
ABSTRACT 

NYE, TIMOTHY S.  A National Safety Evaluation for Converting a Conventional Diamond 
Interchange to a Diverging Diamond Interchange.  (Under the direction of Dr. Billy Williams 
and Dr. Nagui Rouphail). 
 

The Diverging Diamond Interchange (DDI) is an alternative interchange design concept 

that was first implemented in the United States in 2009.  Since then, over 90 DDIs have been 

constructed and many more are in construction or planning stages.  The signature feature of the 

DDI are the two crossover intersections that switch through-bound traffic on the minor road to 

the opposite side of the roadway centerline before crossing the main highway.  This is done to 

allow left-turning vehicles onto the freeway without having to cross lanes of opposing traffic.  

The clear majority of DOT’s acknowledge that operational benefits are the primary reason 

transportation officials choose to convert a conventional diamond interchange to a DDI.  In most 

cases, the geometric design of the DDI allows for two-phase signaling, which has resulted in an 

observed reduction in queue lengths and travel times for this movement.  This treatment has also 

been noted to result in a positive safety effect via a reduction in crash frequency and severity.  

These reductions are primarily attributed to operational improvements and conflict point 

reduction.  However, confidence in previously completed DDI safety evaluations are limited by 

small sample size, short time frames, or study methods that lack rigor.  The majority of 

previously completed DDI safety evaluations have focused on DDI locations from a single state.  

The results from these single-state studies may not be representative of a national level 

assessment of DDIs.  Only one previously competed DDI safety evaluation has assessed multiple 

DDIs from multiple states and this study was only able to evaluate seven DDIs in total; a 

relatively small sample size.  The primary goal of this research effort is to provide the most 

comprehensive evaluation of DDI’s on a national level to date.   



Observational before-and-after studies are the best experimental design types for safety 

evaluations of transportation countermeasures.  The three main methodologies used for 

observational before-and-after studies are the naïve, the comparison group (CG), and empirical 

Bayes (EB) analyses.  The EB analysis is typically used to account for regression-to-the-mean 

and selection bias of treatment sites.  However, as previously mentioned, DDIs are currently 

implemented for operational benefits, not safety benefits.  Therefore, there is low risk for 

selection bias due to regression-to-the-mean.  Additionally, results from recent research in 

Missouri indicates a very small difference between the recommended CMF from a CG and EB 

analysis.  The similar results indicate that the CG method is just as appropriate as the EB 

method.  The EB approach was not used in this research effort for these reasons.   

The naïve method (with and without volume adjustments) and CG method were applied 

to 15 different DDIs in the United States.  The naïve methods resulted a final crash modification 

factor (CMF) recommendation for the DDI treatment of 1.119 (a 11.9% increase in crash 

frequency).  This is a very different result than what one would expect from both the DDI 

design’s reduction of conflict points and from the results of previously completed studies.  The 

results demonstrated that the naïve analysis is highly susceptible to outside influencing factors 

such as weather and crash reporting tendencies.  The CG methodology produced an overall CMF 

recommendation of 0.783 (a 21.7% reduction in crash frequency), which is much more in-line 

with the expectations from the conflict point reduction and the results of previously completed 

studies.  Because the CG methodology accounts for factors such as weather and changes in crash 

trends – and because there is no need to account for regression-to-the mean using EB methods – 

the CG methodology was determined to be the most appropriate approach for the safety 

evaluation of DDIs.  The final recommended total crashes CMF for this treatment was 0.783.  



Using the CG methodology, further analysis was completed on a variety of crash variables.  A 

recommended CMF for angle, rear-end, and side-swipe crashes was found to be 0.579, 0.674, 

and 1.446 respectively.  The recommended CMF for fatal-and-injury crashes was found to be 

0.570.  Finally, the recommended CMF for day and night crashes was found to be 0.814 and 

0.731, respectively. 
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1.  INTRODUCTION 

1.1.   Background 

The Diverging Diamond Interchange (DDI) has become a popular alternative 

interchange design since its introduction to the United States by Gilbert Chlewicki at the 2nd 

Urban Street Symposium in 2003 (Chlewicki, 2003).  Operational benefits and the low cost 

to retrofit a conventional diamond interchange to the DDI configuration are the primary 

reasons for this growth in popularity as an alternative interchange design choice.  The first 

DDI was installed in Springfield, Missouri in 2009 and since then, over 90 new DDIs have 

been constructed with dozens more in planning or construction stages.  Figure 1 shows an 

aerial view of the first installed DDI, at the interchange of Interstate 44 and US 13/N Kansas 

Expressway.    
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Figure 1. First DDI in the US located at I-44 and US 13 in Springfield, Missouri. 

 The signature feature of a DDI is the crossover of the minor road’s through traffic to 

the other side of the centerline.  This gives users who wish to make a left turn onto the 

interchange’s major highway the ability to make this maneuver without having to cross 

opposing travel lanes.  Though this design feature was originally intended for operational 

benefits (such as a reduction in travel time and queue length for left-turners), safety 

improvements have also been generally observed at DDI installations (Hummer et al., 2016).   

The DDI’s design results in a reduction in the number of conflict points from 26 in a 

conventional diamond interchange to 14.  Eight out of the 12 reduced conflict points are the 
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more severe “crossing” conflicts at the two main intersections.  Figure 2 shows a 

visualization in the reduction of conflict points as a result of retrofitting a conventional 

diamond interchange to a DDI.   

 

Figure 2. Comparison of Conflict Points Between Conventional Diamond and Diverging 

Diamond Interchanges.  (Source: FHWA Crossover-Based Intersections) 

  Theoretically, the conversion of a conventional diamond interchange to a DDI should 

result in safety benefits, primarily due to the elimination of 12 conflict points; especially the 

elimination of eight of the more serious “crossing” conflicts.   Additionally, the main 

intersections at DDIs only have two-phase signals and left-turning users only have to traverse 

one intersection with the DDI configuration.  Vehicle speeds have also been shown to be 

slower at DDIs compared to conventional diamond interchanges, which should result in a 

reduction in any crash severity. (Hummer et al., 2016) 
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1.2.   Research Objectives 

As DDIs become a more popular alternative interchange design, further knowledge 

on the safety effect of this treatment will be needed for transportation officials to make sound 

design decisions.  To date, there have been a handful of small sample DDI safety evaluation 

projects, but only one previous study completed a national-level evaluation of DDIs from 

multiple states.  This study, completed in 2016 by Hummer et al., evaluated seven DDIs in 

four different states (Missouri, Tennessee, Kentucky, and New York).  There have been other 

safety evaluations of DDIs that have been reported, but besides Hummer el al.’s 2016 

assessment, every other DDI evaluation has focused on DDIs in one state, which may not be 

indicative of this treatment’s safety effect on a national level.   

Since the completion of Hummer et al.’s study, more DDIs can now be evaluated due 

to additional “after” period crash data becoming available.  The purpose of this research is to 

use a larger sample size of DDIs to provide an up-to-date national level safety assessment of 

DDIs in the United States.  The objectives to complete this research are therefore: 

1. Access methods to evaluate the safety impact of converting a conventional 

diamond interchange to a DDI and, 

2. conduct a safety evaluation on the current DDI installations in the United States. 

1.3. Scope and Limitations 

The scope of this research effort is limited to DDIs that were retrofitted from 

conventional diamond interchanges.  There are several DDIs that were either retrofitted from 

other interchange types (e.g. cloverleaf configuration) or were newly constructed.  This study 
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will also not evaluate a DDI’s impact on pedestrian and bicyclist safety.  Additionally, the 

safety analysis completed for this research effort only reviews vehicle crashes in the 

immediate interchange influence area.  In this study, the immediate interchange influence 

area is defined as the minor road that crosses the major highway and associated on/off ramps.   

The DDIs that qualified for analysis in this study were all located in the United States.  

There are a handful of DDIs outside the United States (three in France, two in Canada, one 

each in the United Arab Emirates and South Africa), but they were not included in this study.  

Additionally, DDIs must have at least two years of crash data available after 

construction and have traffic volume data available at several timeframes over the years of 

the interchange’s operation.  Two years of after-period crash data are needed to draw reliable 

conclusions from the methodologies’ results and traffic volume data is needed to conduct a 

naïve analysis with traffic volume adjustments.  Drawing conclusions from less than two 

years of after-period crash data may lead to the skewing of the results due to the variability of 

crash trends (AASHTO, 2010).  

1.4. Organization of Thesis 

This thesis is composed of seven Chapters.  This chapter describes the background 

information of DDIs, the importance of this research effort, and this study’s objectives and 

scope.  The second chapter conducts a review of previously completed DDI safety 

evaluations.  The third chapter discusses, in detail, the study design types and methodologies 

used for this study effort.  The fourth chapter details how the sites were selected for analysis 

and how their crash data was collected.  The fifth chapter presents and discusses the results 

of the study’s analysis and discusses which methodology provides the best estimation for this 
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treatment’s effect on safety.  The sixth chapter evaluates other crash variables at the 

treatment sites to further the knowledge of DDI safety.  Finally, the seventh chapter reports 

the conclusions of this study effort and discusses the final recommendations and future 

research needs.   
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2. Literature Review 

The literature review for this research effort reviews and discusses previously 

completed safety evaluations of DDIs in the United States.  Publications were also reviewed 

to determine appropriate methodologies that can be used to complete the safety evaluation of 

transportation facilities.  The findings from the publications that review safety evaluation 

methodologies are discussed further in the Methodology section of this thesis.   

2.1.   Previously Completed DDI Safety Evaluations 

There are a handful of studies that have been previously completed that evaluate the 

safety effect of converting a conventional diamond interchange to a DDI.  These studies can 

be separated into three different types:  

1. Single-site evaluation  

2. Multi-site evaluation in a single state  

3. Multi-site evaluation in multiple states  

Regardless of what category a previously completed study falls into, previously 

completed studies are often limited by sample size.  An important aspect of before-and-after 

safety evaluations is having a significant amount of time after the countermeasure has been 

implemented to see the true effect of the treatment.  As more time passes, more DDIs will 

have additional crash data available for analysis to where they can be included in safety 

evaluation studies.   
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2.1.1.  Single-site Evaluations 

The first previously completed DDI study type is the single-site evaluation.  Single-

site evaluations are typically completed by state DOTs and collect and analyze crash data at a 

single DDI.  During the data collection process for this research effort (which will be 

discussed in more detail in the Methodology section), contact had to be made with a variety 

of state DOT’s that oversaw or maintained a DDI.  Through the conversations with the state 

DOT representatives, it was found that many states with DDIs have completed, or are 

currently in the process of completing, a single-site safety evaluation.  Many of these 

evaluations are completed and kept in-house for use in cost-benefit calculations for future 

construction projects.  The single-site safety evaluation is typically done by using the naïve 

methodology.  The steps to this method, and its benefits and shortcomings, are discussed in 

the methodology section. 

Only one publicly available final report of a single-site DDI safety evaluation could 

be found during the literature review for this thesis.  Missouri DOT published one of the first 

reports evaluating the safety of the DDI design in 2011 and it evaluated the performance of 

the DDI at I-44 and Missouri Route-13 in Springfield, MO.  Five years of crash data before 

and one year of crash data after the DDI implementation were analyzed to find that total 

crashes were reduced 46 percent in the first year of the DDI’s operation.  Additionally, angle 

crashes were reported to be reduced 72 percent and rear-end crashes were reported to be 

reduced 29 percent.  The study also found that minor injury crashes were reduced 72 percent 

in the one year after construction and property damage only (PDO) crashes were reduced 37 

percent. (Chilukuri, 2011)   
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This study also distributed a survey to measure the public perception of the local 

residents around the DDI.  The survey respondents generally felt safer traveling through the 

DDI compared to the conventional diamond that used to be in place. 43 percent of survey 

respondents said they felt safer at the DDI while just 19 percent said they felt safer at the 

conventional diamond.  The remaining 38 percent said they felt no difference in either 

interchange type.  (Chilukuri, 2011) 

Single-site safety evaluations (particularly the one completed by Missouri DOT in 

2011) are often limited by the small study timeframe that is evaluated.  One year of after-

period crash data may not be long enough to capture the true safety effect of the DDI 

configuration.  Additionally, the results from one DDI in one individual state are not enough 

to draw national-level conclusions on the safety effect of converting a conventional diamond 

to a DDI.   

2.1.2. Multi-site evaluations in a single state 

The second previously completed DDI study type is the multi-site evaluation in a 

single state.  There are only a handful of states that have multiple DDI’s within their borders 

and to date, only two of them have had multi-site, single-state studies completed on their 

DDIs.  Previously completed multi-site safety evaluations have all been sponsored by a state 

DOT and completed by transportation researchers based at a university (Claros et al., 

Zlatkovic, 2015).   

Claros et al. in 2015 conducted a safety evaluation of six Missouri DDIs using the 

naïve, comparison group (CG), and empirical Bayes (EB) methodology.  The steps to 

complete these methodologies (in addition to their benefits and shortcomings) are discussed 
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in the methodology section.  For all six treatment sites in Claros et al.’s 2015 study, total 

crashes were found to be reduced 41.7 percent by the naïve method, 52.9 percent by the CG 

method, and 40.8 percent by the EB method.  Fatal and injury crashes were also reported to 

be reduced 64.3, 67.7, and 67.8 percent at the six DDIs via the naïve, CG, and EB methods 

respectively.  PDO crashes were found to be reduced 35.6, 53.4, and 47.0 percent at the six 

Missouri DDIs via the naïve, CG, and EB methods respectively.  A collision diagram 

analysis completed by Claros et al. shows that the DDI configuration results in an elimination 

of 34.3 percent of fatal-and-injury crashes involving left hand turns.  (Claros et al., 2015).   

Claros et al. also specifically evaluated the safety performance of 20 Missouri DDI 

ramp terminals in 2016.  The same research team then updated their results in 2017 after 

addressing some of the inconsistencies in their data collection method and using a different 

approach to estimate crash totals in their EB analysis (Claros et al., 2017).  The results from 

the 2017 study showed a 55.0 percent reduction in fatal-and-injury crashes, a 31.4 percent 

reduction in PDO crashes, and a 37.5 percent reduction in total crashes.  The results from 

Claros et al.’s 2017 ramp terminal study cannot be used to determine the safety impact of the 

whole DDI facility as the research effort does not evaluate crashes that occur on the minor 

road that crosses the mainline or in the crossover intersections.   

In addition to the multi-site DDI safety evaluations completed for Missouri DDIs, the 

Utah DOT has also sponsored their own multi-site safety evaluation for three of their DDIs.   

In 2015, a multi-site safety evaluation using the EB methodology was completed for three 

DDIs in Utah (Zlatkovic, 2015).  The study reported a 24.5 percent reduction in total crashes 

(Zlatkovic, 2015).  However, the analysis completed on the DDIs in this study was only 

based on one or two years of after-period crash data (Zlatkovic, 2015).  Zlatkovic states in his 
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final report that the analysis should only be used for general guidance and that an evaluation 

will need to be repeated once more crash data becomes available.  

Overall, the previously completed multi-site DDI safety evaluations all yield similar 

results, with each one reporting a total crash reduction.  Additionally, they all evaluate their 

DDIs using the EB and/or the CG methodologies.  However, the safety evaluation results 

from DDIs in one state, or even the combination of the Missouri and Utah studies, may not 

be applicable on a national level.  To gain a national level understanding of the safety effect 

of this countermeasure, sites in multiple states should be considered. 

2.1.3.  Multi-site evaluation in multiple states 

The final previously completed DDI evaluation study type evaluates multiple DDIs in 

multiple states.  To date, only two published research efforts have analyzed the safety of 

DDIs in multiple states.  Of those two previously completed multi-state DDI studies, only 

one evaluated the safety of the whole facility.   

Vaughan et al. used 29 months of video recordings at five DDIs in four states to 

determine how often drivers are making wrong-way maneuvers at this alternative interchange 

type.  Due to the nature of crossing through-bound traffic to the opposite side of the minor 

road’s center line, this research team was concerned that drivers may be more prone to make 

wrong-way maneuvers that result in head-on collisions.  A software analysis was used to 

detect and record wrong-way maneuvers in their collected video and in total, 155 wrong way 

maneuvers were observed.  The results of the video records show that wrong-way maneuvers 

are more likely to occur during night and off-peak times for inbound movements (drivers 

driving toward the center point of the interchange).  Additionally, they found that wrong-way 
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maneuvers were more likely to occur at DDI’s with a lower crossover angle and lower traffic 

volumes.  Ultimately, Vaughan et al. concluded that DDIs may be prove to wrong way events 

but fortunately, these events will typically be done at low traveling speeds.  None of the 155-

recorded wrong way maneuvers observed by Vaughan et al. resulted in a collision.  The 

results from this study can be considered applicable on a national level due to the inclusion of 

DDIs in multiple states.  However, Vaughan et. al only analyzed one particular concern of 

the DDI design and the results are not indicative of the overall safety of the DDI 

implementation in the United States.   

The other previous study that exampled multiple DDIs in multiple states was 

completed by Hummer et al. in 2016.  This study analyzed seven of the earliest DDI 

instillations in the US.  Of their seven treatment sites, four were located in Missouri and one 

each was located in Kentucky, New York, and Tennessee.  Hummer et al. completed this 

safety evaluation using the naïve method with and without volume adjustments and the CG 

methodology.   

In their results from the naïve method without volume adjustments, five of their seven 

individual treatment sites showed a decrease in crashes, with reductions ranging from a 20 to 

54 percent.  Their results from their naïve method with volume adjustments yielded similar 

results, with five of their seven individual sites showing a decrease in crashes ranging from 

16 to 52 percent.  The five treatment sites that showed a reduction in the naïve method with 

volume adjustments were the same five treatment sites that showed a crash reduction in their 

naïve method without volume adjustments.  Hummer et al.’s comparison group analysis also 

resulted in five of the seven treatment sites showing a reduction in their total crashes.  

Overall, their results from the CG methodology were similar to their naïve analyses but there 
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was one key difference.  Only one of the sites that showed an increase in total crashes with 

both naïve methods (their DDI in Tennessee) also showed an increase via the CG method.  

The DDI in New York showed an increase in total crashes via both naïve methods and a 

decrease total crashes via the CG method.  Vice versa; their “US 60” DDI in Missouri 

showed a decrease in total crashes via both naïve methods and an increase total crashes via 

the CG method.  Overall, this study recommended a crash modification factor (CMF) of 0.68, 

a 32 percent reduction, for the conversion of a conventional diamond interchange to a DDI.  

This CMF recommendation was based from their CG method’s results. (Hummer, 2016) 

Hummer et al. also evaluated the safety effect on fatal-and-injury crashes at their 

treatment group DDIs.  Their recommended CMF for fatal-and-injury crashes is 0.61, a 39 

percent reduction.  This study also concluded that converting a conventional diamond 

interchange to a DDI will also result in a reduction in angle and rear-end crashes.  However, 

this study found that the total number of side-swipe crashes may stay close to the same or 

increase after the DDI instillation.  Overall, Hummer et al. concluded that the DDI design has 

a positive effect on safety.   

