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10 CHAPTER 9 SAFETY EFFECTIVENESS EVALUATION
11| 9.1. CHAPTER OVERVIEW
12 Evaluating the change in crashes from implemented safety treatments is an

13| important step in the roadway safety evaluation process (see Exhibit 9-1). Safety
14| evaluation leads to an assessment of how crash frequency or severity has changed
15| due to a specific treatment, or a set of treatments or projects. In situations where one
16| treatment is applied at multiple similar sites, safety evaluation can also be used to
17| estimate an accident modification factor (AMF) for the treatment. Finally, safety
18 | effectiveness evaluations have an important role in assessing how well funds have
19| Dbeen invested in safety improvements. Each of these aspects of safety effectiveness
20| evaluation may influence future decision-making activities related to allocation of
21| funds and revisions to highway agency policies.

22 Exhibit 9-1: Roadway Safety Management Overview Process

Network Screening

CHAPTER 4

. 7

27 Safety Effectiveness . .

' _ ” Evaluation l Diagnosis ‘
This chapter explains the — CHAPTERS CHAPTER 5
methods for evaluating the 29 i
effectiveness of
treatment(s) in reducing 30
crash frequency or severity. 31

32 Prioritize Projects Select
CHAPTER & Countermeasures

33 CHAPTER 6

34 /
35

Economic Appraisal

36 CHAPTER 7
37
38 The purpose of this chapter is to document and discuss the various methods for

39 evaluating the effectiveness of a treatment, a set of treatments, an individual project,
40| or a group of similar projects after improvements have been implemented to reduce
41| crash frequency or severity. This chapter provides an introduction to the evaluation
42| methods that can be used; highlights which methods are appropriate for assessing
43| safety effectiveness in specific situations; and provides step-by-step procedures for
44 | conducting safety effectiveness evaluations.

45| 9.2, SAFETY EFFECTIVE EVALUATION — DEFINITION AND
46 PURPOSE
47 Safety effectiveness evaluation is the process of developing quantitative

48| estimates of how a treatment, project, or a group of projects has affected crash
49| frequencies or severities. The effectiveness estimate for a project or treatment is a
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valuable piece of information for future safety decision-making and policy
development.

Safety effectiveness evaluation may include:

®  Evaluating a single project at a specific site to document the safety
effectiveness of that specific project;

®  Evaluating a group of similar projects to document the safety effectiveness of
those projects;

®  Evaluating a group of similar projects for the specific purpose of quantifying
an AMF for a countermeasure; and

®  Assessing the overall safety effectiveness of specific types of projects or
countermeasures in comparison to their costs.

If a particular countermeasure has been installed on a system-wide basis, such as
the installation of cable median barrier or shoulder rumble strips for the entire
freeway system of a jurisdiction, a safety effectiveness evaluation of such a program
would be conducted no differently than an evaluation of any other group of similar
projects.

Safety effectiveness evaluations may use several different types of performance
measures, such as a percentage reduction in crashes, a shift in the proportions of
crashes by collision type or severity level, an AMF for a treatment, or a comparison of
the safety benefits achieved to the cost of a project or treatment.

The next section presents an overview of available evaluation study designs and
their corresponding evaluation methods. Detailed procedures for applying those
methods are presented in Section 9.4 and the Appendix to this chapter. Sections 9.5
through 9.8, respectively, describe how the evaluation study designs and methods for
each of the evaluation types identified above are implemented.

9.3. STUDY DESIGN AND METHODS

To evaluate the effectiveness of a treatment in reducing crash frequency or
severity, the treatment must have been implemented for at least one and, preferably,
many sites. Selection of the appropriate study design for a safety effectiveness
evaluation depends on the nature of the treatment, the type of sites at which the
treatment has been implemented, and the time periods for which data are available
for those sites (or will become available in the future). The evaluation is more
complex than simply comparing before and after crash data at treatment sites
because consideration is also given to what changes in crash frequency would have
occurred at the evaluation sites between the time periods before and after the
treatment even if the treatment had not been implemented. Many factors that can
affect crash frequency may change over time, including changes in traffic volumes,
weather, and driver behavior. General trends in crash frequency can also affect both
improved and unimproved sites. For this reason, most evaluations use data for both
treatment and nontreatment sites. Information can be directly obtained by collecting
data on such sites or by making use of safety performance functions for sites with
comparable geometrics and traffic patterns.

Exhibit 9-2 presents a generic evaluation study design layout that will be used
throughout the following discussion to explain the various study designs that can be
used in safety effectiveness evaluation. As the exhibit indicates, study designs
usually use data (crash and traffic volume) for both treatment and nontreatment sites

The purpose of safety
effectiveness evaluations
are summarized here.
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and for time periods both before and after the implementation of the treatments.
Even though no changes are made intentionally to the nontreatment sites, it is useful
to have data for such sites during time periods both before and after improvement of
the treatment sites so that general time trends in crash data can be accounted for.

Exhibit 9-2: Generic Evaluation Study Design

Before After

Type of Site Treatment Treatment

Treatment Sites

Nontreatment Sites

There are three basic study designs that are used for safety effectiveness
evaluations:

®  Observational before/ after studies
B Observational cross-sectional studies

®  Experimental before/after studies

Both observational and experimental studies are used in safety effectiveness
evaluations. In observational studies, inferences are made from data observations for
treatments that have been implemented by highway agencies in the normal course of
the efforts to improve the road system, not treatments that have been implemented
specifically so they can be evaluated. By contrast, experimental studies consider
treatments that have been implemented specifically so that their effectiveness can be
evaluated. In experimental studies, sites that are potential candidates for
improvement are randomly assigned to either a treatment group, at which the
treatment of interest is implemented, or a comparison group, at which the treatment
of interest is not implemented. Subsequent differences in crash frequency between
the treatment and comparison groups are directly attributed to the treatment.
Observational studies are much more common in road safety than experimental
studies, because highway agencies are generally reluctant to use random selection in
assigning treatments. For this reason, the focus of this chapter is on observational
studies.

Each of the observational and experimental approaches to evaluation studies are
explained below.

9.3.1. Observational Before/After Evaluation Studies

Observational before/after studies are the most common approach used for
safety effectiveness evaluation. An example situation that warrants an observational
before/after study is when an agency constructs left-turn lanes at specific locations
on a two-lane highway where concerns about crash frequency had been identified.
Exhibit 9-3 shows the evaluation study design layout for an observational
before/after study to identify the effectiveness of the left-turn lanes in reducing crash
frequency or severity.

All observational before/after studies use crash and traffic volume data for time
periods before and after improvement of the treated sites. The treatment sites do not
need to have been selected in a particular way; they are typically sites of projects
implemented by highway agencies in the course of their normal efforts to improve
the operational and safety performance of the highway system. However, if the sites
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were selected for improvement because of unusually high crash frequencies, then
using these sites as the treatment sites may introduce a selection bias which could
result in a high regression-to-the-mean bias since treatment was not randomly
assigned to sites. Chapter 3 of the HSM provides more information about issues
associated with regression-to-the-mean bias.

As shown in Exhibit 9-3, the nontreatment sites (i.e. comparison sites) - sites that
were not improved between the time periods before and after improvement of the
treatment sites - may be represented either by SPFs or by crash and traffic volume
data. Evaluation study design using these alternative approaches for consideration
of non-treatment sites are not discussed below.

Exhibit 9-3: Observational Before/After Evaluation Study Design

Type of Site Before Treatment After Treatment
Treatment Sites v v
Non-treatment Sites v v
(SPF or comparison
group)

If an observational before/after evaluation is conducted without any
consideration of nontreatment sites (i.e., with no SPFs and no comparison group),
this is referred to as a simple or naive before/after evaluation. Such evaluations do
not compensate for regression-to-the-mean bias (see Chapter 3) or compensate for
general time trends in the crash data.

9.3.2. Observational Before/After Evaluation Studies Using SPFs — the

Empirical Bayes Method

Observational before/after evaluation studies that include non-treatment sites
are conducted in one of two ways. The empirical Bayes method is most commonly
used. This approach to evaluation studies uses SPFs to estimate what the average
crash frequency at the treated sites would have been during the time period after
implementation of the treatment, had the treatment not been implemented.

In cases where the treated sites were selected by the highway agency for
improvement because of unusually high crash frequencies, this constitutes a selection
bias which could result in a high regression-to-the-mean bias in the evaluation. The
use of the EB approach, which can compensate for regression-to-the-mean bias, is
particularly important in such cases.

Chapter 3 presents the basic principles of the EB method which is used to estimate
a site’s expected average crash frequency. The EB method combines a site’s observed
crash frequency and SPF-based predicted average crash frequency to estimate the
expected average crash frequency for that site in the after period had the treatment
not been implemented. The comparison of the observed after crash frequency to the
expected average after crash frequency estimated with the EB method is the basis of
the safety effectiveness evaluation.

A key advantage of the EB method for safety effectiveness evaluation is that
existing SPFs can be used. There is no need to collect crash and traffic volume data
for nontreatment sites and develop a new SPF each time a new evaluation is

Observational before/after
studies are the most
common approach used for
safety effectiveness
evaluation.

Naive before/after
evaluations are not
recommended because they
do not compensate for
regression-to-the-mean
bias.

EB Method for observational
before/after studies is the
most common safety
effectiveness evaluation

study type.

Part B / Roadway Safety Management Process
Chapter 9—Safety Effectiveness Evaluation

Page 9-7



Current as of April 6, 2009 Highway Safety Manual — I** Edition

176 performed. However, if a suitable SPF is not available, one can be developed by
177|  assembling crash and traffic volume data for a set of comparable nontreatment sites.

178 The EB method has been explained for application to highway safety
179 | effectiveness evaluation by Hauer®® and has been used extensively in safety
180 | effectiveness evaluations?®!9. The EB method implemented here is similar to that
181 | wused in the FHWA SafetyAnalyst software tools®. Detailed procedures for performing
182 | an observational before/after study with SPFs to implement the EB method are
183 | presented in Section 9.4.1 and the Appendix to this chapter.

184 9.3.3. Observational Before/After Evaluation Study Using the
185 Comparison-Group Method

186 Observational before/after studies may incorporate nontreatment sites into the
187 | evaluation as a comparison group. In a before/after comparison-group evaluation
188 | method, the purpose of the comparison group is to estimate the change in crash
189 | frequency that would have occurred at the treatment sites if the treatment had not
190 | been made. The comparison group allows consideration of general trends in crash
191 | frequency or severity whose causes may be unknown, but which are assumed to
192| influence crash frequency and severity at the treatment and comparison sites equally.
193 | Therefore, the selection of an appropriate comparison group is a key step in the
194 | evaluation.

195 Comparison groups used in before/after evaluations have traditionally consisted
196 of nontreated sites that are comparable in traffic volume, geometrics, and other site
197 | characteristics to the treated sites, but without the specific improvement being
198 | evaluated. Hauer® makes the case that the requirement for matching comparison
199 | sites with respect to site characteristics, such as traffic volumes and geometrics, is
200| secondary to matching the treatment and comparison sites based on their crash
201 | frequencies over time (multiple years). Matching on the basis of crash frequency over
202 | time generally uses crash data for the period before treatment implementation. Once
203 | a set of comparison sites that are comparable to the treatment sites has been
204 | identified, crash and traffic volume data are needed for the same time periods as are
205| Dbeing considered for the treated sites.

206 Obtaining a valid comparison group is essential when implementing an
207 | observational before/after evaluation study using the comparison-group method. It
208 | is therefore important that agreement between the treatment group and comparison
209 | group data in the yearly time series of crash frequencies during the period before
210| implementation of the treatment be confirmed. During the before period, the rate of
211| change in crashes from year to year should be consistent between a particular
212| comparison group and the associated treatment group. A statistical test using the
213 | yearly time series of crash frequencies at the treatment and comparison group sites
214 | for the before period is generally used to assess this consistency. Hauer® provides a
215| method to assess whether a candidate comparison group is suitable for a specific
216 | treatment group.

217 While the comparison-group method does not use SPF(s) in the same manner as
218 | the EB method, SPF(s) are desirable to compute adjustment factors for the nonlinear
219 | effects of changes in traffic volumes between the before and after periods.

220 The before/after comparison-group evaluation method has been explained for
221 | application to highway safety effectiveness evaluation by Griffin® and by Hauer®. A
222 | variation of the before/after comparison-group method to handle adjustments to
223 | compensate for varying traffic volumes and study period durations between the
224 |  Dbefore and after study periods and between the treatment and comparison sites was
225| formulated by Harwood et al.®. Detailed procedures for performing an
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observational before/ after study with the comparison group method are presented in
Section 9.4.2 and the Appendix to this chapter.

9.3.4. Observational Before/After Evaluation Studies to Evaluate

Shifts in Collision Crash Type Proportions

An observational before/after evaluation study is used to assess whether a
treatment has resulted in a shift in the frequency of a specific target collision type as a
proportion of total crashes from before to after implementation of the treatment. The
target collision types addressed in this type of evaluation may include specific crash
severity levels or crash types. The procedures used to assess shifts in proportion are
those used in the FHWA SafetyAnalyst software tools®. The assessment of the
statistical significance of shifts in proportions for target collision types is based on the
Wilcoxon signed rank test®. Detailed procedures for performing an observational
before/after evaluation study to assess shifts in crash severity level or crash type
proportions are presented in Section 9.4.3 and the Appendix to this chapter.

9.3.5. Observational Cross-Sectional Studies

There are many situations in which a before/after evaluation, while desirable, is
simply not feasible, including the following examples:

®  When treatment installation dates are not available;

®  When crash and traffic volume data for the period prior to treatment
implementation are not available; or,

®  When the evaluation needs to explicitly account for effects of roadway
geometrics or other related features by creating an AMF function, rather
than a single value for an AMF.

In such cases, an observational cross-sectional study may be applied. For
example, if an agency wants to compare the safety performance of intersections with
channelized right-turn lanes to intersections without channelized right-turn lanes
and no sites are available that have been converted from one configuration to the
other, then an observational cross-sectional study may be conducted comparing sites
with these two configurations. Cross-sectional studies use statistical modeling
techniques that consider the crash experience of sites with and without a particular
treatment of interest (such as roadway lighting or a shoulder rumble strip) or with
various levels of a continuous variable that represents a treatment of interest (such as
lane width). This type of study is commonly referred to as a “with and without
study.” The difference in number of crashes is attributed to the presence of the
discrete feature or the different levels of the continuous variable.

