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PREFACE

The Volpe National Transportation Systems Center (Volpe Center) of the U.S. Depart-
ment of Transportation’s Research and Innovative Technology Administration, in con-
junction with the National Highway Traffic Safety Administration, is conducting inde-
pendent evaluations of various vehicle crash-avoidance systems. These evaluations sup-
port the U.S. DOT’s Intelligent Vehicle Initiative (IVI) Program, which focuses on high-
way crash prevention and the implications of in-vehicle technologies on driver behavior.

The Volpe Center is assessing how crash-avoidance systems benefit safety and if drivers
accept these systems. Safety benefits and driver acceptance of a given crash-avoidance
system influence both the government and private industry in promoting system deploy-
ment of vehicle-based and vehicle infrastructure cooperative crash countermeasures.

This report presents the results of the Roadway Departure Crash Warning System
(RDCW) independent evaluation. The RDCW field operational test (FOT), which col-
lected 130,000 km of driving for 78 participants, provided data for this evaluation of the
performance, driver acceptance, and safety benefits of the RDCW. The University of
Michigan Transportation Research Institute (UMTRI) conducted the FOT. Visteon Cor-
poration built the FOT vehicles, and Assistware Corporation developed the RDCW lat-
eral-drift-warning subsystem. NHTSA sponsored the FOT to determine if systems such
as the RDCW will help reduce the over 1.2 million road-departure crashes occurring an-
nually in the United States.

Bruce Wilson, Mary Stearns, Jonathan Koopmann, and David Yang wrote this RDCW
evaluation report. We acknowledge the technical contribution and support of many peo-
ple and organizations: Ray Resendes, formerly of the Federal Highway Administration
ITS Joint Program Office and currently chief of NHTSA’s Intelligent Technologies Re-
search Division, helped initiate the RDCW FOT; Lloyd Emery, the NHTSA program
manager, provided support and technical guidance; Wassim Najm of the Volpe Center
was always available for technical and programmatic guidance and deserves special men-
tion; and John Hitz, retired from the Volpe Center, helped initiate and develop the evalua-
tion. We also acknowledge the contributions of the following Volpe Center staff mem-
bers: Andy Lam for developing data processing and conflict identification algorithms,
Kevin Green for programmatic guidance, Sara Secunda for developing the GPS/GIS ve-
hicle location algorithm, Mikio Yanagisawa and Kevin Chui for analyzing video episodes,
Neil Meltzer for documenting participant debriefs, and Amy Ricci and Jeannie Holtorf for
preparing driver acceptance data files.

We also acknowledge Raman Sampath and Balaji Gopalan of Computer Sciences Corpo-
ration who built and maintained the database, developed the multimedia data analysis
tool, programmed various algorithms, and generated analysis reports, and Sandor Szabo
of the National Institute of Standards and Technology who participated in the characteri-
zation tests, providing instrumentation and analyzing lateral-drift alerts. The FOT part-
ners, UMTRI, Visteon, and Assistware, were always willing to share documents and in-
formation. In particular, UMTRI researchers Dave LeBlanc, Jim Sayer, Scott Bogard,
Joel Devonshire, Mary Lynn Mefford, Dillon Funkhouser, Zevi Berekat, and Mike Hagan,




who explained data anomalies, provided video processing, time synchronization, and
most-likely-path routines; accommodated Volpe Center staff for subject debriefings and
focus groups, and supported the system characterization test. Dean Pomerleau of Assist-
ware and Faroog Ibrahim and Debbie Bezzina of Visteon were always willing to explain
the lateral-drift-warning and curve-speed-warning subsystems. Finally, we thank Cassan-
dra Oxley and Katherine Blythe, who edited this report for consistency and readability;
and Barbara Siccone for her word-processing expertise; all of CASE, LLC.
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Executive Summary

EXECUTIVE SUMMARY

From May 2004 to February 2005, 78 drivers participated in a field operational test of a
Road-Departure Crash Warning system. The RDCW warned drivers when they were
drifting out of their lane or were about to enter a curve at an unsafe speed. A lateral-drift-
warning subsystem monitored the vehicle's lane position and lateral speed and alerted the
participant when the vehicle was in danger of departing the road or lane. A curve-speed-
warning subsystem monitored vehicle speed and upcoming road curvature and alerted the
participant when the vehicle was in danger of losing control in the upcoming curve.

THE PROBLEM

Over 1.2 million road-departure crashes occur each year in the United States. Because
these crashes often involve collisions with fixed objects or “non-collisions” such as roll-
overs, they may be particularly severe. Indeed, according to 2004 United States traffic
statistics, although collisions with fixed objects or non-collisions accounted for only 19
percent of all crashes, they accounted for 43 percent of the fatal crashes.

ROAD-DEPARTURE CRASH WARNING SYSTEM

The RDCW warned drivers of impending road departure. The RDCW merged and arbi-
trated between its LDW and CSW subsystems. The LDW monitored the vehicle’s lane
position, lateral speed, and available maneuvering room. The LDW used a video camera
to estimate the distances between the vehicle and the left and right lane boundaries and to
estimate the lateral speed. The LDW also
estimated the AMR and, using a pair of
side radars and a pair of forward radars,
detected adjacent and upcoming objects.
By monitoring the vehicle’s position on
the road, the lateral speed, and the AMR,
the LDW was able to alert a driver when it
appeared the vehicle was likely to depart
the lane or the road.

The CSW monitored vehicle speed and
upcoming road curvature. To estimate the
curvature, the CSW used a Global Posi-
tioning System receiver to determine the
vehicle location and a road database to de-
termine the curvature of the road several
seconds in front of the vehicle. The CSW also predicted the most-likely path (MLP) the
vehicle would travel. MLP prediction was necessary because freeway on-ramps and off-
ramps have much smaller curve radii than the roads these ramps connect to, and a speed
that was safe for a road would likely not be safe for a ramp. By monitoring vehicle speed

&

RDCW equipped FOT fleet
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and estimating the upcoming road curvature, the CSW was able to alert a driver when the
vehicle was approaching the upcoming curve at an unsafe speed.

FIELD OPERATIONAL TEST

The National Highway Traffic Safety Administration sponsored the FOT to determine if
a system such as the RDCW would help prevent road-departure crashes in the United
States. Assistware Corporation developed the RDCW lateral-drift-warning and Visteon
Corporation built the FOT vehicles. The University of Michigan Transportation Research
Institute conducted the RDCW FOT, and collected 130,000 km of driving data from 78
participants. The Volpe National Transportation Systems Center (Volpe Center), under an
agreement with NHTSA, evaluated the performance, safety benefits, and driver accep-
tance of the RDCW.

Under an agreement with NHTSA, UMTRI outfitted 11 identical Nissan Altimas with an
RDCW. In addition, FOT vehicles were equipped with two unobtrusive cameras, extra
sensors, and data acquisition systems. One camera was aimed forward and showed the
lane markings, the road type, nearby vehicles, barriers, the shoulder, and so on. The sec-
ond camera showed the driver’s face and shoulders. The video collected by these cameras
supplemented the numerical data provided
by the RDCW and extra sensors and en-
abled video analysts to describe the condi-
tions around alerts. The extra sensors in-
cluded lateral and longitudinal accelerome-
ters and a yaw rate sensor. These and other
variables were used to determine vehicle
movements, e.g., a curve or lane change,
from the data and to quantify the severity
of a given maneuver. The DAS recorded
over 300 data channels and saved 8 sec-
onds of buffered video when an alert oc-
curred.

Dur!n_g the FOT, compensat.ed volunteer The RDCW display on the left side of the dashboard
participants drove FOT vehicles for sev- shows device availability and alert status.

eral weeks. The 78 participants were a

balanced mix of males and females in age

ranges from 20 to 30, 40 to 50, and 60 to 70. The FOT protocol called for each of the par-
ticipants to use FOT vehicles in place of their own vehicles for 25 days. During the first
six days, the baseline period, the RDCW operated in the background. It sensed the vehi-
cle motion and surroundings and determined when an alert was needed, but it did not is-
sue alerts to the driver. This period provided data for participants’ baseline driving, i.e.,
how participants normally drove. During the final 19 days, the treatment period, the
RDCW operated in the foreground. It not only determined when an alert was needed, but
also issued alerts. This period provided data for evaluating participants’ treatment driv-
ing, i.e., how they drove with the collision-avoidance information provided by the device.
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The RDCW FOT provided an extensive amount of data to analyze the effectiveness of
the device. During the ten-month experiment, participants drove over 130,000 km and
over 1,500 hours on public roads. In addition to objective—numerical and video—data,
the FOT also collected a considerable amount of subjective data. FOT participants com-
pleted surveys before and after their FOT experience. Participants also discussed their
opinions of the RDCW. When participants returned their FOT vehicles, UMTRI staff de-
briefed participants for an average of two hours, discussing their survey responses and
reviewing video clips of selected alerts. Finally, 32 of the 78 participants participated in
four two-hour focus groups, providing additional subjective data for evaluating the
RDCW.

INDEPENDENT EVALUATION

The RDCW evaluation focused on three major areas: performance, safety benefits, and
driver acceptance. These three interdependent topics are key to device effectiveness.

First, the RDCW must perform reasonably well; i.e., it must detect dangerous situations
and alert accordingly. Second, participants must drive more safely with the device than
without it. Finally, participants must approve of the RDCW and be willing to use vehicles
equipped with it.

