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FOREWORD

The purpose of this project was to conduct a literature synthesis on three commonly deployed
onboard safety system (OBSS) types and an effectiveness evaluation of these technologies using
data collected directly from participating motor carriers. These OBSSs included lane departure
warning (LDW), roll stability control (RSC), and forward collision warning (FCW) systems. The
data acquired from participating carriers were used to answer three specific research questions:
what are the safety benefits (i.e., reduction in the number of crashes) of LDW, RSC, and FCW
systems regarding the specific crash types associated with each OBSS?; are these OBSSs cost-
effective investments (e.g., what are the economic costs and benefits associated with adoption of
each OBSS)?; and what are drivers’ and safety managers’ opinions and perceptions regarding
each OBSS type?

NOTICE
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The contents of this report reflect the views of the contractor, who is responsible for the accuracy
of the data and the analyses results presented herein. The contents do not necessarily reflect the
official policy of the U.S. Department of Transportation.

This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers named herein. Trade
or manufacturers’ names appear herein only because they are considered essential to the
objective of this document.
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Table of APPROXIMATE CONVERSIONS TO SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
In Inches 25.4 Millimeters mm
Ft feet 0.305 Meters m
Yd yards 0.914 Meters m
Mi miles 1.61 Kilometers km
AREA
in2 square inches 645.2 square millimeters mm2
ft2 square feet 0.093 square meters m2
yd? square yards 0.836 square meters m2
Ac acres 0.405 Hectares ha
mi2 square miles 2.59 square kilometers km?
VOLUME 1000 L shall be shown in m3
fl oz fluid ounces 29.57 Milliliters mL
Gal gallons 3.785 Liters L
fts cubic feet 0.028 cubic meters m3
yd3 cubic yards 0.765 cubic meters m3
MASS
Oz ounces 28.35 Grams g
Lb pounds 0.454 Kilograms kg
T short tons (2000 Ib) 0.907 megagrams (or “metric ton”) Mg (or “t")
TEMPERATURE Temperature is in exact degrees
°F Fahrenheit 5x (F-32) +9 Celsius °C
or (F-32) - 1.8
ILLUMINATION
Fc foot-candles 10.76 Lux Ix
FI foot-Lamberts 3.426 candela/m? cd/mz
Force and Pressure or Stress
Lbf poundforce 4.45 Newtons N
Ibf/in2 poundforce per square inch 6.89 Kilopascals kPa
Table of APPROXIMATE CONVERSIONS FROM SI UNITS
Symbol When You Know Multiply By To Find Symbol
LENGTH
Mm millimeters 0.039 inches in
M meters 3.28 feet ft
M meters 1.09 yards yd
Km kilometers 0.621 miles mi
AREA
mm?2 square millimeters 0.0016 square inches in2
m? square meters 10.764 square feet ft2
m?2 square meters 1.195 square yards yd?
Ha hectares 2.47 acres ac
km? square kilometers 0.386 square miles mi2
VOLUME
mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 gallons gal
m3 cubic meters 35.314 cubic feet fts
m3 cubic meters 1.307 cubic yards yd3
MASS
G grams 0.035 ounces 0z
Kg kilograms 2.202 pounds Ib
Mg (or “t") megagrams (or “metric ton”) 1.103 short tons (2000 Ib) T
TEMPERATURE Temperature is in exact degrees
°C Celsius 1.8c + 32 Fahrenheit °F
ILLUMINATION
Lx Lux 0.0929 foot-candles fc
cd/m? candela/m? 0.2919 foot-Lamberts fl
Force & Pressure Or Stress
N newtons 0.225 poundforce Ibf
kPa kilopascals 0.145 poundforce per square inch Ibf/in2

* Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.

(Revised March 2003, Section 508-accessible version September 2009).
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EXECUTIVE SUMMARY

The Federal Motor Carrier Safety Administration (FMCSA) is committed to reducing crashes,
injuries, and fatalities involving commercial motor vehicle (CMV) transportation through
education, innovation, regulation, enforcement, financial assistance, partnerships, and full
accountability. One of the promising venues that supports FMCSA'’s safety mission is the
expanded deployment of proven driver-assistance technologies. Working together with the
trucking industry stakeholders, FMCSA envisions a future of smart technologies that support the
increasing role of the trucking industry to safely, securely, and efficiently transport the Nation’s
goods and products.

