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WEBINAR TRANSCRIPT FOR DEVELOPMENT OF WORK ZONE CRASH 

MODIFICATION FACTORS (CMFS) (APRIL 15, 2021) 

Henry Brown 

Welcome everyone to today's webinar on development of work zone crash modification factors, 

or CMFs. I'm Henry Brown, Research Engineer at the University of Missouri, and I developed 

these materials along with my colleagues, Dr. Praveen Edara and Dr. Carlos Sun, who are also 

on the webinar here, and they'll be monitoring the Q&A and helping to answer the Q&A during 

the webinar. If you have any questions during the webinar, please post them in the Q&A pod. 

We'll also do some Q&A at the end, time allowing. Before we get started, I think Praveen's going 

to post a couple links. One is to the 2nd edition of the Work Zone CMF Guide, which is now 

available on the Work Zone Clearinghouse. And the Quick Reference Card (QRC) for Work 

Zone CMFs that includes tables of Work Zone CMF values and some example problems is also 

on the Work Zone Clearinghouse. 

This material is based on work supported by the USDOT, and any opinions, findings and 

conclusions are those of the authors and do not necessarily reflect the view of the USDOT.  

So, just an overview of today's webinar. First of all, we will just start with an overview of work 

zone CMFs. Then we'll get into the process of how to develop work zone CMFs, as well as 

methods, factors, and tips for developing work zone CMFs. And then we'll talk a little bit about 

evaluation and documentation of results and then some general CMF resources. 

So, this may be a refresher for some of you, especially if you attended the first webinar on 

application of work zone CMFs in November. According to the Highway Safety Manual (HSM), 

the CMFs represent the change in crash frequency due to a change in condition or 

implementation of a countermeasure. Examples of changes in conditions or countermeasures 

could include modifying lane width or implementing an end of queue warning system. And the 

CMF is multiplied by the expected number of crashes before a countermeasure is implemented to 

get the expected number of crashes with the countermeasure.  

Let's talk a little bit about the motivation to improve work zone safety, with work zone CMFs 

being one tool that can be used to help. The current slide shows total fatal work zone crashes by 

type of roadway in 2017 and 2018. You can see it's about 720 in 2017 and 671 in 2018. Statistics 

from ARTBA indicate there was a work zone crash every 4.3 minutes in 2018. And, in 2018 

there were over 2 work zone fatalities per day. These statistics suggest that severe crashes in 

work zones are a continual challenge. And to meet this challenge, engineering practitioners need 

tools to help improve work zone safety.  

CMFs fulfill a specific need to quantify safety benefits of possible work zone countermeasures. 

They can assist practitioners in deciding if a work zone countermeasure should be implemented. 

CMFs can be useful to assess various work zone countermeasures and answer questions such as: 

Should the work zone shoulder be widened? Should an end of queue warning system be 
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installed? Or should the contractor be offered an incentive to finish early? CMFs can also be 

used to help determine which countermeasures are the most cost effective with respect to 

improving safety. And ultimately, the use of work zone CMFs is one tool that can help to 

improve work zone safety by providing practitioners with tools for data-driven decision-making. 

Let's start with a poll question. How would you rate your existing knowledge of the development 

process for CMFs? I’ll give you a few more seconds here. About half said "moderate," and about 

a third said "low," and about 10% said "high." So, there is a good range of knowledge and 

experience. 

There are 3 main sources of work zone CMFs. First, the Highway Safety Manual, and then the 

CMF Clearinghouse, which is a database of CMF values, as well as other research studies. And 

we'll look a little at these sources in the next few slides.  

The HSM only includes 2 CMFs for work zones. These are for duration and length and are based 

on 36 California freeway work zones with high traffic volumes. And these are actually CMF 

functions because the CMF value depends on the value of the independent variable. The CMF 

for duration is equal to 1 plus the percent increase in duration times 1.11 divided by a 100, which 

means that 10% increase in duration leads to an 11% increase in crashes. And then the CMF for 

length is equal to 1 plus the percent increase in length times 0.67 divided by a 100. So, a 10% 

increase in length results in a 6.7% increase in crashes. And these equations are also available on 

the CMF Clearinghouse.  

This graphic shows the work zone CMFs that are currently available in the CMF Clearinghouse. 

The CMF Clearinghouse is an online repository of CMFs funded by the Federal Highway 

Administration (FHWA) and maintained by the Highway Safety Research Center (HSRC) at the 

University of North Carolina. It contains thousands of CMF values as well as educational 

materials. But as you can see here, the number of work zone CMFs is pretty limited. They 

include active work with no lane closure and no active work with no lane closure, active work 

with temporary lane closure, 2-way 2-lane work zone operations, left-hand merge, downstream 

lane shift, and then increasing the inside or outside shoulder width.  

In addition to the HSM and CMF Clearinghouse, work zone CMFs are also available in a few 

research studies. As part of the development of these training materials, interviews were 

conducted with several DOTs. And this slide shows some of the work zone CMF needs that were 

mentioned. As you can see, it's a pretty wide range, including lane and shoulder widths, steel 

versus concrete barrier, dynamic lane merge strategies, temporary portable signal versus 24-hour 

flagging, intrusion alarms, and wrong way driving prevention. This shows that there's a need for 

additional CMFs to be developed for many work zone countermeasures.  

Now that we've discussed availability of CMFs and the need for development of additional 

CMFs, let's briefly look at the process for applying work zone CMFs to evaluate work zone 

safety countermeasures. And this includes 6 steps that are shown on this slide. First, identifying 

the countermeasures for analysis, determining availability of CMFs, then the countermeasure 
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evaluation criteria, collecting data in step 4, and then performing the analysis and selecting 

countermeasures for implementation.  

