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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
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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
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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.

47




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.
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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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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

[

68




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.
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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.
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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:
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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. .
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B. The MOE value after the project is completed and removed
is higher than the MOE value before project