In this research study, onboard safety systems (OBSS) of interest are vehicle-based driver
assistance technologies that aim to improve the safety of in-service CMV operation. Today’s
modern trucks commonly feature one or more of OBSSs to help the driver mitigate or avoid a
crash. Examples of commonly deployed OBSSs for CMVs include electronic stability control
(ESC), roll stability control (RSC), lane departure warning (LDW), blind spot warning (BSW),
forward collision warning (FCW), adaptive cruise control (ACC), and collision mitigation
braking systems (CMBS). In-service effectiveness assessment of these systems is of significant
importance to FMCSA, U.S. Department of Transportation (USDOT), fleets, safety advocacy
groups and other industry stakeholders. This study not only augments the collective knowledge
around the effectiveness of such OBSS systems, but it also helps faster deployment of these
safety technologies at fleets by providing them a naturalistic basis of effectiveness measure from
OBSS uses in real-life operational environments.

STUDY MOTIVATION

While there already is a wealth of literature on effectiveness assessment of OBSSs, these studies
are primarily concerned with the effectiveness estimations or projections of the OBSSs based on
engineering judgement, simulations, limited track, or field testing.

This research differs from existing OBSS effectiveness studies in that it statistically measures
OBSS effectiveness in previous incident and accident records of participating fleets. Until
recently, it was not possible to design a study of this nature because most of these OBSSs had
only been newly introduced into the trucking industry, and furthermore, since crashes are rare
events, many years of post-deployment operation was necessary to accumulate sufficient data to
draw statistical conclusions over the safety impacts of their useage. Furthermore, this study is
able to account for exposure in crash rate analysis based on vehicle miles traveled while previous
studies did not have such ability.

It should also be noted that the observed effectiveness of OBSSs in this study refers to the
measure of in-service effectiveness with the driver also in the loop. Drivers’ immediate
responses to generated warnings as well as longer term responses such as modifying their driving
habits based on past system warnings or interventions can substantially influence the overall
effectiveness observed with these OBSSs and resultantly, the in-service effectiveness results
could differ from documented effectiveness results in the literature.
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STUDY STRUCTURE

First, a generalized power analysis was followed to estimate the minimum number of vehicles
with each OBSS type that would be needed in the dataset for statistical sufficiency.

Then, carriers were recruited to be able to achieve the necessary OBSS composition based on the
power analysis. It was not possible to recruit enough fleets to achieve the necessary OBSS
deployment numbers for many of the newer technologies. When the team recruited a sufficient
number of fleets to be able to assess three of the more mature OBSS technologies with longer
history, namely LDW, RSC, and FCW systems, they also assessed the amount of time and effort
it would take to continue recruiting fleets to support analyses of other OBSS types. At that time,
it was decided that such an effort would not be feasible within the framework of the research
timeline, and hence the scope of this work was set to primarily cover LDW, RSC, and FCW
systems.

A detailed literature survey of prior OBSS effectiveness studies was carried out for each of these
three OBSS types. This effort benchmarked the expected ranges of reported effectiveness for
each OBSS type of interest as well as previous benefit-cost analysis findings.

Concurrently, detailed carrier crash data were acquired from participating fleets. Data quality
was assessed, non-conforming fleet data were identified and excluded from the dataset, and the
remaining data were processed and harmonized into a single database across all fleets. During
this stage, the team identified a need to statistically account for the existence of multiple OBSS
systems on certain vehicles, which was not considered as a major factor at the beginning of the
study. The effectiveness of the LDW, RSC, and FCW was, then, statistically analyzed in a
retrospective manner, which established the in-field effectiveness measures for the subject OBSS
types. When applicable, these measures were subsequently advanced into benefit-cost analyses
for the carriers and for society.

In another track, drivers and safety managers from the participating fleets were interviewed to
document the subjective user perceptions and opinions with these safety systems.

