl bmd bt Rt bk bcd e laef fod fool tnd fmd ko) Reod bmd boed Ged Gad Ml Gl b ad bl Gd dge? o] bod Ramd (ot bk Lo bemd B At

AR AL

CUMPOUND
AMOUNT
FACTOR

1.0090
2170
3,339
5,141
7,014
9.207
11,772
14,773
18.285
22.393
27,200
32.824
39,404
47,103
56,110
66,5649
78,979
93,406
116,285
130,033
153.139
180,172
ci1.8¢1
248,898
292,185
343,763
402,032
471,378
852,512
647,839
758.504
888.449
1040.486

192918 TLR
LR LV g T

1426.491
1669.994
1954.894
2288.225
e678.224
3i34,.522
3668,391
4293017
5023.830
5878.881
6B879.291
8049,770
9419.231

11§02t,500
112896.£55
115089.502

Ater T A

SINKING
FUND
FACTOR

1.,0000
0.4608
0.2826
0.1945
D.1426

Ve e wD

G.0047
0.0368
0.03905
0.0254
0.0212
0.0178
0.,01590
00127
0.0107
¢.0091
0.0077
0.0065
0.005¢
0.0047
0.0040
0.6034
60029
0.002%
0.0021
0.0018
0.0015
0.0013
0.0011
0.0010

N NOnR
Ve YW

0.0007
0.0006
0.0005
0.0004
0.0004
0.0003
0.0G03
0.0002
0.000¢2
9.0002
0.0001
0,0001
0.0001
6.00G1
0.0001
0.0001

~ A

PRESENT
WORTH
FACTOR

0.8547
1.5852
2.2096
2.7432
2.1993

P} o S

4,2072
4,4506
5,.6586
4.8364
4,9884
5,1183
5.2293
5,3242
5.4053
S.4746
5.5339
S,.5845
5.6278
5.65648
5.6964
S.7234
5,7465
3.7662
5.7831
5,797%8
5.8099
5.8204
5.8294
5.8371
5.8437
5.8493

E RS9

- R

5.8582
5.8617
5.8647
5.8673
5.8695
5.8713
5,872¢9
95,8743
55,8755
5.8765
S.8773
5.8781
5.8787
5.,8792
S.8797
5.8801

CAPITALI]
RECDVERY)

FACTCR

o AR e R e R TR O G5 O R e DO M W TN O O W O mT ey e D e R OF A E W

1.1700
0.6308
0.4526
0.3645

0.%126
0.2786

0.2%49
0.2377
0.2247
0.2147
0.2068
0.2005
0.1954
0.1912
0.1878
0.1850
0.1827
0.18¢07
0.1791
0.1777
0.1765
0,17586
0.1747
0.1740
0.1734
0,1729
0.1725
B.1721
0.1718
0.171%
0.1713
D.1711
01710

N 170R
Ve Li v

D.1707
0.1706
0.1705
0.1704
0.1704
0.1703
§6.1703
00,1702
g.1702
0.17402
0.1701¢
0.170C¢
0.1701%
6,1701
0.1701
0.1701

1

+

ok ol trd el bl lawt bodd k) A Gl led bl bl bmd b bl Eied bed b Lol Pomt el G bl Lod be) bed kel et b bof ] bmod Bl dbend Ao bed bd bpwf bed Amd b faad bt hat bt b e haad ot
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18%. INTEREST FACTORS

1COMPOUND

]

AMOUNTY

1 FACTOR

1,180
1.392
1.643
1.939
2.288

5.234

A g "L
DVaelill

7.288

8.599
10,147
11.974
14,129
16,672
19.673
23,214
27.393
32.324
38.142
45,008
53,109

87.260
102,967
121,501

anzT ITTH
i 2a Y L

169.177
199.5629
235,563
277.964
327.997
387,037
456,703
538.910
635,914
750.378
885.44¢6
1044.827
i2322.89%
1454.817
1716.684
2025.687
2390,311
2820.567

