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EXECUTIVE SUMMARY

With safety as a top priority, the trucking industry has worked diligently to identify ways
to further reduce its already record low level of truck crashes. As a part of this ongoing
safety commitment, the Research Advisory Committee (RAC)" of the American
Transportation Research Institute (ATRI) proposed the development of an analytical tool
for determining the future likelihood of truck crashes.

In 2005, ATRI engaged as research partners the North Dakota State University Upper
Great Plains Transportation Institute (UGPTI) and the Commercial Vehicle Safety
Alliance (CVSA) to pursue the “crash predictor” research objective. The ATRI Research
Team utilized several available driver-specific data sets to relate prior driving history
(exemplified by driver violations, convictions and crashes) to impending truck crash
involvement. Furthermore, the Research Team identified a series of effective
enforcement and industry countermeasures available to address the problem behaviors
that were found to be most highly associated with future crash involvement in the
aforementioned analyses.

In 2011, ATRI was asked to revisit the research to determine how driver behavior-crash
relationships have fared as a result of recent changes to the regulatory environment,
industry safety practices and the dissemination of proven enforcement and carrier
countermeasures identified in the 2005 report. The analysis determined a range of
statistically significant driving behaviors — including violations, convictions and past
crashes — with associated future crash likelihood increases ranging from 26 to 96
percent. As in the original report, individual driver behaviors were again statistically
analyzed independently to allow for improved targeting by behavior.

Conclusions drawn from the updated report include an acknowledgement that driver
behaviors, while still associated with crash involvement, appear to be less strongly
related than in ATRI’s initial report. Moreover, while many of the 2005 behaviors
demonstrated similar patterns in the report update, a number of the most predictive
behaviors from 2005 were replaced by new behaviors. Theories are proposed for the
changes, with an emphasis on the diminished occurrence of driver violations and,
consequently, crash prevalence which by 2009 had reached an all-time low. Finally,
recommendations are provided for using the current study’s findings to continue to
reduce the occurrence of crashes and crash-related behaviors.

' The American Transportation Research Institute (ATRI) Research Advisory Committee (RAC) is
comprised of industry stakeholders representing motor carriers, trucking industry suppliers, labor and
driver groups, law enforcement, federal government and academia. The RAC is charged with annually
recommending a research agenda for the Institute.

Predicting Truck Crash Involvement:
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1.0 INTRODUCTION

For many years, the trucking industry has worked diligently with government agencies
to reduce the number of truck-related fatalities. These efforts have not been in vain;
U.S. Department of Transportation (U.S. DOT) statistics indicate that fatal crash rates
for large trucks have decreased over 40 percent this decade, from 2.2 fatal crashes per
100M vehicle miles traveled (VMT) in 2000 to fewer than 1.3 fatal crashes per 100M
VMT in 2009.2 ® Moreover, 2009 saw the lowest fatal crash totals in U.S. DOT recorded
history,4 although the industry continues to look for opportunities to improve its safety
performance.

As the fatal crash rate decreases (see Figure 1), it becomes evermore challenging to
develop and institutionalize meaningful safety initiatives. In recognition of the continuing
need to identify innovative methods for reducing large truck crash involvement, the
Research Advisory Committee (RAC) of the American Transportation Research Institute
(ATRI) recommended the development of a driver behavior-based model for predicting
future crash involvement. With statistically significant behaviors identified, it is then
possible to target both driver training and enforcement strategies as crash mitigation
tools.

6,000 6
5.000 i/{ 5
i 4,000 { =i 4  —®—Fatal Crashes
k]
£
6 \I
3.000 3
S Fatal
g Crashes/100
L 2,000 T S X Million VMT
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0 - r T T 0
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Figure 1. Fatal Crashes and Fatal Crashes per 100 Million Vehicle Miles, 1975-2009

2 At the time this report was published, the Federal Highway Administration (FHWA) had just released
preliminary 2009 VMT data; however, due to methodology changes in deriving VMT, the reported
numbers varied dramatically from previous year data. Until further validation of the new methodology has
been completed, ATRI has chosen not to use the newly revised 2009 VMT data.

® Federal Motor Carrier Safety Administration. October 2010. Large Truck and Bus Crash Facts 2009:
Early Release. Available Online:
http://www.fmcsa.dot.gov/facts-research/LTBCF2009/2009LargeTruckCrashOverview.aspx

* National Highway Traffic Safety Administration. 2010. Traffic Safety Facts: Highlights of 2009 Motor

Vehicle Crashes. Available Online: http://www-nrd.nhtsa.dot.gov/Pubs/811363.pdf

Predicting Trucking Crash Involvement:
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1.1 Background

There were approximately 285,987 U.S. DOT-reportable truck crashes that resulted in
fatalities, injuries and/or property damage in 2009 (see Appendix A), with the large
majority of all truck crashes being those involving another moving vehicle.® The truck
crashes can be grouped by consequence into the following categories:

o fatal crashes — 2,987
e injury crashes — 51,000
e property damage only crashes — 232,000

Several significant trends related to fatal, injury, and property damage only (PDO)
crashes have arisen over the last several decades. Fatal crashes and injury crashes
have generally been in decline since 1979; however, injury crashes have seen more
fluctuations over time than fatal crashes. PDO crashes, on the other hand, have been
even more erratic over time without a discernible trend. Given its role in calculating
crash rates, it is very important to note that annual truck VMT have increased
considerably this decade, as has the total number of heavy vehicles on the road. Itis
also well documented that congestion has increased dramatically during this time.
These transportation effects can directly affect the exposure to, and likelihood of, truck
crashes.

In 1979, fatal crashes peaked at 5,684 with few dramatic year-to-year fluctuations in the
raw number of fatal crashes (see Appendix B). The moderate decline in total fatal
crashes coupled with increases in VMT has resulted in a steady decline in fatal crashes
per 100 million vehicle miles from 1979 to 2009. Although this is certainly a sign of
improvement, there were still 3,380 large truck crash-related fatalities in 2009.

Injury crashes peaked in 1989 at 106,000, but have also declined to a record low of
51,000 in 2009 (see Appendix C). Injury crashes per 100 million vehicle miles showed
a strong downward trend (see Figure 2), peaking in 1989 at 74.6 and reaching their
lowest levels in 2009 at less than 22.0 injury crashes per 100 million vehicle miles.® As
with fatal crashes, the dramatic decrease in injury crash rates is predicated on both
decreases in raw safety events as well as increases in vehicle miles traveled.

® Federal Motor Carrier Safety Administration. October 2010. Large Truck and Bus Crash Facts 2009:
Early Release. Available Online:
http://www.fmcsa.dot.gov/facts-research/LTBCF2009/2009LargeTruckCrashOverview.aspx

® See Footnote 2

Predicting Truck Crash Involvement:
6 A 2011 Update — April 2011
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Figure 2. Injury Crashes and Injury Crashes per 100 Million Vehicle Miles, 1988-2009

The largest number of PDO crashes took place in 1999 at 353,000. The trend for the
number of PDO crashes per 100 million miles traveled is similar to fatal and injury
crashes with a general decline over time interrupted by occasional upward spikes (see
Figure 3). In 2009, there were 232,000 PDO crashes (see Appendix D).
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Figure 3. Property Damage Only Crashes and PDO Crashes per 100 Million Vehicle Miles,
1988-2009

Both industry and government understand that, although there is a clear downward
trend in both fatal and injury crashes, as well as a downward trend in crashes per VMT
for all three categories, more can be done to reduce the raw number of crashes.

Costs associated with truck crashes mount quickly and, after accounting for the direct
costs (e.g. damages, medical costs, insurance costs) and indirect costs (e.g. societal
costs such as time delays and indirect administrative costs), a $25,000 crash can

Predicting Trucking Crash Involvement:
A 2011 Update — April 2011 7
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require a motor carrier to generate in excess of $1 million in revenue.” In fact, a recent
study evaluating both direct and societal costs for medium/heavy truck crashes found
that PDO crashes cost an average of $15,114, non-fatal injury crashes cost an average
of $195,8258, and fatal crashes cost an average of $3,604,518 per crash (in 2005
dollars).

Table 1. Estimated Minimum Cost of Heavy Truck Crashes for the Year 2005

Crash Type Cost/Crash Crashes in 2005 Total Cost
Fatal $3,604,518 4,551 $16,404,161,418
Injury $195,258 78,000 $15,230,124,000
Property Damage Only $15,114 341,000 $5,153,874,000
Total $36,788,159,418

Although total truck crash costs are significantly less than the $230.6 billion total cost
estimate for all vehicle crashes,® they are clearly a social and economic burden on the
industry. Given the importance of truck freight mobility to the economy, reducing truck
crashes is a top public policy issue.

In regard to truck crash causation, when another vehicle is involved, a preponderance
of research and analysis indicates that most frequently the non-truck vehicle is at fault.
In fact, independent studies by the Federal Highway Administration (FHWA), Transport
Canada, AAA Foundation and several state DOTs indicate that cars are primarily
responsible for car-truck crashes in 71 — 75 percent of the instances. Furthermore,
when the truck crash does not include another vehicle, results from the FMCSA/NHTSA
Large Truck Crash Causation Study revealed that the critical reason for these single-
vehicle commercial motor vehicle (CMV) crashes is driver-related in two-thirds of the
cases.’ For multi-vehicle crashes involving a CMV, the results show the critical reason
is (truck or car) driver-related in approximately 88 percent of the cases. Therefore, to
have the most profound impact on the number of crashes, greater attention must be
focused on the driver.

7 Federal Motor Carrier Safety Administration. Accident Cost Table. Available Online:
www.fmcsa.gov/facts-research/facts-figures/analysis-statistics/revenue.htm

® Zaloshnja, E. and Miller, T. December 2006. Unit Costs of Medium and Heavy Truck Crashes.
Available Online: http://www.aamva.org/aamva/DocumentDisplay.aspx?id={DA20C524-FF38-4DFB-
B04C-74ADFD0833E7

° National Highway Traffic Safety Administration. 2002. The Economic Impact of Motor Vehicle Crashes,
2000. Available Online:
http://www.nhtsa.gov/DOT/NHTSA/Communication%20&%20Consumer%20Information/Articles/Associat
ed%20Files/Economiclmpact2000.pdf

"% Federal Motor Carrier Safety Administration. 2007. The Large Truck Crash Causation Study.
Available Online: http://www.fmcsa.dot.gov/facts-research/research-technology/analysis/fmcsa-rra-07-
017.htm

Predicting Truck Crash Involvement:
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1.2 Previous Research

Prior to ATRI's 2005 Predicting Truck Crash Involvement study,’’ most investigations
into truck crash contributing factors were focused at the carrier level of analysis. For
instance, early research discovered that driver citation rates significantly differ among
carriers and that higher driver citation rates for a carrier are associated with higher
crash rates for that carrier.’® A follow-up study discovered that a correlation also exists
between traffic conviction data (the subset of citations that have gone through the
adjudication process) and carriers' out-of-service (OOS) rates, crash rates and SafeStat
Safety Evaluation Area (SEA) scores.’ Finally, similar results were found for “serious
driving violations” predicting crash rates at the carrier level of analysis.™

Although these research paths provided meaningful insights into understanding truck
crash risk factors, a limitation of using the carrier level of analysis is that the driver
makeup for carriers is constantly changing. That is, turnover in the trucking industry is
traditionally much higher than in other occupations, particularly in the truckload sector,
where turnover levels are consistently near or over 75 percent.”® Based on these
turnover levels, additional research was required that focused on the driver level of
analysis, since it is drivers who are directly responsible for crash involvement. In fact,
research conducted by the Virginia Tech Transportation Institute has revealed that
‘commercial drivers differ greatly in their levels of crash risk, and that a relatively small
percentage of drivers (10-15%) account for a disproportionate percentage of total fleet
risk (30-50%).”16 Therefore, while there may be marginal carriers who pressure drivers
to drive unsafely to meet schedules, driver behavior itself is the ultimate determining
factor that creates or mitigates crash likelihood, so research focusing on the driver level
of analysis is warranted.