As shown in Exhibit 9-4, the data for a cross-sectional study is typically obtained
for the same period of time for both the treatment and comparison sites. Since the
treatment is obviously in place during the entire study period, a cross-sectional study
might be thought of as comparable to a before/after study in which data are only
available for the time period after implementation of the treatment.

Observational before/after
studies can also be used to
test for a change in
frequency of a specific
collision type.

Observational cross-
sectional studies are used
to make inferences about
the effectiveness of a
treatment when applied to
other sites.
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268 Exhibit 9-4: Observational Cross-Sectional Evaluation Study Design
. Before After
Type of Site Treatment Treatment
Treatment Sites v
i v

Two cautions related to the Nontreatment Sites
observational cross- 269
sectional eVéluation study 270 There are two substantial drawbacks to a cross-sectional study. First, there is no
type: there is no good 271| good method to compensate for the potential effect of regression-to-the-mean bias
method to compensate for 272 introduced by site selection procedures. Second, it is difficult to assess cause and
the potential effect of 273 |  effect and, therefore, it may be unclear whether the observed differences between the
regression-to-the-mean 274 treatment and nontreatment sites are due to the treatment or due to other
bias, and it is difficult to 275| unexplained factors®. In addition, the evaluation of the safety effectiveness requires a
assess cause and effect. 276 | more involved statistical analysis approach. The recommended approach to

277 | performing observational before/after cross-sectional studies is presented in

278 Section 9.4.4.

279 9.3.6. Selection Guide for Observational Before/After Evaluation

280 Study Methods

281 Exhibit 9-5 presents a selection guide to the observational before/after evaluation

282 study methods. If, at the start of a safety evaluation, the user has information on both

283 the safety measure to be evaluated and the types of data available, then the exhibit

284 indicates which type(s) of observational before/after evaluation studies are feasible.

285 On the other hand, based on data availability, the information provided in Exhibit 9-5

286 may also guide the user in assessing additional data needs depending on a desired

287 safety measure (i.e., crash frequency or target collision type as a proportion of total

288 | crashes).

289 Exhibit 9-5: Selection Guide for Observational Before/After Evaluation Methods

Data availability

Treatment sites Nontreatment sites

Before After Before period After SPF Appropriate
Safety measure period period data period evaluation study
to be evaluated data data data method
Crash \/ \/ \/ Before/after
frequency evaluation study
using the EB
method
v v v v Before/after
evaluation study
using either
the EB method

OR

the comparison
group method

Cross-sectional

study
Target collision v v Before/after
type as a evaluation study
proportion of for shift in
total crashes proportions
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9.3.7. Experimental Before/After Evaluation Studies

Experimental studies are those in which comparable sites with respect to traffic
volumes and geometric features are randomly assigned to a treatment or
nontreatment group. The treatment is then applied to the sites in the treatment
group, and crash and traffic volume data is obtained for time periods before and after
treatment. Optionally, data may also be collected at the nontreatment sites for the
same time periods. For example, if an agency wants to evaluate the safety
effectiveness of a new and innovative signing treatment, then an experimental study
may be conducted. Exhibit 9-6 illustrates the study design for an experimental
before/after study.

Exhibit 9-6: Experimental Before/After Evaluation Study Design

Type of Site Before Treatment After Treatment
Treatment Sites \/ \/
Required data

Nontreatment Sites
(Comparison Group)
Optional data

The advantage of the experimental over the observational study is that randomly
assigning individual sites to the treatment or nontreatment groups minimizes
selection bias and, therefore, regression-to-the-mean bias. The disadvantage of
experimental studies is that sites are randomly selected for improvement.
Experimental before/after evaluations are performed regularly in other fields, such
as medicine, but are rarely performed for highway safety improvements because of a
reluctance to use random assignment procedures in choosing improvement locations.
The layout of the study design for an experimental before/after study is identical to
that for an observational before/after evaluation design and the same safety
evaluation methods described above and presented in more detail in Section 9.4 can
be used.

9.4. PROCEDURES TO IMPLEMENT SAFETY EVALUATION
METHODS

This section presents step-by-step procedures for implementing the EB and
comparison-group methods for observational before/after safety effectiveness
evaluations. The cross-sectional approach to observational before/after evaluation
and the applicability of the observational methods to experimental evaluations are
also discussed. Exhibit 9-7 provides a tabular overview of the data needs for each of
the safety evaluation methods discussed in this chapter.

Experimental study sites are
randomly assigned to
receive treatments or not.
These study types are not
feasible because of the
random assignments.
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327 Exhibit 9-7: Overview of Data Needs and Inputs for Safety Effectiveness Evaluations
Safety Evaluation Method
EB Before/After | Before/After with Before/After Shift Cross-
Data Needs and Comparison in Proportion Sectional
Inputs Group
10 to 20 treatment v v v v
sites
10 to 20 comparable v v
non-treatment sites
A minimum of 650 v
aggregate crashes in
non-treatment sites
3 to 5 years of crash
and volume “before” v v v
data
3 to 5 years of crash
and volume “after” v v v v
data
SPF for treatment site v
types
SPF for non-treatment
site types
Target crash type v
328
329| 9.4.1. Implementing the EB Before/After Safety Evaluation Method
330 The empirical Bayes (EB) before/after safety evaluation method is used to

331| compare crash frequencies at a group of sites before and after a treatment is
332| implemented. The EB method explicitly addresses the regression-to-the-mean issue
333 | by incorporating crash information from other but similar sites into the evaluation.
334 | This is done by using an SPF and weighting the observed crash frequency with the
335| SPF-predicted average crash frequency to obtain an expected average crash
336 | frequency (see Chapter 3). Exhibit 9-8 provides a step-by-step overview of the EB
337 | Dbefore/after safety effectiveness evaluation method.
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Exhibit 9-8: Overview of EB Before/After Safety Evaluation

Step 1 m—

Calculate the predicted crash frequency for each site during each year of the
before period

v

Step 2 —

Calculate the predicted crash frequency for each site summed over the entire
before period

1

EB Estimation of
the Expected Crash
Frequency in the
Before Period

1

¥

Step 3 m——

Calculate the predicted crash frequency for each site during each year
of the after period

!

Step 4 ——

Calculate an adjustment factor to account for differences between before and
after periods

|

Step 5 m——

Calculate the expected crash frequency for each site over the entire after
period in the absence of the treatment

EB Estimation of
the Expected Crash
Frequency in
the After Period

v

Step 6 ———

Calculate an estimate of the safety effectiveness at each site in terms of an
odds ratio

I

Step 7 w—

Calculate an estimate of the safety effectiveness at each site as a percentage
crash change

I

Step 8 m—

Calculate the overall effectiveness of the treatment for all sites combined in
terms of an odds ratio

|

Step 9 m——

Perform an adjustment to obtained an unbiased estimate of the treatment
effectiveness in terms of an odds ratio

|

Step 10 m—

Calculate the overall unbiased safety effectiveness as a % change in crash
frequency across all sites

Estimation of
Treated
Effectiveness

1

v

Step 11 m—

Calculate the variances of the unbiased estimated safety effectiveness as an
odds ratio

Step 12 s

Calculate the standard error of the odds ratio from Step 11

Step 13 m—

Calculate the standard error of the unb

h 4

Step 10

ased saleE? effectiveness calculated in

|

Step 14 —

Assess the statistical significance of the estimated safety effectiveness

Estimation of
Precision of the
Treated
Effectiveness
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357 Data Needs and Inputs

358 The data needed as input to an EB before/after evaluation include:
359 B Atleast 10 to 20 sites at which the treatment of interest has been
360 implemented
361 ® 3 to 5 years of crash and traffic volume data for the period before treatment
362 implementation
This section summarizes 363 ® 3 to 5 years of crash and traffic volume for the period after treatment
how to implement the EB 364 implementation
before/after safety
evaluation. The appendix 365 ®  SPF for treatment site types

presents computations.

366 An evaluation study can be performed with fewer sites and/or shorter time
367 | periods, but statistically significant results are less likely.

368 Pre-Evaluation Activities

369 The key pre-evaluation activities are to:

370 B Identify the treatment sites to be evaluated

371 M Select the time periods before and after treatment implementation for each
372 site that will be included in the evaluation.

373 B Select the measure of effectiveness for the evaluation. Evaluations often use
374 total crash frequency as the measure of effectiveness, but any specific crash
375 severity level and/or crash type can be considered.

376 ®  Assemble the required crash and traffic volume data for each site and time
377 period of interest.

378 " Identify (or develop) an SPF for each type of site being developed. SPFs may
379 be obtained from SafetyAnalyst or they may be developed based on the

380 available data as described in Part C of the HSM. Typically, separate SPFs are
381 used for specific types of roadway segments or intersections.

382 The before study period for a site must end before implementation of the

383 | treatment began at that site. The after study period for a site normally begins after
384 | treatment implementation is complete; a buffer period of several months is usually
385| allowed for traffic to adjust to the presence of the treatment. Evaluation periods that
386 | are even multiples of 12 months in length are used so that there is no seasonal bias in
387 | the evaluation data. Analysts often choose evaluation periods consisting of complete
388 | calendar years because this often makes it easier to assemble the required data.
389 | When the evaluation periods consist of entire calendar years, the entire year during
390 | which the treatment was installed is normally excluded from the evaluation period.

391 Computational Procedure

392 A computational procedure using the EB method to determine the safety
393 | effectiveness of the treatment being evaluated, expressed as a percentage change in
394 crashes, 0, and to assess its precision and statistical significance, is presented in the
395| Appendix to this chapter.
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9.4.2. Implementing the Before/After Comparison-Group Safety
Evaluation Method

The before/after comparison-group safety evaluation method is similar to the EB
before/after method except that a comparison group is used, rather than an SPF, to
estimate how safety would have changed at the treatment sites had no treatment
been implemented. Exhibit 9-9 provides a step-by-step overview of the before/after
comparison-group safety effectiveness evaluation method.

Data Needs and Inputs

The data needed as input to a before/after comparison-group evaluation include:

B Atleast 10 to 20 sites at which the treatment of interest has been
implemented

B Atleast 10 to 20 comparable sites at which the treatment has not been
implemented and that have not had other major changes during the
evaluation study period

® A minimum of 650 aggregate crashes at the comparable sites at which the
treatment has not been implemented

® 3 to 5 years of before crash data is recommended for both treatment and
nontreatment sites

® 3 to 5 years of after crash data is recommended for both treatment and
nontreatment sites

®  SPFs for treatment and nontreament sites

An evaluation study can be performed with fewer sites and/or shorter time
periods, but statistically significant results are less likely.

Pre-Evaluation Activities

The key pre-evaluation activities are to:
B Identify the treatment sites to be evaluated

B Select the time periods before and after treatment implementation for each
site that will be included in the evaluation.

®  Select the measure of effectiveness for the evaluation. Evaluations often use
total crash frequency as the measure of effectiveness, but any specific crash
severity level and/or crash type can be considered.

®  Select a set of comparison sites that are comparable to the treatment sites

®  Assemble the required crash and traffic volume data for each site and time
period of interest, including both treatment and comparison sites.

®  Obtain SPF(s) applicable to the treatment and comparison sites. Such SPFs
may be developed based on the available data as described in Part C of the
HSM or from Safety Analysis. In a comparison group evaluation, the SPF(s)
are used solely to derive adjustment factors to account for the nonlinear
effects of changes in average daily traffic volume. This adjustment for

This section summarizes
how to conduct before/after
comparison group method
effectiveness evaluation.
The computational
procedures are presented in
the appendix.
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435
436
437
438
439

changes in traffic volume is needed for both the treatment and comparison
sites and, therefore, SPFs are needed for all site types included in the

treatment and comparison sites. If no

SPFs are available and the effects of

traffic volume are assumed to be linear, this will make the evaluation results

less accurate.

440 Exhibit 9-9: Overview of Before/After Comparison-Group Safety Evaluation

Step 1a and 1b s—

Calculate predicted crash frequency at each treatment site, separately for

before and after period

v

Step 2a and 2b —

Calculate predicted crash frequency at each comparison site,

separately for before and after period

|

Step 3a and 3b —

Calculate adjustment factor for each combination of

comparison site, separately for before and after period

treatment and

|

Step 4a and 4b s—

Calculate adjusted crash frequency for each combinat

and comparison site, separately for before and after period

ion of treatment

!

Step 5 m—

Calculate total comparison-group adjusted crash frequency for

each treatment site in before period

|

Calculate total comparison-group adjusted crash frequency for each

Stap & treatment site in after period
Step 7 w— Calculate the comparison ratio for each treatment site
Estimation of
l Mean
Treatment
Step 8 mm— Calculate the expected crash frequency for each treatment site in the after Effectiveness

period, had no treatment been implemented

!

Step 9 m—

Calculate the safety effectiveness expressed as an odds ratio at an

individual treatment site

!

Step 10 m—

Calculate the log odds ratio for each treatment site

!

Step 11 s—

Calculate the weight for each treatment site

!

Step 12 s

Calculate the weighted average log odds ratio across all treatment sites

!

Step 13

Calculate the overall effectiveness of the treatment expres

sed as an odds ratio

!

Step 14 s

Calculate the overall effectiveness of the treatment expressed as a percentage

change in crash frequency

v

Step 15 m—

Calculate the standard error of the treatment effectiveness

Estimation of

.

Precision of the
Treatment

Step 16 m—

Assess the statistical significance of the Effectiveness

estimated safety effectiveness
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The before study period for a site must end before implementation of the
treatment began at that site. The after study period for a site normally begins after
treatment implementation is complete; a buffer period of several months is usually
allowed for traffic to adjust to the presence of the treatment. Evaluation periods that
are even multiples of 12 months in length are used so that there is no seasonal bias in
the evaluation data. Analysts often choose evaluation periods that consist of
complete calendar years because this often makes it easier to assemble the required
data. When the evaluation periods consist of entire calendar years, the entire year
during which the treatment was installed is normally excluded from the evaluation
period.

