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Preface

The Knowledge Base forms the foundation for theeats of each chapter of Part D of
the First Edition of the Highway Safety Manual. §diocument is a companion to the Knowledge
Base of the Highway Safety Manual developed duN@dHRP Project 17-27. The chapters in
Part D are:

*  Chapter 3: Roadway Segments

*  Chapter 4: Intersections

*  Chapter 5: Interchanges

*  Chapter 6: Special Facilities and Geometric Situnsti
*  Chapter 7: Road Networks

It is expected that this Knowledge Base, which doents the extensive literature
review completed, will be of interest to highwayeda professionals, and will be of use for the
development of future editions of the HSM. It iisioned that this Knowledge Base will be
expanded and updated as new safety research beavakedle.

In the Knowledge Base, safety effects are preseadektcident Modification Factors or
Functions (AMFs). AMFs are typically estimated foree accident severities: fatal, injury, and
non-injury. Fatal and injury are generally combirged noted as injury. Where distinct AMFs are
available for fatal and injury severities, they presented separately. Non-injury severity is also
known as property-damage-only severity.

Each AMF is accompanied by a measure of accurheystandard error. A small
standard error indicates that an AMF is accurate.

The development of the Knowledge Base of the HighBafety Manual (HSM)
required a formalized process and procedure t@wevdocument, and filter the multitude of
safety information published in the last 50 years.

The procedures that were applied in the developwietiie Knowledge Base are
provided in this companion document.
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Inclusion Process and Literature Review Procedure f or
Part D

The Inclusion Process and Literature Review Proeethllowed during the
development of Part D are detailed in this compaidothe Knowledge Base. Examples of the
Literature Review Procedure are provided at theadnibis document.

Inclusion Process

The AMFs in Part D provide sound support for séhgcthe most cost-effective road
safety treatments because the knowledge has besadito include the most reliable
information available. This filter, or Inclusiond®ess, is described here.

For any decision-making process, it is generaltepted that a more accurate estimate
is preferable to a less accurate one. The grdageadcuracy of the information used to make a
decision, the greater the chance that the decisioorrect.

In addition to the accuracy of information, it Is@aimportant to understand the
precision of the information used to make decisiéecision refers to the degr&esimilarity
among several repeated measureméehgigiin, a higher degree of precision is preferablenprove
the chance that the decision is correct.

Therefore, for safety-related decision-making, mageurate and precise AMF values
will lead to more cost-effective decisions.
Accuracy and Precision of AMFs

To illustrate accuracy and precision, consider lisheye target where the center of the
target is considered to be the most accurate irdbom (Exhibit 1). If the estimates (the + signs)
form a tight cluster, the estimates are precisevéler, if the center of that cluster is not the
bull's-eye, then the estimates are precise butoatrate. If the estimates are scattered and do not
form a tight cluster they are neither precise rmaugate.

Exhibit 1. lllustration of precision and accuracy

++

Precise but not Accurate Neither Precise nor Accurate

In summary:

*  Accuracy: The proximity of estimates to the true value.
* Precison: The degree to which repeated estimates are sitaiksich other.
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For unbiased estimates, precision and accuraaydicated by thetandard error of
the estimates. Since the literature review procedocounted for known sources of bias (such as
changes in traffic volume and regression-to-meamly; unbiased AMFs are documented in the
Knowledge Base and used in the HSM.

As outlined in the literature review procedure,teanbiased AMF is accompanied by a
measure of precision and accuracy, the standasd érismall standard error indicates that an
AMF is bothprecise and accurate.

Stability of AMFs

The stability of an AMF is defined as the exteniMuich new research results are likely
to substantially change the AMF estimate. A sntalhdard error indicates that the AMF value is
stable; in other words, the AMF is not likely to changéstantially with new research. The
stability of AMFs is illustrated with the followingumerical example, where:

* C = the current estimate of the unbiased AMF. Thibiased value is calculated
using the literature review procedure

« s = the squared standard error or variance of tmeeot AMF. This unbiased
value is calculated using the literature reviewcpdure

. N = the estimate of the unbiased AMF obtained fieomew study, i.e., research
conducted after publication of the first editiontioé HSM

« 2= variance of the new AMF

Once N is obtained, a revised estimate of the ARIF;an be computed by Equation 1.

Equation 1: Revised estimate of the AMF based on new research

1 1
s2 sZ
— c + N — i + i
R Ci+i Ni+i C x Weight . + N x Weight
st Sv S¢Sy
Example 1

Suppose that the current unbiased estimate of aR,AM0.9, and its standard errer s
=0.02. A new study estimates the AMF for the samatiment in the same setting, road type, and
traffic volume to be N=1.1 with a standard errp=§.1.

Exhibit 2 summarizes the current and new AMFs daddard errors, and the Weights
calculated as defined in Equation 1.