In 2005, ATRI addressed this relative gap in the literature by examining the relationship
between driver truck crash involvement and prior driver conviction, violation and crash
data from a three-year period (2002-2004)."” Results were supportive of the
relationship between problematic driver behaviors and crash predictability, and

" American Transportation Research Institute. Predicting Truck Crash Involvement: Developing a
Commercial Driver Behavior-Based Model and Recommended Countermeasures. Alexandria, VA.
October 2005.

'2 AAMVAnet, Inc. and Keane Federal Systems. 1997. Driver/Carrier Data Relationship Project: Phase Il
Report. Available Online: http://www.aamva.org/aamva/DocumentDisplay.aspx?id={0A2F7BCA-71AA-
488C-829F-B7B8873C88AC}

¥ Lantz, B. M. and Blevins, M. W. September 2001. An Analysis of Commercial Vehicle Driver Traffic
Conviction Data to Identify High Safety Risk Motor Carriers. Available Online:
http://www.ugpti.org/research/downloads/CDC09 10 _01.pdf

" Hughes, R. G. The Effectiveness of Commercial Motor Vehicle (CMV) Enforcement in Reducing Truck-
Involved Crashes. Available Online: http://www.hsrc.unc.edu/pdf/hfactors/pdf/risk_mov_violation.pdf.

'* Watson, R. January 2011. Turnover Rate to Increase in 2011, Economist Says. Available Online:
http://www.ttnews.com/articles/petemplate.aspx?storyid=25836

'® Federal Motor Carrier Safety Administration. September 2004. Individual Differences and the “High
Risk” Commercial Driver. Available Online: http://www.fmcsa.dot.gov/facts-research/briefs/high-risk-
commercial-driver.pdf

" American Transportation Research Institute. Predicting Truck Crash Involvement: Developing a
Commercial Driver Behavior-Based Model and Recommended Countermeasures. Alexandria, VA.
October 2005.

Predicting Trucking Crash Involvement:
A 2011 Update — April 2011 9




American

AI R I Transportation
Research
;: Y Institute

narrowed in on the specific violations and convictions that most dramatically impacted a
driver's chances of getting into a truck crash. Specific findings from ATRI’s original
study are interspersed throughout this updated report as appropriate.

1.3 Project Description

The purpose of the “crash predictor update” study was to replicate ATRI’s 2005 driver-
based methodology using more recent data. In keeping with the original study, the
authors again focused the analysis solely on driver-specific behaviors and their
individual relationships to future crash involvement. Data sources for this study’s
analyses included the Motor Carrier Management Information System (MCMIS) and the
Commercial Driver’s License Information System (CDLIS).

MCMIS is an FMCSA-maintained centralized database of carrier-based information
regarding crashes and roadside inspections of CMVs and drivers. Most crash and
roadside inspection reports in MCMIS identify both the driver and the motor carrier the
driver was working for at that time. There are approximately 3.5 million roadside
inspections and 150,000 crashes reported each year. MCMIS also contains census
information regarding each motor carrier (i.e. address, number of power units, number
of drivers, cargo carried, etc.).

CDLIS was created in response to the Commercial Motor Vehicle Safety Act (CMVSA)
of 1986. It is the only existing nationwide source of commercial driver’s license (CDL)-
oriented driver traffic conviction data. CDLIS is a distributed, relational database that
provides a linkage between the various state driver records systems using a central
index. The central index serves as a clearinghouse that each of the 51 jurisdictions (the
50 states and the District of Columbia) can check before issuing a CDL to ensure that
no other state has issued a CDL to that driver, and that the records for that driver's CDL
will be transferred to the new state where the driver is applying. It also assists states in
reporting out-of-state convictions to the licensing state where they are then made part of
the driver's record.

Predicting Truck Crash Involvement:
10 A 2011 Update — April 2011
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1.4 Research Methodology

Previous research and analyses have shown a clear basis for focusing efforts on the
driver as a mechanism for achieving meaningful reductions in truck crashes. Therefore,
the main objective of this research was the identification of specific types of driver
behaviors (violations, convictions and crashes) that are most highly correlated with
future crash involvement. That is, the Research Team examined to what extent drivers
with certain driving records in one year (2008) were more likely to be involved in a truck
crash in the next 12 months (2009), compared to drivers who did not have the same
violations, convictions or prior crash history. Additionally, the Research Team sought to
discern how the updated 2011 findings relate to those from the 2005 study.

The defined variables for this study are described below.
Dependent Variables

The main dependent variable of interest was a measure of "safety" for drivers. For this
study, safety was defined primarily by crash involvement. Other variables such as
roadside inspection out-of-service rates have been used as a measure of "safety” in
previous research; however, roadside inspection results were used as independent
variables for this study. Driver-specific crash data are readily available through MCMIS.

Independent Variables

The independent variables for this study were any driver-specific performance indicators
that could be mined from available data. This included specific violations discovered
during roadside inspections (driver, vehicle or moving violations) that a driver had been
involved in (available through MCMIS); driver traffic conviction information (available
through CDLIS); as well as any past crash involvement information (available through
MCMIS). Variables were tested individually and combined into an overall "indicator."

In order to assist the reader in interpreting the difference between parallel violation and
conviction behaviors (e.g. a reckless driving violation vs. a reckless driving conviction),
a brief clarification of what constitutes a violation or conviction is provided. Violations
are issued to drivers during roadside inspections when inspectors discover that a driver
and/or vehicle is not in compliance with one or more of the Federal Motor Carrier Safety
Regulations (FMCSRs). In turn, these violations get stored in the MCMIS database and
are used by FMCSA to regularly monitor driver and carrier safety performance.

In turn, drivers receive convictions upon being issued a citation and being found guilty of
the specific charge in court. Convictions resulting from this adjudication process are
then stored in the CDLIS database. There is no one-to-one relationship between
violations and citations/convictions, as violations can be issued in the absence of
citations and vice versa. Therefore, it should not be assumed that all drivers with a
specific conviction will also show up in the driver pool for the corresponding violation,
despite the fact that this may often be the case.

Predicting Trucking Crash Involvement:
A 2011 Update — April 2011 11



American -
Data Collection and Analysis

Driver data were gathered over a two-year time frame from 2008-2009 and analyzed
across those years to determine the future (2009) crash predictability of 2008 violations,
convictions and crashes.

The analysis considered only those drivers with past roadside inspections. Nationwide,
there are approximately 200,000 unique drivers per month involved in a roadside
inspection. Over a one-year time frame, there are approximately 2.0 to 2.5 million
unique drivers identified in MCMIS through roadside inspections. For each of the
drivers in the sample selected, past inspection and crash data were obtained from
MCMIS and past conviction data were acquired from CDLIS. Descriptive statistics were
run for this entire dataset to determine subsets of the population for analyses.

Chi-square analyses were used to assess whether there was a significant difference in
future crash rates for drivers based on their past violations, convictions and/or crash
information. It should be noted that each chi-square analysis was run independently of
all other chi-square analyses, and readers should be careful when interpreting the
findings, noting that the statistical significance of a specific chi-square analysis does not
take any other chi-square analysis into account. In short, the predictive value of any
given violation should be interpreted on its own, and not in relation to the predictive
value of any other violation, conviction or crash. It should also be emphasized that
there are myriad factors that play a role in crashes that are not considered in this study,
such as the weather, road conditions and passenger vehicle behaviors. As these data
are beyond the scope of the present study, their explanatory value is excluded from the
analyses, which purely focus on the individual violations, convictions and crashes
discussed herein. All data that were used and the resulting chi-square analysis results
from 2005 and 2011 can be found in Appendix E and Appendix F, respectively.

Predicting Truck Crash Involvement:
12 A 2011 Update — April 2011
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2.0 RESEARCH RESULTS

Similar to ATRI's 2005 report, the current study compiled an initial database of drivers
who had received a roadside inspection or been involved in a crash within three recent
months (January through March, 2010). The Research Team then pulled the identified
drivers’ previous two years of MCMIS and CDLIS records (2008-2009). This resulted in
639,386 unique drivers. Of these, 587,772 drivers were U.S. drivers (the only drivers
for whom traffic conviction information is accessible from CDLIS) whose records were
used in the following analyses.

2.1 Findings
CDLIS Conviction Data

During the time frame between January 1, 2008 and December 31, 2009, 123,012 of
the U.S. drivers had one or more convictions on record. Of these drivers:

e 810 had one or more disqualifying convictions;
e 55 555 had one or more serious convictions; and
e 87,588 had one or more other minor convictions.

MCMIS Inspection Data

The 587,772 drivers had a total of 1,550,539 Level |, Il, lll and VI roadside inspections
during the time frame between January 1, 2008 and December 31, 2009. Of these
inspections:

455,919 were Level |;

509,125 were Level ll;

578,683 were Level Il (driver only);

6,812 were Level VI;

697,635 resulted in one or more vehicle violations;

213,984 resulted in a vehicle placed out-of-service;

508,933 resulted in one or more driver violations;

88,893 resulted in a driver placed out-of-service;

212,228 resulted in one or more vehicle and driver violations; and
15,365 resulted in both the vehicle and the driver placed out-of-service.

There were 1,875,001 specific violations associated with these inspections (see Table
2).

Predicting Trucking Crash Involvement:
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Table 2. Number and Type of Inspection Violations

Violation
Category Description Frequency Percent

1 Medical Certificate 20,071 1.07%
2 False Log Book 14,229 0.76%
3 No Log Book - Log Not Current 67,959 3.62%
4 10/15 Hours 40,339 2.15%
6 60/70/80 Hours 2,856 0.15%
7 All Other Hours-Of-Service 64,147 3.42%
8 Disqualified Drivers 2,719 0.15%
9 Drugs 190 0.01%
10 Alcohol 476 0.03%
11 Seat Belt 9,735 0.52%
12 Traffic Enforcement 329 0.02%
13 Radar Detectors 1,932 0.10%
14 All Other Driver Violations 157,252 8.39%
15 Brakes - Out Of Adjustment 13,372 0.71%
16 Brakes - All Others 315,426 16.82%
17 Coupling Devices 3,160 0.17%
18 Fuel Systems 8,863 0.47%
19 Frames 10,984 0.59%
20 Lighting 355,754 18.97%
21 Steering Mechanism 19,960 1.06%
22 Suspension 33,603 1.79%
23 Tires 138,173 7.37%
24 Wheels - Studs — Clamps 9,948 0.53%
25 Load Securement 36,609 1.95%
26 Windshield 55,967 2.98%
27 Exhaust Discharge 26,510 1.41%
28 Emergency Equipment 50,046 2.67%
29 Periodic Inspection 34,928 1.86%
30 All Other Vehicle Defects 231,883 12.37%
31 Shipping Paper 2,829 0.15%
32 Improper Placarding 4,659 0.25%
33 Accepting Shipment Improperly Marked 250 0.01%
34 Improper Blocking And Bracing 662 0.04%
35 No Retest And Inspection (Cargo Tank) 439 0.02%
36 No Remote Shutoff Control 125 0.01%
37 Use Of Non-Specification Container 161 0.01%
38 Emergency Response 916 0.05%
39 All Other HM Violations 3,478 0.19%
40 Failure To Obey Traffic Control Device 7,571 0.40%
41 Following Too Close 2,374 0.13%
42 Improper Lane Change 1,877 0.10%
43 Improper Passing 353 0.02%
44 Reckless Driving 179 0.01%
45 Speeding 38,905 2.07%
46 Improper Turns 263 0.01%
47 Size And Weight 73,478 3.92%
48 Failure To Yield Right Of Way 396 0.02%
49 State/Local Hours Of Service 239 0.01%
99 Unknown 8,427 0.45%

Total 1,875,001 100.00%

14
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MCMIS Crash Data

During the time frame between January 1, 2008 and December 31, 2009, the 587,772
drivers had 30,090 crashes reported to FMCSA. Of these crashes:

e 726 of the crashes resulted in one or more fatalities;
11,146 of the crashes resulted in one or more injuries; and
28,150 of the crashes resulted in one or more vehicles towed from the scene.