PERFORMANCE

The Volpe Center analyzed 130,000 km of FOT data and 1,300 km of on-road characteri-
zation data in evaluating the performance of the RDCW. To perform effectively, the sys-
tem needs to be “available,” i.e., capable of issuing an alert. Poor lane markings, low
speeds, a lack of digital road information and other conditions limit LDW or CSW avail-
ability, or both. The system also needs to issue an alert when it is necessary and to not
issue an alert when it is not necessary. An alert must also be issued in time for a driver to
use it effectively to avoid departing the road, but not be issued so early as to be a nui-
sance. Finally, the system must communicate alerts in a manner that drivers find easy to
identify and understand. The performance analysis analyzed all these aspects of the
RDCW and its subsystems.

System Availability and Accuracy. The road type and a combination of lighting and
precipitation widely influenced LDW availability. On freeways the LDW was 76 percent
available (76 of every 100 miles), compared to 36 percent on non-freeways. During dry,
daytime conditions the LDW was 56 percent available, compared to 4 percent available
during wet, nighttime conditions. CSW availability was consistently high, 99 percent on
freeways and 94 percent on non-freeways. A comparison of AMR estimates provided by
the LDW against those provided by an independent system revealed that the LDW often
overestimated the width of narrow shoulders and underestimated the width of wide
shoulders. A comparison of curve-radius estimates and distance-to-curve estimates pro-
vided by the CSW against those provided by an independent system revealed inconsis-
tencies, but no clear trend, in these measures.
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LDW Alerts. A manual video analysis of FOT alerts indicated that one in three alerts
was a false positive. Conditions that influenced availability also influenced performance.
The odds of an alert being a false positive for nighttime driving were 1.8 times the odds
for daytime driving. The odds of an alert being a false positive alert for wet surfaces were
3.0 times the odds for dry surfaces. The odds of an alert being a false positive alert for
driving in the rain were 3.6 times the odds for driving under dry conditions. Construc-
tions zones, with barrels, barriers, and poor or no lane markings, also degraded system
performance. Of the alerts issued in construction zones, nearly half were false positives.
Despite the variation in alert timing, participants commented favorably on it.

CSW Alerts. The system failed to alert in 1 out of every four cases when a vehicle ap-
proached a curve with excessive speed. Ninety-three percent of the true positive required
alerts provided sufficient time to brake and negotiate the curve safely. Some 10 percent
of alerts when approaching curves or passing ramps were false positives.

Driver Vehicle Interface. Eighty-eight percent of the participants readily interpreted the
seat vibration alerts, 80 percent readily interpreted the LDW audible alerts, and 86 per-
cent readily interpreted the visual alerts. Participants rated the following favorably: LDW
and CSW alert timing; LDW and CSW missed alert frequency; and LDW false-positive
alert frequency. Participants’ unfavorable responses to certain survey items indicated that
they recognized the LDW limitations in poor lighting and road surface conditions.

LATERAL CURVE
DRIFT SPEED

SO00NER SO00NER

LATERAL CURVE
DRIFT . \ SPEED
hY

SOONER ¥ SOONER

This RDCW display indicates full
lateral-drift and curve-speed avail-
ability and a cautionary lateral-drift
alert for the left side.

This display indicates full availability
and an imminent curve-speed alert.

SAFETY BENEFITS

The 78 FOT participants, their 130,000 km, and 1,500 hours of driving provided data to
analyze and estimate safety benefits. The analysis portion refers to how the 78 partici-
pants performed. The estimation portion refers to a how a broad deployment of the
RDCW would change crash statistics if every vehicle had an RDCW.
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Data Processing. FOT data, including lane position, vehicle speed and acceleration, the
AMR available on either side of the vehicle, and road information, was sampled 10 10
times per second. From this raw data, conflicts (situations likely to result in a collision
unless the driver intervenes) corresponding to the dominant road-departure pre-crash sce-
narios were identified. These scenarios included departing-the-road-while-going-straight,
departing-the-road-while-negotiating-a-curve, and losing-control-while-negotiating-a-
curve. Events (driving situations that the RDCW may influence) were also identified in
the FOT data. The event categories included curves, lane changes, turns, and in-lane driv-
ing. Because conflicts were used to analyze driving safety and, ultimately, to predict
crashes, events were used to analyze unintended consequences.

Results. The analysis of the FOT data showed a net safety benefit and no unintended
consequences. The FOT data showed a decrease in road-departure crashes and no degra-
dation in several related situations. With the RDCW activated, a 10- to 60-percent reduc-
tion in departure conflict frequency was observed at speeds greater than 55 mph. A mod-
est decrease in conflict severity, the minimum distance from the road edge, was observed
over the 35 to 45 mph speed range. With the assumptions of 100 percent deployment and
100 percent device availability, an annual reduction of 9,400 to 74,800 road-departure
crashes is forecast. For the 55 percent LDW availability observed in FOT data, this range
decreases to 5,200 to 41,200 fewer crashes per year.

Changes in conflict rates, conflict severity, and annual crash forecasts result from
changes in driving associated with departure, not control-loss, conflicts. The FOT data
indicates that the LDW caused these changes.
Conversely, the FOT data do not indicate that the
CSW caused any changes in participants’ driving.
This does not imply that the CSW failed to alert
participants or that participants ignored its alerts.
It is possible that the FOT location may not have
contained a sufficiently diverse collection of
curves or a sufficiently long participant exposure
to fully demonstrate the potential benefit of the
CSW.

The trunk of the FOT vehicles contained
DRIVER ACCEPTANCE RDCW and data-acquisition hardware.

e/ 7

Responses to survey questions, debrief questions,
and focus group topics determined driver accep-
tance of the RDCW and its subsystems. The top-
ics included ease of use, learning, driver per-
formance, perceived value, and advocacy.

Ease of Use. Participants rated the RDCW as
easy to use but rated the LDW more positively
than the CSW. The settings and availability indi-
cators were easy to use; the display is

A locked panel hid the hardware, WhiC-h‘
kept participants unaware of the equipment
and helped foster naturalistic driving.
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conveniently located; and system operation, including adjusting the sensitivity, was sim-
ple.

The alerts did not distract the participants, and a high percentage of LDW alerts were
rated as correct.

Although participants knew how to respond to CSW alerts and appreciated them in ad-
verse weather and unfamiliar conditions, the alerts were unnecessary on familiar roads. In
particular, participants did not like receiving CSW alerts when they entered or exited
freeways.

Learning. Participants learned RDCW operation quickly, but comments at the conclu-
sion of the FOT suggest that some did not fully understand the differences between the
LDW and CSW. Participants described the LDW as easy to learn and increased turn-
signal use with it. Although participants reported the CSW as easy to learn, focus group
comments revealed that many did not fully understand when and why the RDCW issues
CSW alerts.

Driver Performance. The RDCW made participants more aware of their vehicle position
on the road and of upcoming road challenges. Although the RDCW gave them useful in-
formation, participants remained vigilant in their driving and considered themselves re-
sponsible for their vehicle. The LDW changed driving performance more than the CSW.
The LDW improved vehicle position awareness, enabled participants to relax more while
driving, improved lane keeping, and encouraged signaled lane changes. Participants rated
the CSW as somewhat useful but did not rely on it to operate their vehicles safely.

Perceived Value. Participants believed the RDCW increased their driving safety because
it increased turn-signal use, reduced lane drift, and improved alertness. Participants ap-
preciated the LDW alerts because many helped them to avoid potential safety hazards.
Participants rated 75 percent of their LDW alerts as useful, based on a review of selected
video clips. There is no relationship between LDW alert frequency and participants’ alert
tolerance. Participants had mixed comments about the CSW alerts and rated 50 percent as
useful. They commented that these alerts, even when false, reminded them to monitor
their speed. They rated CSW alerts on unfamiliar roads more positively than alerts on
familiar roads.

Advocacy. Most participants wanted to acquire the RDCW and valued it at approxi-
mately $725. Those interested in purchasing only the LDW or CSW valued each at $500
and $400, respectively. Participants would not turn off the LDW or CSW, even if given
the option. Fifty-three percent expressed an interest in acquiring the LDW and 42 percent
wished to purchase it. Forty-seven percent expressed interest in acquiring the CSW and
30 percent wished to purchase it. Participants would like the LDW to work in all weather
conditions and the CSW to issue fewer false alerts. The incidence of CSW false alerts is a
major concern. Some participants reported that they started ignoring CSW alerts toward
the end of the FOT.
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CONCLUSIONS

The FOT data collected to evaluate RDCW performance, driver acceptance, and safety
benefits show positive results in each of these areas. The device performed reasonably
well, but inaccuracies in some of its measures led to some alerting inconsistencies. In par-
ticular, the performance test data indicate that the LDW did not measure shoulder width
very accurately, resulting in late alerts with narrow shoulders and early alerts with wide
shoulders. The performance data also indicate that the CSW occasionally misestimated
the distance to a curve or curve radius, causing missed, late, and early alerts.

Participants had fewer departure conflicts with the RDCW enabled, i.e., when it started
issuing alerts. Extrapolating the FOT data and assuming comprehensive deployment and
function, we project that the observed decrease in conflict rates and changes in conflict
severity could result in an annual reduction of 5,200 to 41,200 road-departure crashes
with the availability observed in the FOT.

Overall, FOT participants accepted the RDCW and its LDW and CSW subsystems. They
rated the system as easy to use and easy to learn, although some did not fully understand
the CSW alerts. Participants stated that the RDCW improved their driving and that they
would pay $725 to purchase the RDCW.
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1. INTRODUCTION

The mission of the National Highway Traffic Safety
Administration is to save lives, prevent injuries, and
reduce health care and other economic costs
associated with motor vehicle crashes.