TR 260

P o o Wi v )

3927 ,357

FREOENT

WORTH
FACTOR

0.5i58
0,4371
0.3704
0.3139
0.2660
0,2255
0.3:911

0.161°9
0,1372
0.1163
0.0985
0.083%
0.0708
0.0600
0.0508
0.0431
0.0365
0.0309
0.0262
0.0222
¢.0188
0.0160
0.0135
00,0115
0.0097
0,0082

n aAN7TH
VpuUhwiy

0.005%9
0,005¢C
0.00&2

- 0036
0.0030
P.00e6
0.0022
0.001¢
c.0016
06.0013
0.0011
0.0010
0.00C8
0,0007
0.0006
06,0005
0.0004
¢.0004
0. 0003

Ve v WY

0.0003

FOR ANNUAL COMPOUNDING INTEREST

I COMPOUND
AMOUNT
FACTOR

19,088
23,921

2B _78%

e 7

}

1

+

]

3

i

]

]

]

1

1

3

]

3

) 34,931
] 42,219
] 50,818
1 60,965
] T2.939
! 87.068
1 103,740
1 123,414
I 146,628
3 174,021
1 206,345
1 244,487
1 289,494
] 342,603
1 405,272
1 479,221
1 S66,481
1 669,447
} 7on Qﬁﬁ
]

)

]

}

]

1

3

3

]

1

)

1

1

3

]

7V e

934,319
1103496
13¢3,125
1538.688
i8ie.652
cld4,5649
2531,.686
2968.38%9
3527,239
4163.213
4913.591%
5799,038
6843.865
8076.760
9831,.577

& ED XD C3 aF OF o ER S0 0N ON TR &3 S WB BN an BT o oo w48 am s +
SINKING PRESENT CaPITalLl
FUND WORTH RECOVERY)
FACTOR  FACTOR  FACTOR !
------------------------------------- &
1.0000 00,8475 11,1800 1}
" 0.48587 1.9656 $,6387 1
0.2799 2.1743  $,4%599 ]
D.1917 2.6901 0,37i7 1
0.1398 3,i272 0.3198 7]
0,1059 3.4976 00,2859 ]
0.0824 3,811 O{.2624 1
D.06352 4,.0776 00,2852 1
D.0524 44,3030 0.2324 ]
0.0425 4,494 0.2225 )
0,0348 4,6560 0.2148 1
D.0286 64,7932 0.2086 1
0.0237 4,9909% 0.2037 1
00197 5.0081 0.1997 }
f.0164 5.,0916 0,1964 ]
$.0137 g.16248 00,1937 1}
00115 5.2223 10,1915 1
0.0096 S.2732 0.189%6 1
0.0081 5.3162 0,188% 1
0.0008 S.3%3527 0.1868 1
0.0057 5.3837 00,1857 1
0.0048 5.4099 0.1848 ]
0.0041% S. 432 0,1841 1]
0.003% 55,4509 ©£,1835 ]
0,0029 5,8669 00,1829 1]
0.0025 S,48804 0_,1825 1
00,0021 5,4919 00,1821 1]
00,0018 5.5016 0.1818 1}
0.0015 5.5398 ¢,1815 1}
80,0013 5.,5168 00,1813 1
0.0011 5.5227 0,.,1811 1}
0.00089 55,5277 00,1809 )
00,0008 5.5320 0.1808 13
0.0006 5.53%6 0.,1806 1]
§.0006 5.5386 0.18086 1
0.0005 5.5412 06,1805 1}
0.0004 5.5434 00,1804 1]
0.0003 5.54%2 00,1803 1
0.0003 5.5468 0,1803 1
0.0002 5.5482 0.180z 1
0.0002 5.,5493 0¢.:1802 3]
f.0002 5.5562 0.1802 1
0.0001 5.9510 0.1801 1
0.0001% %.5517 0.1801 1
0.0001 5.5%523 0.1801 3
0.0001 5.5528 00,1801 1
0.0001 5.5532 0.1801 ]
00001 5.5536 0,1801 3
00001 5.5%39 0,1801 1
00000 5.5541% 0.,1800 1




