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GLOSSARY OF TERMS 

 
ANOVA – Analysis of variance. 
 
Additional driver – Family or friends of the primary driver who drove the subject’s vehicle and 
were not involved with the in-processing. 
 
Associative Factors – Any environmental or vehicular factor where direct causation to crashes, 
near-crashes, or incidents is not possible to attain but correlation may be determined. 
 
Backing crash – A crash that occurs while the driver’s vehicle is in reverse gear. 
 
Chase vehicle – Vehicle designated for locating (through GPS or other means) and downloading 
data from subject vehicles. 
 
Contributing factors – Any circumstance that leads up to or has an impact on the outcome of 
the event. This term encompasses driver proficiency, willful behavior, roadway infrastructure, 
distraction, vehicle contributing factors, and visual obstructions.  
 
Crash – Any contact with an object, either moving or fixed, at any speed in which kinetic energy 
is measurably transferred or dissipated.  Includes other vehicles, roadside barriers, objects on or 
off of the roadway, pedestrians, cyclists, or animals. 
 
Crash-Relevant Event – Any circumstance that requires a crash avoidance response on the part 
of the subject vehicle, any other vehicle, pedestrian, cyclist, or animal that is less severe than a 
rapid evasive maneuver (as defined above), but greater in severity than a “normal maneuver” to 
avoid a crash.  A crash avoidance response can include braking, steering, accelerating, or any 
combination of control inputs.  A “normal maneuver” for the subject vehicle is defined as a 
control input that falls outside of the 95 percent confidence limit for control input as measured 
for the same subject. 
 
Conflict Type – All crashes, near-crashes, crash-relevant conflicts and proximity conflicts were 
categorized based on the initial conflict that lead to the crash that occurred or would have 
occurred in the case of near-crashes and incidents.  There were 20 types of conflicts used which 
are as follows:  conflict with lead vehicle, following vehicle, oncoming traffic, vehicle in 
adjacent lane, merging vehicle, vehicle turning across subject vehicle path (same direction), 
vehicle turning across subject vehicle path (opposite direction), vehicle turning into subject 
vehicle path (same direction), vehicle turning into subject vehicle path (opposite direction), 
vehicle moving across subject vehicle path (through intersection), parked vehicle, pedestrian, 
pedalcyclist, animal, obstacle/object in roadway, single vehicle conflict, other, no known 
conflict, unknown conflict.  This list was primarily NASS GES Accident Types. 
 
DAS – Data Acquisition System. 
 
Driver Impairment – The driver’s behavior, judgment, or driving ability is altered or hindered.  
Includes drowsiness, use of drugs or alcohol, illness, lack of, or incorrect use of medication, or 
disability. 
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Driver Proficiency – Whether the individual’s driving skills, abilities, or knowledge are 
inadequate.  This specifically refers to whether the driver appeared to be aware of specific traffic 
laws (i.e.,  no U-turn), whether the driver was incompetent to safely perform a driving maneuver 
(i.e., check for traffic before pulling out on a roadway), unaware of the vehicle’s turning radius, 
or performs driving maneuvers under the incorrect assumption that it is safe, (i.e., drives over a 
concrete median). 
 
Driver-Related Inattention to the Forward Roadway – Inattention due to a necessary and 
acceptable driving task where the subject is required to shift attention away from the forward 
roadway. (e.g., checking blind spots, center mirror, instrument panel). 
 
Driver Reaction – The evasive maneuver performed in response to the precipitating event. 
 
Driver Seat Belt Use – Variable indicating if the subject is wearing a seat belt during an event. 
 
EDR – Electronic data recorder. 
 
Epoch – Typically, a 90-second period of time around one or more triggers in the data; can 
include one or more events. 
 
Event – a term referring to all crashes, near-crashes, and incidents.  The “event” begins at the 
onset of the precipitating factor and ends after the evasive maneuver. 
 
Event Nature – Classification of the type of conflict occurring in the event (e.g., Conflict with 
lead vehicle, Conflict with vehicle in adjacent lane). 
 
Event Severity – Classification of the level of harm or damage resulting from an event.  The 5 
levels were crash, near-crash, crash-relevant, proximity, and nonconflict. 
 
FARS – Fatality Analysis Reporting System. 
 
FOV – Field of view. 
 
FV – Following vehicle. 

GPS – Global Positioning System – used by reductionists to locate participant vehicle for 
information on an event. 
 