2.2.   Overall Findings from Previous Evaluations 

In general, the results from previous studies indicate that converting a conventional 

diamond interchange to a DDI has a positive safety effect.  The overall results from each 

previously completed study, regardless of how many DDIs and states the study involved, all 

reported a reduction in total crashes or a CMF less than 1.0.  The reduction in the number of 

injury crashes is also a common result of previously completed evaluations.  No previous 

study concluded that injury crash totals were increased.   
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Only studies that have been completed with multiple DDIs in multiple states should 

have their results be considered for national-level conclusions on the safety effect of a DDI 

implementation.  To date, only one study has been previously completed that evaluates the 

whole safety effect of DDI implementations in multiple states (Hummer et al.’s study in 

2016).  However, Hummer et al.’s study was limited by sample size, as there was only a small 

handful of DDIs that had enough “after” period crash data available for analysis in 2016.  This 

research effort aims to provide an update to the conclusions from Hummer et al.’s study, as 

more time has passed and more DDIs should now have enough “after” period data for 

evaluation.    
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3. Safety Evaluation Methodologies 

3.1.   Background of Study Design Types 

The purpose of conducting safety evaluations and studies is to determine how the 

implementation of a particular treatment or countermeasure effects the overall safety of a 

facility.  The safety of said facility is typically measured using crash frequency and severity.  

An analyst’s goal in conducting a safety evaluation is to determine the treatment of interest’s 

crash modification factor (CMF).  A CMF is a ratio that compares the observed crashes after 

a treatment has been implemented to the expected crashes had the treatment not been 

implemented.  A CMF less than 1.0 indicates a reduction in crashes; whereas a CMF greater 

than 1.0 indicates an increased indicates an increase in crashes.  A CMF equal to 1.0 

indicates no change in crashes as a result of the treatment implementation.  As an example, a 

treatment with a corresponding CMF of 0.75 suggests a 25% reduction in crashes.  

(AASHTO, 2010) 

There are three basic study design types listed in the Highway Safety Manual (HSM) 

that can be used for safety evaluations: 

 Experimental before-and-after studies 

 Observational cross-sectional studies 

 Observational before-and-after studies 

Experimental before-and-after studies gather a grouping of potential sites for a 

treatment’s implementation.  The individual sites in the grouping are then randomly assigned 

to either the treatment group, which has the countermeasure implemented, or the comparison 
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group (also known as the control or reference group), which does not have the treatment 

implemented.  The observed difference in safety attributes of the treatment group compared 

to that of the comparison group can be directly attributed to the treatment.  (AASHTO, 2010) 

Experimental before-and-after is not a common study design type used for safety 

evaluations, as transportation departments have limited budgets, and will typically assign 

treatments based on maximizing the benefits of investment, not randomization.  Additionally, 

there may be ethical and political issues with randomly assigning treatments that are 

expected to increase the safety of road users at random sites rather than the ones that will 

have the greatest impact.  (Hauer, 1997) 

Observational studies can be either before-and-after or cross-sectional studies.  

Observational cross-sectional studies compare the observed safety attributes of sites with a 

particular treatment versus the safety attributes of sites without the particular treatment.  With 

cross-sectional studies, there is no comparison of the change in crash statistics before-and-

after a treatment is implemented.  The analyst simply compares the observed safety of the 

two different groups.  The use of cross-sectional studies make it very challenging to account 

for differences in other attributes between the two groups.  The most statistically rigorous 

approach for determining how a treatment effects a facility is to implement the treatment and 

observe the effects.  “The only way to find out what will happen when a complex system is 

disturbed is to disturb the system, not merely to observe it passively” – (George Box, from a 

1966 paper, “Use and Abuse of Regression”).  (Hauer, 1997) 

The evaluation of the DDIs selected for this research effort was based on an 

observational before-and-after study design, as recommended by Ezra Hauer in his 1997 

Book: “Observational Before-After Studies in Road Design”.  
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3.2.   Types of Observational Before-and-After Studies 

The purpose of observational before-and-after studies is to compare crash statistics 

before-and-after the implementation of the treatment.  There are three commonly used 

methodologies for observational before-and-after studies: Naïve, Comparison Group, and 

Empirical Bayes (Hauer, 1997).  The intricacies for each of these three methodologies are 

discussed in the following sections.  

3.2.1. Naïve Method 

A naïve before-and-after study evaluates the safety effect of installing a treatment by 

directly comparing the crash frequency before-and-after the treatment of interest is installed.  

Should the length of the “after” time period be smaller than that for the before-period, the 

observed crash frequency from after the treatment’s installation is normalized to account for 

the difference in time periods.  This may be common for studies involving more recently 

installed treatments due to the shortage of available crash data after the treatments 

installation. (Hauer, 1997) 

The naive methodology, as described in Hauer’s 1997 book, is rather simple and does 

not account for many biases including regression-to-the-mean, temporal effects or trends, and 

other potential changes in driving behavior (e.g. weather, construction, crash reporting 

tendencies, etc.).  As an example, if a treatment site’s after-period experienced a winter with 

unusually high levels of snow and ice, crash totals may be higher in the after-period.  In this 

scenario, the naïve method cannot account for the increase in crashes due to the particularly 

snowy winter.  For one final example, if a jurisdiction’s crash reporting limit is raised at the 
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treatment site in it’s after-period (e.g. raising crash reporting threshold from $1,000 to 

$1,500), one would expect a significant reduction in the number of “reportable” crashes at 

the treatment site, regardless of the countermeasure.  Again, in this scenario the naïve method 

cannot account for the change in crash reporting tendencies.   

A simple naïve study was completed and discussed in this research effort, but it is the 

least defensible and weakest method used.  The equations used to calculate results from this 

method are provided in Chapters 7 and 8 of Hauer’s “Observational Before-After Studies in 

Road Design” book.   

The first step in the naïve approach is to quantify the total crashes that occur during 

the treatments site before-and-after-period.  These values are termed K and L, respectively.  

A time adjustment factor, rd, is then calculated to adjust for any differences in the duration of 

time in the before-period versus the after-period.  This factor is found by dividing the length 

of time in the after-period by the length of time in the before-period. The expected number of 

accidents, π, is then calculated by taking the before-period crash total and multiplying it by 

rd, as indicated in equation (Chlewicki, 2003):  (Hauer, 1997) 

 π = K × 𝑟  ………………………(1) 

A variation of the naïve methodology for before-and-after studies involves adjusting 

the crash frequencies for the vehicle-miles traveled in the before-and-after time periods.  This 

adjustment is completed through a volume-based multiplicative factor.  This factor, rtf, is 

found by dividing the traffic flow in the after-period by the traffic flow in the before-period.  

Equation (2) shows how the expected number of accidents, π, is adjusted for volume (Hauer, 

1997): 
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 π = K × 𝑟  𝑥 𝑟  ……………………...(2) 

Once π is calculated, it’s variance, in addition to the variance of rtf, are determined.  

These variances are needed in the naive method’s final equation, which calculates the 

treatment’s measure of effectiveness, theta (θ).  Equation 3 shows the formula for the 

variance of rtf.  (Hauer, 1997) 

 Var 𝑟 = (𝑟 ) × [(𝑣  ×𝐴) + (𝑣  ×𝐵)] ………………..(3) 

In Equation (3):  

 𝑣 = Coefficient of variation 

 A = before-period average volume 

 B = after-period average volume 

For this research effort, the coefficient of variation used in Equation (3) was 

estimated to be 0.13.  The equation to find v is dependent on the number of count-days the 

transportation agency used to determine the routes traffic volume (AASHTO, 2010).  The 

number of count-days is rarely provided publicly by transportation agencies; they will 

typically just publicly provide the traffic counts in the form of Average Annual Traffic 

Volumes (AADTs).  Therefore, a conservative estimate (0.13) is needed for this value, v.  

The same value, 0.13, was used in Hummer et al.’s 2016 naïve method evaluation on DDIs.  

Equation (4) shows the formula for the variance of π:  (Hauer, 1997) 

 Var(π) = (r )  × ((r )  × K) + (K  ×Var(r )  
 

…………..(4) 

Once the variances of π and rtf are calculated, the naïve method’s determination for 

the treatment’s measure of effectiveness, θ, can be completed.  This value, θ,  is the naïve 

method’s determination for the CMF of the treatment.  The actual observed crashes, L is 



  20 

 

divided by the expected crashes, π.  Altogether, this fraction is then divided by one plus the 

variance of π, whose calculation was previously show in equation 4.   

 

CMF =  θ =  

L
𝜋

(1 + Var(𝜋))
 ……………………...(5) 

Calculating rtf by directly comparing the traffic volume between the before-and-after 

time period assumes crash frequency and volume are linearly related.  However, studies have 

shown that the relationship between a site’s traffic volume and its crash frequency are often 

not linearly related (AASHTO, 2010).  A non-linear relationship between crash totals and 

traffic volume can be accounted for via safety performance functions (SPFs) or exponential 

models (Hauer, 1997).  However, in the case of this study, there is not a significant change in 

traffic volume once a DDI is installed at a treatment site.  Most of the sites studied for this 

project did not see significant changes in traffic volume after changing configuration from a 

conventional diamond to a DDI.  Therefore, for this research effort, a linear relationship 

between traffic volume and crash frequency is assumed and rtf is simply found by dividing 

the after-period traffic volume by the before-periods traffic volume.  As a reference, Hummer 

et al.’s study in 2016 also assumed a linear relationship between crash totals and traffic 

volume because their sites did not experience a substantial change in volume after DDI 

implementation.  For other research efforts, should sites experience a significant change in 

traffic volume, analysts wishing to evaluate a safety countermeasure may need to produce 

SPFs to use the naïve methodology with adjustments for traffic volumes.     

 For the purposes of this study, to help determine which methodology should be 

considered the most appropriate approach for a safety evaluation of a DDI, both the basic 

naïve analysis and a naïve with linear volume adjustments analysis was completed.   
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3.2.2. Comparison Group Method 

For this study design, comparison sites are used to account for temporal effects and 

unexpected changes in traffic behavior.  The comparison group (CG) methodology used in 

this study is based from Chapter 9 of Ezra Hauer’s Observational Before-After Studies in 

Road Safety.   

Similar to the naïve method, the CG approach calculates a prediction of the expected 

number of crashes that would have occurred at the treatment site without the implementation 

of the treatment.  The prediction, π, is then compared to the observed treatment site crash 

frequency in the after-period, λ, to determine a CMF.  (Hauer, 1997) 

 Before π is calculated, the comparison site, or grouping thereof, must go through an 

odds ratio test to determine which comparison site(s) provide the best statistical comparison 

to the treatment site.  An odds ratio test compares the crash frequency trends between a pair 

of years.  A treatment and comparison site(s) pair that have statistically similar crash 

frequency trends will have an odds ratio close to one.  Odd ratios are calculated for every 

two-year pair in a treatment site’s before-period using Equation (6).  The mean odds ratio is 

determined for each comparison site(s) grouping by averaging the calculated odds ratio for 

each two-year pair.  Equation (6) shows the calculation for an odds ratio and was taken from 

Gross et al.’s “A Guide to Developing Quality Crash Modification Factors”.   

 

𝜔 =

𝐴 ×𝐷
𝐵 ×𝐶

(1 +
1
𝐵

+
1
𝐷

)
 ………………………(6) 

In this equation:  
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 ω is the pairing’s odds ratio for before-period years x and x + 1 

 A is the number of crashes at the treatment site in year x 

 B is the number of crashes at the treatment site in year x + 1 

 C is the number of crashes at the comparison site(s) grouping in year x 

 D is the number of crashes at the comparison site(s) grouping in year x + 1.  

The average for each odds ratio calculated is then found to determine the “mean of 

odds ratios”.  The ideal comparison site(s) grouping will have a mean of odds ratios close to 

one and a sample variance of the odds ratios close to zero (Gross, 2010).  In this research 

effort, the rule-of-thumb used to determine if a comparison site(s) grouping was sufficiently 

comparable was as follows: 

 the means of odds ratios must fall between 0.9 and 1.1, and 

 the variance of odds ratios must be lower than 0.2 

The comparison site(s) grouping with the mean of odds ratios closest to one is not 

necessarily the best statistical comparison for the treatment site; rather, the comparison site(s) 

grouping that has the best combination of the mean of odds ratios and variance of the odds 

ratios should be chosen as the best comparison.  Engineering judgement may have to be used 

to determine the best combination if multiple comparison site groupings are found to be 

acceptable via the odds ratio test.  Ultimately, the CG method’s results will be defensible as 

long as the selected comparison site(s) have acceptable odds ratio test results.  (Gross, 2010) 

Table 1 below shows a hypothetical example of the odd ratio test being conducted for 

a comparison site(s) grouping.  
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Table 1.  Hypothetical example of an odds ratio test 

 Before-period Years 

2007 2008 2009 2010 2011 

Treatment Crash 
Frequency 

20 22 19 17 21 

Comparison 
Site(s) Grouping 
Crash Frequency 

26 29 28 27 27 
Mean Odds 

Ratio 
Variance of 
Odds Ratio 

Odds Ratio -- 0.935 1.028 0.984 0.746 0.924 0.0154 

 

 In this hypothetical example, four odds ratios were calculated between each 

consecutive two-year pair.  The mean of the four calculated odds ratios was found to be 

0.924 and the sample variance of these four odds ratios is 0.0154.  This example’s mean of 

the odds ratios is sufficiently close to one and the variance of the odds ratios is sufficiently 

close to zero.  For this hypothetical example, the selected comparison site grouping would be 

a good comparison for use in determining this hypothetical DDI’s expected after-period crash 

frequency, π.  The after-period trends in this example’s comparison site(s) would be a 

reasonable reference for the trends of this example’s treatment site. 

Once a comparison site(s) grouping is selected, a reference ratio is calculated.  The 

reference ratio, rc, is used to calculate the expected number of crashes at the treatment site in 

the after-period.  The formula to calculate the reference ratio was taken from Hauer’s 1997 

book and is shown in equation (7): 

 

𝑟 =

𝑁
𝑀

1 +
1
𝑁

 …………………..(7) 

In this formula: 
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 N = Crash frequency in the accepted comparison site(s) grouping after DDI 

installation 

 M = Crash frequency in the accepted comparison site(s) grouping before DDI 

installation 

Once the reference ratio is found, the expected number of treatment site crashes in the 

after-period had the site not received the treatment is calculated.   This expected number of 

crashes is represented by π and is calculated using equation (8), which was taken from 

Hauer’s 1997 book: 

 π = K × 𝑟  …………….….(8) 

In this formula, K is the crash frequency at the treatment site before DDI installation. 

The next step in the CG methodology is calculating the measure of effectiveness and its 

variance.  This is done using the formulas shown in Equation (9) and Equation (10).  The 

measure of effectiveness, θ, can also be used at the method’s determination of a CMF.  

(Hauer, 1997) 

 

CMF =  θ =  

λ
𝜋

1 +
𝑉𝑎𝑟(𝜋)

𝜋

 
…………………..(9) 

 
 

Var(θ) = 𝜃  × 

⎝

⎛

Var(λ)
λ

+
Var(𝜋)

𝜋

1 +
Var(𝜋)

𝜋 ⎠

⎞ …………………(10) 

 In the formulas shown in Equation (9) and Equation (10), λ is the observed frequency 

of crashes at the treatment site during the after-period.   
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This CG methodology does not take into account selection bias or regression to the 

mean of crash frequency.  However, the method is a defensible approach to calculate a 

treatment’s CMF should the risk of regression to the mean be minimal due to treatment sites 

being chosen for reasons other than safety benefits (e.g. chosen for operational benefits). 

3.2.3. Empirical Bayes 

The empirical Bayes (EB) methodology for before-and-after studies is also outlined 

in Ezra Hauer’s 1997 book “Observational Before-After Studies in Road Safety”.  The 

primary intent of this methodology is to counteract potential selection bias of treatment sites 

by accounting for regression to the mean.  The EB methodology also accounts for changes in 

traffic volume and temporal effects.   

In all observational studies the resulting theta, or CMF, is calculated by comparing 

the observed crash frequency in the treatment’s after-period (λ) to the expected value of the 

crash frequency in the after-period (π).  In the naïve and CG analysis, π is found in part by 

using the observed crash frequency in the before-period (K) and multiplying it by influencing 

factors or reference ratios.  This is making the assumption that K is an accurate 

representation for what one should expect the crash frequency to be in the before-period.  

Because crashes are considered to be a random event, the value of K can fluctuate from what 

a truly accurate expectation of before-period crashes should be due to the inherent 

randomization of crash frequency.  The EB approach estimates what the expected value of K 

should be. The expectation for before-period crash frequency is found using a large 

population of similar reference sites.  The expectation for the value of K is then used to 
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calculate π, which is in turn compared to λ in order to determine theta, or the CMF.  (Hauer, 

1997) 

 The EB methodology was not used in this study for a handful reasons.  First, it was 

determined from conversations with transportation officials and designers that DDIs, at this 

time, are currently retrofitted on conventional diamond interchanges for operational benefits, 

not as safety countermeasures.  Because of this, the risk of selection bias and regression to 

the mean of the crash frequency at these sites is minimal and it is safe to assume that K is an 

accurate estimation of the expected crashes in the before-period.   

Second, previous studies conducted in Missouri by Claros et al. in their 2015 paper 

Safety Evaluation of Diverging Diamond Interchanges in Missouri reported results that were 

very similar between CG and EB methodologies.  This same paper also found that retrofitting 

a conventional diamond interchange to a DDI could actually increase the crash frequency 

observed at the site.  This indicates that the CG method is just as defensible as the EB 

approach for the safety evaluation of DDIs.  

Finally, the calculation for the expected before-period crashes in the EB method is 

completed using a large grouping of reference sites.  Collecting an accurate and exhaustive 

crash data for every site in a large grouping of reference sites is a very time consuming task 

that, because of the previously discussed reasons, is not necessary for an accurate evaluation 

of DDIs.  

These three factors show that the EB methodology would not be any more accurate than 

the CG methodology for the determination of a CMF of DDI retrofitting at a conventional 

diamond interchange.  These reasons demonstrate that completing an EB analysis for the 
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safety evaluation of a DDI is unnecessary to formulate reliable conclusions and results.  

Because of this, an EB analysis was not conducted in this study.   

3.3.   Significance Testing 

Significance testing is typically done in order to evaluate the confidence of the results 

produced in the previously mentioned methodologies.  However, Ezra Hauer has stated that 

significance testing should not be used when the best estimate of a treatments effect is 

needed and the precision of said estimate is needed.  The argument that Hauer has made was 

that the best CMF estimate one can recommend is the results of what the data is telling you.  

He believes that reporting on the statistical significance of the results can alter the belief that 

the study’s treatment is in fact working as the data says it is.   Reporting that a treatment is 

having no statistically significant change in safety may lead people to believe that there is no 

effect of the treatment.  In this case, Hauer believes that the best practice for the analyst is to 

report the significance of the results, not the statistical significance of the results.  Hauer 

recommended that significance testing should not be completed in before-and-after 

observational studies as it may lead to the analyst, or the people reading the final report, into 

ignoring the effects that the data is demonstrating.  (Hauer, 2003)   

Significance testing is typically done by calculated the standard deviation of the 

results and creating confidence intervals.  In this study, the standard deviations of the percent 

reduction in crashes will be calculated and reported for reference, but no implications will be 

made about the statistical significance of the results.    
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4. Site Selection and Data Collection 

4.1.   Site Selection 

As of April 2018, there were over 90 DDIs that were operational in the United States, 

with dozens more either in construction or planning phases.  In order for a DDI facility to be 

included in this research effort, the DDI had to satisfy a handful of criteria.  These criteria are 

as follows: 

1. The DDI must have been retrofitted onto an existing conventional diamond 

interchange.  There are some DDI’s that were constructed as a brand new 

interchanges or retrofitted from other interchange types (e.g. a cloverleaf 

configuration or a four way signalized intersection)  

2. The DDI must be located in the United States.  There are a handful of DDIs 

located outside the United States, including three DDIs in France, two in 

Canada, one in the United Arab Emirates, and one in South Africa.   

