69 This talk discusses the Crash Reduction Factors for Countermeasures which are available through the Issue Briefs and the FHWA Desktop Reference. 
Together, the Issue Briefs and FHWA Desktop Reference make up the Safety Toolbox.
70 The original issue briefs were published in April 2004. Two of the issue briefs contained Crash Reduction Factors- # 5 and #8. #5 Traffic signals is actually a subset of #8. So if you have #8 then you have every thing that is contained in number 5.
Both of these issue briefs have been upated 
71 In addition to the updating of the two issue briefs, there have been two new issue briefs released. The blue one is titled Toolbox of Countermeasures and Their Potential Effectiveness for Roadway Departure Crashes and it contains more than just roadway departure CRFs but also laneway departure CRFs. The green issue brief focuses upon pedestrian crashes.
72 The fifth product is called the Desktop Reference for Crash Reduction Factors. The Desktop Reference contains all of the CRFs contained in the issue briefs, along with many CRFs for the same countermeasures that are the CRF values reported as the result of simple before and after studies.
73
74 This slide shows what the Issue Briefs include.
· The Issue Briefs have one CRF for every countermeasure setting. 
· The CRF values in the Issue Briefs were carefully selected to represent the best available information at this point of time (based on the accuracy, precision and reliability checks mentioned earlier). 
· The Issue Briefs also include additional useful information such as road type and traffic volume. The availability of this kind of information also helped us to select the CRFs for the Issue Briefs: a CRF from a study that included this information was selected over a CRF which was equally accurate and precise, but which did not provide the additional information. 
· 75 Unlike the Issue Briefs, the Desktop Reference includes multiple CRFs for countermeasures. These CRFs have multiple sources. Multiple CRFs allow the reader to review the range of a countermeasure’s potential effectiveness. 
· Unlike the Issue Briefs, the Desktop Reference includes CRF functions that can produce varying CRF values according to varying input factors. For example, the effectiveness of geometric changes to a roadway could be expressed as a function of the change in vertical or horizontal alignment.  CRF functions will be discussed in detail in later slides.
· The Desktop Reference also includes additional information such as study methodology, the number of observations used in the study, and the CRF range (high/low).
The Desktop Reference includes all the information in the Issue Briefs. The Desktop Reference also includes many additional CRFs as many countermeasures have multiple CRFs. 
The multiple CRFs were collected from various past studies - so they may be the product of studies using different methodologies. This means that the multiple CRFs in the Desktop Reference are not equally reliable. For example, many of the CRFs were produced using a simple before-after study without any consideration of traffic volume bias.
76
77 This slide shows the first page of the introduction to the roadway departure Issue Brief.
The introduction to each Issue Brief and the introduction to the Desktop Reference explain: 
· Purpose of the Issue Brief/Desktop Reference
· Crash reduction factors
· How to use the Issue Brief/Desktop Reference
78 This slide shows an example of a CRF from an Issue Brief. This particular CRF was taken from the roadway departure Issue Brief.
The first column shows the Countermeasure name – “remove or relocate fixed objects outside of clear zone.”
The other columns are for information relevant to the CRF. In this case, the following information is shown:
· Crash severity: all
· Area type: all
· Road type: all
As the value of the CRF will be different for different crash severities and for different roadway settings, we would like to know as much as possible about the crash severities and roadway setting in the study which produced the CRF, but in this case, there are no details of the crash severities, type of area, type or road, or daily traffic volume.
There is also no information in the columns for specific crash types (run-off-road, head-on, rear-end, fixed object) or “other” crashes.
The next two slides look at this CRF in detail.  We will then come back to the second row of this slide, and the detail of Other Crashes.
79 10 crashes expected without treatment, 6 crashes expected with treatment
80 The CRF for this countermeasure and these conditions is shown in the Issue Brief as 38(10)17.
· The CRF of 38 means that a 38% reduction in all crashes is expected after removing or relocating fixed objects outside of the clear zone. 
· The bold type means that
· A rigorous study methodology was used to estimate the CRF
· The CRF has a standard error and the standard error is relatively small 
· 10 is the standard error for this CRF.
· 17 is the reference number (this work was done for Ohio DOT in 2005 by Hovey and Chowdhury) 
81 The standard error can be used to estimate the confidence interval of the CRF. The 95% confidence interval is estimated by adding plus or minus 2 standard errors to the CRF value.