Inattention Event – Any event where drowsiness, driver-related inattention to the forward 
roadway, driver secondary tasks, or nonspecific eyeglance away from the forward roadway were 
identified as a contributing factors to the event. 
 
Incident – Encompasses the event severities of crash-relevant conflicts and proximity conflicts. 
 
IVI – Intelligent Vehicle Initiative. 
 
IR LEDs – Infrared light emitting diode. 
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Invalid Trigger – Any instance where a pre-specified signature in the driving performance data 
stream is observed but no safety-relevant event is present.  See Appendix B for a more complete 
definition of triggers. 
 
LV – Lead vehicle. 
 
MVMT – Million vehicle miles traveled. 
 
NHTSA – National Highway Traffic Safety Administration. 
 
Naturalistic – Unobtrusive observation; observation of behavior taking place in its natural 
setting. 
 
Near-crash – Any circumstance that requires a rapid, evasive maneuver by the subject vehicle, 
or any other vehicle, pedestrian, cyclist, or animal to avoid a crash.  A rapid, evasive maneuver is 
defined as a steering, braking, accelerating, or any combination of control inputs that approaches 
the limits of the vehicle capabilities. 
 
Non-Conflict – Any incident that increases the level of risk associated with driving, but does not 
result in a crash, near-crash, or incident as defined above.  Examples include driver control error 
without proximal hazards being present, driver judgment error such as unsafe tailgating or 
excessive speed, or cases in which drivers are visually distracted to an unsafe level.  
 
Non-Subject Conflict – Any incident that gets captured on video, crash-relevant, near-crash, or 
crash, that does not involve the subject driver.  Labeled as a non-subject conflict but data 
reduction was not completed.  
 
ORD – Observer Rating of Drowsiness; measured on a scale from 0 to 100 in increasing severity 
of drowsiness.  Based on Wierwille and Ellsworth, 1994.   
 
Precipitating factor – The driver behavior or state of the environment that initiates the crash, 
near-crash, or incident and the subsequent sequence of actions that result in an incident, near-
crash, or crash.   
 
Proximity event – Any circumstance resulting in extraordinarily close proximity of the subject 
vehicle to any other vehicle, pedestrian, cyclist, animal, or fixed object where, due to apparent 
unawareness on the part of the driver(s), pedestrians, cyclists or animals, there is no avoidance 
maneuver or response.  Extraordinarily close proximity is defined as a clear case where the 
absence of an avoidance maneuver or response is inappropriate for the driving circumstances 
(including speed, sight distance, etc.). 
 
Pre-Incident Maneuver – The maneuver that our driver was performing immediately prior to 
the event.  The importance of this is to record what our driver was doing before the precipitating 
event occurred. 
 
Secondary Task – Task, unrelated to driving, which requires subjects to divert attentional 
resources from the driving task,  e.g., talking on the cell phone, talking to passenger, eating, etc. 
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Rear-end striking – Refers to the subject vehicle striking a lead vehicle. 
 
Rear-end struck - Refers to the subject vehicle being struck by a following vehicle. 
 
Sideswipe – Refers to either a vehicle in the adjacent lane changing lanes into the subject vehicle 
or the subject vehicle changing lanes into a vehicle in the adjacent lane. 
 
SV – Subject vehicle. 
 
Trigger/Trigger Criteria – A signature in the data stream that, when exceeded, 90 seconds of 
video data (60 seconds prior and 30 seconds after the data excedence) and the corresponding 
driving performance data are copied and saved to a database.  Trained data reductionists assess 
these segments of video and driving performance data to determine whether this segment of data 
contains a safety-relevant conflict (i.e., crash, near-crash, or incident) or not.  Examples of 
triggers include a driver braking at 0.76 g longitudinal deceleration or swerving around an 
obstacle obtaining a 0.8 g lateral acceleration.  For a more complete description of triggers, see 
Appendix B. 
 
USDOT – United States Department of Transportation. 
 
Valid Event or Valid Trigger – Those events where a specific signature in the data stream was 
identified, viewed by a data reductionist, and deemed to contain a safety-relevant scenario.   Data 
reductionists record all relevant variables and store this data in the 100-Car Database.  
    
Vehicle Run-Off-Road – Describes a situation when the subject vehicle departs the roadway. 
 
VDOT – Virginia Department of Transportation. 
 
Virginia Tech Motor Pool – An extension of the Virginia Tech Office of Transportation. 
 
VTTI – Virginia Tech Transportation Institute. 
 
Visual Obstruction – This variable refers to glare, weather, or an object obstructing the view of 
the driver that impacts the event in any way. 
 