There are over 1.2 million road-departure crashes in
the United States each year, which often involve
collisions with fixed objects or a “non-collision”
such as a rollover. According to 2004 United States
traffic statistics, although collisions with fixed
objects or non-collisions accounted for only 19
percent of all crashes, they accounted for 43 percent
of the fatal crashes. In 2001, NHTSA signed a two-
phased cooperative agreement with the University
of Michigan Transportation Research Institute to
conduct a field operational test of the Road-
Departure Crash Warning System.

HIGHLIGHTS

Road departure accounts for 19
percent of the crashes and 43 per-
cent of the fatalities annually in the
United States.

NHTSA sponsored a field opera-
tional test to evaluate an RDCW us-
ing 11 instrumented vehicles.

Seventy-eight participants drove a
test vehicle in place of their own
vehicle for 4 weeks.

The test included a one-week base-
line period and three-week treat-
ment period.

The Volpe Center evaluated the
system’s effectiveness in prevent-
ing collisions.

In the first phase of the FOT, UMTRI, and its partners, Visteon Corporation and Assist-
ware Technology, developed the RDCW and submitted it to NHTSA. Phase 1 activities
included Visteon-led validation testing to check device function and alert timing and a
demonstration event for NHTSA that included on-road driving to evaluate device opera-
tion, availability, user interface, and readiness for Phase 2, a 10-month data collection
effort on public roads.

During the FOT, 78 participants (lay drivers) used an RDCW-equipped and instrumented
vehicle in place of their personal vehicles for 25 days. During the first six days, the
RDCW performed its usual monitoring and alerting, but the alerts were not presented to
the drivers. The vehicle’s data acquisition system collected RDCW and other data. This
initial block of data described the drivers’ baseline, i.e., normal, driving. During the final
19 days, the RDCW alerts were presented to the drivers and the DAS continued collect-
ing data. The final block of data described drivers’ treatment, how they drove with
RDCW.

The RDCW warns drivers when they are drifting out of their lane or are about to enter a
curve at an unsafe speed. The goal of the RDCW is to improve automotive safety by
helping drivers avoid road-departure crashes, but this can only occur if the system is use-
ful and drivers respond to it. The lateral-drift-warning subsystem of the RDCW monitors
a vehicle’s lane position and lateral speed, and alerts the driver when the vehicle is in
danger of departing the road or lane (activating a turn signal silences the alert). The
curve-speed-warning subsystem monitors vehicle speed and upcoming road curvature,
alerting the driver when the vehicle is in danger of losing control in the upcoming curve.
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The Volpe National Transportation Systems Center, under agreement with NHTSA, was
the independent evaluator of the RDCW. The Volpe Center compared drivers’ baseline
and treatment driving. The Volpe Center has prior FOT experience through its evaluation
of two other major FOTSs: the Intelligent Cruise Control (Koziol et al., 1999) and the
Automotive Collision Warning System (Najm et al., 2005). This report presents the re-
sults of the RDCW independent evaluation.

1.1 ROAD-DEPARTURE CRASH WARNING SYSTEM

The intention of the RDCW is to warn drivers of impending road departure. In the first
warning scenario a combination of lateral drift, available maneuvering room (AMR), and
lane position indicate that the vehicle will soon leave the road or collide with an object in
the adjacent lane or shoulder. In the second warning scenario, a combination of vehicle
speed and upcoming road curvature indicate that the vehicle may lose control (traction)
when attempting to negotiate the curve.

To perform its intended warning function,
the RDCW merges and arbitrates between
the LDW and CSW (subsystems). In gen-
eral terms, the LDW uses a video camera
to estimate the distances between the ve-
hicle and the left and right lane bounda-
ries and to estimate the lateral speed. The
LDW also estimates the AMR and, using
a pair of side radars and a pair of forward
radars, detects adjacent and upcoming ob-
jects. The LDW includes a sensitivity ad-
justment through which a driver can ad-
just the timing of alerts. At a high sensi-
tivity setting the RDCW issues LDW

. . The RDCW display on the left side of the dashboard
alerts sooner than it does at a low setting. on the FOT-equipped Nissan Altima shows device
availability and alert status.

The CSW monitors vehicle speed and up-

coming road curvature. The CSW estimates upcoming road curvature using a GPS re-
ceiver to determine the vehicle location and a road database to determine the curvature of
the road several seconds in front of the vehicle. The CSW must also predict the “most-
likely path” the vehicle will travel. MLP prediction is necessary because freeway on-
ramps and off-ramps have much smaller curve radii than the roads these ramps connect
to, and a speed that is safe for a road may not be safe for a ramp. These differences in
safe speeds require the CSW to predict if the vehicle is going to continue on a road or
turn onto a ramp. When there is no ramp nearby, MLP prediction is straightforward—there
is essentially only a single road (path) for the vehicle to take. When there is a ramp
nearby, the system uses turn signals and other cues to increase the likelihood that the
MLP and the path the vehicle actually takes coincide. By monitoring vehicle speed and
estimating the upcoming road curvature, the CSW is able to alert a driver when the vehi-
cle is approaching the upcoming curve at an unsafe speed.
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The RDCW arbitrates between conflicting and repeated alerts. When both the LDW and
CSW determine that an alert is required, the system will issue only the alert that it deems
the most safety-critical. This prevents the system from confusing or overloading the
driver. Furthermore, RDCW designers took care to ensure that the system would not is-
sue alerts too frequently. The system uses “lockouts” that require a brief no-alert period
after an alert. Lockouts also help avoid confusing or frustrating RDCW users. For more
details on the RDCW and its subsystems refer to Appendix A.

1.2 FOT METHODOLOGY

For the FOT, UMTRI equipped 11 passenger vehicles with RDCWs, extra sensors, and
data acquisition hardware. Assistware Corporation developed the LDW and was a prin-
cipal participant in developing the RDCW. Visteon Corporation developed the CSW, the
driver-vehicle interface, and the overall alert logic for integrating LDW and CSW. Vis-
teon also outfitted the FOT vehicles (2004 Nissan Altimas) with warning system sensors
and processors. UMTRI instrumented each FOT vehicle with sensors, such as acceler-
ometers, to measure lateral and longitudinal motion, and with a data acquisition system.
UMTRI also recruited the FOT drivers, familiarized them with the vehicles, surveyed
them before and after the FOT, debriefed them, and led four participant focus groups.

The FOT and evaluation are usually conducted before deploying a system to provide an
independent and objective assessment of a device’s operational capabilities and
characteristics (Stevens, 1986; Reynolds, 1996). The test produces data from the
operational environment under realistic operating conditions, on a production-
representative system (or nearly so), using typical users who have the same
characteristics as anticipated users. For the RDCW FOT this means that the system
needed to appear to be part of its original equipment. In addition, the FOT participants
selected (the drivers) were intended to be representative of a large class of drivers, as
opposed to a special subgroup.

Characteristics of a typical FOT and its evaluation include: natural operating environ-
ment, a wide range of typical users, realistic operating conditions where drivers use the
device as part of their normal driving, and a focus on operational measures

UMTRI conducted the RDCW FOT, instrumenting 11 FOT vehicles: 10 for participants
and 1 spare, and collecting road data from May 2004 to February 2005. The FOT driving
occurred primarily on Michigan roads. The FOT participant pool included three age
groups (younger, middle-aged, and older) with equal numbers of male and female drivers
in each group. Table 1-1 lists participants by age and gender.
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Table 1-1. FOT Participant Pool

Gender Younger Middle-Aged Older Total
Female 13 13 13 39
Male 13 13 13 39
All Groups 26 26 26 78

UMTRI researchers familiarized FOT participants with the RDCW and the vehicles be-
fore releasing the FOT vehicles. After arriving at UMTRI at a scheduled time, each par-
ticipant filled out a background and driving-habit questionnaire and a consent form,
watched a 20-minute video on RDCW operation and functions, and was then assigned an
RDCW test vehicle. The UMTRI researcher demonstrated various vehicles and the
RDCW controls and explained that certain road conditions, driving speeds, and GPS cov-
erage would limit RDCW availability. The researcher then demonstrated the RDCW
graphic displays and accompanied the participant on a 30-minute drive on a predefined
route so the participant could become familiar with the vehicle and RDCW operation.

The FOT provided baseline and treatment data. Each FOT participant drove an RDCW
(equipped) vehicle for 26 days. During the first six days, the baseline period, the RDCW
was disabled: it performed all the normal sensing and processing functions but did not
issue alerts. This baseline period provided data for the independent evaluation to under-
stand drivers’ baseline behavior. After the sixth day, the RDCW was automatically en-
abled, which started the treatment period. During the treatment period, the RDCW per-
formed normal sensing and processing functions and issued LDW or CSW alerts when its
sensors and processors indicated they were needed.

The FOT provided extensive sub-objective and objective data. Participants filled out sur-
veys both before and after their FOT experience. In addition, participants were inter-
viewed when they returned the FOT, and 25 participants returned to take part in 1 of 4
focus groups. Data acquisition hardware recorded participant face and forward scene
video, vehicle motion and lane position, GPS coordinates, extensive internal RDCW
channels and alert levels, and brake, steering, and accelerator positions.

The DAS recorded non-video channels every 0.1 second (10 Hz) and continuously buff-
ered 8 seconds of video. An imminent CSW or LDW alert acted as a trigger to save the

video on the DAS hard drive. In addition to the FOT, system performance testing also
provided objective data.