19% INTEREST FACTORS

FOR ANNUAL COMPOUNDING INTEREST

O O D R G R e e O e KD A S s e e N A O N s AR O TR A B N D WD M A s S Gk D A I e B e D G N M AR me D e e S ON GR O GD ON G WD G O @

EQUAL PAYMENT SERIES

----- - o e ey kg e e e S o G G G D R e W e w o W Al O AR W e
CAPITAL]
RECOVERY]

et e c e e — e ————

i

SINGLE PAYMENT

COMPOUND
AMOUNT
FACTOR

19.244
22,901
27.252
32.429
38,591
45,9232
54.649
65,032
77.388
92,092
109,589
130.411
i55.189
184,675
219,764
261,519
31%,207
270,337
440,701
524,434
624,076
742,651
883,754
1051.668
1251,484
1489 ,.266
i772.227
2108.950
£509.651
2986.484
3553.916
4229,360
5032.701
5988.914

PRESENT
WORTH
FACTOR

0.8403
0.7062
0.5934
0.4987
0.4190
0.3521
0.2959
0.2487
0.2090
0.1756
0.1476
0,1240
0.1042
D.0876
0.0736
0.0618
0.0520
0.0437
0.0367
0.0308
0.0259
0.0218
0,0183
0.0154
0.0129
0.0109
0.0091
0.0077
0,0064
0.0054
0.0046
0,0038
0.0032
0.0027
0.0023
0,0019
0.0016
0.0013
0.0011
0.0010
0.0008
0.0007
0.0006
0,000
0.0004
0.0003
0.0003
0.0002
0.0002
0,0002

+|—I

HHMHMI—AMHHHHHI—Ihnlul—lu!—-‘lﬂhﬂul—lH‘—IHHHHHHHHHM&-&HHHMMWMM+wuw

]
i
1
]
i
1
i

COMPOUND
AMOUNT
FACTOR

37.180
45,244
54,841
66.261
79,850
96,022
115,266
138.166
165,418
197.847
236,438
282,362
337,010
4¢c2.042
479,431
571.522
68l.1ie
811,523
966,712
1151.387
1371,.151
1632.670
1943,877
e3t4,214
2754,.914
3279.348
3903.424
4646,075
5529.829
6581.496
7832.981
93z22.247
11094.474
13203,4824
15713.075
i86%9,559
22253,475
£6482.636
31515.336

3g2

SINKING
FUND
FACTOR

0.1890
0.1371
0.1033
0.0799
0.0629
0.0502
0.0405
06,0329
06,0269
6.0221
0.0182
60151
0.0i25
0.01048
0.,0087
G.0072
0.0060
0.0051
0.0042
0.0035
0.00390
0.0025

0.0021

0.0017
0.,00i15
0.0012
00,0010
0.00083
0.0007
0.0006
€.0005
0.000¢
0.0004
0.0003
0.0003
0.0002
0.0002
0.0002
0.0001
0.000%
0.0001
0.0001
0.0001
00001
0.000¢0
0.0000
0.00006

PRESENT
WORTH
FACTOR

0.8403
1.5465
2.1399
2.6386
3.057¢
3.4098
3.7057
3.9544
4,1633
44,3389
4,4865
4,6105
4,7147
4.8023
84,8759
84,9377
&.9897
5,0333
5.0700
5.1609
5.1268
5.1486
5.,1668
5.182¢2
5.1951
5.2060
5.2151
5.2228
5.2292
5.2347
5.2392
55,2430
5.2462
5.2489
5.2512
5.2531
5,2547
5.2561
5.2572
5.258¢2
5.2590
5.2596
5.2602
5.2607
S.2611
5.2614
5.2617
S.261¢9
5.2621
5.2623