Willful Behavior – The driver knowingly and purposefully drives in an unsafe or inappropriate 
manner.  Includes aggressive driving, purposeful violation of traffic laws, use of vehicle for 
improper purposes (i.e., intimidation). 
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EXECUTIVE SUMMARY 
 
The 100-Car Naturalistic Driving Study is the first instrumented vehicle study undertaken with 
the primary purpose of collecting large-scale naturalistic driving data.  Drivers were given no 
special instructions, no experimenter was present, and the data collection instrumentation was 
unobtrusive.  In addition, the majority of the drivers drove their own vehicles (78 out of 100 
vehicles).  As described throughout this document, there is every indication that the drivers 
rapidly disregarded the presence of the instrumentation.  Thus, the resulting database contains 
many extreme cases of driving behavior and performance, including severe drowsiness, 
impairment, judgment error, risk taking, willingness to engage in secondary tasks, aggressive 
driving, and traffic violation (just to name a few) that have been heretofore greatly attenuated by 
other empirical techniques.  
 
Since the study was the first of its kind, new techniques had to be created and existing methods 
modified to make the study successful.  The data collection effort resulted in the following 
dataset contents: 

• Approximately 2,000,000 vehicle miles of driving. 
• Almost 43,000 hours of data. 
• 241 primary and secondary driver participants. 
• 12 to 13 month data collection period for each vehicle; 18 month total data collection 

period. 
• Five channels of video and many vehicle state and kinematic variables. 

 
An “event” database was created, similar in classification structure to an epidemiological crash 
database, but with video and electronic driver and vehicle performance data appended to it.  The 
events in this case are crashes, near-crashes, and other “incidents” that represent less severe 
conflicts.  This approach allows the video and electronic data to be replayed multiple times and 
at varying frame rates in order to fully understand the nature of the event.  This approach allows 
the classification of the following: 

• Pre-event maneuver. 
• Precipitating factor. 
• Event type. 
• Contributing factors. 
• Associative factors. 
• Avoidance maneuver. 
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The scope of the current project specified 10 initial, high priority objectives or goals addressed 
through the initial analysis of the event database.  This report addresses the first 9 of these 10 
goals, which include: 

Goal 1: Characterization of crashes, near-crashes, and incidents for the 100-Car study 
Goal 2: Quantification of near-crash events 
Goal 3: Characterization of driver inattention 
Goal 4: Driver behavior over time 
Goal 5: Rear-end conflict causal factors and dynamic conditions 
Goal 6: Lane change causal factors and dynamic conditions 
Goal 7: Inattention for rear-end lead-vehicle scenarios 
Goal 8: Characterize the rear-end scenarios in relation to Heinrich’s Triangle 
Goal 9: Evaluate performance of hardware, sensors, and the data collection system. 
Goal 10: Evaluate the data reduction plan, triggering methods, and data analysis  

 
Some of the most important findings addressed as part of the high priority goals analyzed for this 
report are presented below: 
 

• This study allowed, perhaps for the first time, the capture of crash and collision events 
that included minor, non-property-damage contact.  These low severity collisions provide 
very valuable information and occur much more frequently than more severe crashes.  As 
a result, crash/collision-involvement was much higher than expected in that 82 total 
crashes/collisions were reported in this study, while only 15 of these crashes were 
reported to the police.  For urban/suburban settings, this suggests that total crash/collision 
involvement may be over five times higher than police-reported crashes.   

 
• Almost 80 percent of all crashes and 65 percent of all near-crashes involved the driver 

looking away from the forward roadway just prior to the onset of the conflict.  Prior 
estimates related to “distraction” as a contributing factor have been in the range of 25 
percent.  

 
• Inattention, which was operationally defined as including: (1) secondary task distraction; 

(2) driving-related inattention to the forward roadway (e.g., blind spot checks); (3) 
moderate to extreme drowsiness; and (4) other non-driving-related eyeglances, was a 
contributing factor for 93 percent of the conflict with lead-vehicle crashes and minor 
collisions.  In 86 percent of the lead-vehicle crashes/collisions, the headway at the onset 
of the event was greater than 2.0 seconds.  

 
• For scenarios involving conflict with a lead vehicle, the most frequent cases of lower 

severity conflicts (i.e., incidents and near-crashes) occurred in lead-vehicle moving 
scenarios, while 100 percent of the crashes (14 total) occurred when the lead vehicle was 
stopped.  This indicates that drivers have sufficient awareness and ability to perform 
evasive maneuvers when closing rates are lower and/or expectancies about the flow of 
traffic are not violated. 