Now let's look at the process for developing new work zone CMFs, which includes 7 steps. It 

starts with selecting the countermeasure for CMF development and then selecting a statistical 

method to be used to develop a CMF. It's important to assess data needs and availability and then 

site selection, data collection, calculating the CMFs, and evaluating the results for 

reasonableness, in step 7.  

Now we'll look at these steps in a little more detail. The first step involves selecting the 

countermeasure for which the CMF will be developed. Example work zone countermeasures 

could include increasing the lane or shoulder width, end of queue warning system, and 

automated speed enforcement. As we've mentioned, there's a need for additional work zone 

CMFs to be developed as the current availability of work zone CMFs is pretty limited.  

Step 2 involves selecting the statistical method that will be used to develop the CMF, such as 

before-after with comparison group, Empirical Bayes before-after, or cross-sectional. The best 

method to be used in a given situation depends on many factors, such as the availability of data 

during the before and after periods and the availability of control sites. And we'll look at these 

methods in greater detail later in the webinar.  

In the 3rd step, data needs and availability are assessed. In work zone safety analysis, it's often 

necessary to fuse different types of data to link work zones and crashes. And these data can be 

combined to make a model or safety performance function (SPF) to predict crashes. Different 

types of data can include work zone data, such as work zone location, project cost, duration, and 

length; road and traffic data such as Annual Average Daily Traffic (AADT), geometry, and 

speed limit; and crash characteristics such as crash location, crash severity, and crash type. 

Oftentimes these data need to be fused together. In evaluating the data requirements, an 

understanding of trade-offs between accuracy and level of effort is often needed. For example, 

greater understanding of the linkage of crashes to work zones could be gained by reviewing 

individual crash reports, but this could be a very time-consuming and labor-intensive process.  

When assessing data needs and availability, it's important to keep in mind some of the challenges 

with working with work data for work zone CMF studies. This includes accuracy of information 

regarding work zone presence and schedule, inconsistencies between the crash database and 

crash report, determining the spatial influence of the work zones to assign work zone related 

crashes, and, in some cases, lack of actual traffic volumes in the work zone, in which case 

historical AADT could be used as a surrogate.  

Once the data requirements have been established, the sites should be selected. For a cross-

sectional study, both treatment sites and control sites that have not received the treatment are 

needed. Each site would be a work zone. And the sample size needs to be carefully chosen to 

balance statistical needs such as low standard error with the level of effort needed to obtain 

accurate data.  
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Once the data requirements and sample sites have been determined, various types of data need to 

be collected, such as work zone data, traffic data, geometric data, and crash data. And again, it 

may be necessary to fuse different types of data to link crashes and work zones in time and space 

to determine if a crash was work zone related.  

Once the necessary data are collected, the analysis to calculate the CMFs can be performed in 

step 6. For Empirical Bayes before-after, the CMF is calculated based on the observed crash 

frequencies during the before and after periods, the expected crashed frequencies during the 

before and after periods, and the variance of the expected crash frequency during the after 

period. Unlike the predicted crash frequencies, the expected crash frequencies include 

consideration of observed crash frequencies. For cross-sectional methods, the CMF can be 

estimated as the ratio of the crash frequency averaged across all sites receiving the treatment and 

the crash frequency average across all the control sites. And another cross-sectional approach is 

to use multivariate regression models and infer the CMF values from the regression model 

coefficients.  

Finally, in step 7, results for the developed CMF should be assessed for reasonableness. A CMF 

value greater than 1 indicates that the countermeasure increases the expected crash frequency, 

while a CMF value less than 1 indicates a decrease in expected crash frequency. It's also 

important to have an understanding of the applicability of the CMF, such as the range of 

variables for which the CMF is valid and document those. We'll talk a little bit more about 

documentation later in the webinar. And then the calculated CMF can then be used to evaluate 

the countermeasure using the procedures described earlier.  

We'll do a little check in question here. Which of the following is not considered to be a primary 

challenge related to data for the development of work zone CMFs? I’ll give you a few seconds to 

answer this question. And we'll close out the poll here in a few more seconds. Let's take a look at 

the results. It looks like 37% said finding work zone countermeasures for which CMFs are 

needed and 34% said accuracy of work zone presence and schedule. The correct answer is D) 

Finding work zone countermeasures for which CMFs are needed. As we mentioned earlier, 

there's a lack of existing work zone CMFs, a pretty limited number, so there's need for additional 

work zone CMFs to be developed.  

Now let's look at an example of developing work zone CMFs. This example will show how to go 

through the 7 steps of developing a work zone CMF. The example is based on a study by 

Rahmani et al. from 2016. The objective was to develop freeway work zone CMFs based on 

Missouri data. And step 1 is to determine the countermeasure, which is to examine work zone 

length and work zone duration. While these are not countermeasures such as rumble strips or 

lane widening, they can be controlled by adjusting work zone schedules and looking at different 

alternatives. 

In step 2, a form of cross-sectional study using negative binomial regression models was selected 

as the method for CMF development. CMF values for the treatment variables are inferred from 

their coefficients in the regression model.  
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In step 3, data needs and availability were assessed. It was necessary to collect data from several 

Missouri DOT databases, including a work zone database, a crash database, and a road segment 

database. The work zone database included information such as work zone ID, roadway segment 

ID, the work zone start and end date, and work zone start and end location. The crash database 

included archived highway patrol reports, such as the crash data shown in this slide from I-29 in 

Clay County. And the road segment database included information such as AADT and other road 

segment data.  