Final Summary

Table 3 presents the analyzed summary of historical crashes, violations and
convictions, alongside their associated increases in future crash likelihood. A
significance level of less than 0.05 is considered statistically significant.

The analysis shows that a failure to use/improper signal conviction was the leading
conviction associated with an increased likelihood of a future crash. When a truck
driver was convicted of this offense, the driver’s likelihood of a future crash increased 96
percent. Ten additional convictions were also significant crash predictors; of these,
eight had an associated crash likelihood increase between 56 and 84 percent, while two
registered between 36 to 40 percent.

In relation to driver violations, an improper passing violation had the strongest
association with crash involvement. Drivers with this violation were 88 percent more
likely than their peers to be involved in a crash. Seven additional violations had
significant crash associations, with five ranging in magnitude between 38 and 45
percent and two between 18 and 21 percent.

Finally, the results of the crash data analysis show that drivers who had a past crash
also had a significant 88 percent increase in their likelihood of a future crash.

Predicting Trucking Crash Involvement:
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Table 3. Summary of Crash Likelihood for all Data Analyzed

The crash
likelihood

If a driver had: increased: | Sig.
A Failure to Use/Improper Signal conviction 96% **

A Past Crash 88% e
An Improper Passing violation 88% **

An Improper Turn conviction 84% **

An Improper or Erratic Lane Changes conviction 80% i
An Improper Lane/Location conviction 68% e
A Failure to Obey Traffic Sign conviction 68% e
A Speeding More Than 15 Miles over Speed Limit conviction 67% e
Any conviction 65% e
A Reckless/Careless/Inattentive/Negligent Driving conviction 64% b
A Driving Too Fast for Conditions conviction 56% i
A Failure to Obey Traffic Signal/Light conviction 56% e
An Hours-of-Service violation 45% b
A False or No Log Book violation 42% e
An Improper Lane Change violation 41% i
A Following Too Close violation 41% i
A Speeding 1 to 15 Miles over Speed Limit conviction 40% **

A Speeding violation 38% o
A Following too closely conviction 36% *

Any Moving violation 29% e
Any OOS violation 26% e
A Failure to Obey Traffic Control Device violation 21% i
A Size and Weight violation 18% o
A Reckless Driving violation ns
An Improper Turns violation ns
A Failure to Yield Right of Way conviction ns
A Failure to Keep in Proper Lane conviction ns
A Failure to Yield Right of Way violation ns
A Disqualified Driver violation ns
A Medical Certificate violation ns
A Failure to Obey Yield Sign conviction ns
A Reckless Driving conviction - Serious ns
An Improper Passing conviction ns
A Failure to Obey Warning Light/Flasher conviction . ns

*Significant at p< .05
**Significant at p< .01
***Significant at p< .001

ns = non-significant

Predicting Truck Crash Involvement:
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2.2 Comparison to 2005 Report

<AIR|

Comparing these results to ATRI’s findings in the original Predicting Truck Crash
Involvement report, several similarities and distinctions should be noted (see Tables 4-5
for the 10 strongest crash predictors from 2005 and 2011, respectively, and Table 6 for

a comparison of all driver behaviors across the two studies).

Table 4. 2005 Top 10 List

American
Transportation

Research
Institute

Increase in
Crash

If a driver had: Likelihood
A Reckless Driving violation 325%
An Improper Turn violation 105%
An Improper or Erratic Lane Change conviction 100%
A Failure to Yield Right of Way conviction 97%
An Improper Turn conviction 94%
A Failure to Maintain Proper Lane conviction 91%
A Past Crash 87%
An Improper Lane Change violation 78%
A Failure to Yield Right of Way violation 70%
A Driving Too Fast for Conditions conviction 62%
Table 5. 2011 Top 10 List

Increase in

Crash

If a driver had: Likelihood
A Failure to Use/Improper Signal conviction 96%
A Past Crash 88%
An Improper Passing violation 88%
An Improper Turn conviction 84%
An Improper or Erratic Lane Change conviction 80%
An Improper Lane/Location conviction 68%
A Failure to Obey Traffic Sign conviction 68%
A Speeding More Than 15 Miles over Speed Limit conviction 67%
Any conviction 65%
A Reckless/Careless/Inattentive/Negligent Driving conviction 64 %

Predicting Trucking Crash Involvement:
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Table 6. 2005 and 2011 Comparisons

2008-2009 2003-2004
Increase in
Crash Increase in Crash

If a driver had: Likelihood Sig. Likelihood Sig.
A Failure to Use/lImproper Signal conviction 96% > ns
A Past Crash 88% il 87% i
An Improper Passing violation 88% ** ns
An Improper Turn conviction 84% ** 94% e
An Improper or Erratic Lane Changes conviction 80% b 100% e
An Improper Lane/Location conviction 68% b 47% e
A Failure to Obey Traffic Sign conviction 68% el 24% *
A Speeding More Than 15 Miles over Speed Limit 67% b 56% i
conviction

Any conviction 65% fd 56% i
A Reckless/Careless/Inattentive/Negligent Driving 64% e 53% e
conviction

A Driving Too Fast for Conditions conviction 56% i 62% i
A Failure to Obey Traffic Signal/Light conviction 56% i 29% *
An Hours-of-Service violation 45% el 41% el
A False or No Log Book violation 42% e 56% e
An Improper Lane Change violation 41% b 78% e
A Following Too Close violation 41% e 40% el
A Speeding 1 to 15 Miles over Speed Limit conviction 40% ** 26% **
A Speeding violation 38% il 35% il
A Following too closely conviction 36% * 50% i
Any Moving violation 29% e 41% el
Any OOS violation 26% o 16% e
A Failure to Obey Traffic Control Device violation 21% b 30% e
A Size and Weight violation 18% e 21% el
A Reckless Driving violation ns 325% e
An Improper Turns violation ns 105% b
A Failure to Yield Right of Way conviction ns 97% i
A Failure to Keep in Proper Lane conviction ns 91% el
A Failure to Yield Right of Way violation ns 70% e
A Disqualified Driver violation ns 51% b
A Medical Certificate violation ns 18% el
A Failure to Obey Yield Sign conviction ns ns
A Reckless Driving conviction - Serious ns ns
An Improper Passing conviction ns ns
A Failure to Obey Warning Light/Flasher conviction ns ns

*Significant at p< .05  ***Significant at p< .001
**Significant at p< .01 ns = non-significant
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Since driver behaviors are a critical component of crash risk, ATRI predicted that many
trends from the 2005 study would persist in the updated analyses; not surprisingly,
several strong trends did emerge. Of the 34 behaviors analyzed, a majority (73.5%)
demonstrated a stable relationship to crash risk. For instance, an improper turn
conviction was a significant predictor of future crash involvement in both 2005 and
2011, whereas a failure to obey yield sign conviction had no relationship to crash
involvement in either study.

Differences between the two studies, on the other hand, were also anticipated due to
changes that have emerged in the trucking industry since the 2005 study data were
collected. Several relevant changes include the federal law banning masking,'® a move
toward stricter safety standards and expanded regulations, and an increased presence
of technology on trucks.

The net effect of the aforementioned industry changes has been a focus on reducing
the occurrence of poor driving behaviors and truck crashes. From a carrier standpoint,
there is reason to believe that ATRI’'s Predicting Truck Crash Involvement study may
have acted as a guide for detecting and correcting the driver behaviors most associated
with crashes. While nearly 75 percent of all behaviors from the 2005 study continued to
exert a stable effect on crash risk, an examination of Tables 4-6 reveals that 50 percent
of the 2005 Top10 behaviors dropped to non-significance in the 2011 update, and only
three behaviors retained their place in the updated Top 10 list. Clearly, far greater
attention was paid to addressing the most problematic 2005 behaviors (given their
strong relationship to crashes) as opposed to the less noteworthy ones.

Concerning the impact of the federal law prohibiting masking, the effect of this law can
likely be seen in the makeup of the updated Top 10 list, which is heavily populated by
convictions (8 out of the 10) as opposed to violations (only 1 in the top 10). Thus, while
violation-crash relationships were decreasing in magnitude, the predictive value of
convictions appeared on the surface to be strengthening. Of course, these findings can
also be explained by noting that the conviction data are simply more precise than they
were in the original study, since there is now more certainty that conviction data
accurately represent a driver found guilty of the corresponding offense and not a
different one. The end result of having more pure conviction data is that the true
conviction-crash relationships can be clearly discerned and acted upon as indicators of
future crash involvement.

An additional point of interest concerning the Top 10 lists in Table 4 and Table 5 is that
the behaviors identified as crash predictors in 2005 generally had much higher
associations with crash involvement. For instance, three of the top 10 behaviors from
the 2005 study at least doubled a driver’s risk of being involved in a crash, with the
leading predictor more than tripling that risk. In contrast, driver behaviors demonstrated
weaker relationships with crash likelihood in the updated findings, wherein not a single
predictor so much as doubled a driver’s crash risk.

'® CFR 384.226 was entered into the Federal Register July 31, 2002 and states were required to be in
compliance by October 1, 2005.

Predicting Trucking Crash Involvement:
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ATRI proposed two theories for why the driver behavior-crash relationships may have
reduced in magnitude in 2011. First, from a statistical standpoint, the ability to detect
relationships depends not only on the existence of a relationship in nature, but also on
the observed sample size in the study. In cases where sample size decreases, it
follows that relationships may simply fail to reach statistical significance. In the context
of this study, contributing factors to a smaller sample size would include fewer
violations, convictions and/or crashes in the dataset. The second ATRI-proposed
theory posited that real progress was made in addressing driver behaviors of concern,
thereby lowering the crash rate associated with those behaviors.

As seen in Table 7, ATRI’s first theory is supported by the fact that the percentage of
roadside inspected drivers who were issued a violation decreased for every violation in
the study, lending support to the theory that smaller sample sizes were a contributing
factor to the lack of associations between violations and crashes in the 2011 analysis.
A prime example of this theory can be seen in the chi-square data for reckless driving
violations in Appendix F. A reckless driving violation was the number one problem
behavior in the 2005 study, associated with a 325 percent increase in crash likelihood;
however in 2011, the behavior appears in the non-significant category. In this case, it is
not that drivers with or without a reckless driving violation experienced identical crash
frequencies (i.e. drivers with the violation were still 88 percent more likely than their
reckless driving violation-free peers to be involved in a crash); rather, it is that only 166
drivers in the sample were issued a reckless driving violation with only 8 experiencing a
subsequent crash. Therefore, while these safety gains (i.e. the dramatic reduction in
the prevalence of reckless driving violations) contributed to the lack of statistical
significance found in this study, a larger sample size may have allowed the 88 percent
relationship to be significant.