Exhibit 2: Example of calculating a revised AMF

AMF s s? 1/s? Weight
Current | 0.9 | 0.02 | 0.0004 2500 0.962
New 1.1 0.1 0.01 100 0.038
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The resulting Revised AMF is calculated using Emqumat :
R=0.9*0.962 +1.1*0.038

=0.866 + 0.042

=0.908

Note that the weights in Equation 1 are non-negativmbers that always sum to 1.
These weights determine the proportion of the Guraad New AMFs used to develop the
Revised AMF. When Weights close to 1 (as in Exhibit 2) the Revised AMH Wwe closer to
the Current AMF. Conversely, when Weigl close to 0 the Revised AMF will resemble the
New AMF.

In this example, the standard error of the CurfiE is small in comparison to the
standard error of the New AMF, therefore the wewftthe Current AMF is closer to 1 and the
results of the new study causes only a minor ghiffhe Current AMF. In this example, the
Current AMF is an example ofstable AMF estimate.

To illustrate an unstable AMF, suppose that thesturAMF has a standard error of 0.6
instead of 0.02. Exhibit 3 summarizes the curraedtrzew AMFs and standard errors, and the
Weights calculated as defined in Equation 1.

Exhibit 3: Example of an unstable AMF

AMF s s? 1/s?> | Weight

Current [ 0.9 0.6 0.36 | 2.78 0.027
New 1.1 0.1 0.01 100 0.973

The resulting Revised AMF is calculated using Eiqumt.:
R=0.9*0.027 + 1.1 *0.973

=0.024 + 1.070

=1.09

In this case, the Current AMF is much less accutatr the New AMF. As a result, the
current expectation that the treatment reduceslents by 10% is replaced by the new
expectation that the treatment will increase agtilby 9%. This is an example of a situation in
which the Current AMF lacks stability£s0.6) and new studies of reasonable accuracy abatra
current evidence-based research.
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Key features of the Inclusion Process

Two key features of the Inclusion Process thataalicquantification of AMF stability
are:

1. The concept of a hypothetical new AMF that is tadally accurate. In other
words, that new studies will provide accurate AMFth small standard errors,
such as in the previous example where §.1.

2. A ‘'maximum permissible change’ in the Current AMFhat is, the maximum
difference between the estimates of the Current A& the Revised AMF that is
acceptable, such that the current estimate is dibeaféiciently stable.

The first key feature, the concept of hypothetieal studies, was explored in the
previous example.

The second key feature, the magnitude of change &&urrent AMF to a Revised
AMF, can be defined as the proportion of the défere between the New AMF and the Current
AMF, and the difference between the Current AMF tr@Revised AMF. This proportion is
shown in Equation 2.

Equation 2: Magnitude of change in the AMF

P EE
N-C
Where:

C = Current estimate of the unbiased AMF
N = New estimate of the unbiased AMF of a new study
R = Revised AMF based on the current and new AMFs

Example 1 Continued

When the current AMF was more accurate (0.9+0.0Bjli 2), the revised AMF
estimate was 0.908. In this case, P = (0.908-qB)L/0.9) = 0.04. In other words, the current
AMF shifted 4% towards the new AMF.

In comparison, when the current estimate was meshdccurate (0.9+0.6, Exhibit 3),
the revised estimate was 1.09. In this case, P09{Q.9) / (1.1-0.9) = 0.95. The current AMF
shifted 95% towards the new AMF.

Filtering AMFs based on standard error

To apply the definition of P in terms of standanbg Equation 2 is rewritten by
substituting R from Equation 1:
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Equation 3: Magnitude of change in the AMF based on standard error

1

P -
1+8 1S

Equation 3 can be rearranged to solve §or s

Equation 4: Equation 3 rearranged

To apply the inclusion process, threshold value$fand § must be set. To determine
appropriate values for P angl sonsider the following examples.

Example 2

If a shift of 10% is acceptable (P=0.1) toward velvatr unbiased AMF a new study
would produce, then the standard error of the our®IF must be less thaf(0.1/0.9)=0.33 of
the standard error of the new AMF.

Then if a new study aims to estimate the AMF wigtandard error of 0.05, the HSM
would include current AMFs with a standard err@sléhan 0.05x0.33=0.016.

Example 3

If a shift of 50% is acceptable (P=0.5) toward tleev AMF, then the standard error of
the current AMF must be less than the standard efriie new AMF, since/(0.5/0.5)=1.0.

Then if a new study aims to estimate the AMF wigtandard error of 0.05, the HSM
would include current AMFs with a standard errasléhan 0.05x1=0.05.

For the First Edition of the Highway Safety Manualimiting value for the proportion
of the difference between New and Current AMFs s&tsat a 50% shift. In other words, AMFs
included in the HSM are ‘sufficiently stable’, sutttat the value will not shift by more than 50%
due to future studies, or P < 0.5. This providedtie new AMFs considered for the HSM to be at
least as stable as current AMFs.