In this example, we add plus or minus 2 standard errors (plus 20 and minus 20) to the CRF value of 38 and estimate that the confidence interval ranges between 58% and 18%.
The confidence interval of the CRF tells us that the probable range of this CRF is 18 through 58, i.e. we are 95% confident that the reduction in crashes when removing fixed objects outside the clear zone can be expected to range between 58% and 18%, and it is unlikely that the crash reduction will be less than about 18% or more than about 58%.
82 
83 As said, where there were multiple CRFs for the same countermeasure, three criteria was
used to select the best CRF to include in the Issue Briefs. 
The first criterion used was the accuracy of the CRF. How accurate is the CRF? Is the
value of the CRF likely to be the true value, or is the value of the CRF likely to be biased
and incorrect?
The accuracy selection criteria looked at the methodology used to obtain the CRF, and
whether the methodology took into account two types of bias which may affect the accuracy
of a CRF:
1. Regression to the mean bias
2. Traffic volume bias
A CRF that did not take these two biases into account was not considered accurate. 
84 The second criterion is the precision of a CRF. 
Precision is the degree to which repeated estimates of the CRF (from multiple studies if available) are similar to each other. The measure of precision is the standard error of the CRF. This measure, the standard error of the CRF, represents the uncertainty inherent in the CRF. 
Some studies report the standard error. In some cases, it is possible to calculate the standard error using information (such as the confidence interval) reported in the original study. Unfortunately, for many CRFs, the authors did not report the standard error, and did not provide enough information for such a calculation to be done. As a result, many CRFs in the Toolbox have no standard error.
A small standard error means that the estimate of the CRF is precise whereas a large standard error means that the estimate of the CRF is uncertain. A CRF with a small standard error is obviously preferred. 
We should note, however, that it is possible to obtain the wrong value repeatedly. This is why the first criterion for CRF selection is the accuracy of the estimate, i.e. our first criteria checks whether the study avoided bias in the study methodology. 
85 Not all crash reduction factors are not equally reliable. Some crash reduction factors are more reliable than others. For example, some CRF studies were more rigorous, or used a larger sample size, than others. 
Although the Issue Briefs contain the best available information that could be found for each countermeasure, we very much wanted to differentiate CRFs which may be considered reliable from CRFs which may not be reliable. To do this, we assessed reliability by combining the two selection criteria we have discussed with the thresholds which we will see in the next slide. 
The most reliable CRFs are shown in bold in the Issue Briefs and Desktop Reference. 
86 This slide shows the reliability selection criteria used to decide which CRFs could be shown in bold.
Firstly, is the CRF likely to be an accurate estimate of the true value, or is the estimate likely to be biased and possibly misleading? This was judged by checking the study methodology. Was a rigorous study methodology used to estimate the CRF? A “rigorous” study methodology that avoided bias was defined as a study that took into account regression to the mean and changes in traffic volume. Rigorous methodologies included empirical Bayes, meta analyses, and cross sectional studies. Rigorous methodologies did not include simple before-after studies.	
Secondly, does the study provide a standard error for the CRF? The standard error provides a measure of the precision of the CRF estimate. 
Thirdly, a large standard error indicates that a CRF estimate is not precisely known. A relatively small standard error indicates that the CRF should be bolded. Relatively small is defined by asking whether the absolute value of the CRF was at least 2 times as large as the standard error. If true, the CRF was bolded. This test was designed to avoid “essential reversal” – a problem that can occur if the CRF is small and the standard error is relatively large. If the CRF is small and the standard error is relatively large, the CRF could be either positive or negative. This then implies that we do not know whether the countermeasure increases or decreases safety.
If the answer was no, we asked: Fourthly, whether the absolute value of both the CRF and the standard error was less than 10. (If a countermeasure has no safety impact or a small (< 10) safety impact, then the standard error also needs to be small.)
In summary, a bold CRF means that the CRF:
· Comes from a rigorous study that took into account regression to the mean and changes in traffic volume
· Comes from a study that supplied a standard error
· Has a CRF that is at least twice as large as the standard error, or has an absolute CRF value and a standard error that are both less than 10. 
87 -92
93 What can we expect in the next generation of the Issue Briefs and Desktop Reference?
We expect that:
· there will be an increase in the number of studies that evaluate the safety effects of countermeasures, and that future Issue Briefs will include additional countermeasures. 