Table 7. Reduction in Violation Frequencies Among Roadside Inspected Drivers

Percent of Drivers with Percent of Drivers Percent
Violation: Violation (2002-2003)* | with Violation (2008)* [ Change
Improper Passing 0.49% 0.11% -76.82%
False or No Log Book 44.44% 20.10% -54.77%
Speeding 25.04% 11.96% -52.26%
Failure to Yield Right of Way 0.27% 0.14% -49.07%
Disqualified Driver 1.65% 0.86% -47.92%
Improper Turns 0.16% 0.08% -46.86%
Following Too Close 1.42% 0.80% -43.79%
Medical Certificate 10.59% 6.19% -41.53%
Reckless Driving 0.10% 0.06% -39.89%
Size and Weight 23.88% 14.52% -39.19%
Moving 44.50% 27.49% -38.23%
Improper Lane Change 1.02% 0.64% -37.44%
Failure to Obey Traffic Control Device 3.44% 2.52% -26.81%
Hours-of-Service 20.50% 17.32% -15.51%
Any OOS violation 37.95% 34.74% -8.45%

*Figures are calculated using only those drivers in the study who had a Roadside Inspection in 2002-2003 and 2008, respectively
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Other major points of interest that can be gleaned from Table 7 include the dramatic
(more than 50%) drop off in the percentage of roadside inspected drivers who were
issued a false or no logbook violation. Again, this likely speaks to changes that have
occurred in the industry, such as a move towards electronic onboard recorders
(EOBRs). Similarly, the decrease in the number of roadside inspected drivers who were
issued size and weight violations could also be the result of new technology, in that
drivers now pay more attention to size and weight issues in response to the increased
deployment of virtual weigh stations.

The second theory proposed by ATRI to explain the diminished driver behavior-crash
relationships is that crash rates truly did decrease meaningfully. That is, spurred by
carriers’ proactive steps to identify and reduce the occurrence of the behaviors most
associated with crashes (see theory one), in instances where those behaviors still
occurred, they were confronted aggressively with driver interventions prior to the
behaviors leading to an actual crash. Whether this means punitive measures (e.g.
suspending or terminating drivers) or remedial measures (e.g. providing drivers with
additional safety training) were taken is uncertain and should be explored. Evidence
supporting this theory can be seen in the dramatic reduction in the number of crashes
since 2005 (see Figure 4), which tracks with the reduced instances of driver violations.
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Figure 4. Fatal Crash Trends Since 2005
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2.3 Enforcement and Industry Countermeasures

Finally, declines in the crash rate and raw number of crashes since 2005 may owe in
some part to the enforcement and industry strategies identified by ATRI as effective
countermeasures to the driver behaviors most strongly relating to crashes in the 2005
analysis.

Effective Enforcement Countermeasures

In order to identify the states with the most effective enforcement strategies, ATRI
created an objective performance measure based on the relative percent of CMV traffic
enforcement within each state compared to the relative percent of crashes that occurred
within that state. This performance metric assumed a relationship between the level of
CMV traffic enforcement and the number of crashes. Once this analysis (which was
conducted in both 2005 and 2011 for all 50 states) was completed, state performance
tiers were developed (see Table 8).

According to the state data analysis, the following ten states were identified as having
more traffic enforcement relative to their number of crashes in 2011 (described as “top
tier” states):

e Indiana e Michigan

e New Mexico e Kentucky

e Washington e Jlowa

e California e Maryland

e Arizona e Nevada
Table 8. 2011 State Data Analysis

No. of No. of Inspections with No. of

State Inspections Percent Traffic Enforcement Percent Crashes Percent | Difference
IN* 96,165 2.74% 55,732 7.67% 3,602 3.25% -4.40%
NM* 129,408 3.68% 30,787 4.24% 529 0.48% -3.75%
WA* 108,305 3.08% 29,882 4.11% 1,161 1.05% -3.05%
CA* 538,117 15.31% 66,448 9.14% 7,639 6.89% -2.22%
AZ 94,012 2.68% 24,792 3.41% 2,054 1.85% -1.55%
MI* 71,915 2.05% 32,535 4.48% 3,491 3.15% -1.31%
KY 88,029 2.51% 26,082 3.59% 2,541 2.29% -1.29%
IA* 57,885 1.65% 19,665 2.71% 1,605 1.45% -1.25%
MD 107,100 3.05% 19,037 2.62% 1,943 1.75% -0.86%
NV 32,289 0.92% 8,566 1.18% 450 0.41% -0.77%

*A "Top Tier" State in 2005
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Since the makeup of the “top tier” states remained mostly unchanged from 2005 to 2011
(see Appendix G), the Research Team determined that it was appropriate to continue
basing enforcement recommendations on the in-depth interviews conducted with
enforcement officials from the 2005 “top tier” states.'®

Findings from those interviews indicated that “top tier” states’ successful enforcement
strategies for addressing problem driver behaviors are those that exhibit one or more of
the following components:

Center on aggressive driving apprehension programs/initiatives;

Target both CMV and non-CMV behavior patterns;

Utilize both highly visible and covert enforcement activities; and

Incorporate an internal performance-based system for managing enforcement by
specific crash types, driver behaviors, and locations.

The “top tier” states were also found to be more likely to formally develop “best
practices” or “lessons learned” from traffic enforcement and other enforcement
initiatives focused on CMV drivers. Disseminating these findings may have ultimately
helped the “bottom tier” state enforcement agencies learn and utilize the best practices
of “top tier” states and improve their enforcement efforts, effectively lowering crashes.

Effective Industry Countermeasures

Recognizing the responsibilities and roles that motor carriers can play in managing
driver behavior, the ATRI Research Team also conducted a series of interviews in 2005
with safety executives from major carriers to identify effective industry strategies that
could potentially help prevent and mitigate the problem behaviors and events identified
in the data analysis. The interview questions were designed to solicit information on
safety programs, tools, and training strategies that effectively target the identified
problem behaviors/events.

The findings from the industry stakeholder interviews provide important insights into
motor carrier approaches and philosophies that address negative driver events and

behaviors. Aside from having “satisfactory” safety ratings, the ATRI Research Team
selected and documented carriers from 2005 that:

were actively involved in safety councils within industry associations;

e were known to test or utilize new safety approaches including onboard safety
systems; and

e had peer-recommended safety directors with well recognized (often award-
winning) safety programs.

' American Transportation Research Institute. Predicting Truck Crash Involvement: Developing a
Commercial Driver Behavior-Based Model and Recommended Countermeasures. Alexandria, VA.
October 2005.
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Based on surveys and in-depth interviews conducted with these safety directors, it
became clear that safety-oriented trucking companies had several common attributes.
These included:

e clear, documented and well distributed policies and strategies relating to specific
driver behaviors and events;

e accessible and engaged safety directors and managers;®

e a willingness to test and/or use different training tools and onboard safety
systems; and

e direct involvement in the development or customization of company safety
programs and policies.?’

Most relevant to the 2011 safety improvements, however, are the elaborate descriptions
of company responses to negative driver behaviors and events. Each of the carriers
emphasized during the interview process that proactive safety measures, such as initial
and “sustainment” training, are the lynchpins to ensuring that negative safety incidents
do not occur in the first place. The value of these safety programs, however, must be
complemented by remedial safety training programs that mitigate a problem driver
behavior after a negative safety incident has occurred.

The following sections briefly describe both the proactive measures and strategies that
were identified by safety-conscious fleet safety directors in the 2005 research study as
methods for preventing negative safety incidents from occurring, and the reactive
measures used to respond to a problem driver behavior or event.

Hiring Practices

Initial Hiring — Nearly 100 percent of the safety directors identified the importance of
making company safety goals and expectations clear when interviewing prospective
drivers. It was noted by a number of safety directors that being selective in the hiring
process acts to reduce the likelihood of driver turnover and helps the company’s overall
safety image.

New Driver Orientation/Training — Many safety directors indicated that an increasing
percentage of the drivers being hired are either inexperienced or new to the profession,
putting additional pressure on the need for basic safety training. Some or all of the
following safety training components were used by the interviewed carriers for new
driver orientation and training:

instructor-led skills-based training;

safety video training;

over-the-road training with a qualified driver; and
skills-based driver qualification tests.

2 Almost 100% of the interviewed safety directors interacted directly with the driver when crashes, and
gmoving) citations and violations ensued.
' Several emphasized that they either “started over” or substantially customized older safety programs

and Eolicies that thez inherited.
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Sustainment Training

All of the safety directors emphasized the need to keep safety “constantly in front of the
drivers.” To do that, all of the carriers had a continuous “sustainment” training
program.?’ These programs blended standard safety training activities with company-
specific strategies (that were derived from company safety data such as crash and
conviction types). These sustainment programs always included reward programs that
recognized and positively reinforced “safe” driving.

Safety Awareness Programs — Most of the interviewed carriers scheduled at least
monthly safety meetings and organized safety campaigns incorporating specific topics
derived from internal safety performance trend analyses and audits.

Safety Incentive Programs — The use of incentive-based safety reward programs is
widespread in the industry and 100 percent of those interviewed explicitly mentioned the
use of such programs to reinforce safe driving behaviors.

Driver Reviews — The carriers interviewed routinely performed employee performance
reviews at regularly scheduled intervals, almost always more frequently than the
federally required annual driver motor vehicle record (MVR) review. Several of the
carriers reported using these reports to look for potential trends or patterns of behavior
in order to effectively monitor and, if necessary, take corrective measures to improve
the driver’s safety performance.

Remedial Training & Approaches

As previously mentioned, most carriers became very concerned when remedial training
was required. Safety directors indicated that all negative events required interdiction to
“cut them off at the pass.”

For a comprehensive list of carrier-identified countermeasures mapped to each
problematic driver behavior from the analysis, please see Appendix H.

By outlining and publicly circulating the aforementioned best practices for all carriers to
consider, ATRI ensured that these countermeasures would take hold among a wider set
of participants than pre-2005. In addition to carriers voluntarily electing to adopt these
strategies for the direct reason of curbing truck crashes and the behaviors most
associated with those crashes, another prime motivator for instituting these strategies
has been to remain in good standing under FMCSA’s new Compliance, Safety,
Accountability (CSA) initiative, which represents a substantive shift forward in
measuring and enforcing compliance with the FMCSRs.?

2 The term “sustainment” training was used by more than one carrier, and is used herein as the term of
standard and continuous training programs.
*% Federal Motor Carrier Safety Administration. Compliance, Safety, Accountability (CSA). Available

Online: httg://csa.fmcsa.dot.gov/default.asgx
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2.4 CSA and Crash Likelihood

CSA uses an advanced Safety Measurement System (SMS) to assign normative scores
to both carrier and driver performance in seven safety-related categories, or Behavioral
Analysis Safety Improvement Categories (BASICs). If BASIC scores are found to be
higher (worse) than a specified threshold, FMCSA is prepared to respond in a variety of
ways, ranging from the issuance of preliminary warning letters to conducting
comprehensive compliance reviews. In the middle of these two extremes, there are
also other interventions that allow enforcement officials to tailor interventions to the
specific BASIC(s) of concern (unsafe driving, fatigued driving, driver fitness, controlled
substances/alcohol, vehicle maintenance, cargo-related and crash indicator).

Given the importance of FMCSA’s CSA initiative to assessing carrier safety and crash
risk, ATRI mapped the behavior-crash relationships from this study to their respective
risk-weighted values in CSA’s SMS methodology (see Table 9). Clear conclusions
cannot be drawn in instances where weights and crash likelihoods appear out of sync,
primarily due to low sample sizes preventing several of the relationships from reaching
statistical significance in this study. The one exception is the medical certificate
violation, which Appendix F shows did not increase a driver’s risk of crash involvement.
The corresponding SMS weight for that behavior is the lowest value possible (i.e. 1).

In any case, the paramount message is that the relationships between driver behaviors
and crashes can and should be measured in order to identify the industry’s strongest
truck crash predictors. Once identified, these behaviors must be targeted for
interventions, both to improve CSA scores and to reduce the frequency of preventable
crashes. Ultimately, by addressing the behaviors in each safety category, not only will
scores for a carrier’'s respective BASIC decrease (improve), but all improvements will
also indirectly feed into lower (better) Crash Indicator BASIC scores.