3. These must be at least two years of crash data available for analysis after the 

DDI was installed.  DDIs that were installed at conventional diamond 

interchanges in 2016 or later were not included in this study’s treatment 

group.  The after-period for crash data collection would not have been long 

enough to draw reliable conclusions.  A short after-period for collected crash 

data is relatively high risk for bias against the true results.    

4. Finally, there must be traffic volume available at several points during the 

timeframe for the DDIs crash data collection.  Traffic volume data is needed 
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to determine traffic flow trends and to conduct a naïve analysis with volume 

adjustments.   

For use in the CG before-and-after safety analysis, two to three comparison sites 

needed to be chosen for each DDI.  These comparison sites were found using Google Maps 

and needed to be within reasonable proximity to the DDI.  Close proximity is required to 

account for any unexpected change in traffic behavior as a result of weather or special events.  

Additionally, the comparison sites should be a conventional diamond interchange, as the 

purpose of the methodologies used in this study are tos predict what would have happened 

had the treatment site not received DDI implementation and remained a convention diamond 

interchange. However, the selected comparison sites do not necessarily have to be a 

conventional diamond interchanges.  Large signalized intersections and other alternative 

interchanges could be utilized for comparison in the CG methodology, as long as the results 

of an odds ratio test show that the facility can be considered a good statistical comparison.  In 

total, 55 potential comparison sites had their crash data collected and analyzed through an 

odds ratio test.  Appendix B contains the results of the completed odds ratio tests, regardless 

if the results were deemed acceptable.   

There are several DDIs that satisfied the previously mentioned criteria but were not 

included in the treatment group.  DDIs in North Carolina were not included because crash 

data collection could not be completed in a timely manner due to the NCDOTs slow crash 

data collection process.  Missouri DDI’s could not be included due to a lack of response from 

contact made to state DOT representatives.  Additionally, a DDI in Columbus, OH (I-270 

and Roberts Rd.) was not included because of a DOT contact telling the research team that 

extensive construction efforts in the DDI’s surrounding area over the study time period 
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would have a certain impact on the legitimacy of the results.  Finally, DDI’s converted from 

conventional diamond interchanges in other states such as Colorado and Iowa were not 

included because traffic volume data could not be found for the individual sites.   

 Table 2 below shows a list of the 16 DDIs that were initially included as treatment 

sites in this research effort.   

Table 2.  DDIs and their initial comparison sites 

# Treatment Site Name Initial Comparison Sites 
1 I-285 and Ashford 

Dunwoody Rd - Atlanta, 
GA 

1. I-20 and Candler Rd. 
2. I-285 and Roswell Rd. 
3. I-85 and Clairmont Rd.  

2 I-85 and Jimmy Carter 
Blvd – Atlanta, GA 

1. I-285 and Paces Ferry Rd 
2. I-285 and Cobb Parkway 
3. I-285 and Flat Shoals Rd.  

3 I-85 and Pleasant Hill Rd - 
Duluth, GA 
 

1. I-285 and Covington Hwy. 
2. I-285 and Flat Shoals Rd. 
3. I-285 and Paces Ferry Rd. 

4 I-86 and Yellowstone Ave 
- Pocatello, ID 
 

1. I-15 and E Center St. 
2. INTX – Yellowstone Ave. and Alameda Rd.  
3. INTX – Yellowstone Ave. and Chubbuck Rd. 

5 I-435 and Roe Ave - 
Overland Park, KS 

1. I-35 and 67th St. 
2. US 69 and 151st St.  

6 KY 4 and US 68 - 
Lexington, KY 
 

1. KY 4 and Leestown Rd. 
2. KY 4 and Nicholasville Rd. 
3. KY 4 and Tates Creek Rd. 

7 I-590 and S Winton Rd - 
Rochester, NY 
 

1. I-490 and Chili Center Coldwater Rd 
2. I-490 and Linden Rd. 
3. NY 390 and Latta Rd. 

8 I-494 and 34th Ave S - 
Bloomington, MN 
 

1. I-35 and Lone Oak Rd. 
2. I-35 and Diffley Rd. 
3. MN-77 and Cliff Rd.  

9 I-15 and St George Blvd - 
St George, UT 
 

1. INTX – St. George Blvd. and Bluff St. 
2. SPUI -- I-15 and Green Springs Dr. 
3. INTX -- St. George Blvd. and 1000 E 

10 UT 201 and UT 154 - Salt 
Lake City, UT 
 

1. UT 201 and 5600 W 
2. I-80 and N 5600 W 
3. I-15 and E 1400 N 

11 I-15 and Pioneer Crossing - 
American Fork, UT 
 

1. INTX -- State Rd. and S 500 E 
2. INTX -- UT 92 and Alpine Hwy. 
3. SPUI -- I-15 and W 800 N 
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Table 2 (continued) 

# Treatment Site Name Initial Comparison Sites 
12 I-15 and S 500 E St - 

American Fork, UT 
 

1. SPUI -- I-15 and W 800 N 
2. INTX – State Rd. and S 500 E 
3. I-15 and E 1400 N 

13 I-15 and Timpangos Hwy - 
American Fork, UT 
 

1. I-15 and UT 140 
2. INTX – UT 92 and Alpine Hwy. 
3. I-15 and W 1600 N 

14 I-15 and US-91 - Brigham 
City, UT 
 

1. INTX – US 91 and S Main St. 
2. INTX – US 91 and 775 W 
3. ½ CL – I-15 and UT 13 

15 I-64 and US-15 - 
Gordonsville, VA 
 

1. I-64 and 5th St. 
2. I-64 and US 250 
3. I-64 and Courthouse Rd. 

16 I-25 and College Dr. – 
Cheyenne, WY 

1. I-80 and I-25 Bus. 
2. I-80 and WY 212 

 

DDI #1 in Georgia (I-285 and Ashford Dunwoody Rd.) was excluded from the initial 

treatment group shortly after its crash data collection because it was discovered from satellite 

images that the DDI was converted from a partial cloverleaf, not a conventional diamond 

interchange.  Figure 3 below shows the satellite view of this site’s layout before conversion 

to a DDI.  Despite the configurations between a partial cloverleaf and a conventional 

diamond being somewhat similar, it would be improper to include this site as a part of any 

final recommendations because it falls outside of the scope of the project.  It is not a 

conventional diamond to DDI conversion and therefore; it would be improper to lump this 

site in with the other previously conventional diamond interchanges.  From this point 

forward, DDI #1 was excluded from the analysis and is not listed in any of the following 

results tables.  The exclusion of DDI #1 left 15 DDIs in the final treatment site grouping.   
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Figure 3. DDI #1 (I-285 and Ashford Dunwoody Rd.) Before Conversion to a DDI 

4.2. Collection of Crash Data 

Once the treatment sites and initial comparison sites were selected, contact was made 

with each state’s DOT where the DDIs were located.  Crash data was requested from DOT 

officials for both the treatment sites and initial comparison sites in their state in exchange for 

the results of the safety evaluation completed for their DDI(s).  For each grouping of DDIs 

and their corresponding initial comparison sites, a crash database was requested starting five 

years before construction began on implementing the DDI.  The same time period was 

requested for crash data collection of the corresponding comparison sites.   
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To make the data request as simple as possible from states that had multiple DDI’s 

included in the study, the same time periods were requested for all DDI’s and their 

comparison sites regardless of opening date.  For example, Georgia has three DDI’s included 

in this study with one site being completed in each of 2012, 2013, and 2014.  To make the 

data request as easy as possible for the identified DOT contact, data was requested from 2007 

to the most current date possible.  This explains why the before-periods for DDIs #2 and #3 

are longer than the typical five years.   

Crashes that occurred during the construction of the DDI were not included in the 

analysis for this study.  Including collisions that occurred during construction would have a 

major effect on the results, as some of these interchanges had lane closures or were 

completely closed off during the construction phase, resulting in a noticeable decrease in 

collisions during this low-volume time period.  Additionally, crashes occurring during the 

“burn-in” period of the new configuration were filtered out of the analysis.   This burn-in 

period occurs once the interchange was re-opened as a DDI and is filtered out to account for 

local drivers becoming familiar with the new configuration.  It is a concern that a spike in 

crashes will occur in the immediate couple of months after a DDI is fully opened, so filtering 

out crashes in this time period will help show the true safety effect of converting a 

conventional diamond interchange to a DDI.   

Table 3 below shows the time-period that crash records were collected for each 

grouping of a treatment site and its comparison sites. 
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Table 3.  Time period of collected crash data 

State DDI Site Before-period Construction 
Period 

After-period 

# Name 

GA 

2 I-85 and 
Jimmy Carter 
Blvd. 

2007 – 2013 
(7 years) 

2014 – Jun. 
2015 

Jul. 2015 – Sept. 
2017 

(2.25 years) 
3 I-85 and 

Pleasant Hill 
Rd. 

2007 – 2012 
(6 years) 

2013 
2014 – Sept. 2017 

(3.75 years) 

ID 
4 I-86 and 

Yellowstone 
Ave. 

2008 – 2012 
(5 years) 

2013 
2014 – 2015 

(2 years) 

KS 
5 I-435 and Roe 

Ave. 
2009 – 2013 

(5 years) 
2014 

2015 – Sept. 2017 
(2.75 years) 

KY 
6 KY 4 and US 

68 
2006 – 2010 

(5 years) 
2011 

2012 – 2016 
(5 years) 

NY 
7 I-590 and S 

Winton Rd. 
2007 – 2011 

(5 years) 
2012 

2013 – 2016 
(4 years) 

MN 
8 I-494 and 34th 

Ave. S 
2006 – 2012 

(4 years) 
2013 

2014 – 2017 
(4 years) 

UT 

9 I-15 and St 
George Blvd. 

2006 - 2012 
(7 years) 

2013 
2014 – 2016 

(3 years) 
10 UT 201 and 

UT 154 
2006 – 2010 

(5 years) 
2011 

2012 – 2016 
(5 years) 

11 I-15 and 
Pioneer 
Crossing 

2006 – 2009 
(4 years) 

2010 
2011 – 2016 

(5 years) 

12 I-15 and S 500 
E St. 

2006 – 2010 
(5 years) 

2011 
2012 – 2016 

(5 years) 
13 I-15 and 

Timpangos 
Hwy. 

2006 – 2010 
(5 years) 

2011 
2012 – 2016 

(5 years) 

14 I-15 and US-91 2008 – 2013 
(6 years) 

2014 
2015 – 2016 

(2 years) 

VA 
15 I-64 and US-15 2009 - Jun. 2013 

(4.5 years) 
Jul. 2013 – 
Jun. 2014 

Jul. 2014 – 2016 
(2.5 years) 

WY 
16 I-25 and 

College Dr. 
2008 – 2012 

(5 years) 
2013 

2014 – 2017 
(4 years) 
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To maintain consistency across the collected crash data from different states, the 

same parameters were used to describe the area of interest for crash report collection at the 

interchanges.  The area of interest for crash data collection was described as follows: 

 Crashes on the Arterial road: 800' along either side of the intersection of the 

arterial and freeway center-lines (the center-point of the entire interchange) 

 Crashes on the Freeway/Interstate: 1500' along either side of the intersection 

of the arterial and freeway center-lines.  

o Note: this is done to collect crash that occurred on the interstate that 

are a result of ramp queueing.  Crashes that occurred on the freeway 

that are not a result of ramp queueing are not a part of the study’s area 

of interest 

 Any crashes occurring on the on/off ramps of the interchange  

Requests for crashes on the freeway were included to collect any crashes that 

occurred as a result of queueing on the off ramps or merging from the on ramps.  

Additionally, some DOT’s code collisions that occur on ramp terminals to the mainline of the 

interchange.  The DOT’s were asked to clean out any crashes that occurred on the freeway 

that were not the result of the interchange itself (e.g. this study only wanted the crashes 

occurring directly on ramp terminals or occurring as a result of ramp queueing/merging).   

Most states cleaned and provided each site’s requested crash data in a excel file that 

listed the characteristics of each crash, where each crash was represented by one row in the 

file.  If these files could not be cleaned in-house by the DOTS of crashes outside the areas of 

interest, individual crash reports for every collision in the provided dataset were requested.  

The individual crash reports, if provided for cleaning by this research team, would be used to 
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determine if a specific crash belonged in the area of interest.  Most state DOT representatives 

stated they could not provide individual crash reports for privacy reasons, as these crash 

reports often have the name, address, and insurance information of the people involved in the 

collision.  These states cleaned the file before providing it to our research team.   

Georgia and Kansas were the only states included in this study to provide access to 

individual crash reports to allow the research team to clean the given crash database on our 

end.  To clean provided data from Georgia, this study was granted access to inspect the 

individual crash reports via Georgia’s online accident reporting system, called GEARS.  

Crash ID numbers could be searched on the accident reporting system and crash diagrams 

and location details could be used to determine if an individual crash in the database should 

be included for analysis.  Kansas DOT provided the research team with PDFs of every crash 

that was included in their provided database.  For both Georgia and Kansas, every crash was 

individually reviewed to ensure only the crashes that occurred in the study area were 

included for the safety evaluation analysis.   

Minnesota DOT also was unable to clean the crash database before they provided the 

crash dataset to the research team.  However, instead of providing the individual crash 

reports, the crash database excel file they provided had the responding officer’s description 

of the collision and the UTM coordinates of the crash location.  The officer’s description and 

UTM coordinates were sufficient enough to filter out crashes that were not in the study area.   

Utah DOT provided crash data for the entirety of Box Elder, Salt Lake, Utah, and 

Washington County.  The format they provided the crash data in could be filtered in a spatial 

format to separate out crashes in a certain area of interest.  ArcGIS was used to filter out 

target area crashes for the specific facility of interest.  The filtered crashes were then 
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exported to an excel format for analysis.  Most of the DDI’s in Utah had to have several 

rounds of comparison sites go through odd’s ratio testing to find a grouping with acceptable 

results from the odds ratios tests.  The Utah comparison sites listed in Table 2 as “initial 

comparison sites” were not the only ones tested, but rather the tested grouping of comparison 

sites that produced an acceptable odds ratio test result.   

Similarly, the DDI in Idaho has to go through three rounds of odds ratio testing to 

find an acceptable grouping of comparison sites for analysis.  Unfortunately, this required 

three separate data requests to the Idaho DOT contact to gather crash data at potential 

comparison sites.  The first two rounds of data requests were nearby conventional diamond 

interchanges.  After none of these proved to be acceptable comparison sites, the third data 

request was for nearby large-volume intersections.  Fortunately, this data request yielded an 

acceptable grouping of comparison sites to be used in analysis. 

Once the crash databases for both the DDIs and their corresponding treatment were 

obtained (and cleaned if necessary), the yearly crash frequencies were found for every year 

that crash data was provided.   

Table 4 shows the yearly crash frequencies calculated from the provided crash 

databases.   
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Table 4.  Number of reported crashes per year before DDI implementation 

 
DDI # 

Before-period Years 
State 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total 

GA 
2 -- 130 106 78 88 97 195 121  815 
3 -- 229 130 91 107 129 186   872 

ID 4 -- -- 20 27 30 27 33   137 
KS 5 -- -- -- 44 37 37 40 41  199 
KY 6 102 117 141 131 124     615 
NY 7 -- 24 27 23 35 51    160 
MN 8 17 14 8 18 22 15 18   112 

UT 

9 17 43 22 23 35 18 29   187 
10 31 30 26 33 32     152 
11 4 11 8 3      26 
12 21 24 26 18 24     113 
13 37 32 15 7 36     127 
14 -- -- 12 12 9 15 18 28  94 

VA 15 -- -- -- 14 18 12 23 6    73 
WY 16 -- -- 27 20 24 18 12   101 

 

 In Table 4, blank cells indicate no crash data being collected at the individual site for 

that particular year.  Cells colored in grey represent after-period data.  Crash frequency 

values for the after-period can be found in Table 5.   

Cells colored in orange represent the construction period.  Fortunately, most of the 

DDIs included in this study were opened in the Fall season of their particular year, which 

makes filtering out crashes that occurred in the “construction period” rather simple.  DDI 

representatives predominantly told the research team that effect of construction were only felt 

during the year the DDI was installed.  The “burn-in” portion of the construction period can 

then be considered the winter of the year the DDI opened, making the construction periods of 

most of the DDIs be one complete year from January 1st to December 31st.    
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There are two exceptions to this construction period rule-of-thumb:  DDI #15 (I-64 

and US 15 in Gordonsville, VA) and DDI #2 (I-85 and Jimmy Carter Blvd – Atlanta, GA).  

DDI #15 opened in late February 2014.  Virginia DOT representatives told the research team 

that construction impacts would have been felt in the second half of 2013, and the research 

team considered the burn-in period to be March to June (4 months).  This makes the 

construction period for this DDI to be July 2013 to June 2014.  DDI #2 was fully opened in 

late March 2015.  DOT representatives told the research team that construction impacts 

would have been felt throughout 2014.  With a three-month burn-in period from April to June 

2015, the construction period can be represented from January 2014 to June 2015.   

Table 5 below shows the after-period crash frequencies that were found and used in 

the evaluation methodologies.   

Table 5.  Number of reported crashes per year after DDI implementation 

State DDI # 
After-period Crashes 

2010 2011 2012 2013 2014 2015 2016 2017 Total 

GA 
2       113 206 269  588 
3     149 182 231 132  694 

ID 4     18 19 -- -- 37 
KS 5      27 23 11  61 
KY 6   84 86 80 88 81 -- 419 
NY 7    26 26 27 26 -- 105 
MN 8     15 5 6 17 43 

UT 

9     27 20 23 -- 70 
10   35 59 48 64 65 -- 271 
11  23 22 36 30 48 39 -- 198 
12   6 11 14 13 11 -- 55 
13   19 48 46 58 85 -- 256 
14      9 15 -- 24 

VA 15       5 5 9 -- 19 
WY 16     26 11 13 27 77 
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Crash data requests were being sent out to DOT representatives during the summer of 

2017.  This resulted in most states providing data from the desired starting point up until the 

end of 2016.  Idaho was one the first states to respond to data requests and was unable to 

provide 2016 data, as they had not completed their 2016 crash database at the time.  DOT 

representatives from Minnesota and Wyoming were only found in early 2018; therefore, 

crash data was able to be collected up until the end of 2017.  Georgia and Kansas DOTs 

provided data from the desired start point up until the end of September 2017.  This is 

represented in Table 5 by shading the last quarter of these states’ 2017 cells red (October to 

December is the last quarter of the year).   

Like Table 4, the cells shaded in orange represent the construction period.  Cells in 

grey represent before-period crash data and those values can be found in Table 4.   
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5. Results of Evaluation Methodologies 

Three methodologies were conducted and compared to determine the CMF of 

converting a conventional diamond interchange to a DDI.  The simplest of these 

methodologies, the naïve analysis, was conducted first and is discussed in the following 

section. 