 
• The rate of inattention-related crash and near-crash events decreases dramatically with 

age, with the rate being as much as four times higher for the 18-to-20 age group relative 
to some of the older driver groups (i.e., 35 and up). 
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• The use of hand-held wireless devices (primarily cell phones but including a small 

amount of PDA use) was associated with the highest frequency of secondary task 
distraction-related events.  This was true for both events of lower severity (i.e., incidents) 
and for events of higher severity (i.e., near-crashes).  Wireless devices were also among 
the categories associated with the highest frequencies of crashes and minor collisions, 
along with looking at/reaching for an object in vehicle and passenger-related secondary 
tasks. 

 
• Drowsiness also appears to affect crashes and collisions at much higher rates than is 

reported using existing crash databases.  Drowsiness was a contributing factor in 12 
percent of all crashes and 10 percent of near-crashes, while most current database 
estimates place drowsiness-related crashes at approximately 2 to 4 percent of total 
crashes. 

 
• The lead-vehicle crash and near-crash data clearly shows that development of purely 

quantitative near-crash criteria (i.e., not requiring at least some degree of verification by a 
human analyst) is not currently feasible.  A primary reason for this was that vehicle 
kinematics associated with near-crashes were virtually identical to common driving 
situations that were not indicative of crash risk.  Thus, qualitative and quantitative criteria 
are dependent upon one another to some degree.  Fortunately, advances in digital video 
compression and storage technology, and the advancement of data reduction software, 
have made video verification feasible for large numbers of events.  

 
• Results from the analysis investigating driver adaptation to instrumented vehicles indicate 

that even when the same driver was switched from a private vehicle to a leased vehicle, 
there were still more events per mile in the leased vehicle than in the private vehicle.  If 
there was an effect of adaptation, it was extinguished before the first week of driving was 
completed.  In addition, drivers appeared to adapt to the presence of the unobtrusive 
instrumentation within the first hour of driving. 

 
In addition to the 10 high-priority goals addressed as part of this report, there are three additional 
research contracts in place to perform further data reduction and analysis efforts for the purpose 
of addressing another 8 goals.  There is also considerable interest in using the data for even more 
purposes from researchers in several disciplines.  Progressing toward this potential for a 
multipurpose, highly flexible and adaptable tool for driving safety may be the most important 
aspect of this study. 
 
The naturalistic approach fills a void in our existing driving safety research methods.  
Specifically, it provides much greater information regarding the pre-crash and crash events than 
is currently available, even after a detailed crash investigation.  Furthermore, the data provides 
much greater external validity relative to the larger context of driving than do empirical methods 
such as test tracks or simulators. 
 
Despite the massive scope of the current effort, it was designed to also serve as a pilot to a much 
larger future study.  From an epidemiological viewpoint, the study was small with the presence 
of 15 police-reported and 82 total crashes and minor collisions.  Furthermore, drivers were 
represented from only one area of the country (Northern Virginia/Washington, DC, metro area).  
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One purpose of a larger-scale study would be to have a statistically representative sample of 
crashes (perhaps 2,000) and a more representative subject/environment sample. 
 
Since a primary purpose of the 100-Car Study was to serve as a pilot for a larger-scale study 
(e.g., 5,000-car study), a goal was to evaluate the process and results of the 100-Car Study to 
assess the feasibility of such an undertaking.  Based upon the results of the evaluations 
conducted, it is believed that a large-scale database would be an enormous asset and would be 
used by transportation researchers to address many transportation safety problems.  Such an 
undertaking would allow researchers to gain insight and understanding into a wide array of 
driving behavior issues and potentially serve as a basis for decision making and program 
development in both the public and private sectors.  This belief is based upon the robustness of 
these pilot results and the anticipation that these data will continue to be analyzed and the results 
made available from a variety of researchers and research organizations.  Clearly, a large-scale, 
nationally-representative study, that includes a statistically significant number of police–reported 
crashes, would provide tremendous insight into issues that have eluded the highway safety 
community for many years. 
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REPORT OVERVIEW 

INTRODUCTION 

The 100-Car Naturalistic Driving Study is the first instrumented vehicle study designed to collect 
a large volume of naturalistic driving data for a large number of drivers over an extended period 
of time.  The Virginia Tech Transportation Institute (VTTI) installed instruments and sensors in 
100 vehicles that were then driven as ordinary vehicles by ordinary drivers for one year.  Drivers 
were given no special instructions, no experimenter was present, and the data collection system 
was unobtrusive.  In addition, drivers’ own vehicles were instrumented for 78 out of the 100 
vehicles.  Drivers apparently adapted rapidly to the instrumentation, probably within the first 
hour.  The resulting database contains many extreme cases of driving behavior and performance, 
including severe drowsiness, impairment, judgment error, risk taking, willingness to engage in 
secondary tasks, aggressive driving, and traffic violation (just to name a few) that have been 
difficult to examine using other techniques.  
 