It should be highlighted that the same methodology was applied to each of the three OBSS types
that were covered in this research, namely LDW, RSC, and FCW systems.

METHODS

Use of fleet crash data

This study uses carrier crash records for analysis. Carriers often have more stringent crash
reporting requirements than USDOT-reportable crashes (see 49 CFR 390.5 and 390.15) and they
include more minor incidents as well. Throughout this report, non-USDOT-reportable crashes
(incidents) and USDOT-reportable crashes will collectively be referred to as crashes to be
consistent with terminology carriers use.

As a direct result of the above, the overall crash rate in the dataset used as a basis for this study
varied from 4.5 to 7.0 crashes per million vehicle miles traveled (MVMT), depending on the
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OBSS cohort. This crash rate was far higher than the large truck crash rate reported in the
National Highway Traffic Administration’s Traffic Safety Facts 2008 (1.36 crashes per MVMT).
This does not reflect unsafe carriers, but rather a dataset that included a greater number and
diversity of crashes than USDOT-reportable accidents alone.

Even with the rich dataset utilized in this study (151,624 truck-years equivalent operation), there
was not an adequate number of USDOT-reportable accidents alone to draw statistical
conclusions on the effectiveness of the three OBSSs. Inclusion of more minor crashes in the
effectiveness analysis is consistent with procedures used in other studies where near-crash
occurrences are typically included in the assessment of a system’s benefits. Furthermore, the
research team believes that the current carrier-collected dataset better represents motor carriers’
crash costs and exposure than those severe enough to be reported to USDOT and included in the
General Estimates System (GES).

Data Merging, Reduction

Recruitment of participating fleets with the required level of data and records management
qualities was a major accomplishment of this study. Certain crash data elements were necessary
to ensure all analyses were correctly performed (e.g., crash type, contributing factor, crash
narrative, exposure, etc.). Participating carriers that did not collect the necessary data elements
were not included in any analyses. Specific carrier information was also collected from each
participating carrier. This information included carrier demographic information and safety
management techniques. At a minimum, participating carriers provided 2 years of existing crash
data from calendar years 2007-09 (all vehicles in the dataset were Class 7 and 8 trucks).

Within the qualifying pool of 14 suitable fleets, data from each fleet was harmonized into a
single compatible database for analysis, which collectively accounted for 151,624 truck-years of
operation, more than 13 billion miles of travel, and 88,112 crash records. The average mileage
per truck per year was approximately 86,000 miles. Approximately 6 percent, 49 percent, and 4
percent of total truck-years of operation were accumulated with a LDW, RSC, and FCW system
respectively.

Crash Association with OBSSs

Once data harmonization was complete, data analysts coded the crash type (using the existing
crash type and crash narrative) using a uniform list of crash types created by the research team.
The crash types coded by data analysts referred to the first impact in a crash. Using the crash
narrative, crash type, and other data elements (e.g., contributing factor), data analysts also
indicated if the crash was associated with an OBSS where that OBSS would have been effective.
Even though this process had a subjective component, a rater reliability testing performed by the
team yielded an inter-rater reliability of 96.4 percent and 99.7 percent on the designation of a
crash type and its OBSS-relevance respectively.

Statistical Analysis

The main objective in the current study design was to quantitatively evaluate the safety impact of
LDW, RSC, and FCW. Since it was possible to collect the OBSS status in all trucks in the
dataset, a cohort study was preferred. And, because the current study was based on previous data,
the overall study design was analogous to the classic retrospective cohort study. The formal
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statistical analysis to assess the safety benefit of each OBSS used a generalized linear model.™")
Specifically, the count based on the Poisson regression model was adopted to model the crash
frequency with adjustment to exposure (MVMT). The modeling method also provided a way to
control the confounding factors by including these in the model. One common problem with the
Poisson regression-based safety model is the overdispersion issue (i.e., the variance is greater
than the mean), and the research team addressed this issue by utilizing a common technique that
includes a general estimation equation (GEE) implemented through an R-side random effect in
statistical analysis software, which effectively accommodates the overdispersed data.