1.3 INDEPENDENT EVALUATION
1.3.1.Goals

The Volpe Center team, the RDCW independent evaluator, has three goals: understand
RDCW safety benefits, assess driver acceptance of the device, and characterize its per-
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formance and capability. These goals determine the numerical and video data collected
and how it is processed and analyzed. They also determine the number of participants, the
duration of the FOT, the duration of the baseline and treatment periods, the survey ques-
tions asked, and how the vehicle was tested.

Safety Benefits

We examined associations between conflicts and the RDCW and between certain unin-
tended consequences and the RDCW. In this study, conflicts involve near or actual road-
departures and near or actual control-loss on a curve. We examined both conflict expo-
sure and severity. The exposure analysis estimated RDCW effectiveness in reducing the
conflict frequency, i.e., conflicts per 100 km. We quantified this effectiveness by compar-
ing the difference in conflict rates from the baseline period to the treatment period. The
analysis includes overall conflict rates as well as separate analyses by speed, light level,
population density, and road type. The conflict-severity analysis examines the peak ex-
cursion and the distance to road-edge of departure conflicts and the peak lateral accelera-
tion of control-loss conflicts. A decrease in conflict exposure or conflict severity indi-
cates a positive safety benefit associated with RDCW use.

A collision-avoidance system such as the RDCW could have unintended consequences.
For example, drivers could start to drive more aggressively, relying less on their own
judgment and more on the device to determine when they should negotiate a curve more
slowly. Or drivers may pay less attention to the road, relying on the device to warn them
of impending road departure. We analyzed driving performance to determine if the
RDCW resulted in any unintended consequences during the treatment period. Perform-
ance categories include curve approach and negotiation, lane keeping, signaling during
lane changes, and turns.

System Performance

The independent evaluation included a thorough assessment of RDCW performance and
capability, providing objective measures of system performance on real roads, as opposed
to a test track. The objective measures use an independent set of calibrated equipment
that provides lane position, lateral speed, distance to road edge, and vehicle location in-
formation. They enabled us to determine how well the system alerts drivers to potential
road-departure and potential control loss, in terms of:

False-positive and true-positive alert rates;

Variation in alert timing with sensitivity adjustments;

Consistency of alert timing; and

LDW and CSW availability and which conditions reduce availability.
In collecting the performance data, we drove one of the spare FOT vehicles for nearly
1,300 km and 18 hours during several visits to the UMTRI facility. In addition to on-
road test data, we used objective and subjective FOT data to assess system performance.

The objective FOT data provides overall availability information for the LDW and CSW.
For example, we analyzed availability under different road and lighting conditions. Par-
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ticipant surveys provided the subjective FOT data. Numerous survey questions relate to
system performance; we analyzed participants’ responses to these questions in the con-
text of objective performance test measures.

Driver Acceptance

The RDCW is expected to benefit traffic safety by reducing road-departure crashes, but
this depends on driver acceptance and use. If drivers accept the RDCW, they will be
more inclined to use it and heed its warnings. If they reject it, they are more likely to ig-
nore it or its warnings.

We assessed RDCW acceptance by analyzing drivers’ opinions obtained through pre-
drive questionnaires, post-drive surveys, post-drive debriefing sessions, focus groups, and
trip statistics to determine whether FOT participants liked the RDCW, used it, and ex-
pressed a willingness to obtain it.

Driver acceptance has five major themes:

1. Compatibility between drivers’ understanding and expectations of the device.

2. Degree to which drivers use its output to improve vehicle handling and driving
safety.

3. Comfort and safety from using the RDCW.
4. Interest drivers show in acquiring the RDCW.
5. Perceptions of drivers relating to system setup and adjustments.

1.3.2. Data Processing

The RDCW FOT and its evaluation generated a considerable quantity of data. Figure 1-1
illustrates the principal data categories associated with the FOT DAS and independent
evaluation, and also the order-of-magnitude size of these categories. The figure does not
include survey data, essential to the independent evaluation, but not part of the computer-
based data processing.
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Figure 1-1. Orders of Magnitude Sizes for FOT DAS and Analysis Data

Data categories in Figure 1-1 range in size (order of magnitude) from 10% samples for
driver-based analyses to 10® samples for raw FOT 10 Hz DAS data. In a spreadsheet
analogy, the main database has 10° rows. The host vehicle maneuver algorithm operates
on FOT data row by row and produces the same number of samples contained in the main
database. The FOT produced 10* alerts (again, order of magnitude), and video analysts
analyzed the majority of these alerts. We identified several 10° conflicts in the FOT data
and created 10? rows of participant performance data from these conflicts. We also identi-
fied various events, e.g., a curve, in the FOT data. Event counts ranged from 10* to 10°,
producing the same quantity of event data for subsequent analysis.

Conceptually, we divided data processing into the FOT database and the subsequent
processing of the FOT data stored on a VVolpe Center server. Figure 1-2 illustrates the
immediate processing of FOT data. After receiving the raw data (on portable hard drives)
from UMTRI (the FOT conductor), we backed it up on tape drives and inserted it into a
temporary database. We then checked the data quality. If the data passes the quality
check, we input it into the database. The right side of Figure 1-2 illustrates the extraction
of JPEG images from the video data, the synchronizing of these images with the analog
data (measured data such as speed and lane position), and the uploading of these images
into the FOT database.
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Figure 1-2. Immediate Processing of FOT Data

As shown in Figure 1-3, once the raw FOT data were input into the FOT database, we
processed it using Matlab programs, SQL routines, XML file generation, and geographi-
cal information system (GIS processing), and create a number of analysis tables. We ex-
ported comma-separated-variables (CSV) files from the database and used Matlab to
identify curve, in-lane, lane-change and turning events in the FOT data. A set of variables
including the participant information, vehicle speed, trip number, and other event-specific
data described each event.

The FOT database contained 10* to 10° instances of each event. We identified control-
loss conflicts as within curve events then stored the event and control-loss conflict data in
new database tables that are part of the FOT database. On the right side of Figure 1-3, we
show the creation of XML files from the FOT database. These files contain both analog
and video data; an analyst used a video logger tool to load and play these files. We used
analog and video FOT data to identify departure conflicts, which we stored in a new da-
tabase table. Finally, on the far right in Figure 1-3, we show the processing of GIS data to
identify road type and population density associated with the FOT data.
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Figure 1-3. Subsequent Processing of FOT Data

1.3.3. Analysis Tools

The routines used to analyze FOT data consist of an internal (to the database) SQL pro-
gram, an external interactive program, and an external non-interactive program. They
generate intermediate tables in the database, indirectly and directly populating the “New
FOT Database Tables” icon shown in Figure 1-3.

The host-vehicle maneuver algorithm (Ayres and Wilson, 2003) parses FOT data and de-
termines if drivers are going straight, negotiating curves, turning, or changing lanes. The
HVM is also used to isolate events in the FOT data. A GPS/GIS location program locates
FOT vehicles within a database of roads and assigns road and population attributes to
each FOT data sample. A video logger tool integrates numerical data with video clips
from alert-triggered episodes captured during the FOT. As shown in Figure 1-4, the tool
synchronizes two sets of video (forward scene and participant face) and 10 Hz FOT data
and includes a DVI window and a path window. The latter plots both the MLP (the one
the RDCW anticipated the vehicle taking) and the actual path, derived from FOT data.!

! The Volpe Center acknowledges UMTRI’s development and sharing of an algorithm and Visual Basic
code for this routine.
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The tool also includes a logger window (an Access database) that allows video analysts to
comprehensively and systematically describe alert episodes.

L Multimedia Data Analysis Tool 2005 Version: 1.0.1212.1

Length
in

3.034676  |-2.252895 |-
1397222 2.886795 |-z.127588 |-
13.83333 2.517074  |-2.16939
13.66666 1.525479 |-2.223136 |-0.
13.5 1.777574 |-2.282853 |-
Start Time End Time @ 1

24840 25790 37

Length

96

Mobile Database

FOT_D40_037_v01

DataSource: Mobile DB |Database: RDCWFOT User ID: Driver: #40 (Trip: #37

Figure 1-4. Video Logger Screenshot

The National Institute of Standards and Technology (Szabo and Norcross, 2006) has also
developed a tool for analyzing performance-test data. The tool integrates calibrated video
cameras, alert data, GPS data, lane position data, and vehicle motion data. Figure 1-5 il-
lustrates the NIST tool user interface. The principal use of the NIST is to measure the
LDW validity, timing, and AMR.

Using these LDW analysis tools with FOT data processing allows us to generate numer-
ous analysis tables through querying the FOT database.
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Figure 1-5. LDW Analysis Tool Interface

1.4 REPORT OVERVIEW

This document consists of 6 chapters and 10 appendices.

Chapter 2: RDCW Exposure describes the exposure of FOT drivers—how much and
where they drove.

Chapter 3: System Capability evaluates RDCW performance given the influence of
RDCW on both drivers’ perceptions of the device and the safety benefits associated with
the device.

Chapter 4: Safety Benefits presents the results of safety analyses we performed using
baseline and treatment period data from the FOT participants, and the safety benefit asso-
ciated with using the RDCW.
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Chapter 5: Driver Acceptance is a comprehensive analysis of the degree to which FOT
participants approved of the RDCW.

Chapter 6: Conclusions summarizes findings related to system performance, safety bene-
fits, and driver acceptance.