Equally important, the federal government has also made positive strides by moving
forward with regulations and programs that promote the use of certain best practices
found in the 2005 industry countermeasures. For instance, hiring practices can now be
aided, in addition to the ways cited in this report, by the use of the congressionally
mandated Pre-Employment Screening Program (PSP). This grants carriers access to
applicants’ driving histories, allowing them to make informed hiring decisions in line with
best industry safety practices.

Predicting Truck Crash Involvement:
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Table 9. CSA and Crash Likelihood

SMS Violation | Increase in

Violations Severity Crash
Weight Likelihood

Crash Indicator BASIC

Past Crash . 88%
Driver Fatigue BASIC

Hours-of-Service violation 7 45%

False or No Log Book violation 7 42%
Cargo-Related BASIC

Size and Weight violation** - 18%

Unsafe Driving BASIC

Reckless Driving violation 10 ns
Improper Turns violation 5 ns
Failure to Yield Right of Way violation 5 ns
Improper Passing violation 5 88%
Improper Lane Change violation 5 41%
Following Too Close violation 5 41%
Speeding violation 5 38%
F.ailur.e to Obey Traffic Control Device 5 21%
violation
Driver Fithess BASIC

Disqualified Driver violation 8 ns
Medical Certificate violation 1 ns

*Weights are assigned to crashes contingent on crash severity (e.g. injuries, fatalities)
**Size and Weight violation has been removed from the Cargo-Related BASIC equation

2.5 Recommendations

This report has both summarized findings from ATRI’'s 2005 Predicting Truck Crash
Involvement study and provided a statistical update using 2008-2009 truck driver data.
Conclusions that can be drawn as a result of these two studies are that measurable
relationships exist between driver behaviors and future crash risk and those
relationships are neither static nor unchangeable. That is, interventions and industry
progress are capable of altering the magnitude and even the presence of the linkage
between behaviors and future exposure to crashes. By becoming aware of problem
behaviors, carriers and enforcement agencies are able to address those issues prior to
them leading to serious consequences. The converse is also true, however, as lower
priority behaviors, if ignored, may begin to play an increasing role in crash involvement.
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It is important that these documented relationships find their way into the public domain
in order to influence action. Furthermore, best practices should be identified and
standardized across the enforcement community according to the actions and tools
identified herein. The same is true for motor carriers, who should emulate the hiring,
training and remediation practices found capable in this report of successfully mitigating
the impacts of driver problem behaviors as they are encountered. Advances could also
be made by utilizing Employer Notification Systems (ENS), which would provide carriers
with real-time information on when problematic driver behaviors have occurred, allowing
them to take near-real-time action before it is too late.

Finally, to ensure that industry safety continues moving in a positive direction, the
Research Team recommends the following “next steps” for consideration. First,
additional research is needed to more technically evaluate and relate industry best
practices to crash reductions. Furthermore, new and emerging best practices should be
explored, such as developing distance learning tools, driver-customized training
curricula, and/or using targeted simulators to address specific driver problem behaviors.
Once research is completed, FMCSA should consider formalizing and promulgating the
best practices throughout the industry. Lastly, while the present study has only
addressed truck driver behaviors, as previously mentioned, it is typically the actions of
passenger vehicle drivers that lead to most truck crashes. Therefore, parallel research
should be conducted to capture data on the problem behaviors exhibited by non-CMV
drivers that contribute to crashes and potential solutions should be explored for
targeting that demographic, as well.
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Crashes Involving Large Trucks by First Harmful Event and Crash Severity

First Harmful Event Single-Vehicle Multiple-Vehicle Total

Number Percent Number Percent Number Percent
Fatal Crashes
Collision with Vehicle in Transport 0 0.0% 2,227 93.4% 2,228 74.6%
Collision with Fixed Object 189 31.3% 63 2.6% 252 8.4%
Collision with Pedestrian 204 33.8% 23 1.0% 227 7.6%
Overturn (Rollover) 95 15.8% 34 1.4% 129 4.3%
Collision with Pedal/cycle 54 9.0% 0 0.0% 54 1.8%
Collision with Parked Motor Vehicle 17 2.8% 7 0.3% 24 0.8%
Collision with Train 12 2.0% 0 0.0% 12 0.4%
Collision with Other Object 7 1.2% 8 0.3% 15 0.5%
Collision with Animal 3 0.5% 6 0.3% 9 0.3%
Explosion/Fire 0 0.0% 0 0.0% 0 0.0%
Other 14 2.3% 5 0.2% 19 0.6%
Unknown 8 1.4% 11 0.5% 18 0.6%
Total 603 100.0% 2,384 100.0% 2,987 100.0%
Injury Crashes
Collision with Vehicle in Transport * * 42,000 96.3% 42,000 81.9%
Collision with Fixed Object 3,000 40.0% 1,000 2.6% 4,000 8.1%
Collision with Pedestrian * 6.4% * * 1,000 1.0%
Overturn (Rollover) 3,000 37.6% * 0.3% 3,000 5.9%
Collision with Pedal/cycle * 4.2% * * * 0.6%
Collision with Parked Motor Vehicle * 4.9% * 0.1% * 0.8%
Collision with Train * 1.4% * * * *
Collision with Other Object * 0.8% * 0.2% * 0.3%
Collision with Animal * 1.5% * * * 0.2%
Jackknife * 0.5% * 0.4% * 0.4%
Explosion/Fire * * * * * *
Other * 2.6% * * * 0.4%
Total 8,000 100.0% 44,000 100.0% 51,000 100.0%
Property Damage Only Crashes
Collision with Vehicle in Transport * * 147,000 97.8% 147,000 63.5%
Collision with Fixed Object 25,000 31.0% 2,000 1.3% 27,000 11.7%
Collision with Pedestrian * * * * * *
Overturn (Rollover) 3,000 3.7% * * 3,000 1.4%
Collision with Pedal/cycle * * * * * *
Collision with Parked Motor Vehicle 41,000 49.8% * * 41,000 17.5%
Collision with Train * * * * * *
Collision with Other Object 2,000 2.4% * * 2,000 0.8%
Collision with Animal 7,000 8.2% * * 7,000 2.9%
Jackknife 1,000 1.4% * * 1,000 0.5%
Explosion/Fire 1,000 1.6% * * 1,000 0.6%
Other 1,000 1.8% 1,000 0.7% 2,000 1.1%
Total 81,000 100.0% 151,000 100.0% 232,000 100.0%

*Less than 500 or less than 0.05 percent.

Note: A large truck is defined as a truck with a gross vehicle weight rating (GVWR) greater than 10,000 pounds.

Source: FMCSA-RRA-10-060 Large Truck and Bus Crash Facts 2009: Early Release, Analysis Division,

Federal Motor Carrier Safety Administration, October 2010, Table 35.
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Appendix B

Large Truck Fatal Crash Statistics, 1975-2009
Million Vehicles Involved | ¢4 ieg
Voar | Grata | Veeee | Totl | VeMde | ioowiion\anici | parioofiion | Porio0 Ml
T —— iles Traveled Vehicle Miles T
Traveled
1975 3,722 3,977 4,483 81,330 4.58 4.89 5.51
1976 4,184 4,435 5,008 86,070 4.86 5.15 5.82
1977 4,843 5,164 5,723 95,021 51 543 6.02
1978 5,405 5,759 6,356 105,739 5.11 5.45 6.01
1979 5,684 6,084 6,702 109,004 5.21 5.58 6.15
1980 5,042 5,379 5,971 108,491 4.65 4.96 55
1981 4,928 5,230 5,806 108,702 4.53 4.81 5.34
1982 4,396 4,646 5,229 111,423 3.95 417 4.69
1983 4,615 4,877 5,491 116,132 3.97 4.2 4.73
1984 4,831 5,124 5,640 121,796 3.97 4.21 4.63
1985 4,841 5,153 5,734 123,504 3.92 417 4.64
1986 4,785 5,097 5,579 126,675 3.78 4.02 4.4
1987 4,813 5,108 5,598 133,517 3.6 3.83 4.19
1988 4,885 5,241 5,679 137,985 3.54 3.8 4.12
1989 4,674 4,984 5,490 142,749 3.27 3.49 3.85
1990 4,518 4,776 5,272 146,242 3.09 3.27 3.6
1991 4,097 4,347 4,821 149,543 2.74 2.91 3.22
1992 3,825 4,035 4,462 153,384 2.49 2.63 2.91
1993 4,101 4,328 4,856 159,888 2.56 2.71 3.04
1994 4,373 4,644 5,144 170,216 2.57 2.73 3.02
1995 4,194 4,472 4,918 178,156 2.35 2.51 2.76
1996 4,413 4,755 5,142 182,971 2.41 2.6 2.81
1997 4,614 4,917 5,398 191,477 2.41 2.57 2.82
1998 4,579 4,955 5,395 196,380 2.33 2.52 2.75
1999 4,560 4,920 5,380 202,688 2.25 2.43 2.65
2000 4,573 4,995 5,282 205,520 2.23 2.43 2.57
2001 4,451 4,823 5,111 209,032 2.13 2.31 2.45
2002 4,224 4,587 4,939 214,603 1.97 2.14 2.30
2003 4,335 4,721 5,036 217,917 1.99 217 2.31
2004 4,478 4,902 5,235 220,811 2.03 2.22 2.37
2005 4,551 4,951 5,240 222,523 2.05 2.22 2.35
2006 4,350 4,766 5,027 222,513 1.95 2.14 2.26
2007 4,204 4,633 4,822 227,060 1.85 2.04 2.12
2008 3,754 4,089 4,245 227,458 1.65 1.80 1.87
2009 2,987 3,215 3,380 — — — —

Note: A large truck is defined as a truck with a gross vehicle weight rating (GVWR) greater than 10,000 pounds.

Source: FMCSA-RRA-10-060 Large Truck and Bus Crash Facts 2009: Early Release, Analysis Division,
Federal Motor Carrier Safety Administration, October 2010, Table 4.
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Appendix C
Large Truck Injury Crash Statistics, 1988-2009

- Clrrg:lzs HOEET

Million Injured

Year Injury Vehicles Pe_rsons Ver_iicle ’;I‘Ieizl;lc?r? pe_rf_100

Crashes Involved Injured Miles Vehicle I\_II|II|on_

Traveled Miles Ve_:\::::: Il\g:::es
Traveled
1988 94,000 96,000 130,000 137,985 67.9 94.4
1989 106,000 110,000 156,000 142,749 74.6 109
1990 102,000 107,000 150,000 146,242 69.7 102.6
1991 75,000 78,000 110,000 149,543 50.2 73.9
1992 91,000 95,000 139,000 153,384 59.2 90.4
1993 93,000 97,000 133,000 159,888 57.9 83.2
1994 91,000 96,000 133,000 170,216 53.3 78.1
1995 80,000 84,000 117,000 178,156 44.7 65.7
1996 89,000 94,000 129,000 182,971 48.6 70.7
1997 92,000 96,000 131,000 191,477 48 68.3
1998 85,000 89,000 127,000 196,380 43.3 64.8
1999 95,000 101,000 142,000 202,688 46.9 69.9
2000 96,000 101,000 140,000 205,520 46.9 68.0
2001 86,000 90,000 131,000 209,032 41 62.5
2002 90,000 94,000 130,000 214,603 41.9 60.4
2003 85,000 89,000 122,000 217,917 38.8 56.0
2004 83,000 87,000 116,000 220,811 37.5 52.6
2005 78,000 82,000 114,000 222,523 34.8 51.2
2006 77,000 80,000 106,000 222,513 345 47.5
2007 72,000 76,000 101,000 227,060 31.7 44.5
2008 64,000 66,000 90,000 227,458 28.0 39.4
2009 51,000 53,000 74,000 — — —

Notes: “Persons Injured” includes all nonfatally injured persons in injury and fatal crashes. A large
truck is defined as a truck with a gross vehicle weight rating (GVWR) greater than 10,000 pounds.