For the First Edition of the Highway Safety Manualimiting value for the standard
error of some future study was set at 0.10. Inrotfeeds, AMFs produced by some future
research would be relatively stable with a low dtad error that is not easy to obtain without a
rigorous study.

By applying these two threshold values to Equafiptme Inclusion Process filters
AMFs so that only those with standard errors ofdd.less are considered sufficiently accurate,
precise, and stable to be included in the Firsti@dof the HSM.

In addition to those AMFs that pass the inclustmesholds, additional knowledge has
been included in Part D. For treatments that hav&MF with a standard error of 0.1 or less,
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other AMFs with standard errors of 0.2 to 0.3 dse ancluded expanding the knowledge of
potential safety effects of the same treatmenttbardacilities, or other crash types or severities
These AMFs are presented in italic font and arempanied by a number sign “#”. This is
important to note, as a treatment with a largerdded error is less reliable. These AMFs should
be used with caution.

Filtering AMFs based on value

After filtering AMFs based on standard error, thef step in the inclusion process is
the consideration of the AMF value. AMFs that aithin the range 0.90 to 1.10 may be shifted
by future research to cross the value 1.0. In otfeeds, it is possible that, although the AMF is
considered sufficiently stable for inclusion in thiest Edition of the HSM, future research may
shift the AMF value from a decrease in acciden@ntdncrease in accidents, or vice versa. This is
illustrated in the following example.

Example 4

If the current AMF is 0.95 with a standard errol0dd5, the AMF passes the inclusion
threshold of g<0.10 and would be included in the HSM.

If a new AMF is 1.30 with a standard error of 0.0tn the revised AMF is calculated
using Equation 1:

AMF| s | s? |1/s?| Weight
Current (0.95]0.05 0'(,)502 400 0.5
New |13 0.05{>%%400| 05

R =0.95*0.5 + 1.3*0.5
=0.475 + 0.65
=1.13

The new AMF has resulted in a change in the expatitection of the safety effect,
from a decrease in accidents (C=0.95) to an inergmaccidents (R=1.13).

AMFs with a value within the range 0.90 to 1.10 m@st likely to be shifted across the
value 1.0. These AMFs are accompanied by an dst&tisThis is important to note, as a
treatment with an AMF that crosses the value 1.9 raault in a reduction in crashes (safety
benefit) or an increase in crashes (safety disligrnefiese AMFs should be used with caution.

Conclusion

The Inclusion Process uses the standard errorwvatugetermine if an AMF is reliable
enough to be included in the HSM. A standard esfd.1 or less indicates an AMF value that is
sufficiently accurate, precise, and stable. Fatiments that have an AMF with a standard error
of 0.1 or less, other AMFs with standard error.@fto 0.3 are also included expanding the
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knowledge of potential safety effects of the saraattment on other facilities, or other crash types
or severities.

The examination of evidence-based reviews in théicaédiscipline has confirmed that
the process to develop the Knowledge Base for[Paftthe HSM share very similar aspects. A
rigorous review, supported by statistical evideoicthe accuracy and validity of studies, is
advocated and applied in the medical field.

Literature Review Procedure

The objective of Part D of the Highway Safety Mdriado provide knowledge of the
safety effects of various treatments. Therefore ahjective of the literature review is to estimate
the safety effect or Accident Modification FacterFunction (AMF) of a treatment accompanied
by the estimate of its standard error, based oroongore evaluation studies. By definition, a
treatment is some change to a site that may ornoge implemented with the objective of
improving safety (e.g., a temporary condition sasla work zone may be considered a
treatment).

A literature review procedure was developed to duent available knowledge using a
consistent approach. During the critical reviewuoblications, reviewers considered various
aspects of each study to determine the qualith@study, including both empirical and
subjective criteria.

The literature review procedure includes methodsdtrulate Accident Modification
Factors (AMFs) based on published data, estimatstdndard error of published or calculated
AMFs, and adjust the AMFs and standard errors ¢owat for study quality and method. The
steps of the literature review procedure are:

1. Determine the estimate of the safety effect or deot Modification Factor or
Function (AMF) of a treatment based on one pubtistady

2. Adjust the AMF to account for bias from regressiorrnean and/or changes in
traffic volume

3. Determine the ideal standard error of the AMF

4. Apply a Method Correction Factor to ideal standardor, based on the study
characteristics

5. Adjust the corrected standard error to accountbias from regression-to-mean
and/or changes in traffic volume

6. Combine AMFs when specific criteria are met

These steps are discussed in the following sectExamples of the application of the
procedure are provided at the end of the Appendix.

The literature review procedure resulted in theetitlgyment of a Knowledge Base,
which is a synthesis of the extensive literatuxéen conducted for the development of this
manual.