5.1.   Naïve Analysis 

This methodology can be considered rather simple because it does not account for 

any potential confounding variables or biases other than the length of the time period before-

and-after implementation of the countermeasure.  This methodology was used to evaluate the 

safety effect for each of the treatment sites being converted to a DDI.   

The yearly crash frequencies found in Table 4 and Table 5 were combined to find 

crash totals in the before-and-after-periods for all 15 DDIs included in the study.  The before-

and-after-period crash totals can be found in Table 6 below.  Overall, 3,968 crashes were 

analyzed over a total of 84.5 before-period years.  For the after-period, 3,347 total crashes 

were analyzed over 77.5 total years.  Sample sizes were typically on the larger size, as 

interchanges will only relieve this countermeasure if there is enough volume and enough of a 

congestion issue to warrant addressing problems with left turning queues.   
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Table 6.  Naive analysis results for each DDI site 

DDI Site Before After θ 
(CMF) 

Std. Dev. 
of θ # Name Crashes Years Crashes Years 

2 I-85 and Jimmy Carter Blvd. 815 7 588 2.25 2.236 0.121 
3 I-85 and Pleasant Hill Rd. 872 6 694 3.75 1.271 0.065 
4 I-86 and Yellowstone Ave. 137 5 37 2 0.663 0.122 
5 I-435 and Roe Ave. 199 5 61 2.75 0.552 0.080 
6 KY 4 and US 68 615 5 419 5 0.680 0.043 
7 I-590 and S Winton Rd. 160 5 105 4 0.814 0.102 
8 I-494 and 34th Ave S 112 7 43 4 0.662 0.118 
9 I-15 and St George Blvd. 187 7 70 3 0.863 0.120 
10 UT 201 and UT 154  152 5 271 5 1.771 0.178 
11 I-15 and Pioneer Crossing  26 4 198 5 5.910 1.187 
12 I-15 and S 500 E St. 113 5 55 5 0.482 0.079 
13 I-15 and Timpangos Hwy.  127 5 256 5 2.000 0.215 
14 I-15 and US-91  94 6 24 2 0.742 0.168 
15 I-64 and US-15  73 4.5 19 2.5 0.457 0.116 
16 I-25 and College Dr. 101 5 77 4 0.941 0.141 
All Sites 3783 81.5 2917 55.25 1.137 0.028 

 

The results from Table 6 show a wide range in a DDI conversions measures of 

effectiveness; with results varying between a corresponding CMF of .457 and 5.910.  Out of 

the 15 treatment sites analyzed in this methodology, 10 saw a reduction in crashes after being 

converted to a DDI.  Additionally, all of the six sites that saw an increase in crashes are 

located in either Georgia or Utah.  All of the DDIs in Georgia showed an increase in crashes 

after the site was converted to a DDI.  Three out of the five Utah sites showed a similar 

increase in crashes during their after-period.  None of the States that had only one DDI 

included in this study effort had their treatment site show an increase in crashes.   

DDI #11 is a particularly strong outlier compared to the other sites.  Possible 

explanations for this large increase in crashes are discuss in a later section.   
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5.2.   Naïve Analysis with Volume Adjustment  

The second methodology completed on total crashes for this study effort included an 

adjustment for traffic volume.  Travel volume through a particular site can change rather 

dramatically due to commercial/residential development in the immediate area or economic 

scenarios that promote or hinder overall travel rates.  Including an adjustment for the changes 

in traffic volume can help account for the change in crash frequency as a result of volume 

changes.   

Traffic volume at the treatment sites were all found for the arterial that crosses the 

freeway.  This the most significant area of interest in our study area, so it was important to 

collect volume data on this road rather than the major freeway.  Traffic counts were collected 

from the before-and-after time periods for each DDI.  If multiple counts were available and 

collected for a specific DDI and time period, the average of these counts were taken and used 

as that time periods volume.   

Typically, the traffic volumes of these sites could be found on publicly available 

AADT maps, published individually by each state involved in the study.  There were two 

sites (DDIs #5 and 16) where volume data could not be found via publicly available AADT 

maps.  For DDI #5, traffic counts were provided by Overland Park city transportation 

officials.  For DDI #16, traffic counts for the on and off ramps were provided during the 

before-and-after-period.  Although these values do not count the traffic directly from the 

arterial road crossing the freeway, it is safe to assume that the volumes on these ramps are 

affected by the same traffic tendencies that the arterial that they connect to.   
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Table 7 shows the results of the naïve analysis with a volume adjustment.  This Table 

additionally shows the volumes that were recorded and used in the calculation of a volume 

adjustment factor.    

Table 7.  Naive analysis with volume adjustment results for each DDI site 

DDI # Before-period After-period Volume 
Adjustment 

Factor 

CMF (θ) 
with Vol. 

Adj. 

Std. Dev. 
of θ Average 

Crash 
Frequency 

Traffic 
Volume 
(AADT) 

Average 
Crash 

Frequency 

Traffic 
Volume 
(AADT) 

2 116.43 53,465 261.33 58,350 1.091 2.049 0.379 
3 145.33 50,766 185.07 54,475 1.073 1.185 0.218 
4 27.40 26,800 18.50 28,500 1.063 0.624 0.156 
5 39.80 42,925 22.18 37,500 0.874 0.631 0.143 
6 123.00 36,550 83.80 33,095 0.905 0.751 0.141 
7 32.00 17,716 26.25 17,464 0.986 0.826 0.177 
8 16.00 17,300 10.75 17,750 1.026 0.645 0.159 
9 26.71 36,111 23.33 36,917 1.022 0.844 0.188 
10 30.40 35,233 54.20 33,130 0.940 1.883 0.380 
11 6.50 22,725 39.60 56,823 2.500 2.407 0.624 
12 22.60 18,927 11.00 18,213 0.962 0.501 0.119 
13 25.40 22,960 51.20 23,511 1.024 1.953 0.400 
14 15.67 18,483 12.00 19,000 1.028 0.723 0.203 
15 16.22 6,700 7.60 7,000 1.045 0.438 0.132 
16 20.20 13,374 19.25 11,253 0.841 1.116 0.255 
All 46.96 455395 55.78 487041 1.078 1.054 0.189 

 

The results seen in this Table are somewhat like the ones seen in Table 6 that show 

the analysis completed without a volume adjustment.  This similarity is due to many sites 

experiencing relatively small changes in traffic volume from the before to after-periods.   

  Overall, this methodology indicates that nine out of the 15 treatment sites saw a 

reduction in crashes after DDI retrofitting.  This is a smaller amount compared to the basic 

naïve analysis.  DDI #16 (I-25 and College Dr., Cheyenne, WY) indicated a reduction in 

crashes from the basic naïve analysis but an increase in crashes from the naïve analysis with 

volume adjustments.  The difference in results between naïve methodologies for DDI #16 is 
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due to the interchange’s traffic volume from the before- to the after-period reducing more 

significantly than the crash frequency reduction.  All the sites that the basic naïve 

methodology indicated had an increase in crashes also showed an increase in crashes after 

adjusting for volume.  

It is worth noting that the standard deviation of the naïve analysis with volume 

adjustments is much higher than that of the naïve method without volume adjustment (0.189 

compared to 0.028).  In order to complete the naïve analysis without volume adjustments, it 

is assumed that the traffic flow is equal in the before-and-after period and that the variability 

of traffic flow is zero.  The variance of traffic flow is used when calculating the variance of 

the expected after period crashes which is in-turn used to calculate the standard deviation of 

the CMF.  A non-zero variance in traffic flow will result in a higher standard deviation for 

the CMF.  This is the likely cause for the noticeable difference in these CMF’s standard 

deviations between the naïve approaches. 

5.3. Comparison Group Analysis 

The next methodology used in this study is the comparison group (CG) analysis.  The 

CG analysis helps counteract any crash total adjustments that may arise from unexpected 

variables such as weather, special events, local driver behavior, and crash report tendencies.  

The primary goal of a CG analysis is to find a site or grouping of sites that show similar 

before-period crash patterns year by year to a corresponding treatment site.  If an odds ratio 

test can show that a grouping of comparison sites are statistically similar, then the crash 

frequencies in the after-period of the comparison site(s) are compared to the observed after-
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period crash frequencies of the treatment site to calculate the measure of effectiveness, or 

CMF, of the treatment. 

 Comparison sites were selected for odds ratio testing with a handful or criteria in 

mind: 

1. Comparison sites should be within reasonably close proximity to the corresponding 

treatment site 

 This ensures that the sites are affected by the same trends (weather, special 

events, crash reporting tendencies, etc.) 

2. Comparison sites should have reasonably large sample sizes 

 This helps ensure that variation in the odds ratio testing is minimal.   

3. Ideally, comparison sites should be conventional diamond interchanges 

 Conventional diamond interchanges are preferred, as conventional diamond 

interchanges to DDIs are the direct comparison we are making.  However, if 

no conventional diamond interchanges can be found to have an acceptable 

result from odds ratio testing, other roadway facilities that satisfy the first 

two criteria and have acceptable odds ratio testing results are acceptable 

The previously discussed, Table 2 showed all of the tested comparison sites.  In some 

cases, several sites had to be tested before a grouping was found to be acceptable.  In those 

cases, the final tested sites are listed.  Occasionally, some of these final sites ended up not 

being conventional diamond interchanges.  This was only done if nearby conventional 

diamonds interchanges could not be found to be statistically comparable.  Comparison sites 

that are not conventional diamond interchanges have prefixes to their name for identification.  

The prefixes and definitions are as follows: 
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 1/2 CL = half-cloverleaf or partial cloverleaf 

 INTX = intersection 

 SPUI = Single Point Urban Interchange 

As mentioned, ideal comparison sites will be nearby conventional diamond 

interchanges, as these facility types are the exact comparison we are trying to make during 

this safety evaluation.  However, should no nearby conventional diamond interchanges be 

found or have an acceptable odds ratio test result, other high-volume facility types can be 

used without skewing the results from their true value.  The purpose of the comparison sites 

in the CG method is to determine what an appropriate crash trend from the before to the after 

period should be for a treatment site.  As long as the treatment site and its comparison sites 

have acceptable odd ratio testing results and are in within close proximity to one another then 

the results of the CG analysis should be defensible.  An acceptable odds ratio test result is 

needed to show that the treatment and comparison site(s) pair had similar trends in the before 

period.  With an acceptable odds ratio test result, it is then safe to assume that these treatment 

and comparison site(s) pairs with have similar after period trends for two reasons:  (1) it is 

logical to assume that a treatment and comparison site pairing that has similar trends in their 

before period should have similar trends in their after period and (2) the requirement for 

close proximity ensures that the comparison sites will also experience any change in after-

period crash trends due to unaccounted factors like weather and crash reporting tendencies.   

In this study, DDIs that are in similar locations may have similar comparison sites.  

For example: all of the DDI’s in Georgia are in the general Atlanta area.  Therefore, all the 

comparison sites that the team collected crash data for are also in or near Atlanta.  This is 

why DDI #2 and DDI #3 have two identical comparison sites.   
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For the data collection at the treatment sites in Utah, crash data was given for the 

desired time-period for all of Box Elder, Salt Lake, Utah, and Washington counties.   The 

team was given all this crash data in case the original comparison sites that crash data was 

requested for did not satisfy odds ratio testing (which in many cases was true).  This way, the 

team could collect crash data for other potential comparison sites without having to ask the 

DOT representative multiple times for similar data requests.  Crash data at individual sites 

were able to filtered out from the county-wide crash data file in GIS and exported into an 

excel file.  For the Utah treatment and comparison site combinations seen in Table 2, the best 

three individual comparison sites were analyzed in groupings and are listed in that table’s 

final column.   

In Idaho, several rounds of comparison group data requests were undertaken as the 

comparison site groupings from the first two crash data requests did not yield acceptable 

odds ratio tests results (see Appendix B for these specific results that were considered 

unacceptable).  The first two rounds of comparison site crash data requests were for 

conventional diamond interchange sites.  After those were unsuccessful, the third round 

requested crash data at nearby large intersections.  Fortunately, after the third set of crash 

data requests, an acceptable grouping of comparison sites was found for the DDI in Idaho.   

Table 8 shows the final approved comparison sites and their yearly crash totals.  The 

numbers in the “Best Comp. Site(s)” column correspond to the comparison sites’ numbering 

in Table 2.  The calculated odds ratios are also shown in this Table.  The calculated yearly 

odds ratios were averaged to get the value for the mean of odds ratios.  The closer the mean 

of odds ratios was to 1.000, the more acceptable the grouping of comparison sites are.  The 

standard deviation of the calculated odds ratios is also shown in the final column of Table 8.  
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The closer the odd ratios standard deviation is to zero, the most acceptable the grouping of 

comparison sites are.  The literature review for this research effort did not find a specific 

listed range the mean and standard deviation of odds ratios has to be to be considered 

acceptable.  Therefore, the rule of thumb for these values in this study were: 

 Mean of odds ratios = 1.000 +/- 0.100 

 Variance of odds ratios < 0.200 

Where in this study it was assumed that mean of odds ratios outside the 0.900 to 

1.100 range would lead to skewing of the treatment site’s after period expected crashes.  

Also, requiring that the variance of odds ratios was less than 0.200 ensured that the treatment 

site and its comparison site grouping experienced similar crash trends year-to-year within the 

before period.   
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Table 8.  Odds ratios of best comparison site combinations 

D
D
I  

Best 
Ref 

Sites 

Site Type 
and Odds 

Ratio 

Before-period Year # Odds 
Ratio 
Mean 

Odds 
Ratio 
Var. 1 2 3 4 5 6 7 

2 
1,3 DDI  130 106 78 88 97 195 121 

0.951 .0550 
Comp. 230 159 83 110 120 185 151 
Odds Ratio -- 0.836 0.696 1.148 0.971 0.757 1.298 

3 
1,2,3 DDI  229 130 91 107 129 186  

1.008 .0249 
Comp. 327 225 126 161 181 281  
Odds Ratio -- 1.199 0.788 1.068 0.920 1.065  

4 
1,2,3 DDI  30 27 33     

0.946 .0077 
Comp. 83 79 89     
Odds Ratio -- 1.008 0.884     

5 
1,2 DDI  44 37 37 40 41   

1.002 .0637 
Comp. 35 40 32 30 37   
Odds Ratio -- 1.287 0.760 0.821 1.138   

6 
1,2 DDI  102 117 141 131 124   

1.078 .0237 
Comp. 124 170 176 190 208   
Odds Ratio -- 1.176 0.848 1.147 1.141   

7 
2,3 DDI  24 27 23 35 51   

0.912 .1016 
Comp. 74 117 102 113 108   
Odds Ratio   1.338 0.973 0.701 0.638   

8 
1,2 DDI  17 14 8 18 22 15 18 

0.948 .1485 
Comp. 25 29 26 21 31 22 20 
Odds Ratio  1.267 1.353 0.328 1.105 0.947 0.688 

9 
1,3 DDI  17 43 22 23 35 18 29 

0.922 .1689 
Comp. 36 45 32 26 30 26 35 
Odds Ratio  0.470 1.302 0.723 0.711 1.548 0.779 

10 
2,3 DDI  31 30 26 33 32   

1.011 .0830 
Comp. 13 10 13 15 19   
Odds Ratio  0.715 1.317 0.821 1.189   

11 
1,3 DDI  4 11 8 3    

1.001 .1465 
Comp. 31 55 51 34    
Odds Ratio  0.574 1.115 1.314    

12 
1,2,3 DDI  21 24 26 18 24   

0.992 .0529 
Comp. 38 60 58 45 50   
Odds Ratio  1.294 0.846 1.045 0.783   

13 
1 DDI  37 32 15 7 36   

0.971 .1281 
Comp. 6 5 3 3 13   
Odds Ratio  0.804 1.011 1.452 0.619   

14 
1,2,3 DDI  12 12 9 15 18 28  

0.959 .1213 
Comp. 18 15 19 40 50 44  
Odds Ratio  0.732 1.434 1.129 0.964 0.536  

15 
1,2,3 DDI  14 18 12 23 6   

1.012 .2004 
Comp. 39 41 41 43 19   
Odds Ratio -- 0.756 1.354 0.512 1.424   
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Table 8 (continued) 

D
D
I  

Best 
Ref 

Sites 

Site Type 
and Odds 

Ratio 

Before-period Year # Odds 
Ratio 
Mean 

Odds 
Ratio 
Var. 1 2 3 4 5 6 7 

16 
1,2 DDI  27 20 24 18 12   

0.996 .1384 
Comp. 75 32 46 53 35   
Odds Ratio  0.542 1.117 1.426 0.899   

All Sites DDI  739 648 553 559 627 442 168 

.959 .0658 
Comp. 1154 1082 897 884 901 558 206 
Odds Ratio  1.067 0.969 0.972 0.906 0.876 0.964 

 

Once the treatment sites all had an acceptable grouping of comparison sites, the actual 

CG analysis could take place.  The specific steps in the method are discussed in the 

methodology section.  The values from the major steps in the calculations are shown in Table 

9.  The comparison sites are used to calculate a reference ratio (rc) that is used to find what 

the expected crashes (π) would have been had the treatment site not been converted to a DDI.  

The expected crashes are then compared to the actual, observed crashes (λ) to calculate the 

measure of effectiveness, theta (θ).   
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Table 9.  Comparison group analysis results 

DDI # Treat. 
Before 

(K) 

Treat. 
After  
(L , λ) 

Comp. 
Before 

(M) 

Comp. 
After 
(N) 

Reference 
Ratio   
(rc) 

Expected 
crashes 

(π) 

θ, CMF Std. 
Dev. of 

θ 
2 815 588 1038 626 0.603 491.04 1.137 0.253 
3 872 694 1301 1560 1.198 1044.79 0.649 0.100 
4 90 37 251 132 0.524 47.14 0.767 0.173 
5 199 61 174 82 0.469 93.25 0.625 0.150 
6 615 419 868 971 1.117 687.19 0.597 0.090 
7 160 105 514 403 0.783 125.20 0.768 0.224 
8 112 43 174 115 0.657 73.60 0.519 0.178 
9 187 70 230 185 0.801 149.76 0.405 0.164 
10 152 271 70 151 2.127 323.27 0.777 0.207 
11 26 198 171 292 1.698 44.14 3.930 1.318 
12 113 55 251 331 1.313 148.42 0.358 0.080 
13 127 256 30 150 4.839 614.52 0.371 0.118 
14 94 24 186 47 0.406 38.16 0.582 0.188 
15 73 19 183 107 0.582 42.45 0.390 0.152 
16 101 77 241 256 1.058 106.84 0.640 0.212 
All 3736 2917 5682 5437 0.957 3574.28 0.813 0.053 
Only 
Diamond 
Interchange 
Comps. 
(DDIs 
Highlighted 
Grey) 

3226 2533 4593 4421 .962 3104.52 0.811 0.062 

 

  

 To ensure that using non-conventional diamond interchanges is an acceptable 

approach to the CG method for this study an overall CG analysis was completed for sites that 

only used conventional diamond interchanges as their comparison site(s).  The results from 

such sites resulted in a CMF estimation of 0.811, compared to the estimated CMF for all sites 

being 0.813.  These CMF estimations are very close and indicate that using non-conventional 

diamond interchanges as comparison sites is an acceptable approach to the CG methodology 

used in this research effort.  The same conclusions could also be used in other safety 
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evaluations using the CG methodology, as long as the same precautions are used by choosing 

nearby facilities.   