As with any innovative new research method, new techniques had to be developed and existing 
methods modified.  The resulting dataset contained: 

• approximately 2,000,000 vehicle-miles of driving; 
• almost 43,000 hours of data; 
• data on 241 primary and secondary drivers; 
• a 12- to 13-month data collection period for each vehicle; and 
• five channels of video and numerous vehicle state and kinematic variables for any given 

point in time. 
 
Despite the apparent large scope of the current effort, the study was also designed to also serve 
as a pilot to a much larger future study.  From an epidemiological viewpoint, the study was small 
(15 police-reported and 82 total crashes, including minor collisions).  Furthermore, drivers from 
only one area of the country were represented (the Northern Virginia/Washington, DC, metro 
area).  One purpose of a larger-scale study would be to have a statistically representative sample 
of perhaps 2,000 crashes as well as a more representative subject/environment sample. 
 
Figure RO.1 shows how the approach used in the 100-Car Naturalistic Driving Study can fill in 
the gaps from existing driving safety research methods.  On one hand, the 100-Car Study 
approach provides much greater information regarding the pre-crash and crash events than is 
currently available in crash databases, even those containing detailed crash investigation 
variables.  On the other hand, the data provides much more naturalistic driving data than data 
obtained on test tracks or in simulators.   
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Figure RO.1.  The relationship between empirical, naturalistic, and epidemiological 

methods in driving safety research. 
 
 
Precise analysis of the events leading up to a crash or near-crash is possible with the 100-Car 
Study dataset since both video and electronic sensor data are available.  In contrast, police 
reports and crash investigations rely on eyewitness accounts, and such data have been shown to 
be limited in accuracy.  For example, drivers often do not remember specific, rapidly-occurring 
events as a crash or near-crash scenario unfolds.  There are also cases in which the drivers or 
passengers are in shock or injured in a crash event, or in which they are trying to hide the details 
of what occurred (due either to embarrassment or fear of prosecution/litigation).   
 
The 100-Car Study also marks the first time that detailed information on near-crash events has 
been collected.  Near-crashes have two important advantages over crashes.  First, they occur 
much more frequently (e.g., 15 times more often than crashes).  Second, every near-crash event 
demonstrates a driver successfully performing an evasive maneuver.  This may provide 
additional insight into effective defensive driving techniques and factors, as well as insight into 
potential countermeasures for these driving situations. 
 
Unlike test track and simulator studies, naturalistic studies consider the larger context of driving.  
Furthermore, as demonstrated repeatedly in the 100-Car Study, the absence of an experimenter 
avoids potential modification of the driver’s performance and behavior that may occur when a 
driver is directly observed.   
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One of the more notable contributions of the 100-Car Study is the creation of an “event” 
database.  This database is similar in classification structure to an epidemiological crash 
database, but with video, driver, and vehicle data appended.  The video and electronic data can 
be replayed multiple times and at varying frame rates in order to fully understand the nature of 
each event.  The events in the dataset are crashes, near-crashes, and other “incidents” that 
represent less severe conflicts.  Examples of reduced variables include: 

• pre-event maneuver; 
• precipitating factor; 
• event type; 
• contributing factors; 
• associative factors; and 
• avoidance maneuver. 

 
One real advantage to this naturalistic approach is that the video allows direct viewing of all of 
the pre-event and during-event parameters, including the pre-event driver behaviors such as 
distraction, drowsiness, and error.  In addition, this approach allows the precise calculation of 
parameters such as vehicle speed, vehicle headway, time-to-collision, and driver reaction time. 
 
The resulting database should be useful for a variety of investigations for the next several years.  
In addition, the initial event database described above can be enhanced over time, since all of the 
video and electronic data for the entire study have been archived.  The current project specified 
10 objectives or goals to be addressed through the initial analysis of the event database.  This 
report addresses the first 9 of these 10 goals.  At the time this report is being written, three 
additional data reduction and analysis efforts are underway, and there is also considerable 
interest in using the data for additional research questions.  The creation and improvement of this 
multi-purpose, flexible, and adaptable tool for driving safety may be one of the most important 
contributions of this study.   