More information on Accident Modification Functioaad standard errors is provided
in Chapter 2 (Sections 2.3.3 and 2.3.4), includingmples of their application.
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Step 1. Determine the estimate of the safety effect  or Accident Modification
Factor or Function (AMF) of a treatment based on on e published study

There are generally five types of studies that ggreAMFs:

»  Simple before-after study, which compares the a&tiéxperience of sites before
the treatment is applied and after the treatmespjsied

» Before-after study with a comparison group, whishsimilar to a before-after
study but adds a comparison group or control gthapis not treated

* Non-regression cross-section study, which compéresaccident experience of
sites with the treatment and sites without thettneat

*  Multivariable regression cross-section study, wipebduces statistical models for
the accident experience of sites with the treatment

* Meta-analysis study, which combines the resultsynmdher studies of a treatment
which could be of any type described above

Ideally, the original authors of a study publistaedAMF for the treatment, either as an
AMF ratio or percent accident reduction (e.g., 08@0% reduction). If an AMF was not
published, then an AMF can be calculated as the ohexpected accident frequencies after and
before, or with and without, the treatment, if psiéd. That is:

AMF = _expected accident frequency after/with tmsent

expected accident frequency befotabwit treatment

When the ratio of expected accident frequenciesngapublished, the ratio of
observed accidents or accident rates, while lesgrate, was deemed acceptable.

Step 2. Adjust the AMF to account for bias from reg  ression-to-mean and/or
changes in traffic volume

Two types of bias for the AMF were considered:

1. Regression-to-mean (RTM) bias
2. Traffic volume bias

If either or both types of bias are known to ek@ased on information published in the
original study, then the AMF value is correctechgsihe following process.

Regression-to-mean (RTM) bias

‘Regression-to-mean bias’ makes a treatment seem effective than it really is.
Regression-to-mean bias can occur when a treaisianplemented because the number of
accidents recently reported at the treated sitehigds and the safety evaluation does not account
for this recent random increase in crashes. Regress-mean is discussed further in Chapter 2.

RTM bias may be present when all of the followihgee statements are true:

1. The study is a simple before-after comparison avekdot explicitly or correctly
account for RTM; and

2. Site selection bias is likely, that is, sites weetected on the basis of poor safety
record; and
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3. Data used in the before period includes the timogdewvhen the site had a poor
safety record influencing the treatment decision.

The potential for RTM bias was also considerecdefopirical Bayes studies. Although
most empirical Bayes studies account for RTM duta¢onature of the methodology, this may
not be true if the methodology is not applied coifye

Using specific data and procedures, it is possibkstimate and reduce RTM bias when
conducting a before-after study. However, a coivaanethod had to be developed to
retrospectively correct AMFs from studies wheredhé& were not collected and the specific
procedures were not applied by the original authbine retrospective correction was made to the
published information.

The method for retrospective RTM correction of &MF value is based on the fact that
sites selected on the basis of a poor safety reesudt in an AMF that is larger than it should be.
In other words:

» If there is no site selection bias, and the befamd after periods are of equal
duration, the AMF is estimated by the ratio A/B,axh B is the ‘before’ accident
frequency and A is the ‘after’ accident frequency

» If there is site selection bias, then B is lardent it should be and the ratio A/B or
AMFbiased will be smaller than it should be

To correct for the larger value of B, the RTM biAsis subtracted from B. So the
corrected or unbiased AMF is estimated by the rat{B-X). The amount of RTM bias is the
difference between the observed ‘before’ accidegifency and the expected accident frequency
in the long run. The difference between the biagatiunbiased AMF is:

AMFbiased — AMFunbiased = A/B - A/(B-X)
= A/B * [1 — (A/(B-X)) * (B/A)]
= A/B * [1 — AB/A(B-X)]
= A/B * [1 - B/(B-X)]
= AMFbiased * [1 - 1/(1-(X/B))]

Since the RTM value, X, is small compared to B,rt@ of X/B is much less than 1,
and [1/(1-(X/B))] is approximately equal to [1+(X)BAs a result:

AMFbiased — AMFunbiased = AMFbiased * [1 — 1 — X/B]
= - AMFunbiased * (X/B)

Rearranging for AMFunbiased:
AMFunbiased = AMFbiased + AMFbiased * (X/B)

Since AMFbiased is calculated from the publishetd,dhe missing information to
estimate the AMFunbiased is the ratio X/B. Howepehlished studies that do not consider
RTM typically do not provide sufficient informatido calculate X. Therefore, the RTM
correction method is based on researchers’ expeatid experience.
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For a small RTM bias, where a large proportionheftotal population of sites was
treated and many years of before period data weteded in the study, the AMF was corrected
using a ratio for X/B of 0.05. For a large RTM hiadere only a few sites with the highest
accident frequency were treated out of the totpufation and few before period years of data
were included in the study, the AMF was correctsidgia ratio for X/B of up to 0.25.