In step 4, the sites were selected. Potential sites included all freeway work zones in Missouri 

between 2009 and 2014. There were concerns about too many work zones with short duration 

and length, so thresholds were developed for optimum minimum length and minimum work zone 

duration of 0.1 mile for length and 10 days for duration. Work zones not meeting these 

thresholds were excluded from the analysis.  

In step 5, data fusion was required to link work zones and crashes. And crashes were assigned to 

the work zones based on spatial and temporal matching of the data to assign crashes to locations 

in the work zone such as advanced warning area, transition area, buffer area, work area, and 

termination area based on the MUTCD thresholds.  

And in step 6, the CMFs were calculated. And again, these are CMF functions. The CMF for 

length is equal to 1 plus the percent increase in length times 0.62 divided by 100. So, a 10% 

increase in length leads to a 6.2% increase in crashes. And the CMF for duration is 1 plus the 

percent increase in duration times 1.01 divided by a 100. So, a 10% increase in duration leads to 

a 10% increase in crashes.  

In step 7, results are evaluated for reasonableness. We see that increases in length and duration 

both lead to increases in crashes, which matches our expectations. And the results are similar to 

the results from the HSM. In the HSM, these coefficients were 0.67 and 1.11. 

Let's look at some of the statistical methods that can be used to develop work zone CMFs, 

beginning with before-after methods. First, we'll start with a simple before-after study, which 

does not incorporate sites that do not receive the treatment. This method assumes that the crash 

frequency in the after period without the treatment is the same as the crash frequency in the 

before period. And the CMF is calculated as the observed crash frequency in the after period 

divided by the estimated crash frequency in the after period without the treatment. Because this 

method assumes that the reduction in crash frequency is solely due to the treatment and does not 

consider non-treatment sites, it's generally not preferred.  

A before-after with comparison group study is based on comparing untreated sites similar to the 

treated sites to account for changes in crash frequency due to other factors such as time and 

volume trends. The comparison group should have similar geometric and operational 

characteristics to the treatment group. And ideally the two groups would come from the same 

geographical area. The comparison ratio which is used to determine the number of expected 

crashes in the after period is calculated as the number of observed crashes for the comparison 

group in the after period divided by the number of observed crashes for the comparison group in 
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the before period. And then the CMF is calculated based on the number of observed and 

expected crashes in the treatment group in the after period and the variance of the number of 

expected crashes in the treatment group in the after period. And the equations for these can be 

found in the Federal Highway Administration CMF guide if you want to delve deeper. 

Empirical Bayes considers regression to the mean, which refers to the phenomenon where the 

crash rate is artificially high during the before period and would have reduced even without 

treatment due to random variation in the crash rate. Empirical Bayes uses a weighted average to 

calculate the expected crash frequency in the before period without the treatment. And this is 

computed from the observed crash frequency in the before period for treated sites and the 

predicted crash frequency in the before period for a group of reference sites. The predicted crash 

frequency is calculated using a safety performance function, or SPF, which is a mathematical 

relationship that relates crash frequency to traffic and geometric characteristics such as AADT 

and length. The graph on this slide shows an example of a SPF with crashes per year versus 

traffic volume plotted. The blue line here is the SPF curve. We see that the crash frequency 

increases with traffic volume. And for the before period, we have the observed crash frequency 

plotted above the SPF, and the expected crash frequency is plotted below the observed. So, it's 

basically a weighted average of the observed and the predicted crash frequency. And then the 

expected crash frequency in the after period for the treatment sites is calculated by multiplying 

the expected crash frequency in the before period by the predicted crash frequency in the after 

period and dividing by the predicted crash frequency in the before period. And then finally, the 

CMF is calculated based on the observed and expected crash frequencies in the before and after 

periods and the variance of the expected crash frequency in the after period. In addition to 

accounting for regression to the mean, the SPF can help to account for time trends and changes 

in traffic volumes. However, for work zones, use of Empirical Bayes before-after would require 

development of SPFs. These SPFs could be based on AADT work zone duration or length or 

other factors. Disadvantages of the Empirical Bayes method are that it's relatively complex and 

cannot consider spatial correlation, prior knowledge of the treatment, or complex model forms. 

Instead of looking at sites before and after a treatment is applied, cross-sectional studies assess 

the crash frequency of locations with and without a treatment and then attribute the difference in 

crash frequency to the treatment. The CMF is calculated as the ratio of the average crash 

frequency for sites with and without the treatment. Cross-sectional studies are particularly 

beneficial when there's insufficient instances of the treatment to support a before and after study. 

In the context of work zones, it may be more suitable to apply the cross-sectional method 

because data may be available for many work zones with and without a treatment. There may be 

a lack of before and after crash data for work zones, since work zones are typically of short 

duration and length. For example, an analyst could look at work zones with and without 

temporary rumble strips, as shown on this slide. Cross-sectional methods can also be used to 

develop CMF functions in which the CMF value depends on the independent variable. 

Determining an appropriate sample size for cross-sectional studies is challenging and often an 

iterative process. While the cross-sectional methods can consider data from multiple states, it's 

important to consider differences between states such as crash reporting thresholds. And CMFs 

calculated from cross-sectional studies should be evaluated for reasonableness and compared 

with CMFs from other studies if they're available. The main concern with cross-sectional studies 

is that two distinct groups of sites are being compared. And other factors besides the treatment of 
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interest can affect crash frequencies for both groups. There can be inaccuracies in CMFs 

calculated using the cross-sectional method due to inappropriate functional form, bias, or 

correlation of variables.  