Overall, 13 of the 15 DDIs included in this study indicate a decrease in total crashes 

in the after-period.  The two exceptions to this are DDIs #2 and #11; they indicate a 13.7% 

and 293.0% increase, respectively.  Like the results from the naïve analyses, the results from 

DDI #11 are a rather significant outlier.  This outlier is discussed in a later section.  

5.4.   Comparing Naïve Analysis to Comparison Group Analysis 

5.4.1. Overall Results from the Three Methodologies 

Three methodologies were used to determine the safety effect of converting a 

conventional diamond interchange to a DDI.  The first methodology, the naive analysis, 

yielded conflicting results between all of the treatment sites, with 10 of the 15 treatment sites 

indicating a reduction in crashes during the after-period.  All of the sites that showed an 

increase in crashes from this methodology were located in Georgia or Utah.   

The second methodology used in the study is the naïve analysis with volume 

adjustments.  This method is very similar to the first; however, it uses a volume adjustment 

factor to account for and variation in crash frequency that may occur due to changes in traffic 

volume.  This methodology yielded similarly conflicting results to the basic naïve method, 

with nine of the 15 sites showing a decrease in crashes in their respective after-period.  All 

five of the sites that indicated a crash increase via the basic naïve methodology also indicated 

a crash increase via the naïve with volume adjustment methodology.  The sixth site that 

indicated an increase in crashes from the naïve with volume adjustment method is DDI #16 
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(I-25 and College Dr., Cheyenne, WY).  This DDI indicated a 5.9% decrease in crashes via 

the naïve method and an 11.6% increase in crash via the naïve with volume adjustment 

method.   

 The third method used for this study was the comparison group methodology.  The 

comparison group method uses the crash tendencies of statistically proven comparable site to 

predict what crash frequencies would have occurred at the treatment site had this site not 

received the treatment.  Overall, this methodology yielded less conflicting results, with 13 of 

the 15 treatment sites indicating a reduction in crashes during their after-period.  The only 

two sites that indicate an increase in crashes are DDIs #2 and 11.   

5.4.2. Outlier Discussion 

There is one strong outlying treatment site that is worth discussing: DDI #11.  This 

site will be excluded from any final recommendations because of a significant issue at the 

site that will likely skew the results from their true value.   

 Although DDI #11 meets all of the criteria to be included in the treatment group, this 

DDI saw massive increase in volume post-construction due to the countermeasure being 

developed in tandem with a 4-lane divided highway.  Before construction of the DDI, there 

was only a minor two-lane road going into the facility from the west.  After construction, a 

four-lane divided highway was constructed to connect into the facility from the west in 

response to massive residential development.  This new highway connecting into the facility 

increased the AADT by over 30,000 vehicles per day.  This explains why the results for this 

site are so much higher than that of the other treatment sites.  The CG methodology accounts 

for the variation in traffic volume’s effect on crash totals by assuming that the selected 



  55 

 

comparison sites have similar changes in traffic volume to that of the treatment site.  In this 

case, it is assumed that nearby comparison sites will see the same general traffic volumes 

changes that the treatment site will see (further justification for why close proximity is 

required for comparison sites). With the introduction of this new 4-lane highway, there is an 

increase in traffic volume in the treatment site that cannot be accounted for via comparison 

sites, as no comparison site in the immediate area will see a similar explosion in traffic 

volume.  Because of this, the CG approach is likely not an appropriate method for evaluating 

this DDI’s safety effect.   

Additionally, despite accounting for the incurred increase in volume in the naïve with 

volume adjustment methodology, the resulting measure of effectiveness was still 

significantly higher than the same methodology’s results from other treatment sites.  This 

demonstrates that significant changes in volume cannot be accounted for in a linear fashion, 

which is the approach used in this study’s naïve with volume adjustments method.  It is only 

safe to assume small changes in volume can be accounted for with a linear multiplicative 

factor.  Larger changes in volume likely need to be accounted for with the use of a calibrated 

SPF.    

Because of the massive increase in volume that cannot be accounted for by this 

study’s methods, DDI #11 should be considered an outlier and will not be included in any 

basis for final recommendations.  For reference, Figure 4 and Figure 5 show the same 

satellite view of DDI #11.  The difference between these figures is the time the images were 

taken.  Figure 4 (the before-period image) was taken in 2007 while Figure 5 (the after-period 

image) was taken in 2011.  It is rather easy to see what impact the construction of the four-

lane highway had on the volume at the treatment site.  A rather large residential and 
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commercial development now had direct access to I-15, the main artery of the surrounding 

urban area.   

 

Figure 4.  Satellite View West of DDI #11, pre-construction (source: Google Earth) 

 

Figure 5.  Satellite View West of DDI #11, post-construction (source: Google Earth) 

5.4.3. Final Recommendations 

The purpose of this thesis was to provide the most comprehensive and up-to-date 

safety evaluation for converting a conventional diamond interchange to a DDI in the United 

States.  There are three main methodologies that can accomplish this: the naïve analysis, the 

comparison group (CG) analysis, and the empirical Bayes (EB) analysis.   
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It was determined that, at this time, the EB method is unnecessary because 

regression-to-the-mean and selection bias do not need to be accounted for as long as DDIs 

are being installed for reasons other than safety improvements.  Adding the layer of 

complexity required to calculate and use a calibrated SPF for this specific type of facility is 

not required to get the most reliable results.   

Therefore, the two methods left for discussion are the naïve analysis and the 

comparison group analysis.  Two forms of the naïve analysis were completed in this study: 

the basic naïve methodology and the naïve methodology with volume adjustments.  It is safe 

to assume that accounting for crash variations due to changes in volume would yield more 

reliable results than not doing so.  Therefore, of the two naïve methods, the naïve 

methodology with volumes adjustments is more defensible.  However, this method is still 

very susceptible to outside influences.   According to Ezra Hauer in his 1997 book 

“Observation Before-After Studies in road safety”, there are four relevant factors that are 

unaccounted for in this approach and can make the results of the naïve analysis in this study 

questionable: 

1. Traffic, weather, road user behavior, vehicle fleet types and other factors 

change over time.  The change in safety over time is effected by these factors 

in addition to the studied treatment (in this case, DDI conversion) 

2. There may have been other treatments or safety programs initiated during the 

before or after-periods that had an effect on the site’s safety. 

3. The minimum repair cost to be considered a reportable crash may change over 

time.  Accident counts can change dramatically due to reporting minimums. 
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4. The probability of reportable crashes actually being reported to police changes 

over time.   

The naïve methodology can do nothing to address the concerns raised by these 

factors.  This methodology may be good to draw quick and basic conclusions from, but any 

significant effort to calculate and report a treatment’s effect on safety should seriously 

question the results from such a simple methodology.  It is not known what portion of the 

resulting change in safety can be contributed to the treatment itself or the various other 

influences discussed previously.  The naïve methodology cannot distinguish what effect is 

brought forth by the treatments implementation and what effect is brought forth by the 

outside influences.   

The CG analysis was the final methodology completed for this study.  Unlike the 

naïve analysis, this methodology accounts for the safety effect of various influencing factors 

(weather, special events, reporting tendencies, etc.).  By directly comparing the treatment site 

to a group of similar, nearby sites that do not receive the treatment, one can account for the 

variations in safety as a result of these influencing factors.  The results from this 

methodology are susceptible to regression-to-the-mean and selection bias; but as discussed 

previously, as long as DDI’s are being constructed from conventional diamond interchanges 

for operational benefits, these biases do not need to be accounted for.  This may change in 

the future as more studies are published on the safety effects of this treatment and DDIs are 

starting to be constructed for safety benefits (at which point the EB analysis may become 

method of better practice).  Nevertheless, based on current rationale for constructing a DDI, 

the best approach to evaluate the safety effect of the conversion of a convention diamond 

interchange to a DDI is the CG analysis.   
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Table 10 shows each treatment sites individual results from the three methods 

conducted in this study.  It also shows the results of combining all sites together (with and 

without outliers) and the combined results for sites in Georgia and Utah.  Georgia and Utah 

specific results were provided to help transportation officials in those states determine how 

their specific state practice compares to other states and the overall results.  

Table 10.  Comparison of naive and comparison group results 

DDI # DDI Naïve 
CMF 

Naïve W/ 
Volume 

CMF 

Comparison 
Group 
CMF 

2 I-85 and Jimmy Carter Blvd – Atlanta, GA 2.236 2.049 1.137 
3 I-85 and Pleasant Hill Rd - Duluth, GA 1.271 1.185 0.649 

4 I-86 and Yellowstone Ave - Pocatello, ID 0.663 0.624 0.767 

5 I-435 and Roe Ave - Overland Park, KS 0.552 0.631 0.625 

6 KY 4 and US 68 - Lexington, KY 0.680 0.751 0.597 

7 I-590 and S Winton Rd - Rochester, NY 0.814 0.826 0.768 
8 I-494 and 34th Ave S - Bloomington, MN 0.662 0.645 0.519 
9 I-15 and St George Blvd - St George, UT 0.863 0.844 0.405 

10 UT 201 and UT 154 - Salt Lake City, UT 1.771 1.883 0.777 
11 I-15 and Pioneer Crossing - American Fork, UT 5.910 2.407 3.930 
12 I-15 and S 500 E St - American Fork, UT 0.482 0.501 0.358 
13 I-15 and Timpangos Hwy - American Fork, UT 2.000 1.953 0.371 
14 I-15 and US-91 - Brigham City, UT 0.742 0.723 0.582 

15 I-64 and US-15 - Gordonsville, VA 0.457 0.438 0.390 

16 I-25 and College Dr. - Cheyenne, WY 0.941 1.116 0.640 

All 1.137 1.054 0.816 
All except outliers (excluding site #11) 1.116 1.119 0.783 

Georgia Specific Sites (DDI’s #2 and 3) 1.644 1.519 0.802 
Utah Specific sites (DDIs #9, 10, 12, 13, 14)* 1.403 1.413 0.819 

*note: outlier DDI was excluded from UT-specific calculations 

As discussed previously, the CG methodology is at this time, the best approach for 

evaluating the safety effect of converting a conventional diamond to a DDI.  Therefore, this 

study’s official CMF recommendation for this treatment is 0.783.  The percent reduction one 
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would expect is therefore: 21.7%.  This is the result of the comparison group analysis for all 

sites, excluding the outlier DDI.  This reduction in crashes is what one would theoretically 

expect, due to the reduction in conflict points between a conventional diamond interchange 

and a DDI.  The fact the naïve methods indicates an increase in crashes while the CG method 

indicates a reduction in crashes further strengthens this study’s claim that the CG 

methodology is the better practice for the safety evaluation of converting a conventional 

diamond to a DDI, as the naïve results are in direct contradiction to the crash reduction 

expectation and results from other previously completed safety evaluations.  
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6. Comparison Group Analyses of Crash Categories 

In addition to the final CMF recommendation for total crashes, a CG analysis was 

also competed on various crash types to help further the knowledge on how converting a 

conventional diamond interchange to a DDI effects the safety of the facility.  The CG 

methodology was applied to three different crash variables: injury crashes, manner of 

collision (crash type), and light condition.   

The reference ratio that was calculated for the previous CG analysis on total crashes 

was used to calculate expected crashes of the specific variables.  It is safe to assume that the 

reference ratio of an acceptable odd ratio’s comparison site for total crash can apply to 

specific crash variables analyses.   

6.1.   Fatal-and-injury Crashes 

The first crash variable that was examined was injury crashes.  Total injury crashes in 

the before-and-after-periods at each DDI were found using the same data collected from 

DOT representatives.  Serious injury crashes (K and A on the KABCO scale) were first 

examined; however, there was never a large enough sample of these crashes to calculate 

reliable results.  As an example, every treatment site recorded between zero and two fatal 

crashes over their entire study period.  Additionally, there were a handful of states did not 

provide crash data that differentiated between injury severity (A vs. B vs. C injury).  

Therefore, fatal crashes and injury crashes were grouped together to differentiate between 

“fatal-and-injury” crashes and property-damage-only (PDO) crashes.   



  62 

 

The CG methodology was performed for each individual site and a grouping of every 

site (excluding the outliers) to determine the fatal-and-injury crashes’ CMF for the treatment.  

Table 11 shows the results of these analyses.    

Table 11.  Comparison group analyses for injury crashes 

DDI Site Crash 
Variable 

Treat. 
Before 

(K) 

Treat. 
After  
(L , λ) 

Ref. 
Ratio 
(rc) 

Expected 
crashes 

(π) 

θ, 
CMF 

Std. 
Dev. 
of θ # Name 

2 
I-85 and Jimmy 
Carter Blvd - 
Atlanta, GA 

K,A,B,C 173 98 
.603 

104.23 0.889 0.219 
PDO 642 490 386.81 1.202 0.269 
ALL 815 588 491.04 1.137 0.253 

3 
I-85 and Pleasant 
Hill Rd - Duluth, GA 

K,A,B,C 192 100 
1.198 

230.02 0.423 0.080 
PDO 680 594 814.64 0.712 0.111 
ALL 815 694 1044.66 0.649 0.100 

4 
I-86 and 
Yellowstone Ave - 
Pocatello, ID 

K,A,B,C 34 15 
.524 

17.82 0.809 0.255 
PDO 56 22 29.34 0.728 0.194 
ALL 90 37 47.16 0.767 0.167 

5 
I-435 and Roe Ave - 
Overland Park, KS 

K,A,B,C 56 15 
.469 

26.26 0.539 0.181 
PDO 143 46 67.07 0.654 0.166 
ALL 199 61 93.33 0.624 0.150 

6 
KY 4 and US 68 - 
Lexington, KY 

K,A,B,C 101 49 
1.117 

112.82 0.422 0.092 
PDO 514 370 574.14 0.631 0.096 
ALL 615 419 686.96 0.597 0.090 

7 
I-590 and S Winton 
Rd - Rochester, NY 

K,A,B,C 89 52 
.783 

69.69 0.680 0.211 
PDO 71 53 55.59 0.867 0.272 
ALL 160 105 125.28 0.767 0.224 

8 
I-494 and 34th Ave 
S - Bloomington, 
MN 

K,A,B,C 34 17 
.657 

22.34 0.664 0.262 
PDO 78 26 51.25 0.449 0.163 
ALL 112 43 73.58 0.519 0.178 

9 
I-15 and St George 
Blvd - St George, 
UT 

K,A,B,C 65 16 
.801 

52.07 0.264 0.108 
PDO 122 54 97.72 0.477 0.173 
ALL 187 70 149.79 0.405 0.144 

10 
UT 201 and UT 154 
- Salt Lake City, UT 

K,A,B,C 54 66 
2.127 

114.86 0.527 0.157 
PDO 98 205 208.45 0.908 0.249 
ALL 152 271 323.30 0.777 0.207 

11 
I-15 and Pioneer 
Crossing - American 
Fork, UT 

K,A,B,C 6 65 
1.698 

10.19 5.025 2.113 
PDO 20 133 33.96 3.397 1.180 
ALL 26 198 44.15 3.929 1.318 

12 
I-15 and S 500 E St - 
American Fork, UT 

K,A,B,C 49 13 
1.313 

64.34 0.193 0.065 
PDO 64 42 84.03 0.480 0.118 
ALL 113 55 148.37 0.358 0.080 

13 
I-15 and Timpangos 
Hwy - American 
Fork, UT 

K,A,B,C 47 53 
4.839 

227.43 0.205 0.071 
PDO 80 203 387.12 0.465 0.150 
ALL 127 256 614.55 0.371 0.118 
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Table 11 (continued) 

DDI Site DDI Site Treat. 
Before 

(K) 

Treat. 
After  
(L , λ) 

Ref. 
Ratio 
(rc) 

Expected 
crashes 

(π) 

θ, 
CMF 

Std. 
Dev. 
of θ # Name 

14 
I-15 and US-91 - 
Brigham City, UT 

K,A,B,C 24 4 
.406 

9.74 0.370 0.200 
PDO 70 20 28.42 0.650 0.219 
ALL 94 24 38.16 0.582 0.188 

15 
I-64 and US-15 - 
Gordonsville, VA 

K,A,B,C 24 5 
.582 

13.97 0.304 0.159 
PDO 49 14 28.52 0.425 0.175 
ALL 73 19 42.49 0.390 0.152 

16 
I-25 and College Dr 
- Cheyenne, WY 

K,A,B,C 22 12 
1.058 

23.28 0.444 0.189 
PDO 79 65 83.58 0.689 0.232 
ALL 101 77 106.86 0.640 0.212 

All Sites (excluding 
outlier #11) 

K,A,B,C 964 515 
0.933 

899.41 0.570 0.043 
PDO 2746 2204 2562.02 0.858 0.051 
ALL 3710 2719 3461.43 0.783 0.045 

 

The overall recommendation for the fatal-and-injury crash CMF due to installing a 

DDI is 0.570.  This is a significant 43.0% reduction in fatal-and-injury crashes.  This is the 

result from the CG analysis for all sites excluding outliers.  This is even a larger reduction 

that one would expect for all crashes, as all crashes have a corresponding CMF of 0.783.  The 

significantly smaller CMF for fatal-and-injury crashes than that of the CMF for total crashes 

indicates that this treatment has a particularly strong safety benefit for fatal-and-injury 

crashes.   

The results seen in Table 11 show that every single treatment site (that was not 

previously considered an outlier) saw a reduction in fatal-and-injury crashes during their 

respective after-periods.  The fact that every non-outlier treatment site indicated a reduction 

in fatal-and-injury crashes strengthens confidence that the treatment significantly reduces 

fatal-and-injury crashes.  The observed reduction in fatal-and-injury crashes can be explained 

by the reduction in crossing conflict points by converting a conventional diamond 
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interchange to a DDI.  Crossing conflict points are considered to be the most severe of the 

conflict points and often result in frontal impact collisions.   Therefore, reducing the number 

of crossing conflict points from 10 (in the conventional diamond interchange) to 2 (in the 

DDI) is a logical explanation for the resulting fatal-and-injury CMF being less than 1.0.   

Another possible explanation for the observed reduction in fatal-and-injury crashes 

are lower travel speeds.  Lower travel speeds have been reported after DDI-conversions, 

potentially due to drivers slowing down to navigate the crossovers (Hummer, 2016).  The 

lower travel speeds would lead one to expect a reduction in crash severity observed at the 

site, and therefore, a reduction in the number of fatal-and-injury crashes.     

6.2.   Manner of Collision 

In addition to fatal-and-injury crashes, a CG analysis was performed for the variable 

“manner of collision” (also known as crash type).  Similar to before, the crash type totals 

during the before-and-after-periods were found in the same files the DOT representatives 

sent the study.  Three different crash types were specifically analyzed: angle, rear-end, and 

sideswipe crashes.  Angle crashes consist of right turn and left turn crashes.  Sideswipe 

crashes consist of both opposing sideswipe and same direction sideswipe crashes.  The 

results of the CG analysis done for every crash type at every site can be seen in Table 12.  