FACTOR

1.1900
f.6d466
0.,4673
0,3790
0.3271
0.2933
0.2699
0.2529
0.2402
0.2395
0.2229
0.2169
¢.2121
0.2082
0.2051
0.2023
0.2004
0.1987
8.1972
0.1360
0.1951
0.1942
0.1935
0.1930
0.1925
0.1923
0.1917
0.1915
0.1%912
0.1910
0.1909
0.1907
0.1906
0.1905
0.1964
£.1904
0.1903
0.1903
6.1902
0.1502
00,1902
0.1901
8.1901
0,190
0.1901%
0.,1901
0.1901
9.1900
£.1900
¢.1900
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20% INTEREST FACTORS FOR ANNUAL CCOMPOUNDING INTEREST

EQUAL PAYMENT SERIES 1

1 )} SINGLE PAYMENT )
+ - e s o e on o e OB IR D D Y D D D W - o am
3 JCOMPOUND PRESENT ] COMPOUND SINKING PRESENT CAPITAL!
1 YEAR ] AMOUNT WORTH 3 AMOUNT  FUND WORTH RECOVERY]
| ) FACTOR  FACTOR 1 FACTOR FACTOR F&CTOR FACTOR 1
]revemrntrmmemrravrcs oo b w - O O A0 G Y OF D W  e o o
i 1 3 1.200 0.8333 1.000 1,0000 O, 5333 1.,2000 3
- 1.040 6.6944 ] 2,200 0.4545 1.S278 (.6545 )
3 3 ) 1,728 0.5787 1 3,640 0.2747 2,1065 0.4747 )
1 4 1 2.074 0,4823 ] 5.368 0.1863 2,5887 0.3863 ]
} 5 1 2.488 0.4019 1 T.442 0.1344 2,9906 ©0.3344 )
3 6 3 2.986 0.3349 ] 9.930 0.1007  3.3255 0.3007 )
3 7o} 3.583 0,2791 3 12.916 0.0774  3.6046 0.2774 ]
3 g 4,300 C.2326 ] 16.499 0,0606 3.8372 0.2606 )
1 g 3 S.160 0,1938 ] 20,799 06.0481  4.,0310 00,2481 ]
116 ) 6,192 0.1615 ) 25,959 0.038%  4,1925 10,2385 1
111 ) 7.430 0,1386 1 32,150 0.0311  &4,3271 0.2311 1
I P-D 8.916 0,1122 1} 39,581 0.0253  4,43%92 0.2253 )
I 13 1} 10.699 0.0935 ] 48,457 0.0206  4.5327 0.2206 1
)14 3 12.839 0,0779 1 59,196 00,0169 4.6106 10,2169 1
I 15 1} 15,407 06,0649 1 72,035 0,0139  4,6755 08,2139 )
Io1e 3 18,488 0,0541 1 B7.442 0.0114  4.,7296 0.2114 )
o173 22.186 0,0451 1 105,931 10,0094  4,7746 0.2094 1]
1 18 3 26.623 0.0376 1 128.117 0.0078 4.,8122 10,2078 )
1 19 3 31.948 0,0313 1 154,740 0.0065  4.8435 0,2065 )