The report also includes the following appendices:

A)
B)
C)
D)
E)
F)
G)
H)
1)

J)

Road-Departure Crash Warning System details

Overview of On-Road System Characterization Testing
RDCW Data Analysis Tool and Logger Instruction Manual
Driver Acceptance Goals and Objectives

Driver Acceptance Methodology

Questions Used in Focus Group Discussion

Driving Statistics of the FOT Participants

Summary of RDCW Alerts Issued to the FOT Participants
Description of Simulator Experiment

Driver Acceptance Survey Results

Note: Most of this document uses Sl units such as meter (m) for short distances, meters
per second (m/s) for speed, and meters per second per second (m/s?) for acceleration.
Kilometer (km) is used for longer distances and “per 100 km” to normalize by distance.
One exception is the speed ranges in Chapter 4, where miles per hour (mph) is used.
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2. RDCW EXPOSURE

The RDCW FOT goals included analyzing safety
benefits, driver acceptance, performance, and
capability. The amount that FOT participants used the
RDCW, i.e., their exposure to the device, under
different conditions influences the analyses associated
with these goals. In general, we examined if FOT
participants had sufficient exposure under a variety of
conditions, so that:

= Sufficient data was available to analyze driving
under a variety of conditions;

= Survey answers and comments were informed by
driving under various conditions; and

= The device’s performance could be broadly
assessed.

This chapter discusses FOT participant exposure by

conditions such as vehicle speed, light level, population

density, road type, and weather.

2.1 INTRODUCTION

HIGHLIGHTS

Seventy-eight FOT participants
were divided into six groups, bal-
anced by gender and age.

Participants drove over 130,000 km
and 1,500 hours.

Participants had more alerts early in
the treatment period, suggesting
experimentation with the RDCW.

During the baseline and treatment
periods, younger participants aver-
aged 660 km, middle-aged partici-
pants 580 km, and older partici-
pants 440 km.

Males drove more than females
during the treatment period.

The 25-day FOT had two periods: a 6-day Baseline period and a 19-day Treatment pe-
riod. During the baseline period the RDCW sensed its surroundings but did not issue

alerts to the participants. The device, however, did issue internal alerts in response to sen-
sors and processing algorithms, and the DAS recorded these. Data generated during this
period represents normal (or baseline) driving behavior. During the treatment period the
RDCW issued audible, visual, and haptic alerts, including lateral-drift and curve-speed
warnings. Properly analyzed, data collected during this period provides an understanding
of participant behavior in response to warnings.

Baseline- and treatment-period data were further subdivided using each participant’s
travel distance, or vehicle distance traveled (VDT). Figure 2-1 illustrates the FOT data
division. Each “trip” (ignition cycle) in the FOT has an associated VDT. In partitioning
the FOT data for the baseline period, the VDT for all the trips in that period are summed.
The first trip where associated cumulative VDT exceeds half of the VDT for the baseline
period is the first trip of Period 2. For example, if we had trips of 10, 20, 30, and 5 km,
the sum is 65 km and the respective cumulative sums after the 20 and 30 km trips are 30
and 60 km. The 30 km trip is therefore the first trip of the second period. Earlier trips are
labeled as Period 1. The same procedure divides data into Periods 3 and 4 for the treat-
ment period.

2-1




RDCW Exposure
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Figure 2-1. FOT Data Partition

2.2 OVERALL EXPOSURE OF PARTICIPANTS

There were 78 participants in the original RDCW participant pool, equally divided by
male and female gender and age ranges: 20 to 30 years old (“younger”), 40 to 50 (“mid-
dle-aged”), and 60 to 70 (“older”). As shown in Table 2-1, FOT participants drove a total
of 130,630 km, with 72 percent of the driving occurring during the treatment period. The
percentage is approximately equal to the time percentage of the treatment period, 76 per-
cent, of the overall FOT.

Table 2-1. Summary FOT Driving Statistics by Period (km)

Period Mean Median Sum Min Max Percentile 10 Percentile 90
1 2253 186.8 17,124 2.0 625.3 92.3 387.3
2 263.9 2446 20,060 405 846.3 112.8 435.6
3 596.3 539.7 45316 139.3 1,081.8 2104 980.9
4 633.3 608.2 48,130 143.2 1,129.2 236.2 999.8
Total 130,630

For the analyses in this chapter and the safety benefits analyses in Chapter 4, two partici-
pants from the original pool of 78 were removed. Participant 56, an older female, had
only taken a single trip with 10.4 km of recorded driving exposure in the entire 6-day
baseline period. As the independent evaluation relies on sufficient exposure in both the
baseline and treatment periods to perform meaningful comparisons, 10 km of exposure
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was inadequate. The alert data for Participant 34, a younger female, suggested she was
intentionally causing LDW and CSW alerts during both the third and fourth periods. Ta-
ble I-1 illustrates the increase in her alert rates from the baseline to the treatment period
and a further increase from Period 3 to 4. The CSW alert rate follows a similar pattern.

Removing Participants 34 and 56 resulted in a final FOT participant pool with 76 partici-
pants: 37 females and 39 males, summarized in Table 2-2.

Table 2-2. Final FOT Participant Pool

Gender Younger Middle-aged Older  Total
Female 12 13 12 37
Male 13 13 13 39
All Groups 25 26 25 76

Prior to analyzing the exposure data for the FOT participants, it was necessary to deter-
mine:

= |f data from both Periods 1 and 2 or Period 2 only should be used to analyze
participant behavior from the baseline period.

= |f data from both Periods 3 and 4 or Period 4 only should be used to analyze
participant behavior from the treatment period.

For the baseline period, the issue was participant lack of familiarity with the vehicles dur-
ing Period 1. If driving data showed significant changes from Period 1 to Period 2, the
assumption would be participants were becoming familiar with the vehicles in Period 1.
Data from this period, therefore, would not represent how participants would actually
drive the vehicles during an extended baseline period, once they were familiar with the
vehicles.

For the treatment period, the issue was participants experimenting with the vehicles dur-
ing Period 3. If driving data showed significant changes from Period 3 to Period 4, the
assumption would be participants were experimenting with the vehicles in Period 3. Data
from this period, therefore, would not represent how participants would actually drive the
vehicles during an extended treatment period, once they were familiar with the RDCW.

2.2.1.Baseline Period

Two measures assessed the influence of participant familiarity with FOT data during the
baseline period: LDW alert rate and CSW alert rate. The rates were analyzed separately,
using a repeated-measures analysis of variance, to determine if there was a statistically
significant difference in alert rates between Periods 1 and 2. The repeated-measures
ANOVA was used because each driver provides the same measure twice, once in Period
1 and once in Period 2. The resulting analyses, presented in Tables I-1 and I-2 in Appen-
dix I, show that for both the LDW and CSW there is no statistically significant associa-
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tion between the alert rate and period. These measures thus show no evidence of partici-
pants becoming adapted to the vehicle during the baseline period.

The analyses in this section determined there was no statistically significant difference in
alert rates between Periods 1 and 2. This allows the FOT data from Periods 1 and 2 to be
combined into a single category of baseline data.

2.2.2. Treatment Period

The same measures used for the baseline period, LDW and CSW alert rates, were used to
assess participant experimentation during the treatment period. Table 2-3 presents the
ANOVA results for the LDW alert rates during the two halves of the treatment period.
The data shows a statistically significant association between the period and the alert rate.

Table 2-3. ANOVA Results for LDW Alert Rates During Treatment Period

SS DOF MS F p

Intercept 2048.7 1 2048.7 153.7 <0.001
Gender 23.9 1 23.9 1.8 0.185
Age Group 7.1 2 3.6 0.3 0.766
Gender*Age Group 549 2 275 21 0135
Error 9330 70 133

Period 154 1 154 44 0.041
Period*Gender 0.0 1 0.0 0.0 0.939
Period*Age Group 1.0 2 0.5 0.1 0.863
Period*Gender*Age Group 13.9 2 7.0 20 0.148
Error 2475 70 35

Figure 2-2 plots the LDW alert rates. There is a statistically significant difference in the
mean LDW alert rate between Periods 3 and 4, and the alert rates decreased from Period
3 to 4. This measure shows evidence of participants experimenting with the LDW subsys-
tem during the treatment period. It is likely, therefore, that data from this period does not
represent how participants used the device once they became familiar with it. Conse-
quently, data from Period 3, the first half of the treatment period, will not be used for
subsequent exposure and safety benefits analyses.
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Figure 2-2. LDW Alert Rates During Periods 3 and 4

Table 2-4 presents the ANOVA results for the CSW alert rates during the two halves of
the treatment period. The analysis shows a statistically significant association between
age group and the alert rate but no association between period and the alert rate. The ac-
tual means for the different age groups reflect data from both Periods 3 and 4. Since data
from Period 3 will not be used in subsequent analyses, the means associated with this pe-

riod are not presented.

Table 2-4. ANOVA Results for CSW Alert Rates During Treatment Period

SS DOF MS

F

p

Intercept 188.5
Gender 0.6
Age Group 6.7
Gender*Age Group 1.9
Error 2.7
Period 0.5
Period*Gender 0.1
Period*Age Group 0.0

2-5

N N P

70

188.5 181.5 <0.001

0.6
3.4
1.0
1.0
0.5
0.1
0.0

0.6
3.2
0.9

11
0.3
0.0

0.438
0.045
0.402

0.294
0.579
0.984
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SS DOF MS F p

Period*Gender*Age Group 0.0 2 0.0 0.1 0.947
Error 294 70 0.4

2.2.3.Final Exposure

Having determined which periods to include in the safety benefits analyses, we next ana-
lyzed the exposure associated with these periods. Table 2-5 presents the ANOVA results
for VDT during baseline and treatment periods, with gender and age group as the addi-
tional independent variables.