.   
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Table 12.  Comparison group analyses for manner of collision (crash type) 

DDI Site Crash 
Variable 

Treat. 
Before 

(K) 

Treat. 
After  
(L , λ) 

Ref. 
Ratio 
(r_c) 

Expected 
crashes (π) 

θ, CMF Std. 
Dev. of 

θ # Name 

2 

I-85 and 
Jimmy Carter 

Blvd - 
Atlanta, GA 

Angle 151 175 

.603 

90.98 1.817 0.436 
Rear-end 478 204 288.00 0.672 0.155 
Sideswipe 153 194 92.18 1.988 0.474 
Other 33 15 19.88 0.697 0.249 
ALL 815 588 491.04 1.137 0.253 

3 

I-85 and 
Pleasant Hill 
Rd - Duluth, 

GA 

Angle 163 128 

1.198 

195.27 0.637 0.118 
Rear-end 539 339 645.72 0.513 0.082 
Sideswipe 131 172 156.94 1.064 0.195 
Other 39 55 46.72 1.123 0.276 
ALL 872 694 1044.66 0.649 0.100 

4 

I-86 and 
Yellowstone 

Ave - 
Pocatello, ID 

Angle 28 3 

.524 

14.67 0.195 0.115 
Rear-end 49 17 25.68 0.642 0.187 
Sideswipe 6 7 3.14 1.890 0.909 
Other 7 10 3.67 2.362 1.032 
ALL 90 37 47.16 0.767 0.167 

5 

I-435 and Roe 
Ave - 

Overland 
Park, KS 

Angle 77 18 

.469 

36.11 0.472 0.149 
Rear-end 86 28 40.33 0.659 0.187 
Sideswipe 17 7 7.97 0.797 0.358 
Other 19 8 8.91 0.820 0.351 
ALL 199 61 93.33 0.624 0.150 

6 

KY 4 and US 
68 - 

Lexington, 
KY 

Angle 23 15 

1.117 

25.69 0.549 0.186 
Rear-end 476 259 531.69 0.477 0.075 
Sideswipe 69 132 77.07 1.656 0.327 
Other 47 13 52.50 0.238 0.078 
ALL 615 419 686.96 0.597 0.090 

7 
I-590 and S 
Winton Rd - 

Rochester, NY 

Angle 37 3 

.783 

28.97 0.093 0.056 
Rear-end 71 34 55.59 0.556 0.182 
Sideswipe 13 26 10.18 2.197 0.847 
Other 39 42 30.54 1.237 0.409 
ALL 160 105 125.28 0.767 0.224 

8 

I-494 and 34th 
Ave S - 

Bloomington, 
MN 

Angle 41 1 

.657 

26.94 0.033 0.030 
Rear-end 38 18 24.97 0.631 0.246 
Sideswipe 20 12 13.14 0.783 0.335 
Other 13 12 8.54 1.177 0.519 
ALL 112 43 73.58 0.519 0.178 

9 
I-15 and St 

George Blvd - 
St George, UT 

Angle 50 5 

.801 

40.05 0.107 0.055 
Rear-end 100 49 80.10 0.528 0.193 
Sideswipe 25 9 20.03 0.378 0.174 
Other 12 7 9.61 0.591 0.294 
ALL 187 70 149.79 0.405 0.144 
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Table 12 (continued) 

DDI Site Crash 
Variable 

Treat. 
Before 

(K) 

Treat. 
After  
(L , λ) 

Ref. 
Ratio 
(r_c) 

Expected 
crashes (π) 

θ, CMF Std. 
Dev. of 

θ # Name 

10 
UT 201 and 

UT 154 - Salt 
Lake City, UT 

Angle 43 17 

2.127 

91.46 0.170 0.061 
Rear-end 76 185 161.65 1.054 0.293 
Sideswipe 14 41 29.78 1.203 0.432 
Other 19 28 40.41 0.616 0.220 
ALL 152 271 323.30 0.777 0.207 

11 

I-15 and 
Pioneer 

Crossing - 
American 
Fork, UT 

Angle 4 30 

1.698 

6.79 3.265 1.500 
Rear-end 11 105 18.68 4.709 1.779 
Sideswipe 5 19 8.49 1.718 0.786 
Other 6 44 10.19 3.402 1.449 
ALL 26 198 44.15 3.929 1.318 

12 

I-15 and S 500 
E St - 

American 
Fork, UT 

Angle 15 3 

1.313 

19.70 0.139 0.083 
Rear-end 79 21 103.73 0.195 0.055 
Sideswipe 3 3 3.94 0.560 0.343 
Other 16 28 21.01 1.225 0.396 
ALL 113 55 148.37 0.358 0.080 

13 

I-15 and 
Timpangos 

Hwy - 
American 
Fork, UT 

Angle 25 5 

4.839 

120.98 0.036 0.018 
Rear-end 77 177 372.60 0.421 0.137 
Sideswipe 12 30 58.07 0.431 0.173 
Other 13 44 62.91 0.586 0.228 
ALL 127 256 614.55 0.371 0.118 

14 
I-15 and US-
91 - Brigham 

City, UT 

Angle 14 2 

.406 

5.684 0.309 0.217 
Rear-end 53 11 21.518 0.470 0.183 
Sideswipe 2 3 0.812 2.355 1.426 
Other 25 8 10.15 0.711 0.310 
ALL 94 24 38.16 0.582 0.188 

15 

I-64 and US-
15 - 

Gordonsville, 
VA 

Angle 25 0 

.582 

14.55 0.000 --* 
Rear-end 16 10 9.31 0.897 0.408 
Sideswipe 3 2 1.75 0.781 0.523 
Other 29 7 16.88 0.355 0.169 
ALL 73 19 42.49 0.390 0.152 

16 

I-25 and 
College Dr - 
Cheyenne, 

WY 

Angle 32 18 

1.058 

33.86 0.464 0.182 
Rear-end 24 12 25.39 0.408 0.173 
Sideswipe 4 2 4.23 0.346 0.236 
Other 41 45 43.38 0.910 0.321 
ALL 101 77 106.86 0.640 0.212 

All sites (excluding 
outliers #11) 

Angle 724 393 

0.933 

675.49 0.579 0.047 
Rear-end 2162 1364 2017.15 0.674 0.042 
Sideswipe 472 640 440.38 1.446 0.115 
Other 352 322 328.42 0.975 0.090 
ALL 3710 2719 3461.43 0.783 0.045 

*note: standard deviation cannot be calculated if theta if found to be 0.000 (no crashes observed in after-
period) 
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The results from this analysis indicate a large reduction in angle crashes with a final 

recommended CMF for angle crashes of 0.579 (42.1 % reduction).  This result should 

increase confidence in the belief that the reduction in crossing conflict points in converting a 

conventional diamond interchange to a DDI should result in a reduction in angle collisions.   

A reduction in angle collisions was seen in every non-outlier treatment site except DDI #2, 

which saw an 81.7 percent increase in angle collisions.  It is worth noting that this was the 

only non-outlier site that saw an increase in total crashes from the CG analysis.  However, an 

81.7 percent increase in angle collisions is significant and should not be overlooked.  The 

increase in angle crashes would indicate an issue with the crossover intersections, as these 

are the most likely places for angle collisions to occur.  A quick review of the intersections 

(through Google Street View) did not yield any glaring issues with these signalized 

intersections, as there was not any sight distance, signal head, or signage issues that could be 

easily seen.  A more detailed review should be completed by Georgia DOT officials to try 

and determine why angle crashes are uncharacteristically increasing at this treatment site.   

The results for rear-end crashes also indicate a reduction in crash frequency, with a 

recommended CMF of 0.674 (32.6% reduction).  The observed reduction in rear-end crashes 

is as expected due to the operation improvements seen with this treatment.  The large 32.6 

percent reduction in rear-end crashes can be explained by the operational benefits seen via a 

reduction in queue lengths and travel times.  All of the non-outlier treatment sites saw a 

reduction in rear-end crashes except for DDI #10, which indicated a 5.4% increase in rear-

end crashes.  This is a relatively small increase, but it is worth noting.  Both of the angle and 

rear-end CMFs are lower than the recommended CMF for all crashes (0.783), implying that 

the DDI has a rather significant effect on these particular crash types.   
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In contrast to the angle and rear-end results, the recommended CMF for sideswipe 

crashes is 1.446 (44.6% increase in crashes).  However, the individual treatment site’s 

sideswipe results are conflicting when compared to one another.  Seven of the 14 non-outlier 

sites showed a resulting CMF less than 1.0, while the remaining seven showed a resulting 

CMF greater than 1.0.  Several geometric and design features of the treatment sites were 

reviewed to try and determine why the sideswipe CMF results were so conflicting.  The 

number and width of travel lanes, travel volumes, lane markings, left and right turn control 

measures, and the presence of nearby intersections were all reviewed to try and determine 

rationale for the observed conflicting results.  No noticeable pattern among the reviewed 

geometric and design features was found that could confidently explain the conflicting 

results.  The majority of the sites that had a resulting sideswipe CMF less than one did have 

relatively lower sample sizes (12 or fewer sideswipes observed in their respective after-

period).  However, there were two sites with sideswipe CMFs over 1.0 that had low 

sideswipe sample sizes, so small sample sizes may not be the strongest rationale for the 

conflicting sideswipe CMF results.  The variety seen in the sideswipe CG analysis may 

indicate that the results seen in this study are best reviewed on a site-by-site basis, not as a 

grouping of treatment sites.  The DDI treatment’s effect on sideswipe crashes is a research 

subject that should be reviewed in the future once more crash data becomes available. 

6.3.   Light Condition 

The final crash variable that was analyzed with the CG methodology was the light 

condition at the time of the crash.  This variable was separated into crashes occurring during 

day conditions or during night conditions.  Crashes that were recorded to have taken place 
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during dawn or dusk (just a handful of states went this extra step and provided this 

information) were recorded into night conditions.  The results of the CG analysis done for 

day and night crashes at each treatment site can be seen in Table 13.  No light condition data 

was provided by Minnesota DOT representatives; therefore, a CG analysis could not be 

completed for day vs. night crashes at DDI #8 and their corresponding cells in Table 13 are 

blacked out.   

Table 13.  Comparison group analysis for light condition 

DDI Site Crash 
Variable 

Treat. 
Before 

(K) 

Treat. 
After 
(L , λ) 

Ref. 
Ratio 
(r_c) 

Expected 
crashes 

(π) 

θ, 
CMF 

Std. 
Dev. 
of θ # Name 

2 
I-85 and Jimmy 
Carter Blvd - 
Atlanta, GA 

Day 555 438 
.603 

334.39 1.243 0.280 
Night 260 150 156.65 0.907 0.215 
ALL 815 588 491.04 1.137 0.253 

3 
I-85 and Pleasant 
Hill Rd. -         
Duluth, GA 

Day 574 517 
1.198 

687.65 0.734 0.116 
Night 298 177 357.00 0.483 0.083 
ALL 872 694 1044.66 0.649 0.100 

4 
I-86 and 
Yellowstone Ave. - 
Pocatello, ID 

Day 67 24 
.524 

35.11 0.666 0.169 
Night 23 13 12.05 1.022 0.352 
ALL 90 37 47.16 0.767 0.167 

5 
I-435 and Roe Ave. - 
Overland Park, KS 

Day 163 49 
.469 

76.45 0.611 0.153 
Night 36 12 16.88 0.664 0.243 
ALL 199 61 93.33 0.624 0.150 

6 
KY 4 and US 68 - 
Lexington, KY 

Day 514 315 
1.117 

574.14 0.537 0.083 
Night 101 104 112.82 0.895 0.172 
ALL 615 419 686.96 0.597 0.090 

7 
I-590 and S Winton 
Rd. - Rochester, NY 

Day 112 68 
.783 

87.70 0.708 0.214 
Night 48 37 37.58 0.890 0.294 
ALL 160 105 125.28 0.767 0.224 

8 
I-494 and 34th Ave 
S - Bloomington, 
MN 

Day   
.657 

   
Night      
ALL 112 43 73.58 0.519 0.178 

9 
I-15 and St George 
Blvd. - St George, 
UT 

Day 150 58 
.801 

120.15 0.418 0.150 
Night 37 12 29.64 0.344 0.149 
ALL 187 70 149.79 0.405 0.144 

10 
UT 201 and UT 154 
- Salt Lake City, UT 

Day 105 206 
2.127 

223.34 0.852 0.232 
Night 47 65 99.97 0.594 0.180 
ALL 152 271 323.30 0.777 0.207 

 



  70 

 

Table 13 (continued) 

DDI Site Crash 
Variable 

Treat. 
Before 

(K) 

Treat. 
After 
(L , λ) 

Ref. 
Ratio 
(r_c) 

Expected 
crashes 

(π) 

θ, 
CMF 

Std. 
Dev. 
of θ # Name 

11 
I-15 and Pioneer 
Crossing - American 
Fork, UT 

Day 14 149 
1.698 

23.77 5.337 1.934 
Night 12 49 20.38 2.027 0.777 
ALL 26 198 44.15 3.929 1.318 

12 
I-15 and S 500 E St - 
American Fork, UT 

Day 89 34 
1.313 

116.86 0.281 0.070 
Night 24 21 31.51 0.624 0.198 
ALL 113 55 148.37 0.358 0.080 

13 
I-15 and Timpangos 
Hwy - American 
Fork, UT 

Day 96 191 
4.839 

464.54 0.365 0.118 
Night 31 65 150.01 0.377 0.133 
ALL 127 256 614.55 0.371 0.118 

14 
I-15 and US-91 - 
Brigham City, UT 

Day 68 19 
.406 

27.61 0.635 0.216 
Night 26 5 10.56 0.428 0.214 
ALL 94 24 38.16 0.582 0.188 

15 
I-64 and US-15 - 
Gordonsville, VA 

Day 50 15 
.582 

29.10 0.447 0.182 
Night 23 4 13.39 0.254 0.141 
ALL 73 19 42.49 0.390 0.152 

16 
I-25 and College Dr. 
- Cheyenne, WY 

Day 79 64 
1.058 

83.58 0.679 0.228 
Night 22 13 23.28 0.481 0.202 
ALL 101 77 106.86 0.640 0.212 

All Sites (excluding 
outlier #11 and excluding 
DDI #8) * 

Day 2622 1998 
0.942 

2364.42 0.814 0.049 
Night 976 678 874.18 0.731 0.053 
ALL 3710 2719 3389.32 0.787 0.045 

*note: DDI #8 excluded from analysis of all sites due to no light condition data made available 

 The results from Table 13 imply that both night and day crashes are reduced during 

the after-period.  For day crashes, 12 of the 14 non-outlier treatment sites indicate a reduction 

in daytime crashes.  For night crashes, 13 of the 14 non-outlier treatment sites indicate a 

reduction in nighttime crashes.  The recommended CMF for night crashes (0.731) is lower 

than the recommended CMF for day crashes (0.814).   

 The overall results would indicate that this treatment has a larger safety benefit on 

nighttime crashes.  However, five of the 13 non-outlier sites that provided light condition 

data actually showed a greater safety benefit for daytime crashes.  This variety may indicate 
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that the results of the light condition CG analysis is best reviewed on a site-by-site basis, 

rather than all treatment sites as a whole.  
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7. Conclusions 

The goal of this research was to provide a national-level safety evaluation for 

converting a conventional diamond interchange to a DDI.  To accomplish this, several 

methodologies of observational before-and-after studies were reviewed to determine which 

specific method currently provides the most defendable results.   Once the best methodology 

was determined, a CMF recommendation for this particular treatment was found and 

reported.   

There have been a handful of previous research efforts to determine the safety effect 

of this treatment.  However, these studies are often very limited in sample size, with only one 

previous safety evaluation study examining DDI’s in multiple states (completed by Hummer 

et al. in 2016).  As of the beginning of 2018, the 2016 study completed by Hummer et al. had 

the largest sample size of DDIs evaluated; with seven DDIs being reviewed in four different 

states.  This study doubled the maximum number of sites previously analyzed in other 

research efforts, with 14 DDIs from nine different states in the final treatment group.  The 

increase in sample size should be a better representation of a national-level safety evaluation 

of DDIs.  Additionally, some of the other previous research efforts into the evaluation of 

DDIs are often based on a naïve analysis at a single site.  These studies are often completed 

or funded by state DOTs, who are often limited in time, resources, and sample size.  As a 

result of just completing a naïve analysis, these studies are highly susceptible for outside 

influencing factors that may have had an effect on their results.  To find the most accurate 

result for the safety effect of this particular treatment, methodologies that are considered 

more rigorous, such as the CG analysis, should be used.   
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As previously mentioned, there are multiple statistical methodologies that can be used 

to evaluate the safety of a particular treatment.  An observational before-and-after study is 

considered to be the best experimental design type for the evaluation of transportation 

projects.  There are three methods that are generally used to complete before-and-after 

observational before-and-after analyses: the naïve, the CG, and the EB analysis.  The EB 

methodology was concluded to be unnecessary for the safety evaluation of this treatment for 

the following three reasons: 

1. The EB analysis is primarily designed to account for possible regression-to-

the-mean or selection bias of the sites designated for treatment.  However, 

current implementation of DDIs at a conventional diamond interchange is 

primarily done for operational benefits, not safety benefits.  Therefore, the risk 

of selection bias or regression-to-the-mean is low.   

2. The EB analysis is completed by comparing the observed crash frequency to 

the expected crash frequency in the treatment site’s after-period.  The 

expected after-period crash frequency can only be calculated in the EB 

approach after the crash statistics of a large grouping of reference sites is 

obtained.  This collection of crash data from a large population of reference 

sites is very time intensive.  

3. Previous studies completed in Missouri by Claros et al. (2015) yielded very 

similar results between the CG method and the EB method.  This indicates 

that, at this time, the CG method is just as statistically rigorous as the EB 

approach.   
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The remaining two before-and-after evaluation methodologies (naïve and CG) were 

completed for the 15 sites included in this study’s treatment group.  One outlier DDI was 

excluded from formulating final recommendations or conclusions due to a large increase in 

volume that could not be accounted for with the methodologies used in this research effort.  

The exclusion of this outlying DDI brings the final treatment group to 14 total sites.   

The naïve analysis is rather simple and cannot account for the influences of outside 

variables such as weather, special events, or crash reporting tendencies.  Additionally, the 

results of the naïve analysis with and without volume adjustments indicated an increase in 

crash frequency after the DDI’s implementation.  This directly contradicts the expectation 

that reducing conflict points should result in a reduction of crashes and is significantly 

different than the results of previous research efforts.   After comparing the results of the 

methods and their individual advantages and disadvantages, the CG methodology was 

concluded to be the best approach at this time for the safety evaluation of this treatment.  The 

final recommendation for the CMF of converting a conventional diamond interchange to a 

DDI was 0.783, or a 21.7% reduction in total crashes.   

After the safety evaluation was completed for total crashes, CMFs were then provided 

for a variety of crash variables.  Three different crash variables were analyzed via the CG 

methodology: fatal-and-injury crashes, manner of collision (crash type), and light condition.  

Fatal crashes and injury crashes were grouped and analyzed together because there was never 

a large enough sample size to analyze fatal and serious injury crashes individually.   The final 

recommendation for a fatal-and-injury CMF is 0.570, or a 43.0% reduction in this crash type.  

This is a significant reduction and is a larger reduction that that of total crashes.  The 

reduction seen in this recommendation strengthens the belief that reduction the number of 
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conflict points (particularly the more severe crossing conflict points) should result in a 

reduction in fatal-and-injury crashes.  The expected reduction in travel speeds should also 

reduce the severity of any collision that does occur at the treatment site.  The recommended 

CMF for fatal-and-injury crashes reflects these expectations.   