For example, if a study leads to an AMF of 0.83,the three conditions above for
RTM bias were present, and these factors were dered to lead to a small RTM bias of about
X/B=0.1, the AMF would be changed to:

AMFunbiased = (AMFbias + AMFbias * 0.1)
=0.83 +0.083
=0.91

This correction is applied since the directiontd@ bias can be anticipated, and doing so
will bring the AMF value closer to the correct valu

Traffic volume bias

There are two possible scenarios where trafficmellbias may occur. These two
scenarios are:

1. A known traffic volume change that was not taketo inccount by the original
authors

It is generally accepted that accident frequencyeiases as traffic volume
increases. If the traffic volume has changed froenliefore to the after period, but is not
taken into account, the AMF is biased.

If the study does not give a relationship betwegreeted accident frequency
and traffic volume, a linear relationship is assdme

To account for the change in traffic, AMFbiasedasrected by multiplying the
before accident frequency by the change in traffitme. For example, if a 5% increase
in traffic volume occurred, the before accidengtrency is multiplied by 1.05. If a 7%
decrease in traffic volume occurred, the beforédaet frequency is multiplied by 0.93.

AMFunbiased = A
B*1.05
2. An unknown change in traffic

If the original study did not take into account gges in traffic volume, and
does not provide the traffic volumes in the befamd/or after periods or indicate what
change in traffic volumes might have occurred, tihénnot possible to adjust the AMF
for traffic volume. However, this lack of informati will be taken into account in rating
the study quality, as discussed later in this eacti
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There are three other possible scenarios wheffectvalume bias may occur. However,
the traffic volume correction method does not ocirfer these scenarios:

1. The original study used before and after crashsrdtgived using some form of
traffic volume as a denominator, e.g., million emg vehicles (MEV). In this
case, the change in traffic volume from the beforthe after period was taken into
account. However, the use of exposure such as MEdhiapproximation of the
relationship between crashes and traffic volumehéf before and after volumes
were known and if resources were available, irefgrable to retrieve the original
data sets and consider reanalysis of the safeggtaiing more advanced methods.
For this edition of the HSM, the inaccurate linegationship, i.e., crash rate, used
by the original authors was accepted and the AM§& med corrected. This implicit
error will be taken into account in rating the stugiality, as discussed later in this
section.

2. The original study provides an Accident ModificatiGunction based on traffic
volume. The function will be included in Part D aadjustments to the function
will not be made.

3. Migration or spillover safety effects can resultaiftreatment affects conditions
outside the treated location, e.g., a shift inficadr alteration of speed. If the AMF
provided by the original study only describes tharge in safety of the treated
location, this may only be a part of the safetgelff The potential for migration or
spillover will be noted, but it cannot be corrected Examples of treatments that
may result in migration effects are:

0 Traffic calming: Traffic calming may lead to chasga travel patterns. As a
result, accidents may decrease in the treated bueaccidents may migrate
elsewhere, for example, to a local arterial road.

0 Road resurfacing: A new surface may lead to areas® in operating speeds.
There may be a spillover effect if drivers maint#irir increased speed on
other sections of road, outside the resurfaced.road

Step 3. Determine the ideal standard error of the A MF

Standard error is a statistical measure of accuiiduy accuracy of an AMF depends on
several factors, such as the amount and qualit\ataf and the research method used.

After the AMF value is determined and correctedRadiM and/or traffic volume bias, if
necessary, the ideal standard error is estimateddéal standard error, ¢&/’, reflects mainly
the randomness of the accident counts used to aerttie AMF value.

As noted in Step 1, there are four main typesuwdist that provide AMF values. For
empirical Bayes and other study types, such as-axedysis, standard error or standard deviation
values are often provided in the original studyblRhed standard error or standard deviation
values were adopted ag.s

For other study types where the standard errotamdard deviation was not provided in
the original study, thess,was calculated from the published data, when plessiihis
calculation is tailored to the study type.
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Before-after and Non-regression Cross-section Studies
The standard error for an AMF derived from a befafter or non-regression cross-
section study can be calculated by Equation 5.

Equation 5: Calculate ideal standard error for Before-after and Non-regression Cross-section
Sudies

AMF iased /T + AMFpiaseg i
B

Stea =
Where:
Sideal = ideal estimate of standard error of the AMF
AMFunbiased = the unbiased AMF value
B = the expected number of before or withemdidents
r = ratio of the time periods studied, sustafier to before periods
or with to without periods

Before-after Study with Comparison Group

The standard error for an AMF derived from a befafter study with a comparison
group can be approximated using the methodologgribesi on page 125 of “Observational
Before-After Studies in Road Safety”.

This methodology is illustrated in the examplethatend of the Appendix.
Multivariable Regression Cross-section Studies

The ideal standard error for an AMF derived fronegression study can be calculated
using the statistical precision of the parametémedes. The statistical precision is usually given
as “t-statistics” by the original study. The idetdndard error for each parameter can be
calculated by Equation 6.