The comparison-group procedures are based on the assumption that the same set
of comparison-group sites are used for all treatment sites. A variation of the
procedure that is applicable if different comparison group sites are used for each
treatment is presented by Harwood et al.?. Generally, this variation would only be
needed for special cases, such as multi-state studies where an in-state comparison
group was used for each treatment site.

A weakness of the comparison-group method is that it cannot consider treatment
sites at which the observed crash frequency in the period either before or after
implementation of the treatment is zero. This may lead to an underestimate of the
treatment effectiveness since sites with no crashes in the after treatment may
represent locations at which the treatment was most effective.

Computational Procedure

A computational procedure using the comparison-group evaluation study
method to determine the effectiveness of the treatment being evaluated, expressed as
a percentage change in crashes, 0, and to assess its precision and statistical
significance, is presented in the Appendix to this chapter.

9.4.3. Implementing the Safety Evaluation Method for Before/After
Shifts in Proportions of Target Collision Types

The safety evaluation method for before/after shifts in proportions is used to
quantify and assess the statistical significance of a change in the frequency of a
specific target collision type expressed as a proportion of total crashes from before to
after implementation of a specific countermeasure or treatment. This method uses
data only for treatment sites and does not require data for nontreatment or
comparison sites. Target collision types (e.g., run-off road, head-on, rear end)
addressed by the method may include all crash severity levels or only specific crash
severity levels (fatal-and-serious-injury crashes, fatal-and-injury-crashes, or property-
damage-only crashes). Exhibit 9-10 provides a step-by-step overview of the method
for conducting a before/after safety effectiveness evaluation for shifts in proportions
of target collision types.

Data Needs and Inputs

The data needed as input to a before/after evaluation for shifts in proportions of
target collision types include:

B Atleast 10 to 20 sites at which the treatment of interest has been
implemented

® 3 to 5 years of before-period crash data is recommended for the treatment
sites

Part B / Roadway Safety Management Process
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517 ® 3 to 5 years of after-period crash data is recommended for the treatment sites

518 An evaluation study can be performed with fewer sites and/or shorter time
519 | periods, but statistically significant results are less likely.

520 Exhibit 9-10: Overview Safety Evaluation for Before/After Shifts in Proportions
Step 1 Calculate the before treatment proportion of
observed crashes of a target collision
Step 2 mm— Calculate the after treatment proportion of fstimatesthh_?t
observed crashes of a target collision FVELATER1]
in Proportion
l of the Target
) ) Collision Type
Step 3 Determine the difference between after
and before proportions at each treatment
Step 4 mm— Calculate the average difference between
after and before proportions over all
I
v
Step 5 Take the absolute value of the result
of Step 3 for each treatment site
Step 6 m— Arrange the results from Step 5 in ascending order
Assess the
Step 7 ﬁ Calculate the statistic T+ for the ranks determined in Step 6 Statistical
Significance
l of the Average
Shift in Proportion
Step 8 s Assess the statistical significance of T+ of the Target
Collision Type
Step 9 m— Calculate the quantity T*
Step 10 s Assess the statistical significance of T*
543 Pre-Evaluation Activities
544 The key pre-evaluation activities are to:
545 B Identify the treatment sites to be evaluated
546 B Select the time periods before and after treatment implementation for each
547 site that will be included in the evaluation
548 M Select the target collision type for the evaluation
549 ®  Assemble the required crash and traffic volume data for each site and time
550 period of interest for the treatment sites
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The before study period for a site must end before implementation of the
treatment began at that site. The after study period for a site normally begins after
treatment implementation is complete; a buffer period of several months is usually
allowed for traffic to adjust to the presence of the treatment. Evaluation periods that
are even multiples of 12 months in length are used so that there is no seasonal bias in
the evaluation data. Analysts often choose evaluation periods consist of complete
calendar years because this often makes it easier to assemble the required data.
When the evaluation periods consist of entire calendar years, the entire year during
which the treatment was installed is normally excluded from the evaluation period.

Computational Method

A computational procedure using the evaluation study method for assessing
shifts in proportions of target collision types to determine the safety effectiveness of
the treatment being evaluated, AvgPcrpisr, and to assess its statistical significance, is
presented in the Appendix to this chapter.

9.4.4. Implementing the Cross-Sectional Safety Evaluation Method

Definition

In the absence of before data at treatment sites, the cross-sectional safety
evaluation method can be used to estimate the safety effectiveness of a treatment
through comparison to crash data at comparable nontreatment sites. A cross-
sectional safety evaluation generally requires complex statistical modeling and
therefore is addressed here in general terms only.

Data Needs and Inputs
® 10 to 20 treatment sites are recommended to evaluate a safety treatment

® 10 to 20 nontreatment sites are recommended for the nontreatment group

® 3 to 5 years of crash data for both treatment and nontreatment sites is
recommended

Pre-Evaluation Activities

The key pre-evaluation activities are to:
®  Identify the sites both with and without the treatment to be evaluated

®  Select the time periods that will be included in the evaluation when the
conditions of interest existed at the treatment and nontreatment sites

B Select the safety measure of effectiveness for the evaluation. Evaluations
often use total crash frequency as the measure of effectiveness, but any
specific crash severity level and/or crash type can be considered.

®  Assemble the required crash and traffic volume data for each site and time
period of interest.

Part B / Roadway Safety Management Process
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587 Method

588 There is no step-by-step methodology for the cross-sectional safety evaluation
589 | method because this method requires model development rather than a sequence of
590 | computations that can be presented in equations. In implementing the cross-sectional
591 safety evaluation method, all of the crash, traffic volume, and site characteristics data
592 | (including data for both the treatment and nontreatment sites) are analyzed in a
593 | single model including either an indicator variable for the presence or absence of the
594 | treatment at a site or a continuous variable representing the dimension of the
595| treatment (e.g., lane width or shoulder width). A generalized linear model (GLM)
596 | with a negative binomial distribution and a logarithmic link function is a standard
597 | approach to model the yearly crash frequencies. Generally, a repeated-measures
598 | correlation structure is included to account for the relationship between crashes at a
599 | given site across years (temporal correlation). A compound symmetry,
600 autoregressive, or other covariance structure can be used to account for within-site
601 correlation. General estimating equations (GEE) may then be used to determine the
602 | final regression parameter estimates, including an estimate of the treatment
603 | effectiveness and its precision. An example of application of this statistical modeling
604 | approach is presented by Lord and Persaud®. This approach may be implemented
605| using any of several commercially available software packages.

606 The grey box below illustrates a generic application of a cross-sectional safety
607 |  evaluation analysis.
608
609 Overview of a Cross-Sectional Analysis to Evaluate the Safety
610 Effectiveness of a Treatment

A treatment was installed at 11 sites. Crash data, geometrics, and traffic volume data
611 are available for a 4-year period at each site. Similar data are available for 9 sites
612 without the treatment but with comparable geometrics and traffic volumes. The
613 available data can be summarized as follows:
614 e 9 nontreatment sites (denoted A through I); 4 years of data at each site
615 e 11 treatment sites (denoted J through T); 4 years of data at each site
616 A negative binomial generalized linear model (GLM) was used to estimate the

treatment effect based on the entire dataset, accounting for AADT and other
617 geometric parameters (e.g., shoulder width, lane width, number of lanes, roadside
hazard rating) as well as the relationship between crashes at a given site over the 4-

618 year period (within-site correlation) using generalized estimating equations (GEE).

619 The graph illustrates the observed and predicted average crash frequency for the
620 treatment and nontreatment sites. The safety effectiveness of the treatment is
assessed by the statistical significance of the treatment effect on crash frequency.

621 This effect is illustrated by the difference in the rate of change in the two curves. In
622 this example, the installation of the treatment significantly reduced crash frequency.
623 Note that the data shown below are fictional crash and traffic data.

624

625

626

627

628
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Observed and Predicted Crash Frequencies at Treatment and Nontreatment Sites

4 -

Without treatme

Crashes/milyr
N

R B With treatment

0 -
0 5,000 10,000 15,00 20,000 25,000 30,000
AADT (veh/day)
9.5. EVALUATING A SINGLE PROJECT AT A SPECIFIC SITE TO

DETERMINE ITS SAFETY EFFECTIVENESS

An observational before/after evaluation can be conducted for a single project at
a specific site to determine its effectiveness in reducing crash frequency or severity.
The evaluation results provide an estimate of the effect of the project on safety at that
particular site. Any of the study designs and evaluation methods presented in
Sections 9.3 and 9.4, with the exception of cross-sectional studies which require more
than one treatment site, can be applied to such an evaluation. The results of such
evaluations, even for a single site, may be of interest to highway agencies in
monitoring their improvement programs. However, results from the evaluation of a
single site will not be very accurate and, with only one site available, the precision
and statistical significance of the evaluation results cannot be assessed.

9.6. EVALUATING A GROUP OF SIMILAR PROJECTS TO
DETERMINE THEIR SAFETY EFFECTIVENESS

Observational before/after evaluations can be conducted for groups of similar
projects to determine their effectiveness reducing crash frequency or severity. The
evaluation results provide an estimate of the overall safety effectiveness of the group
of projects as a whole. Any of the study designs and evaluation methods presented
in Sections 9.3 and 9.4, with the exception of cross-sectional studies, can be applied to
such an evaluation. Cross-sectional studies are intended to make inferences about
the effectiveness of a countermeasure or treatment when applied to other sites, not to
evaluate the safety effectiveness of projects at particular sites. Therefore cross-
sectional studies are not appropriate when the objective of the evaluation is to assess
the effectiveness of the projects themselves.
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670 A safety effectiveness evaluation for a group of projects may be of interest to
671| highway agencies in monitoring their improvement programs. Where more than one
672| project is evaluated, the precision of the effectiveness estimate and the statistical
673 | significance of the evaluation results can be determined. The guidelines in Section
674| 9.4 indicate that at least 10 to 20 sites generally need to be evaluated to obtain
675| statistically significant results. While this minimum number of sites is presented as a
676 | general guideline, the actual number of sites needed to obtain statistically significant
677 | results can vary widely as a function of the magnitude of the safety effectiveness for
678 | the projects being evaluated and the site-to-site variability of the effect. The most
679 | reliable methods for evaluating a group of projects are those that compensate for
680 regression-to-the-mean bias, such as the EB method.

681 9.7. QUANTIFYING AMFS AS A RESULT OF A SAFETY
682 EFFECTIVENESS EVALUATION
683 A common application of safety effectiveness evaluation is to quantify the value

684| of an AMF for a countermeasure by evaluating multiple sites where that
685| countermeasure has been evaluated. Any of the study designs and evaluation
686| methods presented in Sections 9.3 and 9.4 can be applied in quantifying an AMF
687 | wvalue, although methods that compensate for regression-to-the-mean bias, such as
688 the EB method, are the most reliable. The evaluation methods that can be used to
689 | quantify an AMF are the same as those described in Section 9.6 for evaluating a
690 | group of projects, except the cross-sectional studies may also be used, though they
691 | are less reliable than methods that compensate for regression-to-the- mean bias. As
692 | noted above, at least 10 to 20 sites generally need to be evaluated to obtain
693 | statistically significant results. While this minimum number of sites is presented as a
694 | general guideline, the actual number of sites needed to obtain statistically significant
695 | results can vary widely as a function of the magnitude of the safety effectiveness for
696 |  the projects being evaluated and the site-to-site variability of the effect.

697 9.8. COMPARISON OF SAFETY BENEFITS AND COSTS OF
698 IMPLEMENTED PROJECTS
699 Where the objective of an evaluation is to compare the crash reduction benefits

700| and costs of implemented projects, the first step is to determine an AMF for the
701| project, as described above in Section 9.7. The economic analysis procedures
702 | presented in Chapter 7 are then be applied to quantify the safety benefits of the
703 | projects in monetary terms, using the AMF, and to compare the safety benefits and
704 |  costs of the implemented projects. Exhibit 9-11 provides a graphical overview of this
705 comparison.
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Exhibit 9-11: Overview of Safety Benefits and Costs Comparison of Implemented Projects

Determine AMF for each project to be compared

-

Use AMF to determine project benefit Calculation
in terms of crash reduction (see Sec 7.4.1) of Benefits

|

Convert crash reduction to monetary value (See Sec 7.4.3)

¥
Calculate the ratio of monetary benefits to monetary costs (See Sec 7.6)
Comparison of
l Benefits and Costs

Consider non-monetary costs and benefits (See Sec 7.7)

v

Calculation
of Costs

Determine monetary cost of each project (See Sec 7.5)

9.9. CONCLUSIONS

Safety effectiveness evaluation is the process of developing quantitative
estimates of the reduction in the number of crashes or severity of crashes due to a
treatment, project, or a group of projects. Evaluating implemented safety treatments
is an important step in the roadway safety evaluation process, and provides
important information for future decision-making and policy development.

Safety effectiveness evaluation may include:

®  Evaluating a single project at a specific site to document the safety
effectiveness of that specific project;

®  Evaluating a group of similar projects to document the safety effectiveness of
those projects;

®  Evaluating a group of similar projects for the specific purpose of quantifying
an AMF for a countermeasure; and

®  Assessing the overall safety effectiveness of specific types of projects or
countermeasures in comparison to their costs.

There are three basic study designs that can be used for safety effectiveness
evaluations:

®  Observational before/ after studies
®  Observational cross-sectional studies

®  Experimental before/after studies

Both observational and experimental studies may be used in safety effectiveness
evaluations, although observational studies are more common among highway
agencies.

This chapter documents and discusses the various methods for evaluating the
effectiveness of a treatment, a set of treatments, an individual project, or a group of
similar projects after safety improvements have been implemented. This chapter
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734 | provides an introduction to the evaluation methods that can be used; highlights
735| which methods are appropriate for assessing safety effectiveness in specific
736 | situations; and provides step-by-step procedures for conducting safety effectiveness
737 |  evaluations

738 9.10. SAMPLE PROBLEM TO ILLUSTRATE THE EB BEFORE/AFTER
739 SAFETY EFFECTIVENESS EVALUATION METHOD

740 This section presents sample problems corresponding to the three observational
741 | Dbefore/after safety effectiveness evaluation methods presented in Chapter 9,
742 |  including the EB method, the comparison-group method, and the shift in proportions
743 | method. The data used in these sample problems are hypothetical. Appendix A
744 | provides a detailed summary of the steps for each of these methods.