BENEFIT-COST ANALYSIS METHODS

The benefit-cost analyses (BCA) included a comprehensive list of known costs and benefits
following conventional methods used in other similar studies. The research team performed BCA
from both the carrier and the societal standpoints. The following cost and benefit items were
considered in the study:
Costs:

e OBSS technology acquisition, installation, deployment, and financing costs,

e OBSS maintenance costs,

e OBSS replacement costs,

e OBSS training costs.

Benefits:
e OBSS investment-related Federal tax deduction savings for the carriers,
e Fleet Crash avoidance benefits including:
0 Labor and worker’s compensation,
Operational costs,
Environmental costs,
Property damage,
Legal settlement,
o Court costs and other fees.
e Societal crash avoidance benefits including:
0 Medical-related costs,
Emergency response service costs,
Property damage,
Lost productivity,
Monetized value of pain, and the suffering and quality-of-life decrements
experienced by families in a death or an injury.

O 0O O O

O O O O

The direct and indirect benefits associated with reductions in crashes with the use of an OBSS
were compared to the costs of deploying each OBSS. Because information related to the costs of
crashes was not available from participating carriers (given the time period involved in litigation
and other factors), estimates of these costs were obtained from various government and insurance
organizations. However, carriers supplied information on the costs associated with each OBSS.
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FOCUS GROUPS

Although the primary evaluation in the current study related to the effectiveness of each OBSS,
qualitative information on the acceptance and usage of these OBSSs by driver and safety
management personnel was also assessed via focus group studies. Twelve focus groups (six with
drivers and six with safety managers) were used in the current study, whereby there were four
focus groups used for each LDW, RSC, and FCW at carriers that had the OBSS deployed in their
fleets. Topics addressed in the focus groups included perceptions and opinions of each OBSS.

RESEARCH QUESTIONS

Data collected from participating carriers were used to answer three specific research questions:

e Research Question 1: What are the in-service safety benefits (i.e., reduction in frequency
of crashes) observed with the use of each OBSS (i.e., LDW, RSC, and FCW) regarding
the specific crash types associated with each OBSS?

e Research Question 2: Are these OBSSs cost-effective investments (e.g., what are the
economic costs and benefits associated with adoption of each OBSS)?

e Research Question 3: What are drivers’ and safety managers’ opinions and perceptions
regarding each OBSS?

SUMMARY OF STUDY RESULTS

Table 1, Table 2, and Table 3 summarize the safety benefit findings of this study on the three

OBSS types, LDW, RSC, and FCW. The following sections further explain the main findings for
each of these safety systems.

Table 1. Summary of Crash Statistics and OBSS Effectiveness Observations.

Type of Crash LDW Not LDW R_SC Not RSC FQW Not_FCW
Equipped | Equipped | Equipped | Equipped | Equipped | Equipped

Total Crashes 5,932 82,180 49,157 38,955 3,629 84,483
OBSS-Related Crashes 115 2,289 281 384 65 1,129
Truck-Years 12,597 139,027 74,398 77,226 9,788 141,836
Million Miles 1,156 11,910 7,059 6,007 814 12,252
3‘\’/?\;"’2‘#')&&5“ Rate (per 5.1 6.9 7.0 6.5 45 6.9
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Table 2. OBSS Effectiveness Observation Summary: Overall OBSS-related Crash Rate
Comparison.

Tvoe of Crash LDW Not LDW RSC Not RSC FCW Not FCW
yp Equipped | Equipped | Equipped | Equipped | Equipped | Equipped
OBSS-Related Crash Rate
(per MVMT) 0.099 0.192 0.04 0.064 0.08 0.092
OBSS-Related Crash Rate | 48.4% for | 48.4% for | 37.5%for | 37.5% for | 13.1% for | 13.1% for
Reduction (per MVMT) LDW’ LDW' RSC’ RSC’ Fcw™ FCW™

Note: Potential confounding effects due to existence of multiple OBSSs on a subset of trucks are ignored.
*Statistically significant.

“Not statistically significant.

TStatistical analysis results from Poisson GEE regression model are used throughout the report.

Table 3. OBSS Effectiveness Observation Summary: Poisson Generalized Estimating Equation
(GEE) Regression Model Results.