1 20 3 38,338 0,0261 ! 186,688 0.0054  4.8696 0.2054 1]
o213 46,005 0.0217 1 225.0626 0.0044  4.8913 0.,2044 ]
122 3 $5.206 0,0181 3 271.031 0,0037  4.9094 00,2037 ]
1 23 1 66,247 0.015%1 1 326,237 0.0031  4,9245 0.2031 1}
7 24 1 79.497 0.,0126 1} 392,484 0.0025 4.9371 0.2085 ]
1 25 3 95,396 0.0105 1 471.981 0.0021  4.9476¢ (0.2021 1
1 26 1 114,875 0,0087 ) S67.377 0.00i8 4.9563 0.201i8 ]
1 27 ) 137.371 0.0073 )} 681.853 0.0015  4.9636 00,2015 1
1 28 1 164,845 0,0061 1 819,223 0.0012  4.,9697 0.2012 ]
1 29 1 197.814 0.,0051 1 984,068 0.0010 4,%747 02,2010 ]
1 30 Y} 237.376 0.0042 1 1181,882 0.0008 4.9789 10,2008 )
7 31} 284,852 0.0035 ] 1419,258 0.0007  4.3824 10,2007 1
] 32 1 341.822 0.0029 ) 1704,309 0,0006  4.9854 0.2006 1}
] 33 1 u10.i86 0,.0024 3 2045.931 0.0005 4.9878 10,2005}
1 34 1 4%2.224 0.0020 1 2456.118 0.0004  4.9898 0.,2004 )
1 35 3 S90.668 00,0017 1 2948.,341 0.0003  4.9915 10,2003}
1 3% 1 708.802 0.0014 1 3539.009 0.0003  4.,9929 0.2003 3
1 37 3 850,562 0.0012 ] 4247.811 0.0002 44,9941 0.20062 ]
1 38 1 1020.675 0.,0010 ) S098.373 0.0002  4,9951 90,2002 )
1 39 1} 1224.810 ©.0008 ) 6119.048 0.0002  4.,9959 00,2002 }
1 40 3} 1469,772 0,0007 3 7343.858 0.000%  4.,5966 0.2001 )
] 41 3 1763,.726 0.0006 1} 8813.629 0.,0001  4,9972 0,2001 3
] 42 ) 2116.471 0,0005 }10577,.355 0.0001  4.9976¢ 10,2001 ]
1 43 1 2539.765 0,0004 112693.826 0.0001° 4,998¢ ©0.2001 1}
1 44 1 3047.718 0,0003 3115233.592 0.000%  4,9984 0.2001 1
1 as )} 3657.262 0.0003 118281.310 0.0001  4.9986 0,200% 3
7 46 } 4388.714 0.0002 121938.,572 0.0000  4.9989 10,2000 ]
] 47 1 5266.457 0.,0002 126327.286 0.0000 4.9991 0.2000 ]
1 48 3 6319,749 0.0002 131593.744 0.0000 &4,9992 10,2000 1
1 49 1 7583,698 0,0001 137913,4%2 0.0000 44,9993 10,2000 ]
I S0 1 9100.438 0,0001 145497.191 o 0000 46,9995 0.2000 3