· the next generation of the Issue Briefs will use AMFs (rather than CRFs) and will include a growing number of Accident Modification Functions 
· the criteria for the adoption of AMFs will be more stringent 
· the evaluations and AMF updates will be supported by the launch of new tools for professionals. 
94 Other fields use the same concept as AMF.
From the medical field, epidemiology  relative risk ratios and incidence rate ratios
· 95 Let’s look in greater detail at Accident Modification Functions as these are expected to play a greater role in the future.
· Most CRFs in the current Toolbox are a constant, a fixed numeric value. The CRF does not vary. But is this realistic? 
· In fact, CRFs, or AMFs, are really functions and not constants. AMFs are functions of a range of key environmental variables including:
· Traffic volume
· Traffic mix (trucks, pedestrians, bicyclists)
· Road geometry
· Operational conditions
In other words the safety effectiveness of a countermeasure is not a fixed value, but a function of many environmental factors.
With additional scientific knowledge, the functional form of the AMF will be known. For many AMFs, we are already moving in this direction.
96 The current Toolbox includes the best information currently available, but the reliability of the CRFs is uneven. The reliability of some of the CRFs needs to be improved. In the future, we expect that practitioners will be able to demand more stringent inclusion criteria – we will need to consider including only reliable CRFs (or AMFs) in the Toolbox, and we will need more stringent criteria to select CRFs for which the estimates of the safety effect are unlikely to change very much with further research.
For comparison purposes, the HSM uses a much more stringent selection criteria process - as presented here, and in the next slide.
In this slide, we see the criteria adopted for AMFs by the TRB HSM Task Force for Parts II of the upcoming HSM.  The criteria here are for considering:
· The accuracy and precision of AMFs, which require:
· A standard error of 0.1 or less (equivalent of 10 or less for a CRF) to indicate that the AMF is sufficiently accurate, precise, and stable to include in the HSM.
Note, however, that:
· A companion AMF is a AMF which appears in a paper that contains other AMFs which meets the stringent (standard error of 0.1 or less) criteria. Companion AMFs with standard errors of 0.2 to 0.3 are also currently included in the HSM to indicate the potential safety effects of the treatment on other facilities, or other crash types and severities.
97 As we have seen , the current Toolbox includes the best information currently available, but we know that some of the CRFs are not as reliable as we would like. 
We will continue to work on finding reliable CRFs produced by rigorous studies. We may update the Issue Briefs and Desktop Reference if there is a substantial amount of new information regarding reliable CRFs (and, of course, if the funding is available for the work).
The three web sites shown here are useful starting points for anyone seeking new information on CRFs.
98 Some significant new safety tools are being developed to fill gaps in our knowledge and to provide new AMFs that will be more accurate and reliable. This slide shows four areas of current effort:
· The Low Cost Safety Improvements Pooled Funds Study is a joint effort being made by state DOTs and FHWA to assess the safety effects of low cost treatments. 
· The first edition of the Highway Safety Manual (HSM) will be published in 2009. 
· SafetyAnalyst will provide state-of-the-art analytical tools for the safety decision-making process. One of these tools is the Evaluation Tool which will perform before and after evaluations using the Empirical Bayes (EB) approach. 
· The Interactive Highway Safety Design Model (IHSDM) evaluates safety and operational effects of geometric design decisions on two-lane rural highways. The study includes a crash prediction module which uses traffic characteristics and geometric design to estimate the frequency of crashes expected on a roadway. The current Toolbox used CRFs obtained from the IHSDM for two-lane highways. The FHWA plans to expand the scope of IHSDM to include multilane rural highways, and urban and suburban arterials.
99 During the course of the Toolbox development process, the effectiveness of each countermeasure, and various aspects of the presentation of the Toolbox were reviewed by the following technical experts.
The Working Group (TWG) members are shown here. 
They are: 
FHWA: Clayton Chen, Kenneth Epstein, Ray Krammes, Ed Rice, Marcee Allen, Nick Artimovich,, Mark Doctor, Kenneth Epstein, Mary McDonough, Jim Growney, Dean Larsen, Matt Lupes, David Morena, Fred Ranck, Tamara Redmon, Ed Rice, Gabe Rousseau;
Iowa DOT: Tom Welch; 
ITE: Ed Stollof 