METHOD 

Instrumentation 

The 100-Car Study instrumentation package was engineered by VTTI to be rugged, durable, 
expandable, and unobtrusive.  The system was the seventh generation of hardware and software 
that has been developed over the past 15 years.  Previous iterations of the system have been 
deployed for a variety of traffic safety purposes.  The system consisted of a Pentium-based 
computer that received and stored data from a network of sensors distributed around the vehicle.  
Data were stored on the system’s hard drive, which could store several weeks of driving data 
before it needed to be downloaded. 
 
Each of the sensing subsystems within a vehicle was independent, so that any failures were 
constrained to a single sensor type.  Sensors included a box to obtain data from the vehicle 
network, an accelerometer box for longitudinal and lateral acceleration, a system to provide 
information on distance to lead and following vehicles, a system to detect conflicts with vehicles 
to either side of the subject vehicle, an incident box to allow drivers to flag incidents for the 
research team, a video-based lane tracking system to measure lane keeping behavior, and video 
to validate any sensor-based findings.  The video subsystem was particularly important as it 
provided a continuous window into the happenings in and around the vehicle.  There were 5 
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camera views monitoring the driver’s face and driver’s side view of the road, the forward road 
view, the rear road view, the passenger side road view, and an over-the-shoulder view for the 
driver’s hands and surrounding areas.  The video system was digital, with software-controllable 
video compression capability.  This feature allowed synchronization, simultaneous display, and 
efficient archiving and retrieval of 100-Car Study data.  A frame of compressed 100-Car Study 
video data is shown in Figure RO.2. 
 

 
Figure RO.2.  A compressed video image from the 100-Car Study data.  The driver’s face 
(upper left quadrant) has been distorted to protect the driver’s identity.  The lower right 

quadrant is split between the left-side view (top) and the rear view (bottom). 
 
The 100-Car Study system had other capabilities that provided the research team with additional 
important information.  These capabilities included automatic collision notification to inform the 
research team of possible collisions; cellular communications used by the research team to 
determine system status and vehicle position; system initialization equipment to automatically 
control system status; and a GPS positioning subsystem to collect information on vehicle 
position.  The GPS positioning subsystem was 1 of 10 used in conjunction with the cellular 
communication subsystems to track and locate vehicles for repair and data downloading. 
 
The main Data Acquisition System (DAS) unit was mounted under the package shelf for the 
sedans and behind the rear seat in the SUVs (Figures RO.3 and RO.4).  Doppler radar antennas 
were mounted behind special plastic license plates on the front and rear of the vehicle (Figure 
RO.5) in the hope that this would make them inconspicuous to other drivers. 
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Figure RO.3.  The main Data Acquisition System (DAS) unit mounted under the “package 

shelf” of the trunk. 
 
 

 
Figure RO.4.  The 100-Car Study DAS main unit shown without the top and front covers. 
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Figure RO.5.  Doppler radar antenna mounted on the front of a vehicle, covered by one of 

the plastic license plates used for this study. 
 
 

Other major components were mounted above and in front of the center rear-view mirror 
(Figures RO.6 and RO.7).  These included an “incident” pushbutton that the subject could press 
whenever an unusual driving event occurred.  An unobtrusive miniature camera for the driver 
face view was also contained in the housing for the pushbutton.  The camera was invisible to the 
driver since it was mounted behind a “smoked” Plexiglas cover.  The forward-view camera and 
the glare sensor were mounted behind the center mirror (Figure RO.7).  This location was 
selected because it was unobtrusive and did not occlude the driver’s normal field of view. 

 

 
Figure RO.6.  The incident push button box mounted above the rearview mirror.  The 
portion on the right contains the driver face/left road view camera hidden by a smoked 

Plexiglas cover. 
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Figure RO.7.  The mounting for the glare sensor behind the rearview mirror.  Note the 

forward view camera as part of the same mounting assembly. 

Subjects 
One-hundred drivers who commuted into or out of the Northern Virginia/Washington, DC, 
metropolitan area were recruited as primary drivers for this study.  They could either have their 
private vehicles instrumented or receive an instrumented leased vehicle to drive for the duration 
of the study.  Drivers were recruited with flyers and classified ads.  Drivers under the age of 30 
who did not drive a vehicle of an appropriate make and model were given a leased vehicle (22 
vehicles), while drivers who drove the appropriate makes and models had their private vehicles 
instrumented (78 vehicles).  For allowing their vehicle to be instrumented, these participants 
received $125 per month and a bonus at the end of the study.  Leased-vehicle drivers received 
free use of the vehicle, including standard maintenance, and the same bonus at the end of the 
study.   
 