 Manner of collision was also analyzed via the CG methodology.  The final 

recommended CMF for angle collisions was 0.579.  This 42.1 percent reduction in this 

particular crash type is as expected.  The reduction in crossing conflict points from 10 to 2 by 

implementing a DDI at a conventional diamond interchange should result in the reduction of 

angle collisions.  Rear-end collisions has a final recommended CMF of 0.674, or a 32.6 

percent reduction.  The reduction in rear-end collisions is likely due to the operation benefits 

of converting a conventional diamond to a DDI.  The reduction of queue lengths and travel 

times are likely reasons for the reduction in rear-end collisions. Both of the angle and rear-

end CMFs are lower than the CMF for all crashes (0.783), implying that the DDI design has 

a rather significant effect on these particular crash types 

In contrast to angle and rear-end crashes, the recommended CMF for sideswipe 

crashes is 1.446, or a 44.6 percent increase.  A similar increase in sideswipe crashes was 

reported in other research efforts, with the increase concluded to be due to the horizontal 

curves implemented at the crossovers of the DDI.  However, in this research effort, half of 

the treatment sites showed an increase in sideswipes while the other half of the treatment 

sites showed a decrease in sideswipes.  The overall increase in crashes from the 

recommended CMF is may be skewed due to a small majority of the treatment sites with high 

crash frequencies seeing an increase in sideswipes.  A review of the geometric features of the 

DDIs in the treatment group was completed to attempt to determine if there is a geometric 
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feature that is prevalent among the DDIs that show an increase in side-swipe crashes.  

However, no observed pattern was found among the treatment sites’ number and width of 

travel lanes, travel volumes, lane markings, left and right turn control measures, and presence 

of nearby intersections that could explain the variety seen in this study’s results.  One 

possible explanation would be that the majority of treatment sites that saw a decrease in 

sideswipe collisions had relatively small sample sizes.  Sideswipe collisions should be 

studied at a future date when more crash data becomes available.  Because of the variability 

seen in the sideswipe results in this study, the safety benefits for this crash type may be best 

reviewed on a site-by-site basis.   

Finally, in addition to severity and manner of collision, the light condition crash 

variable was also analyzed via the CG method.  This research effort’s recommended CMF 

for day and nighttime crashes is 0.814 (an 18.6 % reduction) and 0.731 (a 26.9 % reduction), 

respectively. The lower CMF for nighttime crashes indicates that DDIs have a larger safety 

benefit for night periods.  Similar to the CG results for sideswipes, there was some variability 

in the results for day and nighttime crashes.  Five of the final treatment sites that had 

provided light condition data showed a smaller individual CMF for daytime crashes than 

nighttime crashes, indicating that those individual DDIs had a larger safety benefit for 

daytime crashes.  The variability in the light condition results between treatment sites may 

indicate that this variable is best reviewed on a site-by-site basis.   

 The final CMF recommendations from this study was compared to the CMF 

recommendations from previously completed multi-site studies that were based on the CG 

and EB methodologies.  Table 14 below shows this comparison.   
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Table 14.   Recommended CMF comparisons 

Study 
Method 

used 
Total Fatal-

and-
Injury 

Angle Rear- 
end 

Side- 
swipe 

Night Day 

This Study CG 0.783 0.570 0.579 0.674 1.446 0.731 0.814 
Hummer et al. 
(2016) 

CG 0.680 0.610 0.350 0.630 1.330 -- -- 

Claros et al. 
(2015) 

EB 0.592 0.374 -- -- -- -- -- 
CG 0.471 0.394 -- -- -- -- -- 

Zlatkovic 
(2015) 

EB 0.755 -- -- -- -- -- -- 

 

The results from the studies completed by Hummer et al., Claros et al., and Zlatkovic 

are all similar to the results from this research effort.  As a reminder, the results from Claros 

et al.’s study are specific to DDIs in Missouri and the results from Zlatkovic’s study are 

specific to DDIs in Utah.  Hummer et al.’s results are the result of the evaluation of DDIs in 

multiple states.  To date, no other study has made a final CMF recommendation for light 

condition due to the instillation of a DDI.  Hummer et al. reported on the reduction of day 

and night crashes on a site-by-site basis, but no overall light condition conclusion was 

reported for their treatment group as a whole.  Hummer et al.’s study was the only other 

previously completed DDI evaluation that provided CMF recommendations for the various 

crash types (e.g. angle, sideswipe, rear-end, etc.).  Both of the results for Claros et al.’s EB 

and CG methodologies are listed in Table  because that study did not recommend one 

method’s CMF result over the other.   

This study’s CMF for crash total is slightly higher than any other total crash CMF 

from other previously completed studies.  This may be because one of the higher crash total 

sites in this study (DDI #2) has an individual CMF over 1.0.  Sites with higher crash totals 



  78 

 

will have a larger impact on the overall CMF results.  The recommended CMF from this 

study for fatal-and-injury crashes falls between the fatal-and-injury CMFs from other studies 

but is closer to the only other multi-state DDI evaluation, Hummer et al.’s 2016 research 

effort.    

Hummer et al.’s 2016 study was the only previously completed study that 

recommended CMFs for angle, rear-end, and side-swipe crashes.  Both this study and 

Hummer et al.’s study recommended a CMF greater than 1.0 for side-swipe crashes.  

Furthermore, rear-end crashes were also found to be reduced at a similar rate between 

studies; with the recommended rear-end CMFs only separated by 0.014.  The reduction in 

angle crashes has a larger CMF difference (0.229).  Despite the difference, both angle 

crashes CMFs indicated that the DDI has a significant impact on this crash type.  Also, both 

angle crashes CMF are lower than their study’s respective total crashes CMF, increasing the 

confidence that the DDI treatment has a particularly strong effect on this crash type.  A 

similar conclusion can also be made for fatal-and-injury crashes, as all other studies have 

recommended a fatal-and-injury CMF less than their respective total crash CMF.  This fatal-

and-injury CMF indicates that the DDI treatment will result in a particularly strong safety 

benefit via average crash severity.  Overall, the similarity of the CMF recommendations from 

this study when compared to the CMF recommendations from other previously completed 

studies increases the confidence in this study’s final results.   

7.1.   Future Research Needs 

The findings of this study effort demonstrate that current safety evaluations of DDIs 

should be completed via the CG methodology.  The CG methodology is the best approach as 
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long as this treatment is being implemented for operational benefits.  If these sites begin to be 

implemented due to safety concerns, the EB methodology may become the best approach.  

Future research of the DDI’s safety effect should be done when more crash data becomes 

available for sites not included in this study.   Future research efforts should be able to have a 

larger sample size of treatment sites due to the increased amount of “after” period crash data 

being available.  Larger sample sizes should further increase the reliability and confidence of 

future studies’ results.   

There is a noticeable difference between the fatal-and-injury CMFs from Claros et 

al.’s evaluation and the multi-state evaluations completed in this study and Hummer et al.’s 

study.  This may indicate that Missouri DDIs (or at least the ones reviewed in Claros et al’s 

studies) are having a larger effect on crash severity.  Further research and monitoring should 

be completed into this difference to provide transportation engineers and designers with 

information on the safest DDI design practices.   

Additionally, there is a future research need to explain the variability seen in the 

sideswipe and light condition CMFs.  Geometric and design features should be more 

thoroughly investigated and compared in an attempt to explain the variability seen in some of 

this study’s results for side-swipe crashes and light conditions.  A more thorough 

investigation of individual DDI features may also find that specific features have a greater 

impact on not only side-swipe and light condition crashes, but on total crashes other crash 

variables as well.  Again, crash trends at DDIs with varying geometric features could be 

monitored to provide transportation engineers and designers with the safest DDI design 

practices.  To complete a geometric design analysis, the location of crashes will need to be 

known and plotted to understand where crash trends are taking place within a DDI and what 
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surrounding design features are having an impact, positive or negative, on the crash trends.  

As an example, is may be worth considering whether allowing right turns on red has an 

impact on safety.  To do this the number of crashes because of right turns from the off ramps 

should be reviewed.  This could not be completed in this research effort because location data 

was not provided for most sites.  Accurate GPS coordinates or the collection of crash reports 

will be required to complete a design feature safety evaluations.   
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Appendix A: 

Visuals of treatment sites and their accepted comparison site(s) grouping 
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Appendix B.  

Odds ratio test results 
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DDI #2: I-85 and Jimmy Carter Blvd. 

Odds Ratio Test #1 – Successful 

 

INSTALL
2007 2008 2009 2010 2011 2012 2013 2014-06/2015 2015 2016 2017

DDI I-285 and Jimmy Carter Blvd 130 106 78 88 97 195 121 CM install 113 206 269
Comp 1 I-285 and Paces Ferry Rd 56 42 24 40 23 38 39 25 44 92
Comp 2 I-285 and Cobb Parkway 168 119 50 126 68 126 118 107 124 175
Comp 3 I-285 and Flat Shoals Rd 174 117 59 70 97 147 112 72 107 286

2007 2008 2009 2010 2011 2012 2013 Average o delta from 1variance
DDI 130 106 78 88 97 195 121
Comp total 56 42 24 40 23 38 39
odds ratio 0.895 0.749 1.403 0.504 0.784 1.599
DDI 130 106 78 88 97 195 121
Comp total 168 119 50 126 68 126 118
odds ratio 0.856 0.559 2.166 0.481 0.904 1.485
DDI 130 106 78 88 97 195 121
Comp total 174 117 59 70 97 147 112
odds ratio 0.812 0.671 1.023 1.227 0.742 1.210
DDI 130 106 78 88 97 195 121
Comp total 224 161 74 166 91 164 157
odds ratio 0.869 0.613 1.940 0.489 0.882 1.521
DDI 130 106 78 88 97 195 121
Comp total 230 159 83 110 120 185 151
odds ratio 0.836 0.696 1.148 0.971 0.757 1.298
DDI 130 106 78 88 97 195 121
Comp total 342 236 109 196 165 273 230
odds ratio 0.836 0.617 1.562 0.752 0.814 1.342
DDI 130 106 78 88 97 195 121
Comp total 398 278 133 236 188 311 269
odds ratio 0.847 0.640 1.544 0.712 0.814 1.378

Site Info

site roadnames
BEFORE

1,2,&3

2&3

1&3

0.011 0.1773644

0.951 0.0550374

0.1401803

0.1416833

0.987

0.989

0.013

0.011

0.049

Number of crashes per year
AFTER

1&2

3

2

1 0.989

1.075

0.947

1.052 0.3160135

0.075 0.4109058

0.053

0.052

0.0578572
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DDI #3: I-85 and Pleasant Hill Rd. 

Odds Ratio Test #1 – Successful 

 

INSTALL
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

DDI I-85 and Pleasant Hill Rd. 229 130 91 107 129 186 149 182 231 132
Comp 1 I-285 and Covington Hwy 97 66 43 51 61 96 217 152 159 248 123
Comp 2 I-285 and Flat Shoals Rd 174 117 59 70 97 147 112 136 134 107 286
Comp 3 I-285 and Paces Ferry Rd 56 42 24 40 23 38 39 38 41 44 92

2007 2008 2009 2010 2011 2012 Average o delta from 1variance
DDI 229 130 91 107 129 186
Comp total 97 66 43 51 61 96
odds ratio 1.177 0.907 0.977 0.966 1.068
DDI 229 130 91 107 129 186
Comp total 174 117 59 70 97 147
odds ratio 1.169 0.707 0.983 1.125 1.035
DDI 229 130 91 107 129 186
Comp total 56 42 24 40 23 38
odds ratio 1.288 0.789 1.349 0.462 1.092
DDI 229 130 91 107 129 186
Comp total 271 183 102 121 158 243
odds ratio 1.176 0.783 0.990 1.066 1.054
DDI 229 130 91 107 129 186
Comp total 153 108 67 91 84 134
odds ratio 1.226 0.869 1.128 0.752 1.088
DDI 229 130 91 107 129 186
Comp total 230 159 83 110 120 185
odds ratio 1.203 0.733 1.104 0.890 1.055
DDI 229 130 91 107 129 186
Comp total 327 225 126 161 181 281
odds ratio 1.199 0.788 1.068 0.920 1.065

Site Info

site roadnames
BEFORE

1,2,&3

2&3

1&3

0.019 0.0111665

1.012 0.0383186

0.0345917

0.0249287

0.997

1.008

0.003

0.008

0.012

Number of crashes per year
AFTER

1&2

3

2

1 1.019

1.004

0.996

1.014 0.0210982

0.004 0.0328835

0.004

0.014

0.1368329
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DDI #4: I-86 and Yellowstone Ave. 

Odds Ratio Test #1 – NOT Successful 

 

INSTALL
2008 2009 2010 2011 2012 2013 2014 2015

DDI I-86 & Yellowstone Ave 20 27 30 27 33 CM install 18 19
Comp 1 I-15 & Pocatello Creek Rd 27 18 19 20 15 23 16
Comp 2 I-15 & US 26 24 19 29 15 15 18 15
Comp 3 I-86 & Tank Farm Rd 5 3 2 3 2 4 3

2008 2009 2010 2011 2012 Average o delta from 1variance
DDI 20 27 30 27 33
Comp total 27 18 19 20 15
odds ratio 0.460 0.872 1.073 0.568
DDI 20 27 30 27 33
Comp total 24 19 29 15 15
odds ratio 0.544 1.265 0.536 0.746
DDI 20 27 30 27 33
Comp total 5 3 2 3 2
odds ratio 0.359 0.439 1.084 0.400
DDI 20 27 30 27 33
Comp total 51 37 48 35 30
odds ratio 0.509 1.101 0.766 0.662
DDI 20 27 30 27 33
Comp total 32 21 21 23 17
odds ratio 0.455 0.833 1.122 0.563
DDI 20 27 30 27 33
Comp total 29 22 31 18 17
odds ratio 0.524 1.176 0.603 0.712
DDI 20 27 30 27 33
Comp total 56 40 50 38 32
odds ratio 0.502 1.063 0.799 0.652

Site Info

site roadnames
BEFORE

1,2,&3

2&3

1&3

Number of crashes per year
AFTER

0.257 0.0789069

1&2

3

2

1 0.743

0.773

0.571

0.759

0.743

0.0630454

0.0889619

0.227 0.1171185

0.429

0.0849683

0.0572003

0.754

0.754

0.241

0.257

0.246

0.246

0.1183327
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DDI #4: I-86 and Yellowstone Ave. 

Odds Ratio Test #2 – NOT Successful 

 

INSTALL
2008 2009 2010 2011 2012 2013 2014 2015

DDI I-86 & Yellowstone Ave 20 27 30 27 33 CM install 18 19
Comp 1 I-15 & E Center St. 13 15 13 11 11 7 9
Comp 2 I-15 & Simplot Rd. 4 8 5 1 6 6 6
Comp 3 I-15 & S 5th Ave. 10 6 14 11 4 7 6

2008 2009 2010 2011 2012 Average o delta from 1variance
DDI 20 27 30 27 33
Comp total 13 15 13 11 11
odds ratio 0.7672634 0.7090909 0.8439898 0.7297297
DDI 20 27 30 27 33
Comp total 4 8 5 1 6
odds ratio 1.1510791 0.4856115 0.1796407 2.4179104
DDI 20 27 30 27 33
Comp total 10 6 14 11 4
odds ratio 0.3908795 1.75 0.7875895 0.2653563
DDI 20 27 30 27 33
Comp total 17 23 18 12 17
odds ratio 0.9145129 0.654105 0.6779661 1.0408163
DDI 20 27 30 27 33
Comp total 23 21 27 22 15
odds ratio 0.6259314 1.0704846 0.8429119 0.5185659
DDI 20 27 30 27 33
Comp total 14 14 19 12 10
odds ratio 0.6682578 1.1056034 0.6440072 0.6122449
DDI 20 27 30 27 33
Comp total 27 29 32 23 21
odds ratio 0.7407407 0.9300323 0.7475623 0.6957055

0.1363638

0.299 2.5049257

0.474

0.141

0.319

1&2

3

2

1 0.787

1.299

0.526

0.859 0.0658301

Site Info

site roadnames
BEFORE

1,2,&3

2&3

1&3

0.213 0.0065277

0.681 0.0526001

0.0005044

0.0013446

0.628

0.722

0.372

0.278

Number of crashes per year
AFTER
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DDI #4: I-86 and Yellowstone Ave. 

Odds Ratio Test #3 – Successful 

   

INSTALL
2010 2011 2012 2013 2014 2015

DDI I-86 & Yellowstone Ave 30 27 33 CM install 18 19
Comp 1 I-15 & E Center St. 13 11 11 14 7 9
Comp 2 INTX -- Yellowstone and Alameda 50 46 52 47 41 31
Comp 3 INTX -- Yellowstone and Chubbuck 20 22 26 20 14 30

2010 2011 2012 Average o delta from 1variance
DDI 30 27 33
Comp total 13 11 11
odds ratio 0.8439898 0.7297297
DDI 30 27 33
Comp total 50 46 52
odds ratio 0.9670638 0.8791484
DDI 30 27 33
Comp total 20 22 26
odds ratio 1.1243612 0.8988476
DDI 30 27 33
Comp total 63 57 63
odds ratio 0.9547739 0.8630137
DDI 30 27 33
Comp total 33 33 37
odds ratio 1.0410095 0.8649351
DDI 30 27 33
Comp total 70 68 78
odds ratio 1.0266734 0.898081
DDI 30 27 33
Comp total 83 79 89
odds ratio 1.008 0.884

Site Info

site roadnames
BEFORE

1,2,&3

2&3

1&3

0.213 0.0065277

0.953 0.0155011

0.008268

0.0077254

0.962

0.946

0.038

0.054

Number of crashes per year
AFTER

0.047

1&2

3

2

1 0.787

0.923

1.012

0.909 0.00421

0.077 0.0038646

0.012

0.091

0.0254282
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DDI #5: I-435 and Roe Ave. 

Odds Ratio Test #1 – Successful 

 

  

INSTALL
2009 2010 2011 2012 2013 2014 2015 2016 01-09/2017

DDI I-435 and Roe 44 37 37 40 41 CM install 27 23 11
Comp 1 I-35 and 67th 13 16 9 12 17 15 10 5
Comp 2 US 69 and 151st 22 24 23 18 20 25 19 8

2009 2010 2011 2012 2013 Average o delta from 1variance
DDI 44 37 37 40 41
Comp total 13 16 9 12 17
odds ratio 1.326 0.516 1.086 1.248
DDI 44 37 37 40 41
Comp total 22 24 23 18 20
odds ratio 1.210 0.897 0.678 1.004
DDI 44 37 37 40 41
Comp total 35 40 32 30 37
odds ratio 1.287 0.760 0.821 1.138

1&2

2

1 1.044

0.947

1.002 0.0636666

0.053 0.0491133

0.002

Site Info

site roadnames
BEFORE AFTER

Number of crashes per year

0.044 0.1337085
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DDI #6: KY 4 and US 68. 