Equation 6: Calculate the ideal standard error for Multivariable Regression Cross-section
Sudies

Sqeal = Parameter Estimate / t-statistic

1Based on Equation 7.3 of Hauer, E., “Observati@sbre-After Studies in Road Safety”, Pergamor8719. 83.
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Step 4. Apply a Method Correction Factor to the ide  al standard error, based
on the study characteristics

The ideal standard error, which mainly reflectsrdm@domness of the accident counts
used to generate the AMF value, must be modifieattmunt for study quality and method. Each
study was critically reviewed to determine the guaif the study, including both empirical and
subjective criteria.

Method Correction Factors (MCF) were developedthgystype for a range of study
gualities. Key study characteristics which wereduseclassify the study quality, as shown in
Exhibit 4 to Exhibit 6. The MCFs values were deyeld by the NCHRP Project 17-27 Team and
applied to the ideal standard errors calculatdterprevious step using Equation 7.

Equation 7: Apply Method Correction Factor to ideal standard error
Svcr = Sdeat X MCF
Where:
swce = standard error of the AMF after multiplied by FAC
Sqeal = Ideal estimate of standard error of the AMF
MCF = Method Correction Factor related to the gtiyghe and quality

Note that no observational study receives a MCE.@fas only a rigorous randomized
trial evaluation would not require an adjustmenthaf ideal standard error value. For all study
types, a study of the best quality receives an MCE2.

Exhibit 4: Method Correction Factors for Before/After and Meta-analysis studies

Key Study Characteristics Method Correction Factor
« All potential sources of bias were properly accounted for 12
» Uses accident frequencies
e Accounts for regression to the mean 18

e Uses accident frequencies

e Regression to the mean may not be accounted for but
considered to be minor if any 2.2

e Uses accident frequencies or accident rates

» Regression to the mean not accounted for and considered to be
likely 3

» Uses accident rates

e Severe lack of information published regarding study set-up
and results

NOTE: This table applies to empirical Bayes, Simple Before/After, Before/After with Likelihood Functions, Before/After with Comparison
Group, Expert Panels, and Meta analysis
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Exhibit 5: Method Correction Factors for Non-regression Cross-Section studies

Key Study Characteristics

Method Correction Factor

All potential confounding factors have been accounted for by

matching 1.2
«  Most potential confounding factors have been accounted for 2
by matching
« Volume is only confounding factor accounted for 3
* No confounding factors accounted for (incl. volume, etc.) 5
« Severe lack of information published regarding study set-up v

and results

Exhibit 6: Method Correction Factors for Regression Cross-Section studies

Key Study Characteristics

Method Correction

Factor
e All potential confounding factors have been accounted for by 1.2
variables of the regression in an appropriate functional form '
e Most potential confounding factors have been accounted for
by variables of the regression in an appropriate functional 1.5
form
e Several important confounding factors were accounted for; 2
Functional form is conventional
e Few variables used; Functional form is questionable 3
e Severe lack of information published regarding study set-up 5

and results

Step 5. Adjust the corrected standard error to acco unt for bias from

regression-to-mean and/or changes in traffic volume

The final step in the process further refines thadard error to correct for two types of
bias:

1. Regression-to-mean (RTM) bias

2. Traffic volume bias

If bias was known to exist based on informationlighied in the study, then the
standard error was corrected using the followiraress.
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Regression-to-mean (RTM) bias

As described previously, ‘regression-to-mean hiaakes a treatment seem more
effective than it really is. Regression-to-mean R Ts discussed further in Chapter 2. Whenever
an RTM correction is applied to the AMF, the staxddarror is modified using Equation 8.

Equation 8: Correct standard error for regression-to-mean

S=./Sie + RTM?

Where:

S = adjusted standard error of the AMFunbiased

suce = standard error of the AMFunbiased after multigblyy MCF
RTM = RTM correction applied to the AMFbiased

For example, in the example on page 12, the AMIgkiad 0.83 was corrected for
RTM by a ratio for X/B of 0.1, that is:

RTM = AMFbias * 0.1 = 0.83 *0.1 = 0.083

If suce was calculated to be 0.05, then the adjusted atdretror is calculated using the
same RTM correction of 0.083:

s=,/ (005 +0.08%
s = 0.097

Traffic volume bias

As described previously, there are two possibleaées where traffic volume bias may
occur:

1. A known traffic volume change that was not taketo inccount by the original
authors:
2. An unknown change in traffic

If a known traffic volume change occurred and tiFAvalue was corrected using the
process described previously, the standard errustisorrected as the bias due to a known
volume change would be small.