Source: FMCSA-RRA-10-060 Large Truck and Bus Crash Facts 2009: Early Release, Analysis Division,
Federal Motor Carrier Safety Administration, October 2010, Table 7.
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Appendix D
Large Truck Property Damage Only (PDO) Crash Statistics, 1988-2009
Vehicles
PDO Involved in
Million Crashes PDO
Traveled Miles Million
Traveled Miles
Traveled

1988 291,000 297,000 137,985 210.7 215.2 6,136,884
1989 291,000 300,000 142,749 203.8 210.5 6,226,481
1990 265,000 273,000 146,242 181.4 186.9 6,195,876
1991 240,000 248,000 149,543 160.2 166 6,172,146
1992 268,000 277,000 153,384 174.8 180.8 6,045,205
1993 287,000 296,000 159,888 179.2 185.1 6,088,155
1994 350,000 360,000 170,216 205.4 211.6 6,587,884
1995 279,000 289,000 178,156 156.7 162.4 6,719,420
1996 285,000 295,000 182,971 155.8 161.3 7,012,615
1997 325,000 337,000 191,477 169.6 176.1 7,083,326
1998 302,000 318,000 196,380 153.8 162 7,732,270
1999 353,000 369,000 202,688 1741 182.2 7,791,426
2000 337,000 351,000 205,520 163.9 170.9 8,022,649
2001 319,000 335,000 209,032 152.8 160.2 7,857,675
2002 322,000 336,000 214,603 150.2 156.3 7,927,280
2003 347,000 363,000 217,917 159.3 166.6 7,756,888
2004 312,000 324,000 220,811 141.2 146.9 8,171,364
2005 341,000 354,000 222,523 153.2 159.2 8,481,999
2006 287,000 300,000 222,513 128.9 134.7 8,819,007
2007 317,000 333,000 227,060 139.6 146.7 9,027,624
2008 297,000 309,000 227,458 130.8 136.0 9,006,738
2009 232,000 239,000 — — — —

Note:dA large truck is defined as a truck with a gross vehicle weight rating (GVWR) greater than 10,000

pounds.

Source: FMCSA-RRA-10-060 Large Truck and Bus Crash Facts 2009: Early Release, Analysis Division,
Federal Motor Carrier Safety Administration, October 2010, Table 8.
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Appendix E

Past Crash Analysis Results

There were a total of 586,894 drivers in our
sample. Out of this total, there were 12,520
drivers who had a crash between 5/1/02 and
4/30/03, and 18,449 drivers who had a crash
between 5/1/03 and 4/30/04.

574,374 drivers did not have a crash between
5/1/02 and 4/30/03
Of these, 17,721 (3.1%) had a crash between
5/1/03 and 4/30/04

12,520 drivers had a crash between 5/1/02 and
4/30/03

Of these, 728 (5.8%) had a crash between
5/1/03 and 4/30/04

** 87% increase in the likelihood of a crash
[Chi square value 299.8, p-value 0.0001]

Inspection and Moving Violation Analysis
Results

There were 269,622 drivers in the sample that
had a roadside inspection between 5/1/02-
4/30/03. Of these, 10,758 drivers had a crash
between 5/1/03 and 4/30/04.

Any Out-of-Service Violation
167,309 drivers had zero (0) OOS violations
Of these, 6,304 (3.8%) had a crash

102,313 drivers had one or more OOS violations
Of these, 4,454 (4.4%) had a crash

** 16% increase in the likelihood of a crash
[Chi square value 56.8, p-value 0.0001]

Medical Certificate Violation
241,057 drivers did not have this violation
Of these, 9,439 (3.9%) had a crash

28,565 drivers had this violation
Of these, 1,319 (4.6%) had a crash

** 18% increase in the likelihood of a crash
[Chi square value 32.8, p-value 0.0001]

False or No Log Book Violation
149,811 drivers did not have this violation
Of these, 4,808 (3.2%) had a crash

119,811 drivers had this violation

Predicting Trucking Crash Involvement:
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Of these, 5,950 (5.0%) had a crash

** 56% increase in the likelihood of a crash
[Chi square value 536.3, p-value 0.0001]

Hours-of-Service Violation
214,342 drivers did not have this violation
Of these, 7,875 (3.7%) had a crash

55,280 drivers had this violation
Of these, 2,883 (5.2%) had a crash

** 41% increase in the likelihood of a crash
[Chi square value 272.5, p-value 0.0001]

Disqualified Driver Violation
265,176 drivers did not have this violation
Of these, 10,496 (3.9%) had a crash

4,446 drivers had this violation
Of these, 262 (5.9%) had a crash

** 51% increase in the likelihood of a crash
[Chi square value 42.7, p-value 0.0001]

Any Moving Violation

149,629 drivers had zero (0) moving violations
Of these, 5,046 (3.4%) had a crash

119,993 drivers had one or more moving
violations
Of these, 5,712 (4.8%) had a crash

** 41% increase in the likelihood of a crash
[Chi square value 334.9, p-value 0.0001]

Failure to Obey Traffic Control Device
Violation

260,354 drivers did not have this violation
Of these, 10,272 (4.0%) had a crash

9,268 drivers had this violation
Of these, 486 (5.2%) had a crash

** 30% increase in the likelihood of a crash
[Chi square value 39.4, p-value 0.0001]

Following Too Close Violation

265,800 drivers did not have this violation
Of these, 10,545 (4.0%) had a crash

3,822 drivers had this violation
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Of these, 213 (5.6%) had a crash

** 40% increase in the likelihood of a crash
[Chi square value 25.4, p-value 0.0001]

Improper Lane Change Violation

266,865 drivers did not have this violation
Of these, 10,563 (4.0%) had a crash

2,757 drivers had this violation
Of these, 195 (7.1%) had a crash

** 78% increase in the likelihood of a crash
[Chi square value 69.1, p-value 0.0001]

Improper Passing Violation

268,293 drivers did not have this violation
Of these, 10,692 (4.0%) had a crash

1,329 drivers had this violation
Of these, 66 (5.0%) had a crash

** 25% increase in the likelihood of a crash
[Chi square value 3.3, p-value 0.0684]

Reckless Driving Violation

269,352 drivers did not have this violation
Of these, 10,712 (4.0%) had a crash

270 drivers had this violation
Of these, 46 (17.0%) had a crash

** 325% increase in the likelihood of a crash
[Chi square value 120.1, p-value 0.0001]

Speeding Violation
202,100 drivers did not have this violation
Of these, 7,368 (3.7%) had a crash

67,522 drivers had this violation
Of these, 3,390 (5.0%) had a crash

** 35% increase in the likelihood of a crash
[Chi square value 249.7, p-value 0.0001]

Improper Turns Violation

269,197 drivers did not have this violation
Of these, 10,723 (4.0%) had a crash

425 drivers had this violation
Of these, 35 (8.2%) had a crash

** 105% increase in the likelihood of a crash
[Chi square value 20.0, p-value 0.0001]

36

Size and Weight Violation

205,223 drivers did not have this violation
Of these, 7,768 (3.8%) had a crash

64,399 drivers had this violation
Of these, 2,990 (4.6%) had a crash

** 21% increase in the likelihood of a crash
[Chi square value 94.1, p-value 0.0001]

Failure to Yield Right of Way Violation

268,902 drivers did not have this violation
Of these, 10,709 (4.0%) had a crash

720 drivers had this violation
Of these, 49 (6.8%) had a crash

**70% increase in the likelihood of a crash
[Chi square value 14.9, p-value 0.0001]

Conviction Analysis Results

There were 540,750 U.S. drivers in the sample.
The following analysis represents drivers with
and without the particular conviction between
5/1/02 and 4/30/03, and then whether these
drivers had a crash between 5/1/03 and 4/30/04.

All traffic convictions designated as “serious”
convictions by the Commercial Motor Vehicle
Safety Act of 1986 were included in the analysis.
In addition, all other (non-“serious”) traffic
convictions for which there were sufficient
numbers available were included in the following
analyses as well.

Any conviction

497,535 drivers had zero (0) convictions
Of these, 16,017 (3.2%) had a crash

43,215 drivers had one or more convictions
Of these, 2,178 (5.0%) had a crash

** 56% increase in the likelihood of a crash
[Chi square value 405.34, p-value 0.0001]

Speeding More Than 15 Miles over Speed
Limit Conviction (Serious)

499,610 drivers had zero (0) of this type of
conviction

Of these, 16,127 (3.2%) had a crash

41,140 drivers had one or more of this type of
conviction
Of these, 2,068 (5.0%) had a crash
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** 56% increase in the likelihood of a crash
[Chi square value 378.25, p-value 0.0001]

Following too Closely Conviction (Serious)

538,972 drivers had zero (0) of this type of
conviction
Of these, 18,105 (3.4%) had a crash

1,778 drivers had one or more of this type of
conviction
Of these, 90 (5.1%) had a crash

** 50% increase in the likelihood of a crash
[Chi square value 15.80, p-value 0.0001]

Improper or Erratic Lane Changes
Conviction (Serious)

540,058 drivers had zero (0) of this type of
conviction
Of these, 18,148 (3.4%) had a crash

692 drivers had one or more of this type of
conviction
Of these, 47 (6.8%) had a crash

**100% increase in the likelihood of a crash
[Chi square value 25.03, p-value 0.0001]

Reckless Driving Conviction (Serious)

540,484 drivers had zero (0) of this type of
conviction
Of these, 18,184 (3.4%) had a crash

266 drivers had one or more of this type of
conviction
Of these, 11 (4.1%) had a crash

** 21% increase in the likelihood of a crash
[Chi square value 0.49, p-value 0.4857]

Failure to Obey Traffic Signal/Light
Conviction

539,065 drivers had zero (0) of this type of
conviction

Of these, 18,121 (3.4%) had a crash

1,685 drivers had one or more of this type of
conviction
Of these, 74 (4.4%) had a crash

** 29% increase in the likelihood of a crash
[Chi square value 5.48, p-value 0.0192]

Predicting Trucking Crash Involvement:
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Failure to Obey Traffic Sign Conviction

538,547 drivers had zero (0) of this type of
conviction
Of these, 18,102 (3.4%) had a crash

2,203 drivers had one or more of this type of
conviction
Of these, 93 (4.2%) had a crash

** 24% increase in the likelihood of a crash
[Chi square value 4.99, p-value 0.0254]

Failure to Obey Warning Light/Flasher
Conviction

540,722 drivers had zero (0) of this type of
conviction

Of these, 18,193 (3.4%) had a crash

28 drivers had one or more of this type of
conviction
Of these, 2 (7.1%) had a crash

** 109% increase in the likelihood of a crash
[Chi square value 1.23, p-value 0.2676]

Failure to Obey Yield Sign Conviction

540,706 drivers had zero (0) of this type of
conviction
Of these, 18,194 (3.4%) had a crash

44 drivers had one or more of this type of
conviction
Of these, 1 (2.3%) had a crash

** No increase in the likelihood of a crash
[Chi square value 0.1614, p-value 0.6879]

Improper Lane/Location Conviction

538,700 drivers had zero (0) of this type of
conviction
Of these, 18,093 (3.4%) had a crash

2,050 drivers had one or more of this type of
conviction
Of these, 102 (5.0%) had a crash

** 47% increase in the likelihood of a crash
[Chi square value 16.42, p-value 0.0001]

Failure to Keep in Proper Lane Conviction

539,663 drivers had zero (0) of this type of
conviction
Of these, 18,124 (3.4%) had a crash
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1,087 drivers had one or more of this type of
conviction
Of these, 71 (6.5%) had a crash

** 91% increase in the likelihood of a crash
[Chi square value 33.60, p-value 0.0001]

Improper Pass Conviction

540,442 drivers had zero (0) of this type of
conviction
Of these, 18,179 (3.4%) had a crash