Briefly, let's look at a few other methods that could be used to develop work zone CMFs. Full 

Bayes is a modelling approach rather than a specific type of study. In Full Bayes before-after 

studies, a reference population is still used, but a distribution of likely values for the expected 

crash frequency and its variance is created instead of using a point estimate for expected crash 

frequency in Empirical Bayes. The distribution of likely values is combined with the observed 

crash frequency to estimate the long-term expected crash frequency in the CMF.  

Case-control studies involve the use of cross-sectional data, but sites are selected based on the 

outcome which would be crash or no crash. And then the prior treatment is determined within 

each outcome group. A matching scheme can be used to match cases with controls.  

Cohort methods have been used to evaluate issues such as seatbelt effectiveness and driver 

training but have seen limited application in highway design. Cohort methods allow for the 

assessment of relative risk, which is a direct assessment of the CMF. And sites are classified into 

cohorts based on current treatment status. And then these cohorts are observed over time with 

respect to exposure and crash frequency.  

Meta-analysis is a method of combining knowledge on CMFs from multiple previous studies to 

develop a final estimate for the CMF and its standard error. In the context of work zones, this 

method may not generally be applicable since the availability of work zone CMFs is very 

limited. Expert panels can be convened to critically evaluate findings of published and 

unpublished research and to choose reliable studies and develop CMFs through consensus. 

Again, that may not be applicable to work zones due to the lack of availability of these existing 

work zone CMFs.  

In some cases, it may be necessary to use surrogate measures in lieu of crash data to derive 

CMFs. Surrogate measures could include vehicle speed, stopping behavior, lane change 

behavior, and traffic conflicts. A CMF can be estimated using a model that relates the observed 

change in the surrogate measure before and after the treatment with an expected change in crash 

frequency. However, this relationship is difficult to obtain between surrogate safety measures 

and crashes. With work zones, surrogate measures may be applicable if there's limited 

availability of crash data due to the typical short durations of work zones or if an innovative 

countermeasure is being tested and there's not sufficient crash history for the countermeasure.  

This slide shows a flow chart from the Federal Highway Administration CMF guide that shows 

the overall process that can be used to select the right method to develop CMFs. Some of the key 

decision points include: is there sufficient existing or planned installations for a before-after 

study? And if there are then that would tend to lead towards the before-after study. If not, are 

there sufficient locations without the treatment that are otherwise similar to the treated sites and 

are data available for the major crash factors affecting crash risk? And if so, that would tend to 

lean more towards a cross-sectional study. 
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This slide shows some of the considerations for work zone CMF studies. As we discussed 

previously, there are several data challenges for work zone CMF studies, including accuracy of 

the work zone presence and schedule, inconsistency between the crash database and crash report, 

determining the spatial influence of work zones, and lack of actual traffic volumes. Obtaining a 

sufficient sample size for work zone CMF studies may be challenging because crashes are rare 

events and work zones typically have short length and duration. Thus, it may be difficult to find 

a sufficient number of crashes for the analysis. In addition, the availability of sufficient sites for 

before and after studies may be limited due to the short duration and length of many work zones. 

A cross-sectional method using linear regression may be more appropriate for work zone CMF 

development. Surrogate safety measures, as we mentioned, can be useful in cases where an 

innovative work zone countermeasure is being developed and there's not enough crash history to 

perform an analysis using crash data. Finally, with the lack of existing work zone CMFs, it's 

unlikely that meta-analysis or expert panel would be used for work zone CMF studies.  

We'll try another question here. Which of the following methods would most likely be used to 

develop CMFs for short duration work zones? Cross-sectional, before-after with comparison 

group, Empirical Bayes before-after or meta-analysis? I’ll give you a few more seconds. About 

47% said cross-sectional, 35% before-after with comparison group. The correct answer is A) 

cross-sectional. Of the four methods listed, cross-sectional would most likely be used if data for 

work zones with and without the treatment are available. Before-after with comparison group 

and Empirical Bayes before-after require data before and after the treatment at the same site, 

which would likely not be available for short duration work zones. And meta-analysis requires 

availability of multiple, sufficient previous studies.  

An overview of 7 factors to consider when developing work zone CMFs is shown on this slide. 

First, the analyst should determine if previous safety evaluation studies for the work zone 

countermeasure are available. As we've discussed, the number of existing work zone CMFs is 

very limited, but there are some for countermeasures such as widening the work zone shoulder. 

Second, the analyst needs to determine whether sufficient data for the countermeasure are 

available. Various types of data are required such as work zone data, like location, length, 

duration, presence or absence of the countermeasure, geometric data such as lane and shoulder 

widths, traffic data, and crash data.  

And as we've mentioned for the work zone safety analysis, the data needs to be formatted in a 

way that allows for crashes to be linked to specific work zones in space and time. Thus, 

information on the location and dates and times of the work zone needs be correlated with the 

location and date and time of the crash. And one of the challenges in processing work zone crash 

data involves how to account for the short length and short duration of many work zones, which 

may result in many work zones experiencing no crashes. It may be necessary, as we looked at in 

the previous example, to exclude work zones of short length and duration.  

In addition to determining if sufficient data are available in a suitable format, it's also important 

to assess what steps will be necessary to combine the different types of data needed for the 
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analysis. These data often exist in different databases and need to be linked together to associate 

crashes with work zones.  

Another factor to consider in work zone CMF studies is whether or not there are appropriate sites 

for a cross-sectional study. Care should be taken when selecting work zone sites to ensure that 

the sites are similar except for the treatment of interest.  