If the change in traffic volume is unknown, the AM&ue and standard error cannot be
explicitly corrected. However, this lack of infortin will be taken into account in rating the
study quality, as discussed later in this section.
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Step 6. Combine AMFs

In a limited number of cases, multiple studies jed results for the same treatment in
similar conditions. After careful considerationtbé treatment and conditions of the studies, the
results may be combined. The goal of combining&selts of several studies of one treatment is
to:

* Provide a more accurate and reliable estimateatetyseffect of a treatment, based
on multiple and similar studies involving similavad and traffic volume
characteristics

A limited number of AMFs were combined in Part leéTAMFunbiased and the
standard error from each study are used in the @tibn of AMFs. The following example
illustrates the procedure applied.

Unbiased AMFs can be combined using Equation 9tlamdtandard error of the
combined AMF is calculated using Equation?10.

Equation 9: Combine AMFs from different studies

z AM I:unbia,sedi / %2
AMF =12

2 s
Where:

AMF = the combined unbiased AMF value
AMFunbiased = the unbiased AMF value from Study “i"
s (or sucr) = adjusted (or corrected) standard error of tiigased AMF from Study

(1331

n = number of AMFs to be combined

Equation 10: Sandard error of a combined AMF

S=

Where:

S = the standard error of the combined unbiasedFr A&ue

s (or sucr) = adjusted (or corrected) standard error of tMFArom Study “i”
n = number of AMFs to be combined

2 Hauer, E., “Observational Before-After StudieRioad Safety”, Pergamon, 1997, p. 193.
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For example, three studies of a treatment appliesimilar road types with similar
volumes were reviewed, and the following three asbd AMFs with adjusted standard errors
were identified:

 Study 1: AMR =0.90,8=0.1
* Study 2: AMF, =0.45,5=0.3
 Study 3: AMR =0.62,5=0.4

The following table summarizes the calculationsdmbine these three AMFs.

i AMF; Si AMF;/s;? 1/s?
1 0.90 0.1 90.00 100
2 0.45 0.3 5.00 11.1
3 0.62 0.4 3.87 6.25
Sum 98.87 117.35
AMF=98.87/117.35| S=V1/117.35
Results
=0.84 =0.09

Note that the combined AMF has a standard error that is smaller than any of the individual studies used in the procedure. The goal of
providing a more accurate and reliable estimate the safety effect of a treatment is accomplished.

Examples of the Literature Review Procedure

The following sections provide examples for foyseyg of studies that may require the
estimation and refinement of AMF and s values:

1. Simple before-after study

2. Before-after study with comparison group
3. Non-regression cross-section study

4. Regression cross-section study

These four examples do not cover all possible styolys or possible study outcomes.
They are intended to illustrate the procedure apexl and applied in the development of Part D
of the First Edition of this Manual.

Simple before-after study

Suppose that you have a before-after study wittidb@wing features:

» Before period duration: 3 years
*  After period duration: 1 year

» Before accidents: 67

*  After accidents: 18
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Step 1. Determine the AMF
AMF = (after accidents/ after period) / (beforeideats/before period)
= (18/1)/(67/3)
=0.81

Step 2. Adjust the AMF

In this case, assume the reviewer did not idertifgence of the potential for RTM,
and that volumes were not reported. Therefore, daasot be corrected for (which is most often
the case).

Step 3. Determine the ideal standard error
After to Before duration ratio, r = 1/3
Using AMF=0.81, r =1/3, B = 67, and Equation 5:

, _ AMF/r+ AMF?
deal — B

Sdeal = 0.215

Step 4. Apply MCF

For this example, assume the reviewer identifiedviethod Correction Factor of 2.2
(Exhibit 4):

Swcr=Sdeal X (Method Correction Factor) = 0.215x2.2=0.473
Step 5. Adjust the corrected standard error

As noted in Step 2, bias could not be identifibgyéfore t was not corrected for bias,
and s is not corrected for bias.

Conclusion
AMF =0.81,s=0.473

Before-after study with comparison group (C-G study )

Suppose that you have a C-G study with the follgwWeatures:

» Accident count before: Treatment = 173; Comparis@&97
» Accident count after: Treatment = 144; Comparis@vé
* Variance of the odds ratio = 0.055 (if no inforroation the variance of the odds

ratio is available in the study, examine sensitiyusing values between 0.001 and
0.01)

Step 1. Determine the AMF

Use Hauer’s calculations to determine AMF agd, $Exhibit 7). For further details on
the methodology used to compute AMF apgsrefer to Chapter 9 of Hauer (1997).