Type of Crash LDW RSC FCW
OBSS-Related Crash Rate
Ratio (without OBSS/with 1.917 1.555 0.997
OBSS)
OBSS-Related Crash Rate * * o
Reduction (per MVMT) 47.8% for LDW 35.7% for RSC -0.3% for FCW

Note: Potential confounding effects due to existence of multiple OBSSs on a subset of trucks are discounted for each
OBSS.

*Statistical analysis results from Poisson GEE regression model are used throughout the report.

Lane Departure Warning System Effectiveness

LDW system effectiveness analysis had sufficient statistical power in the analyzed dataset.
Approximately 6 percent of the 13 billion (or 780,000,000) vehicle-miles accumulated were with
a LDW system installed on the carrier vehicles.

The LDW system effectiveness analysis resulted in a statistically significant finding whereby
trucks without LDW systems had a LDW-related crash rate (per MVMT) 1.917 times higher
than trucks with such a system;

This reduction translates to a 47.8 percent crash rate reduction per MVMT in LDW-related
crashes with the use of a LDW system, and this finding is on the high end of the range (23
percent to 50 percent) predicted in previous research studies that also assessed the effectiveness
of LDW systems.>**>® (Note that past studies reported reductions in the number of OBSS-
related crashes and not the CRR per MVMT.)

A followup benefit-cost analysis showed the following:
e LDW system benefits to the carriers outweigh the costs by a factor (benefit-to cost ratio,

or BCR) of 14.69 to 4.95 (depending on annual vehicle miles traveled [VMT]) implying a
payback period of 4 to 12 months.
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e LDW system benefits to society would outweigh the costs by a factor of 5.7 to 1.9
(depending on annual VMT) implying a payback period of 11 to 32 months.

The carrier BCR finding listed above associated with LDW effectiveness is higher than reported
by Houser et al,®® which was 6.55-1.37 (depending on VMT).

Roll Stability Control Effectiveness

RSC effectiveness analysis had very strong statistical power in the analyzed dataset in
comparison to all OBSS systems deployed at the participating carriers. Approximately 49
percent of the 13 billion (or 6.4 billion) vehicle-miles accumulated were with a stability system
installed on the carrier vehicles. Among the participating fleets, an overwhelming majority of the
deployed stability control systems were RSC systems and a smaller subset were ESC systems,
which was due to the nature of the supplier and system choice among the participating fleets and
does not necessarily represent the market deployment ratio between these two stability control
system types. The ESC subgroup alone did not have sufficient data to lend itself to a standalone
statistical effectiveness analysis. As a result, this study only examined the RSC effectiveness.

The RSC effectiveness analysis resulted in a statistically significant finding whereby trucks
without RSC systems had a RSC-related crash rate 1.555 times higher than trucks with such a
system.

This reduction translates into a 37.5-percent crash rate reduction per MVMT in RSC-related
crashes with RSC and it was on the lower half of the range (26 percent to 64 percent) Predicted
in previous research studies that also estimated the effectiveness of RSC systems."#°

A followup benefit-cost analysis showed the following:

e RSC system benefits to the carriers outweigh the costs by a factor of 12.50 to 4.17
(depending on VMT) implying a payback period of 5 to 14 months.

e RSC system benefits to society outweigh the costs by a factor of 4.2 to 1.4 (depending on
VMT) implying a payback period of 14 to 43 months.

Murray et al.,® estimated the carrier BCR using mandatory RSC deployment and found a BCR

of 8).36—1.66. The carrier BCR in the current study was much higher than reported in Murray et
al.

Forward Collision Warning Effectiveness

At the beginning of the study it was concluded that, within the analyzed carrier dataset, data with
FCW systems had sufficient statistical power to detect effectiveness within the upper end of the
FCW effectiveness range of expectations from previous studies. Previous studies predicted 3
percent to 21 percent FCW-related crash reductions with the use of an FCW system. This goal
was a goal for this study.