A few drivers were replaced for various reasons (for example, a move from the study area or 
repeated crashes in leased vehicles), so a total of 109 primary drivers were included in the study.  
Other family members and friends occasionally drove the instrumented vehicles, so data was also 
collected on 132 secondary drivers.  
 
One goal of this study was to record as many crash and near-crash events as possible; this was 
facilitated by selecting subjects with higher than average crash- or near-crash risk exposure.  
Exposure was manipulated through the selection of a larger sample of drivers below the age of 
25 and by the selection higher mileage drivers.  The age and gender distribution of the primary 
drivers is shown in Table RO.1, while the distribution of miles driven by the subjects during the 
study is shown in Table RO.2.  Although the data may be somewhat biased compared to the 
national averages in each case, a reasonably representative distribution was felt to be attained. 
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Table RO.1.  Driver age and gender distributions. 

Gender 
Age Bins        N 

% of total Female Male 
Grand 
Total 

18-20 9 7 16 
  8.3% 6.4% 14.7% 
21-24 11 10 21 
  10.1% 9.2% 19.3% 
25-34 7 12 19 
  6.4% 11.0% 17.4% 
35-44 4 16 20 
  3.7% 14.7% 18.3% 
45-54 7 13 20 
  6.4% 11.9% 18.3% 
55+ 5 8 13 
  4.6% 7.3% 11.9% 

Total N 43 66 109 
Total Percentage 39.4% 60.6% 100.0% 

 
 

Table RO.2.  Actual miles driven during the study. 

Actual miles driven  
Number of 

Drivers 
Percentage of 

Drivers 
0-9,000 29 26.6 
9,001-12,000 22 20.2% 
12,001-15,000 26 23.9% 
15,001-18,000 11 10.1% 
18,001-21,000 8 7.3% 
More than 21,000 13 11.9% 

 
 
The 100-Car Study data sample was collected at one site (i.e., Northern Virginia/Metro 
Washington, DC) due to the need to restrict the geography such that vehicles could be “chased” 
(as previously explained) for data download.  This area represents primarily urban- and suburban 
driving conditions, often in moderate to heavy traffic.  Thus, rural driving, as well as differing 
demographics within the United States, are not well represented.  The Northern Virginia/ Metro 
Washington, DC, was chosen as the data collection site primarily because the urban driving 
environment would provide a higher crash risk than rural areas, and also because of its close 
proximity to Blacksburg, VA.   
 
A goal of the recruitment process was to avoid extreme drivers in either direction (i.e., very safe 
or very unsafe).  Self-reported traffic violation and crashes data are provided for each age group 
in Figures RO.8 and RO.9.  These data indicates that a diverse distribution of drivers was 
obtained.  Note, however, that for the number of years they have driven (2 to 8), younger drivers 
have a similar number of violations and crashes as drivers who self-reported for 10 years.  This 
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observation that younger drivers have a higher violation and crash rate is observed in database 
analyses. 
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Figure RO.8.  Number of self-reported traffic violations in the past 5 years as a percentage 

of driver age group. 
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Figure RO.9.  Number of self-reported traffic crashes in the past 10 years as a percentage 

of driver age group. 
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Vehicles 
The number of vehicle types was limited for this study, since the complexity of the hardware 
required a number of custom mounting brackets to be manufactured.  Six different vehicle 
models were selected based upon their prevalence in the Northern Virginia area.  These included 
5 sedan models (Chevrolet Malibu and Cavalier, Toyota Camry and Corolla, and Ford Taurus) 
and one SUV model (Ford Explorer).  The model years were limited to those with common body 
types and accessible vehicle networks (generally 1995 to 2003).  The distribution of these 
vehicle types is shown in Figure RO.10.   
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Figure RO.10.  Distribution of vehicle makes and models driven during the study. 

 

Results for the Initial 10 Project Goals 
Ten specific goals were addressed as part of the initial data reduction and analysis of the 100-Car 
Study dataset.  The results of each of the 10 analyses are summarized in the following sections. 
 