Before-after studies could also be used, but again, there may not be enough locations for a 

before-after study since many work zones have short durations and do not experience many 

crashes. It may be difficult to obtain sufficient crash data before and after a work zone 

countermeasure is installed.  

And the seventh and final factor is how to obtain AADT data. For example, there may be traffic 

diversions while the work zone is in place. Sensors can be used to obtain that data but if 

information from sensors or other sources is not available, historical AADT could be used as a 

surrogate. 

Now let's look at some tips for developing a high-quality work zone CMF. And these 6 tips are 

based on information provided in the document titled "Better CMFs, Safer Roadways: Tips for 

Building High-Quality CMFs," which is available on the CMF Clearinghouse. Each study has its 

own strengths and limitations, but a high-quality CMF can be obtained by incorporating as many 

of these tips into the work zone CMF study as possible.  

For the first tip, the sample size should be sufficiently large. And for before-after studies, the 

required sample size is based on the magnitude of the effect of the countermeasure and the 

estimate uncertainty or standard error. And the standard error can be reduced by increasing the 

sample size. Determining sample size for cross-sectional studies is challenging and based on 

many factors. And assessing the adequacy of the sample size can only be done once the model 

output is available. Thus, figuring out a sample size for cross-sectional studies may require 

multiple iterations. The Federal Highway Administration CMF guide goes into additional details 

regarding sample size for both types of studies.  

Related to the sample size is the number of years of data used in the study. Increasing the 

number of years of data can help to increase the sample size. For Empirical Bayes, increasing the 

number of years of crash data reduces the weight placed on the observed crash frequency.  

And a high-quality CMF should have a low standard error, which provides information on the 

variability of the CMF. The standard error is calculated as the square root of the variance and can 

be used to calculate a confidence interval for the CMF. And increasing the sample size can help 

to reduce the standard error.  

A study should also account for potential sources of statistical bias. Some examples include 

changes in traffic volume, regression to the mean, differences in locations, and jurisdictional 
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differences such as differences in crash reporting. A high-quality CMF should account for all 

sources of known potential bias.  

It's also important to have diversity in sites with respect to geography and other characteristics 

such as traffic volumes, geometry, crash experience, and work zone configurations. If possible, 

data from multiple states should be used.  

And finally, a high-quality CMF has a high level of statistical rigor with the use of a reference 

group, or a randomized experiment and control. Empirical Bayes before-after studies are 

considered more rigorous than cross-sectional studies or other before-after studies that do not 

count for regression to the mean. However, in some cases, especially for work zones, a cross-

sectional study may be more appropriate due to the lack of availability of a sufficient number of 

sites with ample before and after data for the countermeasure.  

We'll take a look at another question. Which of the following is not a characteristic of a high-

quality work zone CMF? High standard error, sufficient sample size, high level of statistical 

rigor, and data from diverse geographic locations? I'll give you a few more seconds. We'll take a 

look at the results. 74% said high standard error. This time we have a clear consensus. And the 

answer is high standard error. We want a CMF to have a low standard error which indicates a 

low variability in the CMF value. 

Now let's look at documentation for work zone CMF studies. Proper documentation of CMF 

studies is important for several reasons, but it's often overlooked. First, proper documentation 

allows a practitioner to assess the applicability of the CMF for a particular set of conditions, such 

as site characteristics like traffic volume ranges and area type and crash characteristics such as 

crash type or severity. If the conditions of the CMF study are different from the specific 

conditions being evaluated by the practitioner, the CMF study may not be suitable for use. 

Proper documentation can also help the practitioner to evaluate the quality and reliability of 

CMFs by providing study information such as the methodology, sample size, data sources, 

standard error, and other consideration.  

Now let's look at some types of documentation for work zone CMF studies. There are two 

general categories of documentation for work zone CMF studies: general documentation and 

documentation of other considerations. General documentation includes information regarding 

the countermeasure and the CMF, site characteristics, crash characteristics, and details of the 

study. Other considerations for the study should be documented along with study measures taken 

to address those considerations for both before-after or cross-sectional studies.  

Now let's look at these documentation categories in greater detail, starting with the general 

documentation. General documentation includes information regarding the CMF and the 

countermeasure, including the countermeasure name and description, the CMF measures of 

precision such as standard error, and prior conditions. The countermeasure description should 

provide sufficient detail for the reader understanding. In this example from the CMF 

Clearinghouse on this slide, the countermeasure was increasing the outside shoulder width inside 

the work zone by 1 ft. CMF values should be clearly presented and should be greater than 0. In 
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this case, the CMF is about 0.95, indicating a 5% decrease of crashes. And as we've mentioned, 

sometimes the CMF is actually a CMF function in which the value of the CMF depends on the 

value of other variables. The CMF function should be clearly labeled in the documentation. If 

there are multiple functions, it might be clear to provide the general form followed by a table of 

coefficients. Measures of precision include the standard error of the mean value of the CMF and 

the standard deviation. A small standard error relative to the CMF indicates more certainty in the 

CMF value. In this example for the outside work zone shoulder width, the standard error was 

0.01. It's also important to describe the prior condition of the study sites or baseline condit ion in 

sufficient detail to allow a user to accurately assess if the sites to be treated with the 

countermeasure are adequately similar to the prior condition of the sites in the CMF study. In 

this example, the prior condition was regular traffic conditions without the work zone.  

Next, let's look at documentation of site characteristics. General documentation also includes site 

characteristics as shown on this slide. This can include, for example, number of through lanes, 

speed limit, traffic volume ranges, type of road division (whether there's a median or not), area 

type (municipality, state, and country), traffic control, and intersection geometry. For 

intersections, information such as traffic volumes should be provided for both the major and 

minor roads. Looking again at the example for the outside shoulder width in the work zone, the 

roadway type was interstate. It was divided by a median in an urban area in Indianapolis, 

Indiana. 