Later, a data-quality issue identified during analysis stages resulted in the omission of data from
a big fleet, which primarily impacted the FCW effectiveness study’s statistical power,
significantly lowering the pool of vehicles equipped with an FCW system in the qualified dataset
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analyzed. At this stage, approximately 4 percent of the 13 billion (or 520,000,000) vehicle miles
in the remaining qualified dataset were accumulated with an FCW system, which was lowest
among all three OBSSs analyzed. There was borderline power left to potentially detect FCW
effectiveness in the high end of the effectiveness spectrum. This was considered to be a
possibility due to the following reason:

e There were primarily three types of FCW systems deployed at the participating fleets, a
basic FCW system which was an older generation product, an ACC system which also
includes the FCW functionality, and a CMBS product, which also includes both ACC and
FCW functionalities. All three types of systems were projected to be effective in FCW-
related crashes and hypothetical effectiveness would increase with FCW, ACC, and
CMBS respectively. While none of these FCW system types had enough statistical power
individually in the dataset, the team hypothesized that if they were collectively treated as
a single FCW cohort, it might bias the harmonized effectiveness of the group towards the
higher end of the expected effectiveness range since previous studies reported only
expectations from basic FCW systems.

Hence, trucks equipped with FCW, ACC, and CMBS were treated as a single FCW cohort and
analyzed collectively for effectiveness in FCW-related crashes.

This analysis yielded a statistically non-significant effectiveness finding for the FCW group. The
FCW-related crash rates were practically indistinguishable between FCW and non-FCW cohorts,
especially when the existence of multiple OBSS types on certain vehicles were discounted in the
statistical analysis. This factor was not taken into account at the beginning of the study and the
introduction of a new variant in the statistical analysis further diminished the statistical power of
data for all OBSSs, but particularly affecting analysis with FCW, which already had borderline
statistical power.

Retrospectively revisiting the power analysis, the dataset did not have enough statistical power to
detect FCW effectiveness in this study in the expected range documented from previous studies.

Due to the lack of finding a statistically significant safety benefit with FCW systems in FCW-
related crashes, benefit-cost analyses associated with FCW systems are determined not to be
meaningful, and therefore, not included in this report.

Further research is recommended with FCW systems in general, particularly taking into account
the generational differences in capabilities of such systems aiming to address FCW-related
crashes, and with a particular focus on the more advanced versions of such systems currently
available in the market place. A subgroup study performed by the research team implied that
CMBS may have a particularly promising potential, but the dataset in this study did not have
power to support a meaningful statistical analysis with that system.

DISCUSSION

The current study assessed the safety benefits of three different OBSSs installed on Class 7 and 8
trucks as they operated during normal revenue-producing deliveries. The approach used in this
research went far beyond any previous study in this domain. First, the current study used data
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collected directly from participating carriers; thus, the resultant dataset used in the analyses
contained a broad spectrum of crashes (many of these crashes were not required to be reported to
State or Federal agencies). Second, the research team collected detailed information on the trucks
and the safety management techniques at the participating carriers, thereby allowing the research
team to control for variables that may have influenced the crash rate. Third, the research team
collected mileage information from each truck to control for differences in exposure. Last, the
research team reviewed each crash file to determine if the specific OBSS would have had a
chance to mitigate a crash. The statistical analyses included a GEE Poisson regression to
accommodate the potential overdispersion effect. The results across analyses indicated a strong,
positive safety benefit for LDW and RSC, but were not statistically significant for FCW.

The lack of statistically significant findings for FCW was most likely due to statistical power
issues at the expected effectiveness levels. It was projected that there was potentially borderline-
sufficient statistical power to be able to detect FCW effectiveness in higher than expected range
from previous studies but the results were statistically non-significant. There simply was not
enough number of FCW-equipped vehicles in the dataset to be able to statistically detect safety
benefits at the projected effectiveness levels.

While insufficiency of the FCW-relevant data in the dataset can explain the “statistical non-
significance” of the observed safety benefits with FCW systems, the confounding effects of the
driver being in the loop potentially affected the observed effectiveness levels. Previous FCW
studies predicted a range of 3 percent to 21 percent effectiveness with the use of FCW systems
but the high-end estimates were obtained assuming a perfect driver response (Fitch et al.,*%) and
marginal benefits were observed in naturalistic studies with the driver in the loop (Sayer et
al,(“)). This study could be highlighting a similar effect, in statistically non-significant
observations, whereby drivers’ involvement in the loop may be lowering the in-service
effectiveness of the deployed FCW systems.