308 drivers had one or more of this type of
conviction
Of these, 16 (5.1%) had a crash

** 50% increase in the likelihood of a crash
[Chi square value 3.17, p-value 0.0748]

Reckless/Careless/Inattentive/Negligent
Driving Conviction

539,500 drivers had zero (0) of this type of
conviction
Of these, 18,130 (3.4%) had a crash

1,250 drivers had one or more of this type of
conviction
Of these, 65 (5.2%) had a crash

** 53% increase in the likelihood of a crash
[Chi square value 12.98, p-value 0.0003]

Failure to Yield Right of Way Conviction

540,209 drivers had zero (0) of this type of
conviction
Of these, 18,159 (3.4%) had a crash

541 drivers had one or more of this type of
conviction
Of these, 36 (6.7%) had a crash

** 97% increase in the likelihood of a crash
[Chi square value 18.02, p-value 0.0001]

Failure to Use/lmproper Signal Conviction
540,512 drivers had zero (0) of this type of
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conviction
Of these, 18,182 (3.4%) had a crash

238 drivers had one or more of this type of
conviction
Of these, 13 (5.5%) had a crash

** 62% increase in the likelihood of a crash
[Chi square value 3.22, p-value 0.0727]

Improper Turn Conviction

540,113 drivers had zero (0) of this type of
conviction

Of these, 18,153 (3.4%) had a crash

637 drivers had one or more of this type of
conviction
Of these, 42 (6.6%) had a crash

** 94% increase in the likelihood of a crash
[Chi square value 20.45, p-value 0.0001]

Speeding 1 to 15 Miles over Speed Limit
Conviction

538,077 drivers had zero (0) of this type of
conviction

Of these, 18,081 (3.4%) had a crash

2,673 drivers had one or more of this type of
conviction
Of these, 114 (4.3%) had a crash

** 26% increase in the likelihood of a crash
[Chi square value 6.69, p-value 0.0097]

Driving Too Fast for Conditions Conviction

539,192 drivers had zero (0) of this type of
conviction
Of these, 18,109 (3.4%) had a crash

1,558 drivers had one or more of this type of
conviction
Of these, 86 (5.5%) had a crash

**62% increase in the likelihood of a crash
[Chi square value 22.32, p-value 0.0001]
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Appendix F

Past Crash Analysis Results

There were a total of 587,772 U.S. drivers in our
sample. Out of this total, there were 14,809
drivers who had a crash between 1/1/08 and
12/31/08, and 14,469 drivers who had a crash
between 1/1/09 and 12/31/09.

572,963 drivers did not have a crash between
1/1/08 and 12/31/08
Of these, 13,805 (2.4%) had a crash between
1/1/09 and 12/31/09

14,8009 drivers had a crash between 1/1/08 and
12/31/08

Of these, 664 (4.5%) had a crash between
1/1/09 and 12/31/09

** 87.5% increase in the likelihood of a crash
[Chi square value 258.7, p-value < 0.0001]

Inspection Analysis Results

There were 275,751 drivers in the sample that
had a roadside inspection between 1/1/08 and
12/31/08. Of these, 9,280 drivers had a crash
between 1/1/09 and 12/31/09.

Any Out-of-Service Violation

179,953 drivers had zero (0) OOS violations
Of these, 5,586 (3.1%) had a crash

95,798 drivers had one or more OOS violations
Of these, 3,694 (3.9%) had a crash

** 25.8% increase in the likelihood of a crash
[Chi square value 108.7, p-value < 0.0001]

Medical Certificate Violation
258,669 drivers did not have this violation
Of these, 8,695 (3.4%) had a crash

17,082 drivers had this violation
Of these, 585 (3.4%) had a crash

** 1.8% increase in the likelihood of a crash
[Chi square value 0.197, p-value 0.6572]

False or No Log Book Violation
220,328 drivers did not have this violation
Of these, 6,844 (3.1%) had a crash

55,423 drivers had this violation
Of these, 2,436 (4.4%) had a crash

Predicting Trucking Crash Involvement:
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** 42% increase in the likelihood of a crash
[Chi square value 226.3, p-value 0.0001]

Hours-of-Service Violation
227,986 drivers did not have this violation
Of these, 7,118 (3.1%) had a crash

47,765 drivers had this violation
Of these, 2,162 (4.5%) had a crash

** 45% increase in the likelihood of a crash
[Chi square value 239.4, p-value 0.0001]

Disqualified Driver Violation
273,383 drivers did not have this violation
Of these, 9,187 (3.4%) had a crash

2,368 drivers had this violation
Of these, 93 (3.9%) had a crash

** 15% increase in the likelihood of a crash
[Chi square value 2.3, p-value 0.1277]

Any Moving Violation

199,952 drivers had zero (0) moving violations
Of these, 6,228 (3.1%) had a crash

75,799 drivers had one or more moving
violations
Of these, 3,052 (4.0%) had a crash

** 29% increase in the likelihood of a crash
[Chi square value 140.5, p-value 0.0001]

Failure to Obey Traffic Control Device
Violation

268,814 drivers did not have this violation
Of these, 8,996 (3.4%) had a crash

6,937 drivers had this violation
Of these, 284 (4.1%) had a crash

** 21% increase in the likelihood of a crash
[Chi square value 11.6, p-value 0.0007]

Following Too Close Violation

273,554 drivers did not have this violation
Of these, 9,175 (3.4%) had a crash

2,197 drivers had this violation
Of these, 105 (4.8%) had a crash
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** 41% increase in the likelihood of a crash
[Chi square value 13.6, p-value 0.0002]

Improper Lane Change Violation

273,987 drivers did not have this violation
Of these, 9,195 (3.4%) had a crash

1,764 drivers had this violation
Of these, 85 (4.8%) had a crash

** 41% increase in the likelihood of a crash
[Chi square value 11.5, p-value 0.0007]

Improper Passing Violation

275,436 drivers did not have this violation
Of these, 9,260 (3.4%) had a crash

315 drivers had this violation
Of these, 20 (6.4%) had a crash

** 88% increase in the likelihood of a crash
[Chi square value 8.6, p-value 0.0033]

Reckless Driving Violation

275,585 drivers did not have this violation
Of these, 9,272 (3.4%) had a crash

166 drivers had this violation
Of these, 8 (4.8%) had a crash

** 88% increase in the likelihood of a crash
[Chi square value 1.1, p-value 0.2988]

Speeding Violation
242,782 drivers did not have this violation
Of these, 7,838 (3.2%) had a crash

32,969 drivers had this violation
Of these, 1,442 (4.4%) had a crash

** 38% increase in the likelihood of a crash
[Chi square value 117.1, p-value 0.0001]

Improper Turns Violation

275,520 drivers did not have this violation
Of these, 9,271 (3.4%) had a crash

231 drivers had this violation
Of these, 9 (3.9%) had a crash

** 15% increase in the likelihood of a crash
[Chi square value 0.2, p-value 0.6545]

Size and Weight Violation

235,701 drivers did not have this violation
Of these, 7,708 (3.3%) had a crash

40,050 drivers had this violation
Of these, 1,572 (3.9%) had a crash

** 18% increase in the likelihood of a crash
[Chi square value 45.1, p-value 0.0001]

Failure to Yield Right of Way Violation

275,376 drivers did not have this violation
Of these, 9,262 (3.4%) had a crash

375 drivers had this violation
Of these, 18 (4.8%) had a crash

** 41% increase in the likelihood of a crash
[Chi square value 2.4, p-value 0.1232]

Conviction Analysis Results

There were 587,772 U.S. drivers in the sample.
The following analysis represents drivers with
and without the particular conviction between
1/1/08 and 12/31/08, and then whether these
drivers had a crash between 1/1/09 and
12/31/09.

Any conviction

515,539 drivers had zero (0) convictions
Of these, 11,707 (2.3%) had a crash

72,233 drivers had one or more convictions
Of these, 2,762 (3.8%) had a crash

** 65% increase in the likelihood of a crash
[Chi square value 636.32, p-value 0.0001]

Speeding More Than 15 Miles over Speed
Limit Conviction (Serious)

558,370 drivers had zero (0) of this type of
conviction

Of these, 13,283 (2.4%) had a crash

29,402 drivers had one or more of this type of
conviction

Of these, 1,186 (4.0%) had a crash

** 67% increase in the likelihood of a crash
[Chi square value 318.57, p-value 0.0001]

Following too Closely Conviction (Serious)
586,467 drivers had zero (0) of this type of
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conviction
Of these, 14,425 (2.5%) had a crash

1,305 drivers had one or more of this type of
conviction
Of these, 44 (3.4%) had a crash

** 36% increase in the likelihood of a crash
[Chi square value 4.51, p-value 0.0337]

Improper or Erratic Lane Changes
Conviction (Serious)

586,521 drivers had zero (0) of this type of
conviction

Of these, 14,413 (2.5%) had a crash

1,251 drivers had one or more of this type of
conviction
Of these, 56 (4.5%) had a crash

** 80% increase in the likelihood of a crash
[Chi square value 21.19, p-value 0.0001]

Reckless Driving Conviction (Serious)
587,584 drivers had zero (0) of this type of

conviction
Of these, 14,462 (2.5%) had a crash

188 drivers had one or more of this type of
conviction
Of these, 7 (3.7%) had a crash

** 48% increase in the likelihood of a crash
[Chi square value 1.25, p-value 0.2641]

Failure to Obey Traffic Signal/Light
Conviction

585,574 drivers had zero (0) of this type of
conviction

Of these, 14,383 (2.5%) had a crash

2,198 drivers had one or more of this type of
conviction
Of these, 86 (3.9%) had a crash

** 56% increase in the likelihood of a crash
[Chi square value 19.35, p-value 0.0001]

Failure to Obey Traffic Sign Conviction

584,629 drivers had zero (0) of this type of
conviction
Of these, 14,338 (2.5%) had a crash

3,143 drivers had one or more of this type of
conviction
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Of these, 131 (4.2%) had a crash

** 68% increase in the likelihood of a crash
[Chi square value 38.32, p-value 0.0001]

Failure to Obey Warning Light/Flasher
Conviction

587,710 drivers had zero (0) of this type of
conviction

Of these, 14,468 (2.5%) had a crash

62 drivers had one or more of this type of
conviction
Of these, 1 (1.6%) had a crash

** No increase in the likelihood of a crash
[Chi square value 0.19, p-value 0.6662]

Failure to Obey Yield Sign Conviction

587,701 drivers had zero (0) of this type of
conviction
Of these, 14,467 (2.5%) had a crash

71 drivers had one or more of this type of
conviction
Of these, 2 (2.8%) had a crash

** 12% increase in the likelihood of a crash
[Chi square value 0.04, p-value 0.8468]

Improper Lane/Location Conviction

585,942 drivers had zero (0) of this type of
conviction
Of these, 14,392 (2.5%) had a crash

1,830 drivers had one or more of this type of
conviction
Of these, 77 (4.2%) had a crash

** 68% increase in the likelihood of a crash
[Chi square value 23.31, p-value 0.0001]

Failure to Keep in Proper Lane Conviction

587,338 drivers had zero (0) of this type of
conviction
Of these, 14,453 (2.5%) had a crash

434 drivers had one or more of this type of
conviction
Of these, 16 (3.7%) had a crash

** 48% increase in the likelihood of a crash
[Chi square value 2.71, p-value 0.0995]
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Improper Pass Conviction

587,494 drivers had zero (0) of this type of
conviction
Of these, 14,459 (2.5%) had a crash

278 drivers had one or more of this type of
conviction
Of these, 10 (3.6%) had a crash

** 44% increase in the likelihood of a crash
[Chi square value 1.49, p-value 0.2217]

Reckless/Careless/Inattentive/Negligent
Driving Conviction

586,666 drivers had zero (0) of this type of
conviction

Of these, 14,424 (2.5%) had a crash

1,106 drivers had one or more of this type of
conviction
Of these, 45 (4.1%) had a crash