In this case, AMF=0.85
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Step 2. Adjust the AMF

For the study at hand, assume RTM was present dtfelfeeds to be corrected by
X/B=0.1; then:

AMF = 0.85+(0.1*0.85) = 0.935
Exhibit 7: Satistical analysis of a before-after study with comparison group

Statistical analysis of a 'Before-After' study with a Comparison Group

INPUT: Instructions: Enter five input values. Examine Delt  a-hat,
Treatment Comparison Theta-hat and their standard deviations.
Accident Count '‘Before' = 173 897
Accident Count "After' = 144 870
Variance of odds ratio* = 0.0055 *See section 9.3 of Hauer (1997) If no information about the
variance of the odds ratio is available, examine
sensitivity to assuming values between 0.001 to 0.01
OUTPUT:
Step 1: Lambda-hat= 144.00
rT=rC= 0.97
pi-hat= 167.61
Step 2: Var{lambda-hat}= 144.00
Var{pi-hat}= 380.49
Step 3: Delta-hat= 23.61] Difference between expected and observed accidents 'After’
Theta-hat= | 0.85] Estimate of Index of Effectiveness (t)
Step 4: Sigma{Delta-hat}= 22.90) Estimate of standard deviation of difference
Sigma{Theta-hat}= I 0.12 Estimate of standard deviation of Index of effectiveness (s ideal)

For detailed explanation see: Ezra Hauer, OBSERVATIONAL
BEFORE-AFTER STUDIES IN ROAD SAFETY,
Pergamon, 1997

NOTE: From Table 9.8, page 125 of (1)

Step 3. Determine the ideal standard error
Using Exhibit 7: geq=0.12

Step 4. Apply MCF

For this example, assume the reviewer identifiedMiethod Correction Factor of 3
(Exhibit 4):

SvcE=Sdeal XMCF = 0.12%x3=0.36
Step 5. Adjust the corrected standard error

Since a correction for RTM was applied in Stegh2,amount of correction to t is added
to s. For the study at hand, AMF was correcteddb*0.85) = 0.085; then

s =(0.36+0.085) = 0.370
Conclusion
AMF = 0.935, s = 0.370
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Non-regression cross-section study

For this study type, the estimate of safety effettased on comparing sites with
treatment X to sites with treatment Y, and the Aiiger consideration is a change from X to Y.
Therefore, in analogy to the Before-After methodatided previously, X will correspond to
‘Before’ and Y to ‘After’.

For a non-regression cross-section comparisontivittiollowing circumstances:

» Accident frequency of sites with X is 320

» Accident frequency of sites with Y is 221

»  Exposure with X is 5,000 veh/day; Exposure withsY3j000 veh/day
» Ratio of (Exposure with Y)/(Exposure with X) = 0.6

e Only exposure was accounted for in this study

Step 1. Determine the AMF
AMF = (Accidents Y/Exposure Y)/(Accidents X/ExposuX)
= (221/3000) / (320/5000)
=1.15
Step 2. Adjust the AMF
Not applicable for non-regression cross-sectiodistu
Step 3. Determine the ideal standard error

The ratio of Exposures (in this example = 0.6)nalagous to the “After to Before
duration ratio, r” for a simple before-after studyus, Equation 5 can be applied for cross-
section studies as for before-after studies; fiereélkample AMF=1.15, r =0.6, and B = 320:

AMF iased /T + AMFpiaseg i
B

Stea =
Sdeal = 0.101

Step 4. Apply MCF

For this example, assume the reviewer identifiedMiethod Correction Factor of 5
(Exhibit 5):

S=%eas X MCF = 0.101x5=0.505
Step 5. Adjust the corrected standard error

Not applicable for non-regression cross-sectiodistu
Conclusion

AMF = 1.15, s = 0.505
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Regression cross-section study

Suppose that the study under review shows:

Accident frequency a(AADT)*9(Lane width)*"
and the t-statistic for lane width = -0.82

Step 1. Determine the AMF

To determine the AMF for lane widening from 10'1td’, calculate the corresponding
ratio of accident frequencies:

AMF = (11/10)°°=0.93
Step 2. Adjust the AMF

Not applicable for regression cross-section studies
Step 3. Determine the ideal standard error

When results of regression modeling are given,aatbften describe the statistical

precision of parameter estimates Qf.seeDy giving a t-statistic for that parameter. TheRSeter
can be calculated by:

Srarameter Parameter Estimate / t-statistic
For this example:

Parameter estimate = -0.70; t-statistic for landtkvi -0.82

Siane width parameteT -0.70/-0.82=0.85

a) Add 1 Sane width parametefO the parameter estimate = (-0.70 + 0.85 = 0th&)p
calculate: (11/10*°=1.01

b) Subtract 1 §pe widgth parametsffOM the parameter estimate = (-0.70 - 0.85 =51 .then
calculate: (11/10)-°°= 0.86

c¢) Calculate the estimate of the standard errot $00.93:
Sgear = (1.01 - 0.86) / 2 = 0.07
Step 4. Apply MCF

For this example, assume the reviewer identifiedMiethod Correction Factor of 3
(Exhibit 6):
S=%ea X (Method Correction Factor) = 0.07x3=0.21
Step 5. Adjust the corrected standard error

As noted in Step 2, this step is not applicableetyession cross-section studies.
Conclusion

AMF =0.93,s=0.14
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