745 Passing lanes have been installed to increase passing opportunities at 13 rural
746 | two-lane highway sites. An evaluation is to be conducted to determine the overall
747 |  effect of the installation of these passing lanes on total crashes at the 13 treatment
748 sites.

749 Data for total crash frequencies are available for these sites, including five years
750 | of data before and two years of data after installation of the passing lanes. Other
751 | available data include the site length (L) and the before- and after-period traffic
752|  volumes. To simplify the calculations for this sample problem, AADT is assumed to
753 | be constant across all years for both the before and after periods. It is also assumed
754 | that the roadway characteristics match base conditions and therefore all applicable
755| AMFs as well as the calibration factor (see Chapter 10) are equal to 1.0.

756 Column numbers are shown in the first row of all the tables in this sample
757 |  problem; the description of the calculations refers to these column numbers for clarity
758 |  of explanation. For example, the text may indicate that Column 10 is the sum of
759 | Columns 5 through 9 or that Column 13 is the sum of Columns 11 and 12. When
760 | columns are repeated from table to table, the original column number is kept. Where
761| appropriate, column totals are indicated in the last row of each table.

762 9.10.1. Basic Input Data

763 The basic input data for the safety effectiveness evaluation, including the yearly
764 | observed before- and after-period crash data for the 13 rural two-lane road segments,
765| are presented below:

766
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
Site Site AADT (veh/day) Observed before total crash frequency by Observed Observed after Observed
No. length year (crashes/site/year) crash total crash crash
(L) frequency frequency by year frequency
(mi) in before (crashes/site/year) in after
Before | After | Y1 Y2 Y3 Y4 Y5 period Y1 Y2 period
1 1.114 8,858 8,832 4 4 1 5 2 16 1 1 2
2 0.880 11,190 | 11,156 2 0 0 2 2 0 2 2
3 0.479 11,190 | 11,156 1 0 2 1 0 1 1 2
4 1.000 6,408 6,388 2 5 4 3 2 16 0 1 1
5 0.459 6,402 6,382 0 0 1 0 0 1 0 1 1
6 0.500 6,268 6,250 1 1 0 2 1 5 1 0 1
7 0.987 6,268 6,250 4 3 3 4 3 17 6 3 9
8 0.710 5,503 5,061 4 3 1 1 3 12 0 0 0
9 0.880 5,523 5,024 2 0 6 0 0 8 0 0 0
10 0.720 5,523 5,024 1 0 1 1 0 3 0 0 0
11 0.780 5,523 5,024 1 4 2 1 1 3 2 5
12 1.110 5,523 5,024 1 0 2 4 2 4 2 6
13 0.920 5,523 5,024 3 2 3 3 5 16 0 1 1
Total 26 22 26 27 21 122 16 14 30
9.10.2. EB Estimation of the Expected Average Crash Frequency in the
Before Period
Equation 10-6 of Section 10.6.1 in Chapter 10 provides the applicable SPF to
predict total crashes on rural two-lane roads:
N s s = AADT x L x 365 x 107 x e*3% (10-6)
Where,
Ngysrs= estimated total crash frequency for roadway segment base
conditions;
AADT = average annual daily traffic volume (vehicles per day);
= length of roadway segment (miles).
The overdispersion parameter is given by Equation 10-7 in Chapter 10 as:
k= 0236 (10-7)
L
Equation 10-1 of Section 10.2 in Chapter 10 presents the predicted average
crash frequency for a specific site type x (roadway, rs, in this example). Note in this
example all AMFs and the calibration factor are assumed to equal 1.0.
N predicted = Nopr x X (AMFy x AMFy, x...x AMF,, )< C, (10-1)
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Where,

Npresicted = predicted average crash frequency for a specific year for site
type x;
Ngysx = predicted average crash frequency determined for base
conditions of the SPF developed for site type x;

AMF,, = Accident Modification Factors specific to site type x and
specific geometric design and traffic control features y;

C, = calibration factor to adjust SPF for local conditions for site

type x.

Step 1: Using the above SPF and Columns 2 and 3, Calculate the Predicted
Average Crash Frequency for Each Site During Each Year of the Before Period

Using the above SPF and Columns 2 and 3, calculate the predicted average crash
frequency for each site during each year of the before period. The results appear in
Columns 14 through 18. For use in later calculations, sum these predicted average
crash frequencies over the five before years. The results appear in Column 19. Note
that because in this example the AADT is assumed constant across years at a given
site in the before period, the predicted average crash frequencies do not change from
year to year since they are simply a function of segment length and AADT at a given
site. This will not be the case in general, when yearly AADT data are available.

(1) (14) (15) (16) (17) (18) (19)
Site Predicted before total crash frequency by year Predicted average crash
No. (crashes/year) frequency in before
Y1 Y2 Y3 Y4 Y5 period
1 2.64 2.64 2.64 2.64 2.64 13.18
2 2.63 2.63 2.63 2.63 2.63 13.15
3 1.43 1.43 1.43 1.43 1.43 7.16
4 1.71 1.71 1.71 1.71 1.71 8.56
5 0.79 0.79 0.79 0.79 0.79 3.93
6 0.84 0.84 0.84 0.84 0.84 4.19
7 1.65 1.65 1.65 1.65 1.65 8.26
8 1.04 1.04 1.04 1.04 1.04 5.22
9 1.30 1.30 1.30 1.30 1.30 6.49
10 1.06 1.06 1.06 1.06 1.06 5.31
11 1.15 1.15 1.15 1.15 1.15 5.75
12 1.64 1.64 1.64 1.64 1.64 8.19
13 1.36 1.36 1.36 1.36 1.36 6.79
Total 19.24 19.24 19.24 19.24 19.24 96.19

Step 2: Calculate the Weighted Adjustment, w, for Each Site for the Before
Period

Using Equation A-2, the calculated overdispersion parameter (shown in Column
20), and Column 19, calculate the weighted adjustment, w, for each site for the before
period. The results appear in Column 21. Using Equation A-1, Columns 21, 19, and
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10, calculate the expected average crash frequency for each site, summed over the

entire before period. The results appear in Column 22.

(1) (20 (21) (22)
Site Overdispersion | Weighted Expected
No. parameter, k adjustment, | average crash
w frequency in
before period
1 0.212 0.264 15.26
2 0.268 0.221 7.58
3 0.493 0.221 4.70
4 0.236 0.331 13.54
5 0.514 0.331 1.97
6 0.472 0.336 4.73
7 0.239 0.336 14.06
8 0.332 0.366 9.52
9 0.268 0.365 7.45
10 0.328 0.365 3.84
11 0.303 0.365 7.82
12 0.213 0.365 8.70
13 0.257 0.365 12.64
Total 111.81

9.10.3. EB Estimation of the Expected Average Crash Frequency in the

After Period in the Absence of the Treatment

Step 3: Calculate the Predicted Average Crash Frequency for Each Site during

each year of the After Period

Using the above SPF and Columns 2 and 4, calculate the predicted average crash
frequency for each site during each year of the after period. The results appear in
Columns 23 and 24. For use in later calculations, sum these predicted average crash
frequencies over the two after years. The results appear in Column 25.
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833

(1) (23) (24) (25) (26) (27)
Site Predicted after total crash Predicted average Adjustment Expected average
No. frequency crash frequency in factor, r crash frequency in

(crashes/year) after period after period without
1 2 treatment

1 2.63 2.63 5.26 0.399 6.08

2 2.62 2.62 5.25 0.399 3.02

3 1.43 1.43 2.86 0.399 1.87

4 1.71 1.71 3.41 0.399 5.40

5 0.78 0.78 1.57 0.399 0.79

6 0.83 0.83 1.67 0.399 1.89

7 1.65 1.65 3.30 0.399 5.61

8 0.96 0.96 1.92 0.368 3.50

9 1.18 1.18 2.36 0.364 2.71

10 0.97 0.97 1.93 0.364 1.40

11 1.05 1.05 2.09 0.364 2.84

12 1.49 1.49 2.98 0.364 3.17

13 1.23 1.23 2.47 0.364 4.60

Total 18.53 18.53 37.06 42.88

834 Step 4: Calculate the Adjustment Factor, r, to Account for the Differences
835 Between the Before and After Periods in Duration and Traffic Volume at Each
836 Site.

837 Using Equation A-3 and Columns 25 and 19, calculate the adjustment factor, 1, to
838| account for the differences between the before and after periods in duration and
839 | traffic volume at each site. The results appear in Column 26 in the table presented in
840 Step 3.

841 Step 5: Calculate the Expected Average Crash Frequency for each Site over the
842 Entire after Period in the Absence of the Treatment.

843 Using Equation A-4 and Columns 22 and 26, calculate the expected average crash
844 | frequency for each site over the entire after period in the absence of the treatment.
845|  The results appear in Column 27 in the table presented in Step 3.

846 9.10.4. Estimation of the Treatment Effectiveness

847 | Step 6: Calculate an Estimate of the Safety Effectiveness of the Treatment at
848 Each Site in the Form of an Odds Ratio

849 Using Equation A-5 and Columns 13 and 27, calculate an estimate of the safety
850 | effectiveness of the treatment at each site in the form of an odds ratio. The results
851 appear in Column 28.

852
853
854
855
856
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(1) (13) (27) (28) (29) (30)
Site Observed Expected average Odds ratio Safety Variance term
No. crash crash frequency in effectiveness (Eq. A-10)
frequency in after period (%)
after period without treatment
1 2 6.08 0.329 67.13 1.787
2 2 3.02 0.662 33.84 0.939
3 2 1.87 1.068 -6.75 0.582
4 1 5.40 0.185 81.47 1.440
5 1 0.79 1.274 -27.35 0.209
6 1 1.89 0.530 46.96 0.499
7 9 5.61 1.604 -60.44 1.486
8 0 3.50 0.000 100.00 0.817
9 0 2.71 0.000 100.00 0.627
10 0 1.40 0.000 100.00 0.323
11 5 2.84 1.758 -75.81 0.657
12 6 3.17 1.894 -89.44 0.732
13 1 4.60 0.217 78.26 1.063
Total 30 42.88 11.162

Step 7: Calculate the Safety Effectiveness as a Percentage Crash Change at
Each Site

Using Equation A-6 and Column 28, calculate the safety effectiveness as a
percentage crash change at each site. The results appear in Column 29 in the table
presented in Step 6. A positive result indicates a reduction in crashes; conversely, a
negative result indicates an increase in crashes.

Step 8: Calculate the Overall Effectiveness of the Treatment for all Sites
Combined, in the Form of an Odds Ratio

Using Equation A-7 and the totals from Columns 13 and 27, calculate the overall
effectiveness of the treatment for all sites combined, in the form of an odds ratio:

OR’ = 30/42.88 = 0.700

Step 9: Calculate each Term of Equation A-9

Using Columns 26, 22, and 21, calculate each term of Equation A-9. The results
appear in Column 30 in the table presented in Step 6. Sum the terms in Column 30.
Next, using Equations A-8 and A-9, the value for OR’ from Step 8, and the sums in
Column 30 and 27, calculate the final adjusted odds ratio:

0.700
1+

(4288)

Since the odds ratio is less than 1, it indicates a reduction in crash frequency due
to the treatment.
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Step 10: Calculate the Overall Unbiased Safety Effectiveness as a Percentage
Change in Crash Frequency Across all Sites

Using Equation A-10 and the above result, calculate the overall unbiased safety
effectiveness as a percentage change in crash frequency across all sites:

AMF = 100 x (1-0.695) = 30.5%

9.10.5. Estimation of the Precision of the Treatment Effectiveness

Step 11: Calculate the Variance of OR

Using Equation A-11, the value for OR’ from Step 8, and the sums from Columns
13, 30, and 27, calculate the variance of OR:

0.700°| £ + 11'1622
30 (42.88)

{1+ 11.162) }
(42.88)2

Step 12: Calculate the Standard Error of OR

Var(OR) = J =0.019

Using Equation A-12 and the result from Step 11, calculate the standard error of
OR:

SE(OR) =+/0.019 =0.138

Step 13: Calculate the Standard Error of AMF

Using Equation A-13 and the result from Step 12, calculate the standard error
of AMF:

SE(AMF) =100 x 0.138 = 13.8%

Step 14: Assess the Statistical Significance of the Estimated Safety
Effectiveness

Assess the statistical significance of the estimated safety effectiveness by
calculating the quantity:

Abs[AMF/SE(AMF)] = 30.5/13.85 = 2.20

Since Abs[AMF/SE(AMF)] = 2.0, conclude that the treatment effect is significant
at the (approximate) 95-percent confidence level. The positive estimate of AMF,
30.5%, indicates a positive effectiveness, i.e., a reduction, in total crash frequency.

In summary, the evaluation results indicate that the installation of passing lanes
at the 13 rural two-lane highway sites reduced total crash frequency by 30.5% on
average, and that this result is statistically significant at the 95-percent confidence
level.
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9.11. SAMPLE PROBLEM TO ILLUSTRATE THE COMPARISON-
GROUP SAFETY EFFECTIVENESS EVALUATION METHOD

Passing lanes have been installed to increase passing opportunities at 13 rural
two-lane highway sites. An evaluation is to be conducted to determine the overall
effect of the installation of these passing lanes on total crashes at the 13 treatment
sites.

9.11.1. Basic Input Data for Treatment Sites

Data for total crash frequencies are available for the 13 sites, including five years
of data before and two years of data after installation of the passing lanes. Other
available data include the site length (L) and the before- and after-period traffic
volumes. To simplify the calculations for this sample problem, AADT is assumed to
be constant across all years for both the before and after periods. The detailed step-
by-step procedures in Appendix A show how to handle computations for sites with
AADTSs that vary from year to year.

Column numbers are shown in the first row of all the tables in this sample
problem; the description of the calculations refers to these column numbers for clarity
of explanation. When columns are repeated from table to table, the original column
number is kept. Where appropriate, column totals are indicated in the last row of
each table.