** 64% increase in the likelihood of a crash
[Chi square value 11.92, p-value 0.0006]

Failure to Yield Right of Way Conviction

587,309 drivers had zero (0) of this type of
conviction
Of these, 14,459 (2.5%) had a crash

463 drivers had one or more of this type of
conviction
Of these, 10 (2.2%) had a crash

** No increase in the likelihood of a crash
[Chi square value 0.18, p-value 0.6750]

Failure to Use/Improper Signal Conviction

587,428 drivers had zero (0) of this type of
conviction
Of these, 14,452 (2.5%) had a crash

344 drivers had one or more of this type of
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conviction
Of these, 17 (4.9%) had a crash

** 96% increase in the likelihood of a crash
[Chi square value 8.82, p-value 0.0030]

Improper Turn Conviction
587,250 drivers had zero (0) of this type of

conviction
Of these, 14,445 (2.5%) had a crash

522 drivers had one or more of this type of
conviction
Of these, 24 (4.6%) had a crash

** 84% increase in the likelihood of a crash
[Chi square value 9.93, p-value 0.0016]

Speeding 1 to 15 Miles over Speed Limit
Conviction

585,640 drivers had zero (0) of this type of
conviction

Of these, 14,394 (2.5%) had a crash

2,132 drivers had one or more of this type of
conviction
Of these, 75 (3.5%) had a crash

** 40% increase in the likelihood of a crash
[Chi square value 9.94, p-value 0.0016]

Driving Too Fast for Conditions Conviction

586,215 drivers had zero (0) of this type of
conviction
Of these, 14,408 (2.5%) had a crash

1,557 drivers had one or more of this type of
conviction
Of these, 61 (3.9%) had a crash

** 56% increase in the likelihood of a crash
[Chi square value 13.79, p-value 0.0002]
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Appendix G
No. of No. of Inspections with No. of

State | Inspections | Percent Traffic Enforcement Percent | Crashes | Percent | Difference
IN* 96,165 2.74% 55,732 7.67% 3,602 3.25% -4.42%
NM* 129,408 3.68% 30,787 4.24% 529 0.48% -3.76%
WA* 108,305 3.08% 29,882 4.11% 1,161 1.05% -3.06%
CA* 538,117 15.31% 66,448 9.14% 7,639 6.89% -2.25%
AZ 94,012 2.68% 24,792 3.41% 2,054 1.85% -1.56%
MI* 71,915 2.05% 32,535 4.48% 3,491 3.15% -1.33%
KY 88,029 2.51% 26,082 3.59% 2,541 2.29% -1.30%
IA* 57,885 1.65% 19,665 2.71% 1,605 1.45% -1.26%
MD 107,100 3.05% 19,037 2.62% 1,943 1.75% -0.87%
NV 32,289 0.92% 8,566 1.18% 450 0.41% -0.77%
WV 33,788 0.96% 10,518 1.45% 750 0.68% -0.77%
MN 42 477 1.21% 16,796 2.31% 1,790 1.62% -0.70%
OR 56,450 1.61% 10,632 1.46% 998 0.90% -0.56%
MO** 85,322 2.43% 26,875 3.70% 3,582 3.23% -0.47%
SD 29,383 0.84% 4,734 0.65% 313 0.28% -0.37%
ID 13,001 0.37% 6,744 0.93% 644 0.58% -0.35%
CT 22,131 0.63% 7,160 0.99% 720 0.65% -0.34%
NE 37,387 1.06% 9,199 1.27% 1,077 0.97% -0.29%
Co 56,733 1.61% 11,700 1.61% 1,488 1.34% -0.27%
Wi 36,407 1.04% 13,889 1.91% 1,928 1.74% -0.17%
VT 9,740 0.28% 2,346 0.32% 174 0.16% -0.17%
AK 9,941 0.28% 1,298 0.18% 92 0.08% -0.10%
MT 45,319 1.29% 3,683 0.51% 480 0.43% -0.07%
HI 5,483 0.16% 781 0.11% 67 0.06% -0.05%
DE 5,079 0.14% 2,091 0.29% 277 0.25% -0.04%
NH 12,319 0.35% 2,552 0.35% 349 0.32% -0.04%
OK 29,735 0.85% 10,706 1.47% 1,605 1.45% -0.02%
SC 52,490 1.49% 13,229 1.82% 1,994 1.80% -0.02%
FL 102,682 2.92% 20,691 2.85% 3,139 2.83% -0.01%
WY 19,444 0.55% 4,803 0.66% 740 0.67% 0.01%
RI 2,831 0.08% 1,073 0.15% 184 0.17% 0.02%
KS* 52,453 1.49% 8,972 1.23% 1,424 1.29% 0.05%
ME 23,987 0.68% 3,416 0.47% 589 0.53% 0.06%
uT 40,862 1.16% 7,972 1.10% 1,345 1.21% 0.12%
ND 14,841 0.42% 1,496 0.21% 386 0.35% 0.14%
TN* 69,845 1.99% 18,203 2.50% 2,994 2.70% 0.20%
MA 18,658 0.53% 10,330 1.42% 1,969 1.78% 0.36%
AR 42,099 1.20% 8,916 1.23% 1,759 1.59% 0.36%
LA 51,178 1.46% 17,430 2.40% 3,204 2.89% 0.49%
NY** 112,460 3.20% 14,138 1.95% 2,714 2.45% 0.50%
MS** 42,273 1.20% 1,354 0.19% 1,011 0.91% 0.73%
AL** 43,745 1.24% 6,602 0.91% 1,999 1.80% 0.90%
GA 99,848 2.84% 22,475 3.09% 4,440 4.01% 0.91%
IL* 78,811 2.24% 25,147 3.46% 5,202 4.70% 1.23%
VA** 43,995 1.25% 11,158 1.54% 3,275 2.96% 1.42%
NC 91,233 2.60% 17,681 2.43% 4,418 3.99% 1.55%
OH** 85,798 2.44% 16,294 2.24% 4,284 3.87% 1.62%
PA** 81,891 2.33% 16,751 2.31% 4,861 4.39% 2.08%
NJ** 43,461 1.24% 8,862 1.22% 5,330 4.81% 3.59%
T 444,934 12.66% 14,501 2.00% 12,182 11.00% 9.00%

*One of the 10 "Top Tier" States in 2005
**One of the 10 "Bottom Tier" States in 2005
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Reckless Driving
There was concurrence among all interviewed carriers that a reckless driving conviction results in the
automatic termination of the driver. Most indicated the same for known reckless driving violations.

Improper Turns
The maijority of safety directors enforce one or more of the following countermeasures for improper turn
convictions:

e The driver is required to attend the company’s turning remedial training program which is
designed to educate the driver on how to properly set up for turns. This is an instructor-led,
lecture-based training session with a behind-the-wheel component.

e The driver is required to participate in a 15-45 minute road test. The instructor typically provides
a significant amount of feedback during the road test to keep the driver’s mind focused on “cause-
and-effect.”

e Several carriers mentioned that this event would also result in a 15-20 minute meeting with the
safety director to reinforce the importance of safe driving techniques.

e Several carriers mentioned that this event would trigger an entire driver review and would result in
a formal one-on-one discussion with the safety director.

Improper/Erratic Lane Changes
Similar to improper turns, carrier responses included:

e The driver is required to participate in a safety training program which explains how to make
proper lane changes. As described above, this program is an instructor-led training session that
includes a behind-the-wheel component.

e The driver would be required to participate in the defensive driving and close quarter training
safety programs.

o Several carriers mentioned that this event would result in a lecture-based discussion with the
safety director that emphasizes safe driving techniques and objectives.

e Again, several carriers mentioned that this event would trigger an entire driver review which
would result in a formal one-on-one discussion with the safety director.

Driving Too Fast for Conditions/Speeding
Most carriers emphasized that some combination of the following policies would be instituted:

e The driver would be required to go through a remedial training session which is instructor-led,
lecture-based and includes a behind-the-wheel component.

e Several carriers mentioned that this event would typically result in a one-on-one meeting with the
safety director which would target the motivation behind the driver’s speeding behavior. The
driver would also be required to attend a video-based training session.

e Several carriers mentioned that if a driver was traveling in excess of 15 mph over the posted
speed limit, the driver would be automatically terminated; one carrier said a driver caught
speeding more than 15 mph over the posted speed limit would receive 2 strikes under its “3
strikes and you’re out” policy.

Following Too Closely
Carriers were particularly concerned about following-too-closely convictions (ostensibly as a pre-cursor to
road rage), and emphasized the following policies and strategies:
¢ [f a driver was caught following too closely, they would receive 2 strikes under the “3 strikes and
you’re out” policy, ranking it with, or higher than, many speeding convictions.
e This event would result in a lecture-based discussion with the driver, safety video training, and a
short road demonstration.
¢ One carrier mentioned that if a rear-end crash were involved with this event, the driver would be
automatically terminated.
e Several carriers mentioned that this event would trigger an entire driver review which would result
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in a formal one-on-one discussion with the safety director.

Failure to Obey Traffic Control Device/Signal/Light
Responses included:
o The driver would be required to participate in a remedial training session which would be
instructor-led, lecture-based and include a behind the wheel component.
e This event would require the driver to take a written traffic laws test as a means to reinforce basic
safety expectations.
¢ The majority of the carriers mentioned that this event would trigger an entire driver review which
would result in a one-on-one discussion with the safety director.

Failure to Yield Right of Way
Responses included:
e Most carriers mentioned that this event would trigger an entire driver review and a meeting with
the safety director.
e This event would also count as a strike on the “three strikes you’re out” policy.

HOS/Logbook Violations
Responses included:

¢ Disciplinary actions are based on an internal company point system where different weights are
attached to different violations. Once a driver reaches a certain level, the driver is required to
take four hours of live classroom instruction.

o If the driver receives more than two of these violations in a given time period, the driver is
required to take a two-hour retraining class that is part lecture and part video. This system is
based on a 4-step disciplinary program with the fourth step being termination. A driver can
retreat to a lower violation level if the driver completes a designated probation period without
receiving a violation.

e The driver would be required to attend an HOS class which typically includes one to three hours
of live instruction where sample problems are used, and regulations and procedures are
reviewed.

e Several carriers mentioned that the first violation typically receives a verbal and written warning
with instruction on how to log correctly. Each repeat of the incident results in stricter disciplinary
actions leading to termination.

¢ One company has a zero tolerance policy for falsifying documents. If a driver deliberately tries to
falsify their documents they are automatically terminated. If a driver makes a mathematical
mistake or if the mistake was not deliberate, the driver has to watch a one-hour HOS training
video that explains how to properly fill out driver logs.

Crashes
Responses included:

¢ [f a driver is involved in a crash, the company routes the driver to the Operations Center where
they receive a remedial safety training session based on the type of incident.

¢ One carrier’s crash policy treats major and minor crashes differently. Discipline is more severe if
the driver was negligent by failure to adjust to road, weather-related conditions, traffic conditions,
speed-related conditions and/or overall poor judgment by the driver.

o If adriver is involved in a preventable crash, the driver is automatically on operational hold until
the driver receives remedial training.

¢ [f a driveris involved in a rear-end crash, no matter how serious, the driver automatically receives
a 3-day suspension.

o If a driver took every precaution necessary in order to avoid being involved in a crash, the driver
would typically go through a re-education process. If a driver didn’t take all the necessary
precautions, in some cases it could trigger an automatic termination.

e [f a driveris involved in any crash, the driver must attend the Hazard Perception Challenge
remedial training program. The remedial training program includes an interactive video which
requires active participation from the driver and the duration can be adjusted based on how well
the driver understands the safety message at hand.
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