TABLE E-2

SAFETY IMPROVEMENT PROJECT CODES, DESCRIPTIONS, AND
SERVICE LIVES USED IN EFFECTIVENESS EVALUATIOR

Code Description Service Life {Years)
Intersection Profects

i0 Channelization, left-turn bay i

11 Traffic signals 19

12 Cembination of 10 and 11 ig

i3 Sight distance improved 1o

ig Cther intersection, except styuctures tD

Cross Section Projects

20 Pavement widezning, no lanes addegd 25
21 Lenes sdded without new median 20
22 Highway divided, mew median sdded 20
23 Shoulder widening or improvement 20
24 Copbination of 20-23 20
25 8kid trestment - grooving 10
26 8kid treztment - pverlay i0
27 Flettering, clearing side slopes 20
28 Cther cross section or comdinations of 20-27 £90

Structures

30 Widening bridge or major structurs 20
31 Replace bridge or mzjor structure : 30
32 Rew bridge or major structure (except 34 and 51) 30
33 Minor structure 20
34 Pedestrian over- or under-crossing 30
39 Other structure 20
Alignment Proiects
40 Horizontal alignment changes {except 52) 20
§1 Verticel alignment changes 20
42 Combination of 40 and 41 20
49 Cther alignment 20
Railropd Grede Crossing Projeces
50 Flashing lights replacing Signs i0
51 Elimination by new or reconstructed grade separation z0
52 Elimination by relocaticn of highwzy oz railroad 30
53 Iliuvmination 10
54 Flashing lights replacing sctive devices 10
ES Automatic gates replacing signs i0
56 Automatic gates rveplecing active devices i
57 Signing, marking i0
58 Crossing surfece improvement 10
g Other RR grade crossing 10
EA Any combination of 30, 53, 54, 55, 56, 57, 58 10
Rosdslde Appurtenances
&0 Treaffic zigns &
61 EBrszakavway 3ign or lumimairze supports 10
62 Road edge guardrail _ ic
63 Median berrier RS
&4 Mazrkings, delinsators 2
&5 Lighting 15
66 Improve drainsge structures 20
&7 Fenmcing 10
&8 Impact sttenuators ¥+
&2 Other roadvide 10
84 Combinazion of §0-64 18
6l Copbinetion of 60 and 62 8
&B Combination of 60 and 64 F:d

Other Bafety Improvements

Sefety provizions for rosdside features snd appurtanances 20
&9 411 projects mot ctherwlse classifisble 28




Page
PROJECT PURPOSE LISTING

Date/Evaluator Checked by

of

Project No.

Project Description and Location(s)

Countermeasure(s)/Codes

Project Purpose Justification

385




Page of
PROJECT SAMPLING WORKSHEET
Evaluation No.
Date/Evaluator Checked by
Departure From Mean, Error:
Samnio Gire = Qidme
WW!HHWHU T § OF 3 e a
' Total
Site No. Locaticn Acc;?_ents GXi—le
]
s X; = = (Xi-H4)2
ﬂg= i! = =
g =
SX; /qui—m? 4 02
ﬂ = T. U = = - ns-__ o >
fig 1Y Rg—1i © Emor<




Page of

OBJECTIVE AND MOE LISTING

Evaluation No.

Date/Evaluator Checked by

Evaluation Objective Measure of Effectiveness {(MOE]

Determine the effect of Percent change in:

the project on: {check one)

{fundamental) Rate . or Frequency

{fundarmental)

1. Total Accidents 1. Total Accidents/

2. Fatal Accidents 2. Fatal Accidents/

3. tnjury Accidents 3. Injury Accidents/

4, PDO Accidents 4. PDO Accidents/
{project purpose)’ {project purpose}

5 5
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DATA REQUIREMENTS LISTING

Evaluation No.

Date/Evaluator

Checked by

Experimental Plan

Data Needs

Magnitude

{(Number of Sites, Time Psericd, Datss}

388




Page af
ACCIDENT SUMMARY TABLE
Evaluation No.
Date/Evaluator Checked by
Data Source
Location Check one:erject Site(s): Before or After __ﬂ,é
Time Period %o Control Site{s): Before or After _ ___“
Accident Category Total Fatall {linjuryl, . . PDO ¢,
Accidents | Acc. Fatalitios Ace. 'InjUNQS BAcec. 1NV,

Surface Condition

Dry

Wet

Snowy/icy

Other

Total

Accident Type

Qverturn
Collision with:

Afdrtor eal
IV VDL,

Pedestrian

Pedal cycle

Animal

Fixed Object

Other

Total

Two Veh, Accidents

Opposite Direction

Same directicon

{Cne Veh. stopped

One Veh. entering ramp

One Veh. exiting ramp

Other

Totat

Two Veh. Accident
Types

Head-on

Rear-end

Sideswipe

Angle

QOther

Total

Ace, = Accidents

389




Page

EXPOSURE WORKSHEET

Date/Evaluator

Data Source

Checked by:

of

fLocation
Time Period to

Check one: Project Site(s) Before
Control Site(s) Before

or After

——__or After.

Site Project*! Length of
Length Tima Period

AADT

v

eh,

Exposure

or Veh. fi.

1. 1. 1.