Organize the observed before- and after-period data for the 13 rural two-lane
road segments as shown below based on the input data for the treatment sites shown
in the sample problem in Section B.1:

(1) (2) (3) (4) (5) (6)
Treatment Sites
Site Site AADT (veh/day) Observed cr_ash Observed cr?sh
N | O e | e | e e
period period
(5 years) (2 years)

(K) (L
1 1.114 8,858 8,832 16 2
2 0.880 11,190 11,156 2
3 0.479 11,190 11,156 4 2
4 1.000 6,408 6,388 16 1
5 0.459 6,402 6,382 1 1
6 0.500 6,268 6,250 5 1
7 0.987 6,268 6,250 17 9
8 0.710 5,503 5,061 12 0
9 0.880 5,523 5,024 8 0
10 0.720 5,523 5,024 0
11 0.780 5,523 5,024 5
12 1.110 5,523 5,024 6
13 0.920 5,523 5,024 16 1
Total 10.539 122 30
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931 9.11.2. Basic Input Data for Comparison Group Sites

932 A comparison group of 15 similar, but untreated, rural two-lane highway sites
933 | has been selected. The length of each site is known. Seven years of before-period data
934 | and three years of after-period data (crash frequencies and before- and after-period
935| AADTs) are available for each of the 15 sites in the comparison group. As above,
936 | AADT is assumed to be constant across all years in both the before and after periods
937 | for each comparison site. The same comparison group is assigned to each treatment
938 | site in this sample problem.

939 Organize the observed before- and after-period data for the 15 rural two-lane
940 | road segments as shown below:

(7) (8) (9) (10) (11) (12)
Comparison Group
Site Site AADT (veh/day) Observed Observed
No. Ien(g:i\)(L) Before | After f_re(i;‘zz:‘lcy fr_:c:-ztse:cy
in before in after
period period
(7 years) (3 years)
1 1.146 8,927 8,868 27 4
2 1.014 11,288 | 11,201 5
3 0.502 11,253 | 11,163 7 3
4 1.193 6,504 6,415 21 2
5 0.525 6,481 6,455 0
6 0.623 6,300 6,273 6 1
7 1.135 6,341 6,334 26 11
8 0.859 5,468 5,385 12 4
9 1.155 5,375 5,324 20 12
10 0.908 5,582 5,149 33
11 1.080 5,597 5,096
12 0.808 5,602 5,054
13 0.858 5,590 5,033 4 10
14 1.161 5,530 5,043 12 2
15 1.038 5,620 5,078 21 2
Total 14.004 205 61

941

942 9.11.3. Estimation of Mean Treatment Effectiveness

943 Equation 10-6 of Section 10.6.1 in Chapter 10 provides the applicable SPF for total
944 |  crashes on rural two-lane roads:

945 N e s = AADT x L x 365 x 107 x %2 (10-6)
946 The overdispersion parameter for this SPF is not relevant to the comparison

947 |  group method.
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Equation 10-1 of Section 10.2 in Chapter 10 presents the predicted average crash
frequency for a specific site type x (roadway, rs, in this example). Note in this
example all AMFs and the calibration factor are assumed to equal 1.0.

N

predicte

=N

spf x

Where,

X (AMF,, x AMF,, x....x AMF,, ) xC, (10-1)

Npredicted = predicted average crash frequency for a specific year for site

type x;

Ngyys: = predicted average crash frequency determined for base
conditions of the SPF developed for site type x;

AMF,, = Accident Modification Factors specific to site type x and
specific geometric design and traffic control features y;

C, = calibration factor to adjust SPF for local conditions for site

type x.

Step 1a: Calculate the Predicted Average Crash Frequency at each Treatment

Site in the 5-year Before Period

Using the above SPF and Columns 2 and 3, calculate the predicted average crash
frequency at each treatment site in the 5-year before period. The results appear in
Column 13 in the table below. For use in later calculations, sum these predicted
average crash frequencies over the 13 treatment sites.

Step 1b: Calculate the Predicted Average Crash Frequency at each Treatment

Site in the 2-year After Period

Similarly, using the above SPF and Columns 2 and 4, calculate the predicted
average crash frequency at each treatment site in the 2-year after period. The results
appear in Column 14. Sum these predicted average crash frequencies over the 13

treatment sites.

(1) (13) (14)
Treatment Sites

Site Predicted average crash frequency at Predicted average crash frequency at

No. treatment site in before period (5 years) treatment site in after period (2 years)
1 13.18 5.26
2 13.15 5.25
3 7.16 2.86
4 8.56 3.41
5 3.93 1.57
6 4.19 1.67
7 8.26 3.30
8 5.22 1.92
9 6.49 2.36
10 5.31 1.93
11 5.75 2.09
12 8.19 2.98
13 6.79 2.47
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Total 96.19 37.06
974 | Step 2a: Calculate the Predicted Average Crash Frequency for each Comparison
975 Site in the 7-year Before Period
976 Using the above SPF and Columns 8 and 9, calculate the predicted average crash
977 |  frequency for each comparison site in the 7-year before period. The results appear in
978 Column 15 in the table below. Sum these predicted average crash frequencies over
979 |  the 15 comparison sites.
980 Step 2b: Calculate the Predicted Average Crash Frequency for each Comparison
981 Site in the 3-year After Period
982 Similarly, using the above SPF and Columns 8 and 10, calculate the predicted
983 | average crash frequency for each comparison site in the 3-year after period. The
984 | results appear in Column 16. Sum these predicted average crash frequencies over the
985 15 comparison sites.
986
(7) (15) (16)
Comparison Group
Site Predicted Predicted average
No. average crash crash frequency at
frequency at comparison site in
comparison site after period
in before period (3 years)
(7 years)
1 19.13 8.14
2 21.40 9.10
3 10.56 4.49
4 14.51 6.13
5 6.37 2.72
6 7.34 3.13
7 13.46 5.76
8 8.79 3.71
9 11.62 4.93
10 9.48 3.75
11 11.30 4.41
12 8.46 3.27
13 8.97 3.46
14 12.01 4.69
15 10.91 4.22
Total 174.29 71.93
987
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Step 3a: Calculate the 13 Before Adjustment Factors for Each of the 15
Comparison Sites

Using Equation A-14, Columns 13 and 15, the number of before years for the
treatment sites (5 years), and the number of before years for the comparison sites (7
years), calculate the 13 before adjustment factors for each of the 15 comparison sites.
The results appear in Columns 17 through 29.

(7) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29)
Comparison Group—Before Adjustment Factors (Equation A-14)
Site 1 2 3 4 5 6 7 8 9 10 11 12 13
No.
1 0.49 0.49 0.27 0.32 0.15 0.16 0.31 0.19 0.24 0.20 0.21 0.31 0.25
2 0.44 0.44 0.24 0.29 0.13 0.14 0.28 0.17 0.22 0.18 0.19 0.27 0.23
3 0.89 0.89 0.48 0.58 | 0.27 | 0.28 | 0.56 | 035 | 044 | 0.36 | 0.39 | 0.55 | 0.46
4 0.65 0.65 0.35 0.42 0.19 0.21 0.41 0.26 0.32 0.26 0.28 0.40 0.33
5 1.48 1.48 0.80 0.96 0.44 0.47 0.93 0.59 0.73 0.60 0.65 0.92 0.76
6 1.28 1.28 0.70 0.83 0.38 0.41 0.80 0.51 0.63 0.52 0.56 0.80 0.66
7 0.70 0.70 0.38 0.45 0.21 0.22 0.44 0.28 0.34 0.28 0.31 0.43 0.36
8 1.07 1.07 0.58 0.70 0.32 0.34 0.67 0.42 0.53 0.43 0.47 0.67 0.55
9 0.81 0.81 0.44 0.53 0.24 0.26 0.51 0.32 0.40 0.33 0.35 0.50 0.42
10 0.99 0.99 0.54 0.65 0.30 0.32 0.62 0.39 0.49 0.40 0.43 0.62 0.51
11 0.83 0.83 0.45 0.54 0.25 0.26 0.52 0.33 0.41 0.34 0.36 0.52 0.43
12 1.11 1.11 0.60 0.72 0.33 0.35 0.70 0.44 0.55 0.45 0.49 0.69 0.57
13 1.05 1.05 0.57 0.68 0.31 0.33 0.66 0.42 0.52 0.42 0.46 0.65 0.54
14 0.78 0.78 0.43 0.51 0.23 0.25 0.49 0.31 0.39 0.32 0.34 0.49 0.40
15 0.86 0.86 0.47 0.56 0.26 0.27 0.54 0.34 0.43 0.35 0.38 0.54 0.44
Total 0.49 0.49 0.27 0.32 0.15 0.16 0.31 0.19 0.24 0.20 0.21 0.31 0.25
Step 3b: Calculate the 13 After Adjustment Factors for Each of the 15
Comparison Sites
Using Equation A-15, Columns 14 and 16, the number of after years for the
treatment sites (2 years), and the number of after years for the comparison sites (3
years), calculate the 13 after adjustment factors for each of the 15 comparison site. The
results appear in Columns 30 through 42.
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(7) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42)
Comparison Group—After Adjustment Factors (Equation A-15)
Site 1 2 3 4 5 6 7 8 9 10 11 12 13
No.
1 0.43 0.43 0.23 0.28 | 0.13 | 0.14 | 0.27 | 0.16 | 0.19 | 0.16 | 0.17 | 0.24 | 0.20
2 0.39 0.38 0.21 0.25 | 0.11 | 0.12 | 0.24 | 0.14 | 0.17 | 0.14 | 0.15 | 0.22 | 0.18
3 0.78 0.78 0.42 051 | 023 | 0.25 | 049 | 0.29 | 035 | 0.29 | 031 | 0.44 | 0.37
4 0.57 0.57 0.31 037 | 0.17 | 0.18 | 036 | 0.21 | 0.26 | 0.21 | 0.23 | 0.32 | 0.27
5 1.29 1.29 0.70 0.84 | 038 | 041 | 081 | 047 | 058 | 047 | 0.51 | 0.73 | 0.61
6 1.12 1.12 0.61 0.73 | 033 | 0.36 | 0.70 | 0.41 | 0.50 | 0.41 | 0.45 | 0.63 | 0.53
7 0.61 0.61 0.33 0.39 | 0.18 | 0.19 | 038 | 0.22 | 0.27 | 0.22 | 0.24 | 0.34 | 0.29
8 0.94 0.94 0.51 061 | 028 | 030 | 059 | 0.35 | 042 | 035 | 038 | 0.54 | 0.44
9 0.71 0.71 0.39 046 | 0.21 | 0.23 | 045 | 0.26 | 0.32 | 0.26 | 0.28 | 0.40 | 0.33
10 0.94 0.93 0.51 061 | 028 | 0.30 | 059 | 0.34 | 042 | 034 | 037 | 0.53 | 0.44
11 0.79 0.79 0.43 0.52 | 024 | 0.25 | 050 | 0.29 | 036 | 0.29 | 0.32 | 0.45 | 0.37
12 1.07 1.07 0.58 070 | 032 | 0.34 | 067 | 039 | 048 | 0.39 | 043 | 0.61 | 0.50
13 1.01 1.01 0.55 0.66 | 030 | 0.32 | 0.64 | 0.37 | 046 | 0.37 | 040 | 0.57 | 0.48
14 0.75 0.75 0.41 049 | 022 | 0.24 | 047 | 0.27 | 034 | 0.27 | 030 | 0.42 | 0.35
15 0.83 0.83 0.45 0.54 | 025 | 0.26 | 0.52 | 0.30 | 037 | 0.31 | 033 | 0.47 | 0.39
Total 0.43 0.43 0.23 0.28 | 0.13 | 0.14 | 0.27 | 0.16 | 0.19 | 0.16 | 0.17 | 0.24 | 0.20
1010
1011 Step 4a: Calculate the Expected Average Crash Frequencies in the Before
1012 Period for an Individual Comparison Site
1013 Using Equation A-16, Columns 17 through 29, and Column 11, calculate the
1014 adjusted crash frequencies in the before period for an individual comparison site. The
1015 | results appear in Columns 43 through 55.
(7) (43) (44) (45) (46) (47)  (48) (49) (50) (51) (52) (53) (54) (55)
Comparison Group—Before Adjusted Crash Frequencies (Equation A-16)
Site 1 2 3 4 5 6 7 8 9 10 11 12 13
No.
1 13.29 13.26 7.22 8.63 3.96 | 4.22 8.33 526 | 6.55 | 536 | 5.80 8.26 6.84
2 2.20 2.20 1.19 1.43 0.66 | 0.70 1.38 0.87 1.08 | 0.89 | 0.96 1.37 1.13
3 6.24 6.23 3.39 4.05 1.86 1.98 3.91 247 | 3.08 | 252 | 2.73 3.88 3.21
4 13.63 13.60 7.40 8.85 4.06 | 4.33 8.54 540 | 6.71 | 549 | 5.95 8.47 7.02
5 4.44 4.43 2.41 2.88 1.32 1.41 2.78 1.76 | 2.19 1.79 1.94 2.76 2.28
6 7.69 7.68 4.18 5.00 229 | 244 4.82 3.05 | 3.79 | 3.10 | 3.36 4.78 3.96
7 18.18 18.14 9.88 11.81 5.41 5.77 1140 | 7.20 | 896 | 7.33 | 794 11.30 | 9.36
8 12.86 12.83 6.98 8.35 3.83 | 4.08 8.06 509 | 6.33 | 518 | 5.61 7.99 6.62
9 16.21 16.18 8.81 10.53 | 4.83 | 5.15 10.16 | 642 | 799 | 6.53 | 7.08 10.07 | 8.35
10 32.78 32.71 17.81 | 21.29 9.76 10.41 | 20.55 12.98 | 16.15 | 13.21 | 14.31 | 20.37 16.88
11 4.16 4.16 2.26 2.70 1.24 1.32 2.61 1.65 2.05 1.68 1.82 2.59 2.14
12 3.34 3.33 1.81 2.17 0.99 1.06 2.09 1.32 1.64 1.35 1.46 2.07 1.72
13 4.20 4.19 2.28 2.73 1.25 1.33 2.63 1.66 2.07 1.69 1.83 2.61 2.16
14 9.41 9.39 5.11 6.11 2.80 2.99 5.90 3.73 4.64 3.79 4.11 5.85 4.85
15 18.13 18.09 9.85 11.77 5.40 5.76 11.37 7.18 8.93 7.31 7.91 11.26 9.34
Total 166.77 166.42 90.59 | 108.30 | 49.66 | 52.97 | 104.55 | 66.03 | 82.14 | 67.21 | 72.81 | 103.61 | 85.87
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Step 4b: Calculate the Expected Average Crash Frequencies in the After Period
for an Individual Comparison Site

Similarly, using Equation A-17, Columns 30 through 42, and Column 12,
calculate the adjusted crash frequencies in the after period for an individual
comparison site. The results appear in Columns 56 through 68.