Documentation regarding crash characteristics should also be included because CMFs may be 

developed for specific crash types or severities. Examples of crash types include all crashes, 

angle crashes, rear-end crashes, wet weather crashes, and run-off road crashes. Crash severity 

levels can include all crashes or fatal crashes or fatal and injury crashes based on the KABCO 

scale, with "K" being fatal, "A" severe injury, "B" moderate injury, "C" minor injury, and "O" is 

no fatality or injury or property damage only. It's also important to document the time of day. For 

example, is it all crashes? Or only daytime crashes? Or only nighttime crashes? In the example 

with the work zone shoulder width, it was for all crash types and all crash severities, but the time 

of day was not specified.  

Let's look at the last category of general documentation, which is study details. Study details can 

include the years of data that were used, the method that was used to develop the CMF, criteria 

that were used to select the sites, and sample size in terms of crashes and sites. Years of data 

should encompass the begin and end dates for the time period of study. The criteria for selecting 

sites should be explained. For example, all sites of a certain facility type and a certain 

jurisdiction may be selected. This can help the user assess study considerations and CMF 

applicability. Sample size should be reported in terms of both crashes and sites to help the reader 

understand how much data was analyzed to develop the CMF. And for the work zone outside 

shoulder width example, 3 years of data from 2006 to 2008 were used while using a regression 

cross-section method with about 1400 crashes. And this was on a specific work zone on a 6-lane, 

6-mile section of interstate 70 in Indianapolis. 

A list of other considerations to document for before-after studies and cross-sectional studies is 

shown on this slide. Regression to the mean, changes in traffic volumes, historical trends, and 
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effects of other safety treatments are examples of considerations for before-after studies. As you 

can see on this graph on this slide, there has been tremendous growth in vehicle distance traveled 

during the past 25 years. For cross-sectional studies, unobserved heterogeneity and omitted 

variable bias, state-to-state differences or differences between jurisdictions, selecting an 

appropriate functional form, and correlation or collinearity of variables are possible concerns. 

How do we assess the quality of a CMF? This slide shows the different criteria that are used to 

determine the CMF star quality rating for the CMF Clearinghouse. This is based on scores of 

Excellent, Fair, or Poor for 5 different attributes: study design, sample size, standard error, 

potential bias, and data source. For example, for data source to receive a score of Excellent, it 

needs to include diversity in states with different geographies. To receive a score of Fair, the data 

source may be limited to one state, but diversity in geography within the state. A poor rating 

would be assigned if it was limited to one jurisdiction in one state. 

This slide shows how the CMF star quality rating, which is on a scale of 1 to 5, is actually 

calculated. Based on the criteria, we looked at on the prior slide, Excellent is assigned 2 points, 

Fair is assigned 1, and Poor is assigned 0 points. And the actual score is first calculated on a 

scale of 0 to 14 and then converted to the star rating. To calculate the score, the points are added 

except that study design and sample size are given twice the weight, so they count more towards 

the star rating. And then that's used to generate the score which is converted using this table. A 

score of 14 would convert to a star rating of 5 and a score of 1 to 2 would convert to a 1-star 

rating. 

Let's look more in detail at the criteria used by critical reviewers for the CMF clearinghouse to 

generate the attribute scores and ultimately the CMF rating. They're viewed as rules of thumb, so 

reviewers have discretion to assign scores based on their knowledge and experience. First, let’s 

start with study design. To receive a score of Excellent, these methods would need to be used: 

Empirical Bayes, before-after with reference group, Full Bayes before-and-after with reference 

group, or a before-after with comparison group without bias in site selection (for example, area 

wide implementation or random selection). And as we've mentioned, cross-sectional methods are 

not as preferred as before-after studies. Fair cross-sectional regression models include case-

control, cohort, or a before-after study with comparison group that has some site selection bias. 

And then finally for Poor, as we've mentioned, simple before-after studies are not preferred. Also 

simple cross-sectional non-regression studies or before-after with comparison group with large 

effects from site selection bias would receive a Poor rating. 

Criteria for sample size are shown on the table on this slide. For a before-after study, this is 

determined based on before crashes plus expected after crashes for the treatment group. And 

Excellent is greater than or equal to 200. Cross-sectional is based on the total crashes and 

Excellent is 400 or more total crashes, and then Fair is 200 to 400, and Poor is less than 200. 

For standard error, again, standard error provides information on the variability of the CMF, and 

it's calculated as the square root of the CMF variance and can be used to calculate a confidence 

interval of the CMF. If the confidence interval does not include 1, we can say that the CMF is 

significantly different from 1 at a given significance level and that the treatment has an effect. If 



13 

the confidence interval includes 1, then we can't conclude that the treatment has an effect. To 

receive an Excellent score for the standard error, the CMF should be significantly different from 

1 at the 0.05 significance level. And then for Fair, the CMF should be significantly different 

from 1 at a 0.1 significance level. Fair allows for a little more uncertainty in the CMF value. And 

then finally, a Poor CMF is not significantly different from 1 at the 0.1 significance level. 

And the criteria for scoring with respect to potential bias is shown on this slide. For Excellent, 

the study controls for all potential sources of bias that we've discussed, such as regression to the 

mean. A Fair study would include control for important potential sources of bias, for example, 

traffic volumes. And then a study that includes minimal consideration for potential sources of 

bias would receive a Poor score for this attribute. 