¥ For vehicle-mile units of exposure {only)

39(Q
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EINEAR RE@EESSEQ.‘. WORKSHEET
Evaluation No.
Date/Evaluator Checked by
Check one: Frequency MOE or Rate MOE
X Yi X | 32 Y 106X 1¥:7) z 2
Eval. Meas. Xi-X (XX Yi-Y [X=X) YY) X; i X Y
Pesiod | of | Col-_ Col. | Coi. col. | {coi\21{ cor N2} cot. col.
{vrs) § MOE | (1)-X |(col. (302 2.¥ | (3) X (5) i1) 2) )X
{t {2} {3} {4) {5 {6} 7 {8} {9}
== == 2= 2= 2=
X= Y=
391
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Page

MOE DATA COMPARISON WORKSHEET.

Evagiuation No.

Date/Evaluator

Experimental Plan

Checked by

Project

Exp@ct@ﬁg

Befora

Aftar

MOE Data Summary

Bpg

oF

(App) | Freq.__

Percent
Reduction

fOLE
LI

Accidents:

{Fundamental]

Total Accidents

Eotal Anridantc
4 CIRGIE AW ItiwElAD

Injury Accidents

FDO Accidents

Exposure

units: V,or___ VM

MOE Comparison
Rate or Frequency

{%}

Total Accidents/

Fatal Accidents/

Injury Accidents/

PDO Accidents/
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Page of

STATISTICAL TEST WORKSHEET

Evaiuation No.

Date/Evaiuator Checked by
Confidence Level __________ Statistical Test Technique
After Frequency Percent Significant
Ewaﬁuatﬁam Yoars Reduction For yrsis)
ORIeCtiNe  [Oksorved [Exeoetsd | o1 ervea | Roquired | (Yas or NoF

{Fundamental)

Total Accidents

Fatal Accidents

injury Accidents

PDO Accidents

{Project Purpose}

#* Too small 1o test
, 393




EFvalugtion No.

Date/Evaluator

Page of

INTERMEDIATE OBJECTIVE
NON-ACCIDENT MOE LISTING

Checked by

i
1

Evaluation Objective

feasure of Eﬁ@ctivaness {(MOE)

Determine the effect of
the project on:

Fercent change in:

W |

plw N

394
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NON-ACCIDENT-BASED
MOE DATA COMPARISON WORKSHEET

Evaluation No.

Date/Evaluator Checked by
Experimental Plan

Control Project Expected] Percent

Before| After {Before| After | MOE |Reduction

MOE B. 1| A By | Ap E (%)
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ADMINISTRATIVE ISSUES LISTING

I
|

Implementation Elements

SCHEDUL ING

DESIGK CONSTRUCTION

REVIEMW

| Administrative Issues

|
| HANPOWER CATEGORY

I
]

List categories for
| which information is
¢ desired on the Tevel
i of effort expended.

}AETEWITEES

]
1
|

| List sctivities for

| which information is
desired on the total
b cost of achieving the
activity.

| TINE SCHEDULE

ist the major mile-
tones for which in-
ormation is desired
on the start and com-
pletion dates.

R
3
¥

g

MATERIALS

List material items
for which information
is desired on cost
and gquantity.

-

PRODUCTIVITY

List productivity
measures to be
| evajuated.

OTHER

List other specific
administrative issues
10 be evaiuated.

396




Scheduling

I

Project No. _ Design
Evaluation No. __.COnBtIUCtim
ADMINISTRATIVE DAT} SUMMARY TABLE __op. Review
MANPOWER
Manpower Involvement
Category Role Flanned Actunl § Differences Comments
§Persons [Person Hrs. fiPersons Person Hre. | His, b )
ACTIVITY COSTS
. L. Activity Costs pDifferenceg
Major Actiwity Planned Actual $ 3 Comments
TIME SCHEDULE
5 Time Duration pifferences o 5
Event or Milestone Planned Actual Time T Commen
MATERIAL
Material Reguirements inifferences
Item ‘Planned ~Actual Amount] & Comments
- PRODUCTIVITY :
Input Measure OCutput Measure Ratio Commnents

L
(Lo}
=

*U,5. GOVERSMEKT PRINTING OFFICE :

1982 0-267-kb9/61k
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