(7) (56) (57) (58) (58) (60) (61) (62) (63) (64) (65) (66) (67) (68)
Comparison Group—After Adjusted Crash Frequencies (Equation A-17)
Site 1 2 3 4 5 6 7 8 9 10 11 12 13
No.
1 1.72 1.72 0.94 1.12 0.51 0.55 1.08 0.63 0.77 0.63 0.69 0.98 0.81
2 1.93 1.92 1.05 1.25 0.57 0.61 1.21 0.70 0.87 0.71 0.77 1.09 0.90
3 2.34 2.34 1.27 1.52 0.70 0.74 1.47 0.86 1.05 0.86 0.93 1.33 1.10
4 1.14 1.14 0.62 0.74 0.34 0.36 0.72 0.42 0.51 0.42 0.46 0.65 0.54
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 1.12 1.12 0.61 0.73 0.33 0.36 0.70 0.41 0.50 0.41 0.45 0.63 0.53
7 6.69 6.67 3.63 4.34 1.99 2.12 4.19 2.44 3.01 2.46 2.66 3.79 3.14
8 3.78 3.77 2.05 2.45 1.13 1.20 2.37 1.38 1.70 1.39 1.51 2.14 1.78
9 8.53 8.51 4.63 5.54 2.54 2.71 5.35 3.12 3.83 3.14 3.40 4.83 4.01
10 4.68 4.67 2.54 3.04 1.39 1.49 2.93 1.71 2.10 1.72 1.86 2.65 2.20
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 10.13 10.11 5.50 6.58 3.02 3.22 6.35 3.70 4.55 3.72 4.03 5.74 4.76
14 1.49 1.49 0.81 0.97 0.44 0.47 0.94 0.55 0.67 0.55 0.60 0.85 0.70
15 1.66 1.66 0.90 1.08 0.49 0.53 1.04 0.61 0.75 0.61 0.66 0.94 0.78
Total 45.21 45.11 24.56 | 29.35 | 13.46 | 14.36 | 28.35 | 16.51 | 20.32 | 16.62 | 18.01 | 25.63 | 21.24
Step 5: Calculate the Total Expected Comparison Group Crash Frequencies in
the Before Period for each Treatment Site.
Applying Equation A-18, sum the crash frequencies in each of the Columns 43
through 55 obtained in Step 4a. These are the 13 total comparison-group adjusted
crash frequencies in the before period for each treatment site. The results appear in the
final row of the table presented with Step 4a.
Step 6: Calculate the Total Expected Comparison Group Crash Frequencies in
the After Period for each Treatment Site
Similarly, applying Equation A-19, sum the crash frequencies in each of the
Columns 56 through 68 obtained in Step 4b. These are the 13 total comparison-group
adjusted crash frequencies in the after period for each treatment site. The results
appear in the final row of the table presented with Step 4b.
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1035 Step 7: Reorganize the Treatment Site Data by Transposing the Column Totals
1036 (last row) of the Tables Shown in Steps 4a and 4b
1037 For ease of computation, reorganize the treatment site data (M and N) as shown
1038 | Dbelow by transposing the column totals (last row) of the tables shown in Steps 4a
1039 and 4b.
1040 Using Equation A-20, Columns 69 and 70, calculate the comparison ratios. The
1041 results appear in Column 71.
(1) (69) (70) (71) (72) (6) (73)
Treatment Sites
Site Comparison-group Comparison-group Comparison Expected Observed Odds
No. adjusted crash adjusted crash ratio average crash crash ratio
frequency in before frequency in after frequency in fr_equency
period period after period in after
without period
treatment
1 166.77 45.21 0.271 4.34 2 0.461
2 166.42 45.11 0.271 1.63 2 1.230
3 90.59 24.56 0.271 1.08 2 1.845
4 108.30 29.35 0.271 4.34 1 0.231
5 49.66 13.46 0.271 0.27 1 3.689
6 52.97 14.36 0.271 1.36 1 0.738
7 104.55 28.35 0.271 4.61 9 1.953
8 66.03 16.51 0.250 3.00 0 0.000
9 82.14 20.32 0.247 1.98 0 0.000
10 67.21 16.62 0.247 0.74 0 0.000
11 72.81 18.01 0.247 2.23 5 2.246
12 103.61 25.63 0.247 2.23 6 2.695
13 85.87 21.24 0.247 3.96 1 0.253
Total 1,216.93 318.72 31.75 30
1042
1043 Step 8: Calculate the Expected Average Crash Frequency for Each Treatment
1044 Site in the After Period had no Treatment Been Implemented
1045 Using Equation A-21, Columns 5 and 71, calculate the expected average crash
1046 | frequency for each treatment site in the after period had no treatment been
1047 | implemented. The results appear in Column 72 in the table presented in Step 7. Sum
1048 the frequencies in Column 72.
1049 Step 9: Calculate the Safety Effectiveness, Expressed as an Odds Ratio, OR, at
1050 an Individual Treatment Site
1051 Using Equation A-22, Columns 6 and 72, calculate the safety effectiveness,
1052 expressed as an odds ratio, OR, at an individual treatment site. The results appear in
1053 Column 73 in the table presented in Step 7.
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9.11.4. Estimation of the Overall Treatment Effectiveness and its

Precision

Step 10: Calculate the Log Odds Ratio (R) for Each Treatment Site

Using Equation A-24 and Column 73, calculate the log odds ratio (R) for each
treatment site. The results appear in Column 74.

(1) (74) (75) (76) (77)
Treatment Sites
Site Log odds Squared Weighted Weighted
No. ratio, R standard Adjustment, product
error of log w
odds ratio

1 -0.774 0.591 1.69 -1.31
2 0.207 0.695 1.44 0.30
3 0.612 0.802 1.25 0.76
4 -1.467 1.106 0.90 -1.33
5 1.305 2.094 0.48 0.62
6 -0.304 1.289 0.78 -0.24
7 0.669 0.215 4.66 3.12
8 NC NC NC NC
9 NC NC NC NC
10 NC NC NC NC
11 0.809 0.380 2.63 2.13
12 0.992 0.326 3.06 3.04
13 -1.376 1.121 0.89 -1.23

Total 17.78 5.86

NC: Quantities cannot be calculated because zero crashes were
observed in after period at these treatment sites

NC: Quantities cannot be calculated because zero crashes were observed in after

period at these treatment sites

Step 11: Calculate the Squared Standard Error of the Log Odds Ratio at Each

Treatment Site

Using Equation A-26, Columns 5, 6, 69, and 70, calculate the squared standard
error of the log odds ratio at each treatment site. The results appear in Column 75 of
the table presented with Step 10.

Using Equation A-25 and Column 75, calculate the weight w for each treatment
site. The results appear in Column 76 of the table presented with Step 10. Calculate
the product of Columns 75 and 76. The results appear in Column 77 of the table

presented with Step 10. Sum each of Columns 76 and 77.
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1072 Step 12: Calculate the Weighted Average Log Odds ratio, R, Across all
1073 Treatment Sites

1074 Using Equation A-27 and the sums from Columns 76 and 77, calculate the
1075 | weighted average log odds ratio (R) across all treatment sites:

1076 R =1586/17.78 = 0.33

1077 Step 13: Calculate the Overall Effectiveness of the Treatment Expressed as an
1078 Odds Ratio

1079 Using Equation A-28 and the result from Step 12, calculate the overall
1080 effectiveness of the treatment, expressed as an odds ratio, OR, averaged across all
1081 sites:

1082 OR = exp(0.33) = 1.391

1083 Step 14: Calculate the Overall Safety Effectiveness, Expressed as a Percentage
1084 Change in Crash Frequency, AMF, Averaged across all Sites

1085 Using Equation A-29 and the results from Step 13, calculate the overall safety
1086 | effectiveness, expressed as a percentage change in crash frequency, AMF, averaged
1087 |  across all sites:

1088 AMF = 100 x (1-1.391) = -39.1%

1089 Note: The negative estimate of AMF indicates a negative effectiveness, i.e. an
1090 | increase in total crashes.

1091 Step 15: Calculate the Precision of the Treatment Effectiveness

1092 Using Equation A-30 and the results from Step 13 and the sum from Column 76,
1093 | calculate the precision of the treatment effectiveness:

1094 SE(AMF) = 100& =33.0%

~17.78

1095 Step 16: Assess the Statistical Significance of the Estimated Safety
1096 Effectiveness

1097 Assess the statistical significance of the estimated safety effectiveness by
1098 |  calculating the quantity:

1099 Abs[AMF/SE(AMF)] = 39.1/33.0 = 1.18

1100 Since Abs[AMF/SE(AMF)] < 1.7, conclude that the treatment effect is not
1101 significant at the (approximate) 90-percent confidence level.

1102 In summary, the evaluation results indicate that an average increase in total
1103 |  crash frequency of 39.1 percent was observed after the installation of passing lanes at
1104 | the rural two-lane highway sites, but this increase was not statistically significant at
1105| the 90-percent confidence level. This sample problem provided different results than
1106 the EB evaluation in Section B.1 for two primary reasons. First, a comparison group
1107 | rather than an SPF was used to estimate future changes in crash frequency at the
1108 treatment sites. Second, the three treatment sites at which zero crashes were observed
1109 | in the period after installation of the passing lanes could not be considered in the
1110 | comparison group method because of division by zero. These three sites were
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considered in the EB method. This illustrates a weakness of the comparison group
method which has no mechanism for considering these three sites where the
treatment appears to have been most effective.

9.12. SAMPLE PROBLEM TO ILLUSTRATE THE SHIFT OF
PROPORTIONS SAFETY EFFECTIVENESS EVALUATION
METHOD

Passing lanes have been installed to increase passing opportunities at 13 rural
two-lane highway sites. An evaluation is to be conducted to determine the overall
effect of the installation of these passing lanes on the proportion of fatal-and-injury
crashes at the 13 treatment sites.

Data are available for both fatal-and-injury and total crash frequencies for each of
the 13 rural two-lane highway sites for five years before and two years after
installation of passing lanes. These data can be used to estimate fatal-and-injury crash
frequency as a proportion of total crash frequency for the periods before and after
implementation of the treatment.

As before, column numbers are shown in the first row of all the tables in this
sample problem; the description of the calculations refers to these column numbers
for clarity of explanation. When columns are repeated from table to table, the original
column number is kept. Where appropriate, column totals are indicated in the last
row of each table.

9.12.1. Basic Input Data

Organize the observed before- and after-period total and fatal-and-injury (FI)
crash frequencies for the 13 rural two-lane road segments as follows in Columns 1
through 5:

(1) (2) (3) (4) (5) (6) (7) (8)
Site Crash Crash Proportion of FI/TOTAL Difference
No. frequency in before frequency in after crashes in
period period proportions
(5 years) (2 years)
Total FI Total FI Before After

1 17 9 3 3 0.53 1.000 0.471

2 3 3 2 0.50 0.667 0.167

3 2 3 2 0.33 0.667 0.333

4 17 6 3 2 0.35 0.667 0.314

5 1 1 2 1 1.00 0.500 -0.500

6 5 2 3 0 0.40 0.000 -0.400

7 18 12 10 3 0.67 0.300 -0.367

8 12 3 2 1 0.25 0.500 0.250

9 1 1 1 0.13 1.000 0.875
10 3 1 0 0.75 0.000 -0.750
11 10 1 6 2 0.10 0.333 0.233
12 10 3 7 1 0.30 0.143 -0.157
13 18 4 1 1 0.22 1.000 0.778

Total 132 50 45 19 1.247
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1136 | 9.12.2, Estimate the Average Shift in Proportion of the Target Collision
1137 Type
1138 Step 1: Calculate the Before Treatment Proportion

1139 Using Equation A-31 and Columns 2 and 3, calculate the before treatment
1140 | proportion. The results appear in Column 6 above.

1141 Step 2: Calculate the After Treatment Proportion

1142 Similarly, using Equation A-32 and Columns 4 and 5, calculate the after
1143 |  treatment proportion. The results appear in Column 7 above.

1144 Step 3: Calculate the Difference Between the After and Before Proportions at
1145 Each Treatment Site

1146 Using Equation A-33 and Columns 6 and 7, calculate the difference between the
1147 |  after and before proportions at each treatment site. The results appear in Column 8
1148 | above. Sum the entries in Column 8.

1149 Step 4: Calculate the Average Difference Between After and Before Proportions
1150 over all n Treatment Sites

1151 Using Equation A-34, the total from Column 8, and the number of sites (13),
1152 | calculate the average difference between after and before proportions over all n
1153 treatment sites:

1154 AvgP(FI)DIff = 1.247/13 = 0.10

1155 This result indicates that the treatment resulted in an observed change in the
1156 proportion of fatal-and-injury crashes of 0.10, i.e., a 10-percent increase in proportion.

1157 | 9.12.3. Assess the Statistical Significance of the Average Shift in
1158 Proportion of the Target collision type
1159 Step 5: Obtain the Absolute Value of the Differences in Proportion in Column 8

1160 Using Equation A-35, obtain the absolute value of the differences in proportion
1161 in Column 8. The results appear in Column 9 in the table presented in Step 6.

Page 9-42 Part B / Roadway Safety Management Process
Chapter 9—Safety Effectiveness Evaluation



1162

1163
1164
1165
1166

1167

1168

1169
1170
1171
1172

1173

1174
1175

1176
1177
1178

1179
1180

1181
1182
1183

1184
1185
1186

Highway Safety Manual — I* Edition

Current as of April 6, 2009

Step 6: Sort the Data in Ascending Order of the Absolute Values in Column 9.