Table 2-5. ANOVA Results for VDT

SS DOF MS F p

Intercept 4.8E+07 1 4.8E+07 489.7 <0.001
Gender 2.5E+05 1 25E+05 26 0.113
Age Group 1.3E+06 2 6.3E+05 6.5 0.003
Gender*Age Group 7.7E+03 2 3.8E+03 0.0 0.961
Error 6.8E+06 70 9.7E+04

Period 7.5E+05 1 75E+05 285 <0.001
Period*Gender 1.8E+05 1 18E+05 6.8 0.011
Period*Age Group 4.5E+05 2 22E+05 8.6 <0.001
Period*Gender*Age Group  1.8E+04 2 9.1E+03 0.3 0.708
Error 18E+06 70 2.6E+04

Analysis of the exposure data provides the following statistically significant findings:

Mean VDT varies with age: younger participants averaged 659 km, mid-
dle-aged participants averaged 583 km, and older participants averaged
438 km. A post-hoc analysis of the data showed a statistically significant
difference between the VDT of older participants and the other two
groups, but no difference (statistically significant) between the VDT of
younger and middle-aged participants.

Mean VDT varies with period: with a mean of 490 km during the baseline
period and 630 km during the treatment period.

Gender and period interact: males and females had approximately the
same VDT during the baseline period (496 versus 483 km), but males had
a larger increase during the treatment period (209 versus 72 additional
km).

Age and period interact: younger participants had the same VDT during
the baseline and treatment periods, but middle-aged and older participants
drove more during the treatment period. This last finding is presented in
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Figure 2-3, which plots the mean exposure of the FOT participants by pe-
riod and age.
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Table 2-6 presents the VDT data by age and gender during the baseline and treatment pe-
riods. The mean VDT (km) had the following ranges:

Baseline period—339 for older females to 671 for younger females; and
Treatment period—436 for older females to 764 for middle-aged males.

Table 2-6. Exposure Age, Gender, and Period (units in km)

Gender Age Period Mean Std. Er-  -95% 95% N
VDT ror
Female Younger  Baseline 671 69 533 808 12
Female Younger  Treatment 574 74 426 723
Female Middle- Baseline 441 66 309 573 13
aged
Female Middle- Treatment 655 71 513 798
aged
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Gender Age Period Mean Std. Er-  -95% 95% N
VDT ror
Female Older Baseline 339 69 201 476 12
Female Older Treatment 436 74 287 584
Male Younger  Baseline 653 66 521 785 13
Male Younger  Treatment 737 71 595 879
Male Middle- Baseline 472 66 339 604 13
aged
Male Middle- Treatment 764 71 621 906
aged
Male Older Baseline 363 66 231 495 13
Male Older Treatment 614 71 471 756

2.3 EXPOSURE BY VEHICLE SPEED

To analyze exposure by vehicle speed, FOT data was separated into six speed bins:

0-18 mph (0-28.99 kph)
18-25 mph (28.99-40.23 kph)
25-35 mph (40.23-56.33 kph)
35-45 mph (56.33-72.42 kph)
45-55 mph (72.42-88.51 kph)
>55 mph (>88.51 kph)

Baseline and treatment periods were analyzed separately because VDT differences be-
tween these periods are expected and are not particularly important. Since exposure in
each speed bin is important, it was necessary to determine if any group was underrepre-
sented. If this was the case, we would need to ensure that low VDT in a given speed
range did not result in artificially high alert or conflict rates when analyzing this group.

The analysis focused on the four speed bins above 25 mph. The first two speed bins were
used only to facilitate device performance analyses. Since these speed ranges include
VDT from parking lots and driveways, they were not combined with road data at higher
speeds.

2.3.1.Baseline Period

Table 2-7 presents the repeated-measures ANOVA results for participants’ baseline VDT
over four speed bins. The rightmost column in the table indicates that there are statisti-
cally significant associations between the outcome measure and (1) the age group and (2)
the speed bin. In addition, the data shows an interaction between speed bin and age

group.
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Table 2-7. ANOVA Results for Baseline Period VDT by Speed Bin

SS DOF MS F p

Intercept 3.8E+06 1 3.8E+06 286.0 <0.001
Gender 6.7E+02 1 6.7E+02 0.0 8.2E-01
Age Group 2.9E+05 2 14E+05 10.8 <0.001
Gender*Age Group 2.3E+03 2 1.1E+03 0.1 9.2E-01
Error 9.4E+05 70 1.3E+04

Bin 1.5E+06 3 5.1E+05 494 <0.001
Bin*Gender 1.1E+04 3 38E+03 04 7.8E-01
Bin*Age Group 4.9E+05 6 8.2E+04 7.9 <0.001
Bin*Gender*Age Group 1.9E+04 6 3.2E+03 0.3 9.3E-01
Error 2.2E+06 210 1.0E+04

A summary of the statistically significant associations follows:

Mean VDT per bin during the baseline period varies with age: younger
participants had the highest VDT, followed by middle-aged and older par-
ticipants (153, 105, and 78 km). Statistically, the younger participants had
more VDT than a combined middle-aged and older group.

Mean VDT varies by speed bin: the 55+ speed bin had the highest VDT.
The actual respective mean values over the four bins are 52, 87, 76, and
234 km. A post-hoc analysis shows that each of these mean values is sta-
tistically distinct.

Speed bin and age interact: younger participants had significantly? more
VDT at the highest speed range than middle-aged and older participants. A
separate analysis of participants’ VDT for the three lower-speed bins
showed only a single statistically significant association: speed bin and
VDT (i.e., no association with age group). An analysis of participants
VDT at the highest speed bin showed younger participants had signifi-
cantly more VDT than the other two groups.

Figure 2-4 illustrates the interaction between speed bin and age group. The three age
groups tracked each other fairly closely over the first three speed bins. Mean VDT ranged
from 50 to 100 km. In the fourth bin, younger participants traveled approximately 75 per-
cent farther than middle-aged participants, who traveled approximately 60 percent farther
than older participants. All age groups showed a mean VDT increase at high speeds, but
younger participants had significantly more than the other age groups.

2 Here and throughout, significantly implies statistical significance.
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BIN*AgeGroup; LS Means

Current effect: F(6, 210)=7.9324, p <.000001
Effective hypothesis decomposition
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Figure 2-4. Baseline Period Exposure by Age and Speed Bin

2.3.2. Treatment Period

Table 2-8 presents the repeated-measures ANOVA results for participants’ VDT over
four speed bins during the treatment period. The rightmost column in the table indicates
that there are statistically significant associations between (1) the gender, (2) the age
group, and (3) the speed bin and the VDT. In addition, the data shows an interaction be-

tween speed bin and age group.

Table 2-8. ANOVA Results for Treatment Period VDT by Speed Bin

SS DOF MS F p

Intercept 6.4E+06 1 6.4E+06 416.1 <0.001
Gender 9.8E+04 1 9.8E+04 6.4 1.4E-02
Age Group 1.1E+05 2 57E+04 3.7 3.0E-02
Gender*Age Group 4.6E+03 2 23E+03 0.1 8.6E-01
Error 1.1E+06 70 1.5E+04

Bin 2.7E+06 3 89E+05 851  <0.001
Bin*Gender 3.3E+04 3 1.1E+04 11 3.7E-01
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SS DOF MS F p
Bin*Age Group 1.5E+05 6 25E+04 24 2.7E-02
Bin*Gender*Age Group 4.2E+04 6 7.1E+03 0.7 6.7E-01
Error 2.2E+06 210 1.0E+04

A summary of the statistically significant associations follows:

= Mean VDT per bin during the treatment period varies with gender: males
averaged more VDT than females (163 versus 127 km).

= Mean VDT per bin during the treatment period varies with age: younger
and middle-aged participants had significantly more VDT than older par-
ticipants (151, 165, and 119 km). A post-hoc contrast analysis confirmed
that the mean VDT for younger and middle-aged participants was statisti-
cally equal.

= Mean VDT varies by speed bin: the 55+ speed bin had significantly more
VDT. The actual respective mean values, which are statistically distinct,
are 62, 112, 103, 304 km.

= Speed bin and age group interact: younger and middle-aged participants
had significantly more VDT than older participants at the highest speed
range.

The speed bin and age data is important for subsequent analyses. Figure 2-5 plots treat-
ment-period VDT versus speed bin for each age group. Similar to findings from the base-
line period in Figure 2-4, the three age groups tracked each other fairly closely over the
first three speed bins. Mean VDT in these bins ranged from approximately 60 to 130 km.
In the fourth bin, VDT increased markedly. Younger and middle-aged participants had
approximately 50 percent more VDT than older participants, a smaller increase compared
to the baseline period.
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BIN*AgeGroup; LS Means
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Figure 2-5. Treatment Period Exposure by Age and Speed Bin

These treatment-period findings differ from baseline-period findings. Table 2-9 summa-
rizes these differences.

Table 2-9. Summary of Differences in VDT - Explanatory Variables for Speed-Bin
Analysis During Baseline and Treatment Periods

Explanatory Baseline Period Treatment Period

Variable(s)

Gender No difference Males have more VDT than females

Age Younger participants have highest  Older participants have lowest VDT
VDT

Speed Bin and Age Younger participants have highest  Younger and middle-aged participants have
VDT at highest speed highest VDT at highest speed

2.4 EXPOSURE BY LIGHT LEVEL

Because the light level influences RDCW performance and safety benefits, exposure by
light level was analyzed. Once again, baseline and treatment periods are analyzed sepa-
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rately. Provided that each combination of period and light level has sufficient VDT, VDT
differences between these periods are irrelevant to safety benefits.