GENERAL LIMITATIONS

Although the dataset used in the analyses to assess the effectiveness and cost-benefit of each
OBSS was comprehensive, there were limitations.

e The crash files obtained from participating carriers could have contained errors. In turn,
these errors could have influenced the effectiveness of each of the OBSSs and the cost-
benefit analyses. There was no way to determine the veracity of the crash files.

e It was possible, albeit unlikely, that safety personnel at participating carriers with an
OBSS may have been biased when populating the information in the crash file (e.g.,
assigning a different crash type and narrative to support the expense in purchasing the
OBSS).

e Analysis was performed over all carrier required-to-be-reported crash data and not over
only USDOT-reportable accidents. Because carrier crash data far outhumbered USDOT-
reportable accidents, this fact may have caused the results to be skewed.

e The dataset in the current study was skewed toward larger, for-hire carriers and may not
fully represent the overall U.S. trucking population (there was only one private fleet).
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Estimates of crash costs were used in the current study given the difficulty in obtaining
actual crash costs (e.g., unwillingness of carriers to provide this information, time
involved in litigation, etc.). It is possible these estimates misrepresent the actual crash
costs and skew the cost-benefit analyses.

Data analysts (although blind to the specific hypotheses) were not blind to cohort
assignment, as they required this information to code OBSS-related crashes. As such, it is
possible there was bias on the part of the data analysts (although the inter-rater reliability
suggests otherwise).

The research team had no information on the functionality of each OBSS installed on a
truck [i.e., the research team could not verify if the OBSS was malfunctioning, tampered
with, or engaged when applicable (e.g., ACC)].

The LDW, RSC, and FCW systems in the current study were mostly older-generation
systems; thus, the results may not reflect the effectiveness of newer generation systems.

OBSS-related crashes may or may not have been a particular issue with the participating
fleets who provided their data to the study and may or may not represent the entire
effectiveness that may be observed at fleets which may be more or less prone to such
risks.

No driver information was collected; thus, it is possible that a few drivers were
overrepresented in the crashes, and the difference in the OBSS-related crash rate may
have been the result of these drivers and not the OBSSs.

The choice (when applicable) of the vehicle for the installation of each OBSS was
assumed to be random in the current study. No information was collected on the approach
used by carriers to install the OBSSs. It is possible that carriers used a deliberate
approach in selecting which trucks to install with an OBSS (e.qg., only on new trucks or
on vehicles operated by higher risk drivers).

The design was quasi-experimental and subject to many threats to inferential validity.
The results in the current study could be confounded by factors that vary between
carriers. Information on these factors was collected; however, there were several carriers
that had trucks with and without a specific OBSS (thereby alleviating this issue).

CONCLUSIONS

The data used in the study were divided into two cohorts: trucks with an OBSS and trucks
without an OBSS. The crash data were also arranged into two groups: crashes that were OBSS-
related, and crashes that were not OBSS-related. The results across analyses indicated a strong,
positive safety benefit for LDW and RSC. The benefit-cost analyses clearly showed the
estimated benefits of LDW and RSC systems deployed at participating fleets outweighed the
estimated costs.

The analysis of the fleet crash data using the same methodology did not show a statistically
significant difference in FCW-related crash occurrence rates between vehicles with or without an
FCW system installed. Retrospectively, this result is primarily attributed to the lack of sufficient
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data (in terms of number of trucks with a deployed FCW system in the dataset) to be able to
detect safety benefits with statistical significance at the observed level.

A followup benefit-cost analysis showed the following:

e LDW system benefits to the carriers outweigh the costs by a factor (benefit-to cost ratio,
or BCR) of 14.69 to 4.95 (depending on annual vehicle miles traveled [VMT]) implying a
payback period of 4 to 12 months.

e LDW system benefits to society would outweigh 