Sort the data in ascending order of the absolute values in Column 9. Assign the
corresponding rank to each site. The results appear in Column 10. [Note: sum the
numbers in Column 10; this is the maximum total rank possible based on 13 sites.]

Organize the data as shown below:

(1) (8 9) (10) (11)
Site Difference | Absolute Rank Rank
No. in difference corresponding
proportions | in to positive
proportions difference
12 -0.157 0.157 1 0
2 0.167 0.167 2 2
11 0.233 0.233 3 3
8 0.250 0.250 4 4
4 0.314 0.314 5 5
3 0.333 0.333 6 6
7 -0.367 0.367 7 0
6 -0.400 0.400 8 0
1 0.471 0.471 9 9
5 -0.500 0.500 10 0
10 -0.750 0.750 11 0
13 0.778 0.778 12 12
9 0.875 0.875 13 13
Total 91 54

Step 7: Calculate the Value of the T+ Statistic

Replace all ranks (shown in Column 10) associated with negative difference
(shown in Column 8) with zero. The results appear in Column 11 in the table
presented in Step 6. Sum the ranks in Column 11. This is the value of the T+ statistic

in Equation A-36:

T+ =54

Step 8: Assess the Statistical Significance of T+ Using a Two-sided Significance

Test at the 0.10 Level (90-percent confidence level)

Assess the statistical significance of T+ using a two-sided significance test at the
0.10 level (90-percent confidence level). Using Equation A-37 and Exhibit 9-17, obtain

the upper and lower critical limits as:

®  Upper limit: t(a2,13) = 70; this corresponds to an a2 of 0.047, the closest

value to 0.10/2

" Lower limit: 91 - t(a1,13) =91 - 69 = 22; here 69 corresponds to an al of
0.055, for a total a of 0.047 + 0.055 = 0.102, the closest value to the

significance level of 0.10

Since the calculated T+ of 54 is between 22 and 70, conclude that the treatment
has not significantly affected the proportion of fatal-and-injury crashes relative to

total crashes.
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1187 In summary, the evaluation results indicate that an increase in proportion of
1188 | fatal-and-injury crashes of 0.10 (i.e., 10%) was observed after the installation of
1189 passing lanes at the 13 rural two-lane highway sites, but this increase was not
1190 | statistically significant at the 90-percent confidence level.
1191
1192

Page 9-44 Part B / Roadway Safety Management Process

Chapter 9—Safety Effectiveness Evaluation



1193

1194
1195
1196

1197
1198
1199
1200
1201

1202
1203
1204

1205
1206

1207
1208
1209

1210
1211
1212
1213

1214
1215

1216
1217
1218

1219
1220
1221
1222

1223
1224
1225
1226

1227

Highway Safety Manual — I* Edition

Current as of April 6, 2009

9.13.

10.

REFERENCES

Griffin, L. I, and R. J. Flowers. A Discussion of Six Procedures for
Evaluating Highway Safety Projects, Federal Highway Administration,
U.S. Department of Transportation, December, 1997.

Harwood, D. W., K. M. Bauer. I. B. Potts., D. J. Torbic. K. R. Richard, E.
R. Kohlman Rabbani, E. Hauer and L. Elefteriadou. Safety Effectiveness of
Intersection Left- and Right-Turn Lanes, Report No. FHWA-RD-02-089,
Federal Highway Administration, U.S. Department of Transportation,
April, 2002.

Harwood, D.W,, et al. SafetyAnalyst: Software Tools for Safety Management
of Specific Highway Sites. Federal Highway Administration. More
information available from http:/ /www.safetyanalyst.org.

Hauer, E. Cause and Effect in Observational Cross-Section Studies on Road
Safety. Transportation Research Board Annual Meeting CDROM, 2005.

Hauer, E. Observational Before-after Studies in Road Safety: Estimating the
Effect of Highway and Traffic Engineering Measures on Road Safety.
Pergamon Press, Elsevier Science Ltd, Oxford, UK, 1997.

Hauer, E., D. W. Harwood, F. M. Council., and M. S. Griffith.
Estimating Safety by the Empirical Bayes Method: A Tutorial. In
Transportation Research Record 1784. TRB, National Research Council,
2002.

Hollander, M., and D. A. Wolfe. Nonparametric Statistical Methods. John
Wiley & Sons, Inc., 1973.

Lord, D. and B. N. Persaud, 2000. Accident Prediction Models with and
without Trend: Application of the Generalized Estimating Equation
Procedure. Transportation Research Record 1717, 102-108.

Lyon, C., B. N. Persaud, N. X. Lefler, D. L. Carter, and K. A. Eccles.
Safety Evaluation of Using Center Two-Way Left-Turn Lanes on Two-Lane
Roads. Transportation Research Record, TRB, National Research
Council.

Persaud, B. N., R. A. Retting, P. E. Garder, and D. Lord. Safety Effect of
Roundabout Conversions in the United States: Empirical Bayes
Observational Before-After Studies. Transportation Research Record 1751.
TRB, National Research Council, 2001.

Part B / Roadway Safety Management Process
Chapter 9—Safety Effectiveness Evaluation

Page 9-45



1228
1229
1230

1231
1232
1233

1234
1235
1236

1237
1238
1239

1240
1241
1242
1243
1244

1245

1246
1247
1248
1249
1250

1251

1252
1253

1254
1255
1256
1257
1258

1259

1260

1261

1262

Highway Safety Manual — I* Edition Current as of April 6, 2009

APPENDIX A— COMPUTATIONAL
PROCEDURES FOR SAFETY EFFECTIVENESS
EVALUATION METHODS

This appendix presents computational procedures for three observational
before/after safety evaluation methods presented in this chapter, including the EB
method, the comparison-group method, and the shift in proportions method.

A.l1 COMPUTATIONAL PROCEDURE FOR IMPLEMENTING THE EB
BEFORE/AFTER SAFETY EFFECTIVENESS EVALUATION
METHOD

A computational procedure using the EB method to determine the safety
effectiveness of the treatment being evaluated, expressed as a percentage change in
crashes, 0, and to assess its precision and statistical significance, is presented below.

All calculations are shown in Steps 1 through 13 in this section for the total crash
frequencies for the before period and after periods, respectively, at a given site. The
computational procedure can also be adapted to consider crash frequencies on a year-
by-year basis for each site [e.g., see the computational procedure used in the FHWA
SafetyAnalyst software®.]

EB Estimation of the Expected Average Crash Frequency in the Before Period

Step 1: Using the applicable SPF, calculate the predicted average crash
frequency, Njcdicted, fOr site type x during each year of the before period. For
roadway segments, the predicted average crash frequency will be expressed as
crashes per site per year; for intersections, the predicted average crash
frequency is expressed as crashes per intersection per year. Note that:

N predicted = Nopr 5 % (AMF,, x AMF,, x...xAMFyX) xC,

However for this level of evaluation it may be assumed that all AMFs and C, are
equal to 1.0.

Step 2: Calculate the expected average crash frequency, N, pecreqr fOr each site
i, summed over the entire before period. For roadway segments, the expected
average crash frequency will be expressed as crashes per site; for
intersections, the expected average crash frequency is expressed as crashes
per intersection.

N,

expected,B

= Wi,BNpredicted,B + (1 - Wi,B)Nobserved,B (A-‘Z)

Where the weight, wg, for each site i, is determined as:

1
= A-2
YIRS N 2

predicted
Before

years

and:
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1263 Nexpected = Expected average crash frequency at site i for the entire

1264 before period

1265 Ngysx = Predicted average crash frequency determined with the

1266 applicable SPF (from Step 1)

1267 Noserved3 = Observed crash frequency at site i for the entire before period
1268 k = Overdispersion parameter for the applicable SPF

1269 NOTE: If no SPF is available for a particular crash severity level or crash type

1270 | Dbeing evaluated, but that crash type is a subset of another crash severity level or
1271 | crash type for which an SPF is available, the value of PRiys can be determined by
1272 | multiplying the SPF-predicted average crash frequency by the average proportion
1273 | represented by the crash severity level or crash type of interest. This approach is an
1274 | approximation that is used when a SPF for the crash severity level or crash type of
1275| interest cannot be readily developed. If an SPF from another jurisdiction is available,
1276 | consider calibrating that SPF to local conditions using the calibration procedure
1277 |  presented in the Appendix to Part C.

1278 EB Estimation of the Expected Average Crash Frequency in the After Period in
1279 the Absence of the Treatment

1280 Step 3: Using the applicable SPF, calculate the predicted average crash
1281 frequency, PR;, 5, for each site i during each year y of the after period.

1282 Step 4: Calculate an adjustment factor, r;, to account for the differences
1283 between the before and after periods in duration and traffic volume at each
1284 sitei as:

z N predicted , A
After
1285 v = R (A-3)
z Npredicted,B
Before
years
1286 Step 5: Calculate the expected average crash frequency, E; ,, for each site i,
1287 over the entire after period in the absence of the treatment as:
1288 N, expected, 4 = N expected,B X rl 64-4)

1289 Estimation of Treatment Effectiveness

1290 Step 6: Calculate an estimate of the safety effectiveness of the treatment at
1291 each site i in the form of an odds ratio, OR;, as:

N,
1292 OR, = —2ered 4 (A-5)
expected, A
1293 Where,
1294 OR; = Odd ration at site i
1295 Nobserved,a = Observed crash frequency at site i for the entire after period
Page A-2 Part B / Roadway Safety Management Process
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Step 7: Calculate the safety effectiveness as a percentage crash change at site
i, AMF;, as:

AMF, =100%(1- OR,) (4-6)

Step 8: Calculate the overall effectiveness of the treatment for all sites
combined, in the form of an odds ratio, OR’, as follows:

Z N observed, A
OR,: All sites (/4-7)

Z N, expected , A

All sites

Step 9: The odds ratio, OR’, calculated in Equation A-7 is potentially biased;
therefore, an adjustment is needed to obtain an unbiased estimate of the
treatment effectiveness in terms of an adjusted odds ratio, OR. This is
calculated as follows:

OR = OR (A-8)
Var( Z Nexpected,A)

1 All sites

+
( Z Nexpected,A )2

All sites

Where,

Va”( ZNexpected,A) = Z[(r[)z x Nexpected,B X (l_ Wi,B)] (A_g)

All sites All sites
and wi is defined in Equation A-2 and 1; is defined in Equation A-3.

Step 10: Calculate the overall unbiased safety effectiveness as a percentage
change in crash frequency across all sites, AMF, as:

AMF =100x%(1-OR) (A-10)

Estimation of the Precision of the Treatment Effectiveness

To assess whether the estimated safety effectiveness of the treatment, AMF, is
statistically significant, one needs to determine its precision. This is done by first
calculating the precision of the odds ratio, OR, in Equation A-8. The following steps
show how to calculate the variance of this ratio to derive a precision estimate and
present criteria assessing the statistical significance of the treatment effectiveness
estimate.
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1321 Step 11: Calculate the variance of the unbiased estimated safety effectiveness,
1322 expressed as an odds ratio, OR, as follows:

l VGV( Z Nexpected,A )

All sites

+
Nobserved,A ( Z Nexpected,A )2
1323 Var(OR) = Al sites (A-11)
Var( Z Nexpected,A )

1 All sites

+
( z Nexpected,A )2

All sites

(OR')*

1324

1325 Step 12: To obtain a measure of the precision of the odds ratio, OR, calculate
1326 its standard error as the square root of its variance:

1327

1328 SE(OR) = /Var(OR) (A-12)

1329 Step 13: Using the relationship between OR and AMF shown in Equation A-10,
1330 the standard error of AMF, SE(AMF), is calculated as:

1331
1332 SE(AMF)=100x SE(OR) (A-13)

1333 Step 14: Assess the statistical significance of the estimated safety
1334 effectiveness by making comparisons with the measure Abs[ AMF/SE(AMF)]
1335 and drawing conclusions based on the following criteria:

1336 ® If Abs|AMF/SE(AMF)] < 1.7, conclude that the treatment effect is not
1337 significant at the (approximate) 90-percent confidence level.
1338 B If Abs|AMF/SE(AMF)] 2 1.7, conclude that the treatment effect is significant
1339 at the (approximate) 90-percent confidence level.
1340 " If Abs|AMF/SE(AMF)] = 2.0, conclude that the treatment effect is significant
1341 at the (approximate) 95-percent confidence level.
1342
1343
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A.2 COMPUTATIONAL PROCEDURE FOR IMPLEMENTING THE
COMPARISON-GROUP SAFETY EFFECTIVENESS EVALUATION
METHOD

A computational procedure using the comparison-group evaluation study
method to determine the safety effectiveness of the treatment being evaluated,
expressed as a percentage change in crashes, 0, and to assess its precision and
statistical significance, is presented below.

Notation: The following notation will be used in presenting the computational
procedure for the comparison-group method. Each individual treatment site has a
corresponding comparison group of sites, each with their own ADT and number of
before and after years. The notation is as follows:

B Subscript i denotes a treatment site, i=1,...,n, where n denotes the total
number of treatment sites

®  Subscript j denotes a comparison site, j=1,...,m, where m denotes the total
number of comparison sites

®  Each treatment site i has a number of before years, Ygr, and a number of
after years, Yar

B Each comparison site j has a number of before years, Ygc, and a number of
after years, Yac

B Ttis assumed for this section that Ygr is the same across all treatment sites;
that Yar is the same across all treatment sites; that Ygc is the same across all
comparison sites; and that Yac is the same across all comparison sites. Where
this is not the case, computations involving the durations of the before and
after periods may need to vary on a site-by-site basis.

The following symbols are used for observed crash frequencies, in accordance
with Hauer’s notation ©:

Before After
Treatment Treatment
Treatment Site Nobserved,T,B Nobserved,T,A
Comparison Group Nobserved,C,B Nobsen/ed,C,A

Estimation of Mean Treatment Effectiveness

Step 1a: Using the applicable SPF and site-specific ADT, calculate ZN egicted,T,5/
the sum of the predicted average crash frequencies at treatment site i in before
period.

Step 1b: Using the applicable SPF and site-specific AADT, calculate ZNedicted,T,ar
the sum of the predicted average crash frequencies at treatment site i in after
period.