And for data sources, as we mentioned earlier, multiple states or multiple countries for an 

international study would result in an Excellent score, data from one state or one country with 

multiple jurisdictions within the state or country would result in a Fair rating, and a single 

jurisdiction would result in a Poor rating.  

We've got one more question here. What's the minimum sample size in total crashes for a CMF 

developed from a cross-sectional study to receive a score of Excellent for sample size? I’ll give 

you a few more seconds here. Okay, let's look at the results. There’s a pretty wide range of 

answers. 38% said 300, and 27% said 400. The correct answer is 400. A cross-sectional study 

must have a sample size of at least 400. 200 is the minimum sample size for a before-after study. 

Let's take a look at the star quality ratings for work zone CMFs. This slide shows the CMF star 

quality ratings for work zone related countermeasures as shown on the CMF Clearinghouse. You 

can see from this table the values range from 1 to 5. Some of the countermeasures have multiple 

ratings assigned because they included multiple crash types or multiple crash severities (for 

example, nighttime or all crashes or property damage only versus all severities). CMFs for work 

zone duration and work zone length were not rated because they're included in the HSM. 

And now let's take a brief look at some resources related to CMFs. The publication 

"Recommended Protocols for Developing Crash Modification Factors" discusses some of the 

issues related to CMF development and provides a lot of guidance regarding documentation of 

results. As we mentioned earlier, a 2-page brochure from the Federal Highway Administration 

titled "Better CMFs, Safer Roadways: Tips for Building High-Quality CMFs" provides some 

guidance for researchers regarding the characteristics of a high-quality CMF such as high-level 

of statistical rigor, large sample size, and diverse data sources. As we've mentioned, the CMF 

Clearinghouse contains thousands of CMF values with ratings and educational materials on their 

use. The CMF Guide from the Federal Highway Administration discusses study designs for work 

zone CMFs and includes other resources. The Highway Safety Improvement Program (HSIP) 

Manual includes some information on identification and evaluation of countermeasures and also 

includes some discussion of Empirical Bayes before-after methods. There's also a Transportation 

Research Circular that was published by Transportation Research Board (TRB) that describes the 

process used to determine which CMFs would be included in the Highway Safety Manual. The 

National Highway Institute offers a course titled "Developing Quality Crash Modification 
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Factors." I think this is around a 15 to 20 hour course. It goes into a lot more depth than we were 

able to go into today. And then as we've mentioned the “Development and Application of Work 

Zone CMFs," the second edition of this resource is now available on the Work Zone 

Clearinghouse for download. This resource discusses ways to apply CMFs and develop CMFs 

specifically for work zones, and it was developed as part of these training materials. Also the 

"Work Zone CMF Quick Reference Guide,” also available on the Work Zone Clearinghouse, 

contains tables of work zone CMF values and a couple of example problems showing how to 

apply the work zone CMFs. And finally, we've developed some self-paced training materials in 

conjunction with this webinar. They include 4 practitioner modules on application of work zone 

CMFs, which is about an hour of content, and then 7 researcher modules on the development of 

work zone CMFs, which is about 2 hours of content. This goes into more depth than we were 

able to go into today. We're currently finalizing development of those materials and getting ready 

to do some pilot testing. Those materials will be available later this year. And again, it's self-

paced training online that you can do at your own pace.  

In summary, there's a limited number of work zone CMFs available from the CMF 

Clearinghouse and other sources. And there's a need for additional high-quality work zone CMFs 

to be developed. Characteristics of a high-quality CMF include a statistically rigorous study 

design, sufficient sample size with geographic diversity, low standard error, and controlling for 

sources of potential bias. There are various methods that can be used to develop work zone 

CMFs. The appropriate method selection depends on a given situation and requires careful 

consideration including availability of data and availability of sites. We've discussed some of the 

challenges associated in working with work zone data such as the short duration and length of 

many work zones. Multiple criteria are used to evaluate the quality of work zone CMFs and 

generate the CMF star quality ratings in the CMF Clearinghouse. And it's important to properly 

document the results of CMF studies so that practitioners using the CMFs can have a greater 

understanding of how they were developed and assess whether they are applicable for a given 

situation. And again, the second edition of the "Work Zone CMF" guide is freely available 

online in the Work Zone Clearinghouse. 

And just some acknowledgments. The development of these training materials was funded by the 

Federal Highway Administration through the Work Zone Safety Grant Program. We'd like to 

thank Jawad Paracha, who's the Federal Highway Administration Program Manager, as well as 

Nagham Matout, formerly of Leidos, and Adil Cheema of Leidos for reviewing training 

materials throughout the study. Also the DOT personnel who participated in the interviews 

regarding practices for work zone safety. And this webinar is hosted by the Missouri Center for 

Transportation Innovation or MCTI. And you can learn more about MCTI from the link on this 

page.  

And then just a couple of slides of references here which are pretty similar to the resources that 

we discussed earlier. And again, the disclaimer which we discussed earlier. And that brings us to 

questions. Do we have any more questions in the Q&A, Praveen?  
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Praveen Edara 

Yes, we got a couple of them, Henry. If you want to, I think Darryl Moore has had his hand up 

for a while now, so we'll let him go first. Is there a way he can unmute himself and ask? 

Henry Brown 

I think that he has to go through the Q&A. 

Praveen Edara 

Oh, Okay. That's okay. Darryl, if you don't mind typing your question in the either the Q&A pod 

or the chat pod. And we have one open question. Did you consider the types of work zones in 

this study to control before and after groups?  

Henry Brown 

Were they talking about the Missouri study? 