Odds Ratio Test #1 – Successful 

   

INSTALL
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

DDI KY 4 and US 68 - Lexington, KY 102 117 141 131 124 CM install 84 86 80 88 81
Comp 1 KY 4 and Leestown Rd. 36 46 61 64 68 60 68 58 66 62 59
Comp 2 KY 4 and Nicholasville Rd. 88 124 115 126 140 146 125 133 106 135 159
Comp 3 KY 4 and Tates Creek Rd. 46 79 68 71 75 69 63 79 62 103 121

2006 2007 2008 2009 2010 Average o delta from 1variance
DDI 102 117 141 131 124
Comp total 36 46 61 64 68
odds ratio 1.075 1.070 1.103 1.097
DDI 102 117 141 131 124
Comp total 88 124 115 126 140
odds ratio 1.204 0.758 1.160 1.155
DDI 102 117 141 131 124
Comp total 46 79 68 71 75
odds ratio 1.453 0.700 1.099 1.092
DDI 102 117 141 131 124
Comp total 124 170 176 190 208
odds ratio 1.176 0.848 1.147 1.141
DDI 102 117 141 131 124
Comp total 82 125 129 135 143
odds ratio 1.302 0.844 1.109 1.102
DDI 102 117 141 131 124
Comp total 134 203 183 197 215
odds ratio 1.300 0.739 1.144 1.138
DDI 102 117 141 131 124
Comp total 170 249 244 261 283
odds ratio 1.259 0.804 1.138 1.132

0.0573184

0.0380174

1.080

1.083

0.078

0.089

0.080

0.083

0.0945742

1.089

0.0237118

0.0353824

0.070 0.0436079

0.086

0.086 0.0002619

1&2

3

2

1 1.086

1.070

1.086

1.078

Site Info Number of crashes per year

site roadnames
BEFORE AFTER

1,2,&3

2&3

1&3
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DDI #7: I-590 and S Winton Rd. 

Odds Ratio Test #1 – Successful 

  

INSTALL
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

DDI I-590 & S Winton Rd 24 27 23 35 51 CM install 26 26 27 26
Comp 1 I-490 & Chili Center Coldwater Rd 13 22 26 22 18 21 28 21 20 26
Comp 2 I-490 & Linden Rd. 53 69 76 79 71 49 70 70 78 55
Comp 3 NY 390 & Latta Rd. 21 48 26 34 37 31 44 27 24 35

2007 2008 2009 2010 2011 Average o delta from 1variance
DDI 24 27 23 35 51
Comp total 13 22 26 22 18
odds ratio 1.350 1.274 0.521 0.527
DDI 24 27 23 35 51
Comp total 53 69 76 79 71
odds ratio 1.096 1.222 0.656 0.597
DDI 24 27 23 35 51
Comp total 21 48 26 34 37
odds ratio 1.873 0.597 0.805 0.712
DDI 24 27 23 35 51
Comp total 66 91 102 101 89
odds ratio 1.165 1.248 0.627 0.587
DDI 24 27 23 35 51
Comp total 34 70 52 56 55
odds ratio 1.716 0.824 0.675 0.650
DDI 24 27 23 35 51
Comp total 74 117 102 113 108
odds ratio 1.338 0.973 0.701 0.638
DDI 24 27 23 35 51
Comp total 87 139 128 135 126
odds ratio 1.354 1.029 0.669 0.624

Site Info Number of crashes per year

site roadnames
BEFORE AFTER

1,2,&3

2&3

1&3

0.082 0.2079907

0.1015563

0.1171764

0.912

0.919

0.034

0.088

0.081

0.966

1&2

3

2

1 0.918

0.893

0.997

0.907

0.107 0.09772

0.003

0.093

0.3484369

0.1211248

0.2557002
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DDI #8: I-494 and 34th Ave. 

Odds Ratio Test #1 – Successful 

  

INSTALL
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

DDI I-494 & 34th Ave S - Bloomington, MN 17 14 8 18 22 15 18 CM install 15 5 6 17
Comp 1 I-35 and Lone Oak 16 22 14 13 11 8 8 9 17 10 13 20
Comp 2 I-35 and Diffley 9 7 12 8 20 14 12 15 9 15 20 11
Comp 3 MN-77 and Cliff 21 16 24 13 12 12 3 14 19 21 16 20

2006 2007 2008 2009 2010 2009 2010 Average o delta from 1variance
DDI 17 14 8 18 22 15 18
Comp total 16 22 14 13 11 8 8
odds ratio 1.472 0.951 0.366 0.617 0.921 0.706
DDI 17 14 8 18 22 15 18
Comp total 9 7 12 8 20 14 12
odds ratio 0.799 2.366 0.260 1.748 0.919 0.634
DDI 17 14 8 18 22 15 18
Comp total 21 16 24 13 12 12 3
odds ratio 0.827 2.211 0.219 0.673 1.275 0.183
DDI 17 14 8 18 22 15 18
Comp total 25 29 26 21 31 22 20
odds ratio 1.267 1.353 0.328 1.105 0.947 0.688
DDI 17 14 8 18 22 15 18
Comp total 37 38 38 26 23 20 11
odds ratio 1.135 1.520 0.281 0.668 1.149 0.415
DDI 17 14 8 18 22 15 18
Comp total 30 23 36 21 32 26 15
odds ratio 0.843 2.344 0.239 1.141 1.085 0.439
DDI 17 14 8 18 22 15 18
Comp total 46 45 50 34 43 34 23
odds ratio 1.087 1.695 0.281 0.963 1.064 0.520

Site Info Number of crashes per year

site roadnames
BEFORE AFTER

1,2,&3

2&3

1&3

0.161 0.142264

1&2

3

2

1 0.839

1.121

0.898

0.948

0.861

0.1485162

0.233066

0.121 0.6132115

0.102

0.55002

0.2436361

1.015

0.935

0.052

0.139

0.015

0.065

0.5785382
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DDI #9: I-15 and St. George Blvd. 

Odds Ratio Test #1 – Successful 

  

INSTALL
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

DDI I-15 and St George 17 43 22 23 35 18 29 CM install 27 20 23
Comp 1 INTX_St_George_Blvd_and_Bluff_St 22 20 17 10 16 12 16 17 16 9 27
Comp 2 SPUI_I-15 and Green springs 19 18 21 13 9 9 12 12 20 27 25
Comp 3 INTX_St. George BLVD and 1000 E 14 25 15 16 14 14 19 28 40 46 47

2006 2007 2008 2009 2010 2011 2012 Average o delta from 1variance
DDI 17 43 22 23 35 18 29
Comp total 22 20 17 10 16 12 16
odds ratio 0.336 1.517 0.510 0.932 1.304 0.740
DDI 17 43 22 23 35 18 29
Comp total 19 18 21 13 9 9 12
odds ratio 0.348 2.071 0.543 0.412 1.667 0.722
DDI 17 43 22 23 35 18 29
Comp total 14 25 15 16 14 14 19
odds ratio 0.645 1.080 0.919 0.527 1.725 0.762
DDI 17 43 22 23 35 18 29
Comp total 41 38 38 23 25 21 28
odds ratio 0.350 1.824 0.541 0.666 1.491 0.765
DDI 17 43 22 23 35 18 29
Comp total 36 45 32 26 30 26 35
odds ratio 0.470 1.302 0.723 0.711 1.548 0.779
DDI 17 43 22 23 35 18 29
Comp total 33 43 36 29 23 23 31
odds ratio 0.489 1.531 0.719 0.490 1.769 0.776
DDI 17 43 22 23 35 18 29
Comp total 55 63 53 39 39 35 47
odds ratio 0.435 1.549 0.663 0.623 1.614 0.784

0.1852611

1&2

3

2

1 0.890

0.960

0.943

0.939 0.3394763

0.040 0.5279456

0.057

0.061

Site Info

site roadnames
BEFORE

1,2,&3

2&3

1&3

AFTER
Number of crashes per year

0.110 0.2078166

0.922 0.1689069

0.303067

0.2564168

0.962

0.945

0.038

0.055

0.078
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DDI #10: UT 201 and UT 154 

Odds Ratio Test #1 – Successful 

  

INSTALL
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

DDI 2100 S Fwy & Bangerter Hwy 31 30 26 33 32 CM install 35 59 48 64 65
Comp 1 UT_201_AND_5600_W 22 18 17 7 12 22 29 41 44 32 36
Comp 2 I-80_AND_N_5600_W 6 5 6 4 8 5 8 10 13 11 16
Comp 3 I-15_AND_E_1400_N 7 5 7 11 11 11 24 18 21 16 14

2006 2007 2008 2009 2010 Average o delta from 1variance
DDI 31 30 26 33 32
Comp total 22 18 17 7 12
odds ratio 0.784 0.996 0.298 1.506
DDI 31 30 26 33 32
Comp total 6 5 6 4 8
odds ratio 0.718 1.118 0.439 1.610
DDI 31 30 26 33 32
Comp total 7 5 7 11 11
odds ratio 0.628 1.304 1.055 0.919
DDI 31 30 26 33 32
Comp total 28 23 23 11 20
odds ratio 0.794 1.066 0.351 1.671
DDI 31 30 26 33 32
Comp total 29 23 24 18 23
odds ratio 0.767 1.113 0.551 1.212
DDI 31 30 26 33 32
Comp total 13 10 13 15 19
odds ratio 0.716 1.318 0.821 1.190
DDI 31 30 26 33 32
Comp total 35 28 30 22 31
odds ratio 0.778 1.151 0.543 1.350

Site Info Number of crashes per year

site roadnames
BEFORE AFTER

1,2,&3

2&3

1&3

0.104 0.2507077

1&2

3

2

1 0.896

0.971

0.977

0.971

0.911

0.3049284

0.093879

0.029 0.2590181

0.023

0.0830265

0.1316061

1.011

0.956

0.029

0.089

0.011

0.044

0.0795964
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DDI #11: I-15 and Pioneer Crossing 

Odds Ratio Test #1 – Successful 

  

INSTALL
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

DDI I-15 and Pioneer Crossing - American Fork, UT 4 11 8 3 CM install 23 22 36 30 48 39
Comp 1 INTX -- State Rd. and S 500 E 18 26 28 12 9 13 13 15 9 7 14
Comp 2 INTX -- UT 92 and Alpine Hwy. 16 19 14 4 12 9 8 12 15 18 18
Comp 3 SPUI -- I-15 and W 800 N 13 29 23 22 30 41 40 34 26 50 30

2006 200 2008 2009 Average o delta from 1variance
DDI 4 11 8 3
Comp total 18 26 28 12
odds ratio 0.458 1.273 0.835
DDI 4 11 8 3
Comp total 16 19 14 4
odds ratio 0.374 0.860 0.542
DDI 4 11 8 3
Comp total 13 29 23 22
odds ratio 0.695 0.941 1.853
DDI 4 11 8 3
Comp total 34 45 42 16
odds ratio 0.430 1.119 0.749
DDI 4 11 8 3
Comp total 31 55 51 34
odds ratio 0.574 1.115 1.314
DDI 4 11 8 3
Comp total 29 48 37 26
odds ratio 0.535 0.925 1.377
DDI 4 11 8 3
Comp total 47 74 65 38
odds ratio 0.515 1.061 1.156

Site Info

site roadnames

1,2,&3

2&3

1&3

0.145 0.1661974

1.001 0.146509

0.1778443

0.1197048

0.946

0.911

0.054

0.089

0.001

AFTER

1&2

3

2

1 0.855

0.592

1.163

0.766 0.1189155

0.408 0.0609114

0.163

0.234

0.3722384
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DDI #12: I-15 and S 500 E 

Odds Ratio Test #1 – Successful 

  

INSTALL
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

DDI I-15 & S 500 E 21 24 26 18 24 CM install 6 11 14 13 11
Comp 1 SPUI_I-15_and_W_800_N 13 29 23 22 30 41 40 34 26 50 30
Comp 2 INTX_State_Rd_and_S_500_E 18 26 28 12 9 13 13 15 9 7 14
Comp 3 I-15_AND_E_1400_N 7 5 7 11 11 11 24 18 21 16 14

2006 2007 2008 2009 2010 Average o delta from 1 variance
DDI 21 24 26 18 24
Comp total 13 29 23 22 30
odds ratio 1.745 0.682 1.257 0.941
DDI 21 24 26 18 24
Comp total 18 26 28 12 9
odds ratio 1.152 0.923 0.567 0.500
DDI 21 24 26 18 24
Comp total 7 5 7 11 11
odds ratio 0.528 1.043 1.894 0.662
DDI 21 24 26 18 24
Comp total 31 55 51 34 39
odds ratio 1.446 0.810 0.896 0.803
DDI 21 24 26 18 24
Comp total 20 34 30 33 41
odds ratio 1.363 0.763 1.459 0.869
DDI 21 24 26 18 24
Comp total 25 31 35 23 20
odds ratio 1.003 0.973 0.876 0.601
DDI 21 24 26 18 24
Comp total 38 60 58 45 50
odds ratio 1.294 0.846 1.045 0.783

Site Info Number of crashes per year

site roadnames
BEFORE AFTER

1,2,&3

2&3

1&3

0.156 0.2092761

1&2

3

2

1 1.156

0.786

1.032

0.989

1.113

0.0945664

0.1214174

0.214 0.0941029

0.032

0.0335334

0.0529074

0.863

0.992

0.011

0.113

0.137

0.008

0.3781239
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DDI #13: I-15 and Timpangos Highway 

Odds Ratio Test #1 – Successful 

   

INSTALL
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

DDI I-15 and UT 92 37 32 15 7 36 CM install 19 48 46 58 85
Comp 1 I-15 and UT 140 6 5 3 3 13 17 18 30 29 45 28
Comp 2 INTX_UT_92_and_Alpine_Hwy 16 19 14 4 12 9 8 12 15 18 18
Comp 3 I-15_and_W_1600_N 18 18 14 11 21 16 27 15 16 36 25

2006 2007 2008 2009 2010 Average o delta from 1 variance
DDI 37 32 15 7 36
Comp total 6 5 3 3 13
odds ratio 0.804 1.011 1.452 0.619
DDI 37 32 15 7 36
Comp total 16 19 14 4 12
odds ratio 1.255 1.404 0.504 0.457
DDI 37 32 15 7 36
Comp total 18 18 14 11 21
odds ratio 1.064 1.479 1.387 0.332
DDI 37 32 15 7 36
Comp total 22 24 17 7 25
odds ratio 1.172 1.363 0.734 0.593
DDI 37 32 15 7 36
Comp total 24 23 17 14 34
odds ratio 1.033 1.420 1.469 0.430
DDI 37 32 15 7 36
Comp total 34 37 28 15 33
odds ratio 1.186 1.476 0.974 0.391
DDI 37 32 15 7 36
Comp total 40 42 31 18 46
odds ratio 1.149 1.444 1.059 0.459

0.2109766

0.1709421

1.007

1.028

0.034

0.088

0.007

0.028

0.2706536

1.088

0.1309434

0.2306028

0.095 0.2446371

0.065

Site Info Number of crashes per year

site roadnames
BEFORE AFTER

1,2,&3

2&3

1&3

0.029 0.1280646

1&2

3

2

1 0.971

0.905

1.065

0.966
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DDI #14: I-15 and US 91 

Odds Ratio Test #1 – Successful 

  

INSTALL
2008 2009 2010 2011 2012 2013 2014 2015 2016

DDI I-15 and UT 91 - Bringham City 12 12 9 15 18 28 CM install 9 15
Comp 1 INTX_US_91_and_S_Main 6 4 13 23 21 18 24 9 22
Comp 2 INTX_US_91_and_775_W 4 7 3 14 22 22 22 10 19
Comp 3 I-15_and_UT-13 8 4 3 3 7 4 7 7 9

2008 2009 2010 2011 2012 2013 Average o delta from 1variance
DDI 12 12 9 15 18 28
Comp total 6 4 13 23 21 18
odds ratio 0.533 3.184 0.928 0.692 0.509
DDI 12 12 9 15 18 28
Comp total 4 7 3 14 22 22
odds ratio 1.313 0.456 2.000 1.162 0.595
DDI 12 12 9 15 18 28
Comp total 8 4 3 3 7 4
odds ratio 0.414 0.735 0.429 1.400 0.312
DDI 12 12 9 15 18 28
Comp total 10 11 16 37 43 40
odds ratio 0.930 1.613 1.229 0.895 0.565
DDI 12 12 9 15 18 28
Comp total 14 8 16 26 28 22
odds ratio 0.495 2.157 0.863 0.820 0.471
DDI 12 12 9 15 18 28
Comp total 12 11 6 17 29 26
odds ratio 0.786 0.605 1.378 1.276 0.539
DDI 12 12 9 15 18 28
Comp total 18 15 19 40 50 44
odds ratio 0.732 1.434 1.129 0.964 0.536

1&2

3

2

1 1.169

1.105

0.658

1.046 0.1558816

0.105 0.382359

0.342

0.046

0.197163

Site Info

site roadnames
BEFORE

1,2,&3

2&3

1&3

Number of crashes per year
AFTER

0.169 1.2960649

0.961 0.4793566

0.1498211

0.1212659

0.917

0.959

0.083

0.041

0.039
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DDI #15: I-64 and US 15 

Odds Ratio Test #1 – Successful 

 

INSTALL
2009 2010 2011 2012 01-06/2013 06/2013-06/2014 2014.2 2015 2016

DDI I-64 and US 15 14 18 12 23 6 CM install 5 5 9
Comp 1 I-64 and 5th st 7 10 13 14 4 6 7 13
Comp 2 I-64 and US 250 22 19 18 17 7 10 16 18
Comp 3 I-64 and Courthouse 10 12 10 12 8 5 22 10

2009 2010 2011 2012 01-06/2013 Average o delta from 1 variance
DDI 14 18 12 23 6
Comp total 7 10 13 14 4
odds ratio 0.927 1.648 0.501 0.885
DDI 14 18 12 23 6
Comp total 22 19 18 17 7
odds ratio 0.610 1.251 0.448 1.288
DDI 14 18 12 23 6
Comp total 10 12 10 12 8
odds ratio 0.808 1.071 0.548 2.044
DDI 14 18 12 23 6
Comp total 29 29 31 31 11
odds ratio 0.714 1.434 0.485 1.135
DDI 14 18 12 23 6
Comp total 17 22 23 26 12
odds ratio 0.903 1.389 0.543 1.468
DDI 14 18 12 23 6
Comp total 32 31 28 29 15
odds ratio 0.693 1.214 0.501 1.651
DDI 14 18 12 23 6
Comp total 39 41 41 43 19
odds ratio 0.756 1.354 0.512 1.423

0.4273989

1&2

3

2

1 0.990

0.899

1.118

0.942 0.1802041

0.101 0.1872507

0.118

0.058

Site Info

site roadnames
BEFORE

1,2,&3

2&3

1&3

AFTER
Number of crashes per year

0.010 0.2288369

1.076 0.1887402

0.2706339

0.2004451

1.015

1.012

0.015

0.012

0.076
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DDI #16: I-25 and College Dr. 

Odds Ratio Test #1 – Successful 

 

INSTALL
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

DDI I-25 and College Dr. 27 20 24 18 12 CM install 26 11 13 27
Comp 1 I-80 and I-25 Bus 51 21 30 35 27 35 47 35 31 29
Comp 2 I-80 and WY 212 24 11 16 18 8 29 39 17 34 24

2008 2009 2010 2011 2012 Average o delta from 1variance
DDI 27 20 24 18 12
Comp total 51 21 30 35 27
odds ratio 0.5197 1.0929 1.4286 1.0407
DDI 27 20 24 18 12
Comp total 24 11 16 18 8
odds ratio 0.5668 1.0702 1.3416 0.5854
DDI 27 20 24 18 12
Comp total 75 32 46 53 35
odds ratio 0.5417 1.1165 1.4260 0.8987

1&2

2

1 1.020

0.891

0.996 0.1384293

0.109 0.1445668

0.004

Site Info

site roadnames
BEFORE

0.020 0.1409883

AFTER
Number of crashes per year