Step 2a: Using the applicable SPF and site-specific AADT, calculate ZNcdicted,c,5
the sum of the predicted average crash frequencies at comparison site j in
before period.
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1382 Step 2b: Using the applicable SPF and site-specific AADT, calculate ZN cdicted,c,ar
1383 the sum of the predicted average crash frequencies at comparison site j in after
1384 period.

1385 Step 3a: For each treatment site i and comparison site j combination, calculate
1386 an adjustment factor to account for differences in traffic volumes and number
1387 of years between the treatment and comparison sites during the before period
1388 as follows:

Noiwirs Y,
1389 Adjiyij _ predicted T ,B % BT (/4-]4)

predicted ,C,B YBC

=

1390 Where,

1391 Npredicted, 7,8 = Sum of predicted average crash frequencies at treatment site i
1392 in before period using the appropriate SPF and site-specific
1393 AADT;

1394 Npredicted,c8 = Sum of predicted average crash frequencies at comparison
1395 site j in before period using the same SPF and site-specific
1396 AADT;

1397 Ypr = Duration (years) of before period for treatment site i; and
1398 Ypc = Duration (years) of before period for comparison site j.

1399

1400 Step 3b: For each treatment site i and comparison site j combination, calculate
1401 an adjustment factor to account for differences in AADTs and number of years
1402 between the treatment and comparison sites during the after period as follows:

N redicte Y
1403 Adj, , =Ll AT (A-15)

Npredicted,C,A YAC

1404 Where,

1405 Npredicted 1,4 = Sum of predicted average crash frequencies at treatment site i
1406 in after period using the appropriate SPF and site-specific
1407 AADT;

1408 Npredicted,c,a = Sum of predicted average crash frequencies at comparison
1409 sitej in the after period using the same SPF and site-specific
1410 AADT;

1411 Yar = Duration (years) of after period for treatment site i; and

1412 Yac= Duration (years) of after period for comparison site j

1413 Step 4a: Using the adjustment factors calculated in Equation A-14, calculate
1414 the expected average crash frequencies in the before period for each
1415 comparison site j and treatment site i combination, as follows:

1416 Nexpected,C,B = Z Nobserved,C,B X Aa.]ji,j,B (A-‘Z6)

All sites

1417 Where,
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ZNobserved,c8 = Sum of observed crash frequencies at comparison site j in the
before period

Step 4b: Using the adjustment factor calculated in Equation A-15, calculate
the expected average crash frequencies in the after period for each comparison
site j and treatment site i combination, as follows:

Nexpected,C,A = anbserved,C,A x Adji,j,A (’4-]7)

All sites

Where,

Nj= Sum of observed crash frequencies at comparison site j in the
after period

Step 5: For each treatment site i, calculate the total comparison-group
expected average crash frequency in the before period as follows:

N, expected,C B, total = z N, expected,C,B (A-‘l 8)

All comparison sites

Step 6: For each treatment site i, calculate the total comparison-group
expected average crash frequency in the after period as follows:

Nexpected,C,A,total = z Nexpected,C,A (’4-]9)

All comparison sites

Step 7: For each treatment site i, calculate the comparison ratio, ric, as the
ratio of the comparison-group expected average crash frequency after period
to the comparison-group expected average crash frequency in the before
period at the comparison sites as follows:

expected ,C, A,total

e =y (A-20)

expected ,C,B,total

Step 8: Using the comparison ratio calculated in Equation A-20, calculate the
expected average crash frequency for a treatment site i in the after period, had
no treatment been implement as follows:

Nexpected,T,A = Z Nobserved,T,B X riC (’4-2])

All sites

Step 9: Using Equation A-22, calculate the safety effectiveness, expressed as
an odds ratio, OR;, at an individual treatment site i as the ratio of the expected
average crash frequency with the treatment over the expected average crash
frequency had the treatment not been implemented, as follows:

ORi = zNobser\»ed,T,A /N (/4'22)

expected T, A
All sites
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Or alternatively,

OR. = Nobserved,T,A,total % Ngxpec[ed,C,B,total (,4-23)

i

observed,T B, total N expected,C, A,total

Where,

Nobserved,T,Atotal @Nd Nobserved,T,Btotal TEPresent the total treatment group observed
crash frequencies at treatment site i calculated as the sum of Nopserveqr,a and
Nobserved, T 5 for all sites;

The next steps show how to estimate weighted_average safety effectiveness
and its precision based on individual site data.

Step 10: For each treatment site i, calculate the log odds ratio, R;, as follows:

R, =In(OR)) (A-24)

Where the In function represents the natural logarithm.

Step 11: For each treatment site i, calculate the weight w; as follows:

_ 2
w, =1/R}, (A-25)
Where,
1 1 1 1
Iise) = + + + (A-26)
N, N, N,
observed T ,B,total observed T, A,total expected ,C,B total expected ,C, A, total

Step 12: Using Equation A-27, calculate the weighted average log odds ratio, R,
across all n treatment sites as:

Z W,R,
= —"Z: "

Step 13: Exponentiating the result from Equation A-27, calculate the overall
effectiveness of the treatment, expressed as an odds ratio, OR, averaged
across all sites, as follows:

R (A-27)

OR =¢* (A-28)

Step 14: Calculate the overall safety effectiveness, expressed as a percentage
change in crash frequency, AMF, averaged across all sites as:

AMF =100x(1- OR) (A-29)
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Step 15: To obtain a measure of the precision of the treatment effectiveness,
AMF, calculate its standard error, SE(AMF), as follows:

SE(AMF) = 100i (A-30)
Wi

Step 16: Assess the statistical significance of the estimated safety
effectiveness by making comparisons with the measure Abs[ AMF/SE(AMF)]
and drawing conclusions based on the following criteria:

® If Abs|AMF/SE(AMF)] < 1.7, conclude that the treatment effect is not
significant at the (approximate) 90-percent confidence level.

B If Abs|AMF/SE(AMF)] =1.7, conclude that the treatment effect is significant
at the (approximate) 90-percent confidence level.

" If Abs|AMF/SE(AMF)] = 2.0, conclude that the treatment effect is significant
at the (approximate) 95-percent confidence level.

A3 COMPUTATIONAL PROCEDURE FOR IMPLEMENTING THE
SHIFT OF PROPORTIONS SAFETY EFFECTIVENESS
EVALUATION METHOD

A computational procedure using the evaluation study method for assessing
shifts in proportions of target collision types to determine the safety effectiveness of
the treatment being evaluated, AvgPcrpir, and to assess its statistical significance, is
presented below.

This step-by-step procedure uses the same notation as that used in the
traditional comparison-group safety evaluation method. All proportions of specific
crash types (subscript SCT) are relative to total crashes (subscript TOT).

B Nobserved 0T denotes the observed number of TOT crashes at treatment site i
over the entire before treatment period.

B Nobserveapcr denotes the observed number of CT crashes of a specific crash
type at treatment site i over the entire before treatment period.

B Nobserved,a,tor denotes the observed number of TOT crashes at treatment site i
over the entire after treatment period.

®  Nobserved,acT denotes the observed number of CT crashes of a specific crash
type at treatment site i over the entire after treatment period.

Estimate the Average Shift in Proportion of the Target Collision Type

Step 1: Calculate the before treatment proportion of observed crashes of a
specific target collision type (CT) relative to total crashes (TOT) at treatment
site i, Pi.cr)s, across the entire before period as follows:

N
observed ,B,CT
E(CT)B - % (A-3J)
observed ,B,TOT
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Step 2: Similarly, calculate the after treatment proportion of observed crashes
of a specific target collision type of total crashes at treatment site i, Pjcr)a,
across the entire after period as follows:

P _ Nobserved,A,CT
i(CTHA — N
observed,A,TOT

(A-32)

Step 3: Determine the difference between the after and before proportions at
each treatment site i as follows:

Fenpig = Fierya = Fienys (A-33)

Step 4: Calculate the average difference between after and before proportions
over all n treatment sites as follows:

z B crypi (A-34)

Treat
sites

1
AVgP(CT)Diﬁ‘ = ;

Assess the Statistical Significance of the Average Shift in Proportion of the Target
Collision Type

The following steps demonstrate how to assess whether the treatment
significantly affected the proportion of crashes of the collision type under
consideration. Because the site-specific differences in Equation A-34 do not
necessarily come from a normal distribution and because some of these differences
may be equal to zero, a nonparametric statistical method, the Wilcoxon signed rank
test, is used to test whether the average difference in proportions calculated in
Equation A-34 is significantly different from zero at a predefined confidence level.

Step 5: Take the absolute value of the non-zero P;rpisr Calculated in Equation
A-33. For simplicity of notation, let Z; denote the absolute value of P;jcrpis
thus:

Z; = abs(F,crypy) (A-35)

Where,

i= 1,...,n*, with n* representing the (reduced) number of
treatment sites with non-zero differences in proportions.

Step 6: Arrange the n* Z; values in ascending rank order. When multiple Z; have
the same value (i.e., ties are present), use the average rank as the rank of each
tied value of Z;. For example, if three Z; values are identical and would rank,
say, 12, 13, and 14, use 13 as the rank for each. If the ranks would be, say, 15
and 16, use 15.5 as the rank for each. Let R; designate the rank of the Z; value.

Step 7: Using only the ranks associated with positive differences (i.e., positive
values of Pjcrpirr), calculate the statistic T as follows:

T = ZRr (A-36)

03
n
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Step 8: Assess the statistical significance of T* using a two-sided significance
test at the a level of significance (i.e. [1- a] confidence level) as follows:

" Conclude that the treatment is statistically significant if:

n*m*+1)

T >t(a,,n*orT" < —t(o,,n*) (A-37)

Where,

a= at+tao

B Otherwise, conclude that the treatment is not statistically significant

The quantities t(a;,n*) and t(az,n*) are obtained from the table of critical values for the
Wilcoxon signed rank test, partially reproduced in Exhibit 9-12. Generally, a; and a
are approximately equal to a/2. Choose the values for a; and a; so that a; + a is
closest to a in Exhibit 9-12 and o; and a» are each closest to a/2. Often, a; = a, are the
closest values to a/2.

Exhibit 9-12 presents only an excerpt of the full table of critical values shown in
Hollander and Wolfe (8). A range of significance levels (a) has been selected to test a
change in proportion of a target collision type: approximately 10 to 20 percent.
Although 5 to 10 percent are more typical significance levels used in statistical tests,
the a 20-percent significance level has been included here because the Wilcoxon
signed rank test is a conservative test (i.e., it is difficult to detect a significant effect
when it is present). Exhibit 9-12 shows one-sided probability levels; since the test
performed here is a two-sided test, the values in Exhibit 9-12 correspond to a/2, with
values ranging from 0.047 to 0.109 (corresponding to 0.094/2 to 0.218/2).

Example for Using Exhibit 9-12

Assume T* =4, n* =9, and a = 0.10 (i.e., 90-percent confidence level). The value
of t(apn*) = £(0.049,9) = 37 from Exhibit 9-12, the closest value corresponding to a =
0.10/2 in the column for n* = 9. In this case, t(ai;,n*) = t(azn*). Thus, the two critical
values are 37 and 8 [=9%(9+1)/2 - 37 = 45 - 37 = 8]. Since T* = 4 < §, the conclusion
would be that the treatment was statistically significant (i.e., effective) at the 90.2%
confidence level [where 90.2 =1 - 2 x 0.049] based on Equation A-37.
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1582 Exhibit 9-12: Upper Tail Probabilities for the Wilcoxon Signed Rank
1583 T+ Statistic (n* = 4 to 10)a (8)

Number of sites (n*)

X 4 5 6 7 8 9 10

10 0.062

13 0.094

14 0.062

17 0.109

18 0.078

19 0.047

22 0.109

23 0.078

24 0.055

28 0.098

29 0.074

30 0.055

34 0.102

35 0.082

36 0.064

37 0.049

41 0.097

42 0.080

43 0.065

44 0.053

2 For a given n*, the table entry for the point x is P(T* > x). Thus if x is such that P(T* > x) = q, then t(q,n*) = x.
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Exhibit 9-12 (Continued): Upper Tail Probabilities for the Wilcoxon Signed Rank
T* Statistic (n* = 11 to 15)* (8)

Number of sites (n*)

X 11 12 13 14

15

48 0.103

49 0.087

50 0.074

51 0.062

52 0.051

56 0.102

57 0.088

58 0.076

59 0.065

60 0.055

64 0.108

65 0.095

66 0.084

67 0.073

68 0.064

69 0.055

70 0.047

73 0.108

74 0.097

75 0.086

76 0.077

77 0.068

78 0.059

79 0.052

83

0.104

84

0.094

85

0.084

86

0.076

87

0.068

88

0.060

89

0.053

90

0.047

@ For a given n*, the table entry for the point x is P(T* > x). Thus if x is such that P(T* > x) = @, then t(a,n*) = x.

Large Sample Approximation (n* > 15)

Exhibit 9-12 provides critical values for T* for values of n* = 4 to 15 in increments
of 1. Thus a minimum n* of 4 sites is required to perform this test. In those cases
where n* exceeds 15, a large sample approximation is used to test the significance of
T*. The following steps show the approach to making a large sample
approximation 8):
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1592 Step 9: Calculate the quantity T* as follows:

1593 eI -E(T7) (A-38)
VVaro(T™)

1594 Where,

1595 E,(T")=n*(n*+1)/4 (A-39)

1596 And

1597

1598 Var,(T*) = | n* (n*+1)(2n* +1) —%iyj (-0, +1) 124 (109

<

1599 Where,

1600 g = number of tied groups and t = size of tied group j.

1601

1602 Step 10: For the large-sample approximation procedure, assess the statistical
1603 significance of T* using a two-sided test at the a level of significance as
1604 follows:

1605 ®  Conclude that the treatment is statistically significant if:
1606 I*>z ,orT*<-z,, (A-41)
1607 Where,
1608 Z@/2 = the upper tail probability for the standard normal
1609 distribution.
1610 Selected values of z(,/2) are as follows:
1611
o Z(a/2)
0.05 1.960
0.10 1.645
0.15 1.440
0.20 1.282
1612
1613 B Otherwise, conclude that the treatment is not statistically significant
1614
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