2.4.1.Baseline Period

Table 2-10 presents the ANOVA results for baseline period VDT by light level. The
rightmost column in the table indicates that there are statistically significant associations
between (1) the age group and (2) the light level and the VDT.

Table 2-10. ANOVA Results for Baseline Period VDT by Light Level

SS DOF MS F p

Intercept 9.1E+06 1 9.1E+06 3189  <0.001
Gender 1.5E+03 1 15E+03 0.1 8.2E-01
Age Group 6.2E+05 2 3.1E+05 11.0 <0.001
Gender*Age Group 4.3E+03 2 22E+03 0.1 9.3E-01
Error 2.0E+06 70 2.9E+04

Light 2.8E+06 1 2.8E+06 146.3 <0.001
Light*Gender 1.0E+04 1 1.0E+04 05 4.7E-01
Light*Age Group 3.2E+04 2 16E+04 0.8 4.4E-01
Light*Gender*Age Group 4.4E+04 2 22E+04 1.2 3.2E-01
Error 1.3E+06 70 1.9E+04

The specific differences behind these associations are:

= Participants averaged 109 km at night and 380 km during the day.

= Younger, middle-aged, and older participants averaged 331, 228, and 175
km, respectively, over night and day driving. A post-hoc analysis using
contrasts showed only the difference between younger and the combined
middle-aged and older participants to be statistically significant.

2.4.2. Treatment Period

Table 2-11 presents the ANOVA results for treatment period VDT by light level. The
rightmost column in the table indicates that there are statistically significant associations
between (1) the age group and (2) the light level and the VDT.

Table 2-11. ANOVA Results for Treatment Period VDT by Light Level

SS DOF MS F p

Intercept 1.5E+07 1 1.5E+07 454.4 <0.001
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SS DOF MS F p

Gender 2.1E+05 1 21E+05 6.4 0.014
Age Group 2.3E+05 2 11E+05 35 0.037
Gender*Age Group 8.6E+03 2 43E+03 0.1 0.878
Error 2.3E+06 70 3.3E+04

Light 5.1E+06 1 5.1E+06 148.4  <0.001
Light*Gender 1.8E+04 1 1.8E+04 0.5 0.477
Light*Age Group 2.6E+05 2 1.3E+05 3.7 0.029
Light*Gender*Age Group 7.9E+04 2 40E+04 1.1 0.326
Error 2.4E+06 70 3.5E+04

The specific statistically significant differences behind these associations are:

= Males drove more than females: 352 km versus 278 km averaged between
night and day driving.

= Younger and middle-aged participants drove more than older participants,
328, 355, and 262 km, respectively, averaged between night and day driv-
ing. Of the three age groups, only the middle-aged and older participants
had significantly different VDT.

= Mean daytime VDT exceeds nighttime VDT: 499 versus 131 km.

= Day and nighttime VDT interacts with age: younger participants tended to
do more night driving and exhibited a smaller increase from day to night
driving than middle-aged and older participants.

This last finding in particular highlights a difference in driving patterns among this
study’s participants. Figure 2-6 presents VDT by light level and age group. Roughly, the
younger participants averaged 200 km at night and 250 km more than this value during
the day. Older participants averaged 65 km at night and 385 km more than this during the
day. Middle-aged participants averaged 125 km at night (between the other age groups)
and 450 km more than this during the day. The differential increase in VDT from night to
day driving by age group accounts for the interaction. Some low exposures to night driv-
ing for older participants suggest caution when interpreting alert- and conflict-rate data
from these participants.
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LIGHT*AgeGroup; Unweighted Means
Current effect: F(2, 70)=3.7200, p=.02915
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Figure 2-6. Treatment Period Interaction Between Age and Light Level

2.5 EXPOSURE BY POPULATION DENSITY

General Estimates System crash statistics show that a significant number of road-
departure crashes occur in rural areas. Since population density may influence safety
benefits, exposure using this variable was analyzed.

Figure 2-7 illustrates the urban-rural classification for southeastern Michigan, where most
FOT driving occurred. A GPS/GIS location algorithm assigned road attributes to the GPS
points associated with FOT data. One of the attributes defines whether or not a RDCW
vehicle—at each decisecond sample—was located in an urban area. To populate this at-
tribute, the location algorithm intersects the U.S. Census Bureau’s boundary file with the
GPS points layer to determine which GPS points fall within an urban area. We analyzed
baseline and treatment periods separately.
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Figure 2-7. Urban and Rural Classification for FOT Data
2.5.1.Baseline Period

Table 2-12 presents the ANOVA results for baseline period VDT by population density.
The rightmost column in the table indicates the usual statistically significant association
between the age group and the VDT and a statistically significant association between the
population density and the VDT.

Table 2-12. ANOVA Results for Baseline Period VDT by Population Density

SS DOF MS F p
Intercept 8.6E+06 1 8.6E+06 324.2  <0.001
Gender 2.8E+03 1 28E+03 0.1 7.48E-01
Age Group 6.1E+05 2 3.1E+05 115 <0.001
Gender*Age Group 5.9E+03 2 3.0E+03 0.1 8.95E-01
Error 1.9E+06 70 2.7E+04
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SS DOF MS F p
Density 2.0E+06 1 2.0E+06 69.6  <0.001
Density*Gender 4.9E+03 1 49E+03 0.2 6.84E-01
Density*Age Group 9.5E+04 2 48E+04 1.6 2.04E-01
Density*Gender*Age Group  3.5E+04 2 18E+04 0.6 5.52E-01
Error 2.0E+06 70 2.9E+04

The specific means of these associations are:

= During the baseline period, younger, middle-aged, and older participants
averaged 324, 220, and 171 km, respectively, averaged over urban and ru-
ral driving. These numbers differ slightly from the values in Section 2.4.1
because of an “unknown” category for population density. The VDT in
this category, which is very low, is not included in the ANOVA. An
analysis using contrasts showed only the difference between younger and
the combined middle-aged and older participants to be statistically signifi-

cant.

= During the baseline period, participants averaged 123 km in rural areas

and 354 km in urban areas.

2.5.2. Treatment Period

Table 2-13 presents the ANOVA results for treatment period VDT by population density.
The rightmost column in the table indicates that, in addition to the statistically significant
associations between gender and VDT and age group and VDT, there is a statistically
significant association between the population density and the VDT. Based on the clear
association between population density and the VDT observed in the baseline period

data, this association is expected.

Table 2-13. ANOVA Results for Treatment Period VDT by Population Density

SS DOF MS F p

Intercept 1.4E+07 1 1.4E+07 443.7 <0.001
Gender 2.2E+05 1 22E+05 6.7 1.2E-02
Age Group 2.4E+05 2 12E+05 3.7 2.9E-02
Gender*Age Group 6.3E+03 2 32E+03 0.1 9.1E-01
Error 2.3E+06 70 3.2E+04

Density 3.6E+06 1 3.6E+06 715 <0.001
Density*Gender 1.3E+05 1 1.3E+05 2.6 1.1E-01
Density*Age Group 1.4E+05 2 71E+04 14 25E-01
Density*Gender*Age Group  9.3E+04 2 46E+04 09 4.1E-01
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SS DOF MS F p

Error 3.6E+06 70 5.1E+04

The specific significant differences behind these associations are:

= Males drove more than females: 345 versus 269 km, averaged over urban
and rural driving.

= Younger, middle-aged, and older participants averaged 321, 347, and 253
km, respectively, averaged over urban and rural driving. However, only
the difference between middle-aged and older participants was statistically
significant.

= Participants averaged 152 km in rural areas and 462 km in urban areas.

2.6 EXPOSURE BY ROAD TYPE

GES crash statistics show a significant number of road-departure crashes occur on roads
other than high-speed freeways. Corresponding differences in alert and conflict rates be-
tween freeways and non-freeways are anticipated. As in the previous sections, baseline
and treatment periods are analyzed separately.

2.6.1.Baseline Period

Table 2-14 presents the ANOVA results for baseline period VDT by road type. The
rightmost column in the table indicates that there is the usual statistically significant as-
sociation between the age group and the VDT and a statistically significant interaction
between the age group, road type, and VDT.

Table 2-14. ANOVA Results for Baseline Period VDT by Road Type

SS DOF MS F p

Intercept 8.7E+06 1 8.7E+06 325.4 <0.001
Gender 27E+03 1 27E+03 0.1 7.5E-01
Age Group 6.1E+05 2 3.1E+05 114 <0.001
Gender*Age Group 56E+03 2 2.8E+03 0.1 9.0E-01
Error 19E+06 70 2.7E+04

Road type 51E+04 1 5.1E+04 2.2 1.5E-01
Road type*Gender 78E+04 1 7.8E+04 3.3 7.5E-02
Road type*Age Group 19E+05 2 9.3E+04 39 25E-02
g?gﬂ;ype*Ge”der*Age 26E+04 2 13E+04 05 5.8E-01
Error 1.7E+06 70 2.4E+04
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The specific means behind these associations are:

= During the baseline period, younger, middle-aged, and older participants averaged
325, 220, and 172 km, respectively, averaged over non-freeway and freeway driv-
ing. A post-hoc analysis showed only the difference between younger and the
combined middle-aged and older participants to be statistically significant.

= Figure 2-8 illustrates the interaction between age group and road type. Younger
participants averaged 62 km more exposure to freeways than non-freeways, and
middle-aged and older participants had less exposure to freeways, 72 km and 99
km, respectively.