Praveen Edara 

I believe so. Maybe you can answer the Missouri study you referenced? And also in general 

what's in the Clearinghouse and HSM.  

Henry Brown 

Yes, for the Missouri study that we referenced, we basically looked at all types of work zones 

excluding for short duration and short length. The shoulder width study that we mentioned was 

looking at just one section of I-70 as part of a big work zone project rehabilitating I-70 in 

downtown. I think cross-sectional methods have generally been used for work zones. Again, it's 

hard to get before and after data for work zones. The studies have looked at those specific 

countermeasures generally with cross-sectional methods. 

Praveen Edara 

Thanks, Henry. The next question is for short duration work zones, does the data need to 

differentiate between winter and summer conditions?  

Henry Brown 

That's a good question. That kind of gets back to documenting the type of study that you do for a 

work zone CMF study. For example, if the work zone was short duration and it was summer, you 
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would just want to note that maybe in the documentation. If it was a winter study and there were 

weather-related issues, you know, lots of snow in winter, things like that, that would be 

important to document as well so that a practitioner could assess if the CMF will be applicable. 

So, a CMF study could be done under either type of condition, it would just be important to 

document the conditions of the study. 

Praveen Edara 

The next one is, can you go back and show where we can go to get further training on the work 

zone CMF? I believe towards the end you showed some links?  

Henry Brown 

The resource links? Yes.  

Praveen Edara  

Yes.  

Henry Brown 

Let's get back to the slides here. 

Praveen Edara 

And these slides, once we get through the FHWA compliance review, we will make these 

available also through the Work Zone Clearinghouse. So, you'll have all the entire slide deck. 

Henry Brown 

Let's see here. There we go. These are some resources which generally apply to CMFs in 

general, except for the training materials that we've developed for the Work Zone CMF guide, 

the Quick Reference guide, and then the self-paced training materials. 

Praveen Edara  

Yes, and Andrew these are all clickable links. Once we share the slides, you can get straight to 

that source of the study itself. Okay, the next question is: Just curious, are the methodologies 

presented here applicable for technology deployment that is smart technology, all of that 

infrastructure? 
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Henry Brown 

Yes, certainly these types of methods can be used for smart technologies if there were different 

types of smart technologies for different types of countermeasures. For example, queue warning 

systems and dynamic lane merge, those types of systems. Certainly, for these types of 

methodologies there are some CMFs that we didn't cover in this webinar. There are some CMFs 

for end of queue warning systems that are available that are not in the Clearinghouse, but it's a 

pretty recent study. So, those types of technologies can be used. And those types of smart 

technologies may also help in the future with resolving some of the data issues regarding work 

zones that we've discussed. For example, smart arrow boards can help to get more accurate 

information about the actual location and time of the work zone which could help improve 

quality of data for work zone safety studies. 

Praveen Edara 

Yes, I think that's a great question. We also had a similar question in the chat, sent to only the 

panelists. This is about availability of a geocoded vehicle sensor data as we move forward with 

the connected automated vehicles and so forth. I think they're related. The granular level data 

will only help us come up with additional CMFs in the future. We have done some work using 

naturalistic driving study data, Strategic Highway Research Program (SHRP) data, but as more 

high resolution data comes in that allows researchers to supplement the CMFs we have, which is 

not a lot at this moment. Okay, the next question is, in looking at collision data in the work zone 

are all collisions considered or are some excluded? Like collisions that may be attributable to 

driver impairment or weather conditions. 

Henry Brown 

This kind of gets back to what we were talking about in terms of engineering judgment, the level 

of detail, and the analysis. I think for the Missouri study we basically looked at all the work zone 

crashes. In that case, we looked at all the crashes. Again, you can get into looking into individual 

crash reports which we've actually done for a project looking at crashes at freeway interchanges 

and calibrating that for the HSM. We reviewed individual crash reports. That can be very time 

and labor intensive. Regardless of how you would include the crashes, you would want to 

document that in the documentation and explain how you assigned crashes to the work zone, 

what methodology you used to determine if a crash was actually related to the work zone. That 

would be important to include in the documentation, regardless of which method you used.  

Praveen Edara 

Yes. And this also relates to what's the baseline. For example, when we look at the CMF for the 

work zone duration or length, the base condition is also with the work zone with just a different 

duration. As long as it's apples versus apples, I think we're okay there. But if your baseline is 

without the work zone and we are separating the attributing crashes to the work zone, then we 

may have to adjust for some of them. So, that is I think a very good question.  
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Praveen Edara 

Okay, so we have had great retention. We still have 100 attendees, and I think we maxed out at 

120. Kudos to you all. Okay, I don't see any unanswered questions in the Q&A or in the chat 

part. How about one more round? If you all have any questions, please go ahead and type them. 

Henry Brown 

And just a reminder. The Work Zone CMF guide and the Quick Reference guide are both 

available now on the Work Zone Clearinghouse. The webinar slides after the review process 

along with the recording and the transcript will be posted at a later date. And again, the self-

paced training materials will be later this year.  

Henry Brown 

Any other questions, Praveen? 

Praveen Edara 

No, nothing in the Q&A. I will check.  

Henry Brown 

Okay. Well, if nothing else, thank you everyone for attending the webinar and participating in 

the polls and asking questions and for your interest in work zone safety. And we'll be sending out 

PDH certificates. We'll use the Zoom attendance to generate the attendee list and we'll email 

PDH certificates for today's webinar. And thank you again for your participation in the webinar 

and for helping to promote work zone safety. Have a good afternoon, everyone. Thank you.  
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