ROADTYPE*AgeGroup; Unweighted Means
Current effect: F(2, 70)=3.9031, p=.02471
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
500

450

400

350 t

300

250 t

200

150 t

Vehicle distance traveled (km)

100

S0} 1 == Young
~0- Middle
0 ' ' ~I- Old

Non-freeway Freeway

Figure 2-8. Baseline Period Exposure by Age and Road Type
2.6.2. Treatment Period

Table 2-15 presents the ANOVA results for treatment period VDT by road type. Only
gender and VDT and age group and VDT have statistically significant associations.
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Table 2-15. ANOVA Results for Treatment Period VDT by Road Type

SS DOF MS F p

Intercept 14E+07 1 1.4E+07 449.9 <0.001
Gender 21E+05 1 2.1E+05 6.7 1.2E-02
Age Group 24E+05 2 12E+05 3.8 2.8E-02
Gender*Age Group 7.2E+03 2 3.6E+03 0.1 8.9E-01
Error 2.2E+06 70 3.2E+04

Road 7T4E+04 1 7.4E+04 23 1.3E-01
Road*Gender 24E+04 1 24E+04 0.7 3.9E-01
Road*Age Group 5.9E+04 2 29E+04 0.9 4.0E-01
Road*Gender*Age Group 3.0E+04 2 15E+04 05 6.2E-01
Error 2.2E+06 70 3.2E+04

The specific means behind these associations are:

= Males drove more than females: 346 versus 271 km, averaged over freeways and
non-freeways.

= Younger, middle-aged, and older participants averaged 322, 349, and 255 km, re-
spectively, averaged over freeways and non-freeways. Only the difference be-
tween middle-aged and older participants was statistically significant.

Of the 12 means available when crossing gender by age group by road type, older fe-
males had the lowest mean VDT, 156 km on freeways. While this number is greater than
some of the other mean VDT discussed in this section, it still suggests caution in analyz-
ing and interpreting subsequent findings in this category.

2.7 EXPOSURE BY WEATHER

Weather may influence device performance and safety benefits. For this analysis, weather
has two levels: wet and dry. Four weather levels (wet or dry crossed with warm or cold)
were considered initially, but approximately half of the FOT participants did not drive in
cold weather. Thus, FOT data was not categorized by temperature. The wiper switch set-
ting in the FOT data served as a proxy for weather, where the off position was interpreted
as dry and any on position was interpreted as wet.

2.7.1.Baseline Period
Table 2-16 presents the ANOVA results for baseline period VDT by weather. The results

show statistically significant associations between VDT and (1) weather and (2) the age
group. The results also show an interaction between the age group and weather.
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Table 2-16. ANOVA Results for Baseline Period VDT by Weather

SS DOF MS F p

Intercept 9.1E+06 1 9.1E+06 318.9 <0.001
Gender 1.5E+03 1 15E+03 0.1 8.2E-01
Age Group 6.2E+05 2 3.1E+05 11.0 <0.001
Gender*Age Group 4.3E+03 2 22E+03 0.1 9.3E-01
Error 2.0E+06 70 2.9E+04

Weather 7.1E+06 1 7.1E+06 2218  <0.001
Weather*Gender 2.5E+04 1 25E+04 0.8 3.8E-01
Weather*Age Group 6.2E+05 2 3.1E+05 9.7 <0.001
Weather*Gender*Age Group 2.5E+03 2 13E+03 0.0 9.6E-01
Error 2.2E+06 70 3.2E+04

The specific means behind these associations are:

During the baseline period, younger, middle-aged, and older participants averaged
331, 228, and 175 km, respectively, averaged over dry and wet weather. As dis-
cussed in earlier sections, only the difference between middle-aged and older par-

ticipants was statistically significant.

Participants averaged 461 km during dry weather and only 29 km during wet
weather. The low exposure to wet weather suggests particular caution and the
likelihood of limited findings with this data.

The interaction between age group, weather, and VDT is best understood by
viewing the data, presented in Figure 2-9. All the age groups had similar low ex-
posure to wet weather (35, 17, and 37 km means for respective younger, middle-
aged, and older participants), but the differential increase for exposure to dry
weather varied with the age group. Younger participants had the largest increase,
followed by middle-aged and older participants (591, 427, and 277 km, respec-

tively).
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WEATHER*AgeGroup; Unweighted Means
Current effect: F(2, 70)=9.6985, p=.00019
Effective hypothesis decomposition
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Figure 2-9. Baseline Period Exposure by Age and Weather
2.7.2. Treatment Period

Table 2-17 presents the ANOVA results for treatment period VDT by weather. The re-
sults show statistically significant associations between VDT and (1) gender, (2) the age
group, and (3) the weather. The results also show an interaction between weather and age

group.
Table 2-17. ANOVA Results for Treatment Period VDT by Weather

SS DOF MS F p

Intercept 1.5E+07 1 1.5E+07 4544 <0.001
Gender 2.1E+05 1 21E+05 6.4 1.4E-02
Age Group 2.3E+05 2 11E+05 35 3.7E-02
Gender*Age Group 8.6E+03 2 43E+03 0.1 8.8E-01
Error 2.3E+06 70 3.3E+04

Weather 1.2E+07 1 1.2E+07 365.6  <0.001
Weather*Gender 2.3E+05 1 23E+05 7.0 1.0E-02
Weather*Age Group 1.9E+05 2 9.4E+04 2.8 6.6E-02
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SS DOF MS F p

Weather*Gender*Age Group 1.0E+04 2 52E+03 0.2 8.5E-01
Error 2.3E+06 70 3.3E+04

The specific means behind these associations are:

= Males drove more than females: 352 versus 278 km, averaged over wet and dry
weather.

= Younger, middle-aged, and older participants averaged 328, 355, and 262 km, re-
spectively, averaged over wet and dry weather. A contrast analysis shows that
only the difference between middle-aged and older participants is statistically sig-
nificant.

= Participants had much higher average exposure to dry weather, 598 km, than wet
weather, 32 km.

= The data showed a small interaction between gender and weather. Females and
males had roughly the same exposure to wet weather, 30 and 34 km, respectively.
Females had a smaller differential increase in exposure to dry weather than males,
491 and 640 km, respectively.

2.8 EXPOSURE BY SENSITIVITY
LEVELS

To assess how participants adjusted the RDCW, exposure
by sensitivity level was analyzed for both LDW and CSW
subsystems. Analysis by sensitivity level differed from pre-
vious exposure analyses in three ways.

First, the VDT for each participant at each sensitivity level
was divided by each participant’s VDT, which normalized
his or her sensitivity data. This normalization assigned the

same weight to each participant’s data in the usage-pattern
analysis. Without it, participants’ VDT would weigh their
data in this analysis, whereas the intent in this section is to
have each participant’s data weigh equally. Second, data from the baseline period was
omitted because sensitivity had no relevance for this period. Finally, data from Period 3
was included in these analyses to track changes in sensitivity preferences over time. Us-
ing the normalized data from Periods 3 and 4, we performed the usual repeated-measures
ANOVA categorized by age and gender and determined if the preferred sensitivity levels
varied with age, gender, or time (Period 3 to 4).

FOT participants could select LDW and
CSW alert sensitivity independently.
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2.8.1.Lateral-Drift-Warning Adaptation

LDW adaptation was analyzed by focusing solely on the changes in the percentage use at
each sensitivity level. Exposure to, i.e., use of LDW sensitivity settings over different
quantities of VDT map into the change in percent variable, which was the dependent
variable used to analyze adaptation. For example, if a participant set the LDW sensitivity
at Level 3 for 10 percent of Period 3 and 50 percent of Period 4, the change in percent for
Level 3 would be +40 percent. The factors of interest include Delta Sensitivity, the
change in sensitivity at each level, and the statistically significant interactions (if any)
between this factor and the age group or gender.

The changes in percent over the five sensitivity levels sum to 0. For a given driver, the
increases in usage at one or more levels were balanced by decreases in usage at one or
more other levels. Thus, the ANOVA results in Table 2-18 have entries of 0 for the sum
of square terms in the first five rows, and there is no significance test associated with any
of these rows.

Table 2-18. ANOVA Results for LDW Sensitivity Preference

SS DOF MS F p
Intercept 0.0 1 0.000
Gender 0.0 1 0.000
Age Group 0.0 2 0.000
Gender*Age Group 0.0 2 0.000
Error 00 70 0.000
Delta Sensitivity 2.0E+04 4 5.1E+03 6.134  <0.001
Delta Sensitivity*Gender 7.7E+02 4 19E+02 0.232 9.2E-01
Delta Sensitivity*Age Group 1.2E+04 8 1.5E+03 1.819 7.3E-02
Delta Sensitivity*Gender*Age Group 1.3E+04 8 1.7E+03 2.001 4.6E-02
Error 2.3E+05 280 8.3E+02

The ANOVA results indicate that one or more sensitivity levels changed from Period 3 to
Period 4 and that an interaction existed between the sensitivity levels, age group, and
gender. The means behind these findings include:

= Participants increased their use of the lowest sensitivity (Level 1) setting by 11
percent and decreased their use of the middle setting (Level 3) by the same
amount. They made smaller changes at the other levels. A separate contrast analy-
sis showed that the changes in these levels were the only statistically significant
changes. As Figure 2-10 shows, the percentage use at Levels 2, 4, and 5 did not
change from Period 3 to 4.
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DELLDW:; Unweighted Means
Current effect: F(4, 280)=6.1343, p=.00010
Effective hypothesis decomposition
Vertical bars denote 0.95 confidenc