GOAL 1: CHARACTERIZATION OF CRASHES, NEAR-CRASHES, AND INCIDENTS 
FOR THE 100-CAR STUDY 

The purpose of the goal was to provide a “top-down” characterization of the reduced events.  
The events were characterized into three different levels of severity.  Table RO.3 shows the 
relative frequency of each crash, near-crash, and incident for each conflict type (See Glossary of 
Terms).  Of the 82 crashes, 13 either occurred during the initial computer 90-second initialization 
period, or contained incomplete data for other reasons (e.g., camera failure).  There were a total 
of 69 crashes, 761 near-crashes, and 8,295 incidents for which data could be completely reduced.  
The first 8 conflict types shown in Table RO.3 accounted for all of the crashes, 87 percent of the 
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near-crashes, and 93 percent of the incidents.  Therefore, these 8 conflict types were the focus of 
much of the Goal 1 analysis. 
 

Table RO.3.  Number of crashes, near-crashes, and incidents for each conflict type. 

Conflict Type Crash Near-crash Incident 
Single vehicle 24 48 191 
Lead vehicle 15 380 5783 
Following vehicle 12 70 766 
Object/obstacle 9 6 394 
Parked vehicle 4 5 83 
Animal 2 10 56 
Vehicle turning across subject vehicle path in opposite direction 2 27 79 
Adjacent vehicle 1 115 342 
Other 0 2 13 
Oncoming traffic 0 27 184 
Vehicle turning across subject vehicle path in same direction 0 3 10 
Vehicle turning into subject vehicle path in same direction 0 28 90 
Vehicle turning into subject vehicle path in opposite direction 0 0 1 
Vehicle moving across subject vehicle path through intersection 0 27 158 
Merging vehicle 0 6 18 
Pedestrian 0 6 108 
Pedalcyclist 0 0 16 
Unknown 0 1 3 

 
 
Unlike crash databases, all crashes are shown in Table RO.3, including non-police-reported, low-
speed collisions.  A “crash” was operationally defined for this study as “any measurable 
dissipation or transfer of energy due to the contact of the subject vehicle with another vehicle or 
object.”  One advantage of the naturalistic approach is that all of these events were recorded; 
however, it was necessary to develop crash severity categories in order to better understand the 
data.  The 69 crashes were thus reviewed and placed into the following four levels: 

• Level I:  Police-reported air bag deployment and/or injury. 
• Level II:  Police-reported property damage only. 
• Level III:  Non-police-reported property damage only. 
• Level IV:  Non-police-reported low-g physical contact or tire strike (greater than 10 

mph). 
 
Therefore, the reader should keep crash severity in mind when reviewing this data.  For example, 
75 percent of the single-vehicle crashes were low-g-force physical contact or tire strikes.  This 
type of crash, while indicative of loss of vehicular control, is not currently present in any crash 
database.  This lack of representation is particularly important when considering the relationship 
between crashes, near-crashes, and incidents in Table RO.3.  The breakdown of crash severity by 
crash type is shown in Table RO.4.  As shown, the level I and II crashes provide a more 
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consistent ratio relative to near-crash events.  These relationships were analyzed in much greater 
detail as part of other goals in this report. 

Table RO.4.  Crash type by crash severity category. 

Conflict Type Total 
Level  

I 
Level 

II 
Level 

III 
Level 

IV 
Single vehicle 24 1 0 5 18 
Lead vehicle 15 1 3 5 6 
Following vehicle 12 2 2 5 3 
Object/obstacle 9 0 1 3 5 
Parked vehicle 4 0 0 2 2 
Animal 2 0 0 0 2 
Vehicle turning across subject vehicle 
path in opposite direction 2 1 1 0 0 
Adjacent vehicle 1 0 0 1 0 

 
The ability to detect crashes regardless of severity made it possible to examine the number of 
subjects who experienced a single crash versus the number who experienced multiple crashes 
during the 12- to 13-month data collection period.  The number of crashes, near-crashes, and 
incidents experienced by the drivers is summarized in Table RO.5.  As shown, 7.5 percent of 
drivers never experienced an event of any severity.  In contrast, 7.4 percent of the drivers 
experienced many incidents and three or 4 crashes.  As discussed in much greater detail as part 
of Chapter 4, Goal 1, a handful of subjects were very risky drivers and a handful of subjects were 
very safe drivers, reflecting a relatively normal distribution of events among drivers.     
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Table RO.5.  Number and percentage of drivers involved in multiple events. 

Number of 
Crashes 

Percentage 
of Drivers 

Number of 
Near-

crashes 
Percentage 
of Drivers 

Number of 
Incidents 

Percentage 
of Drivers 

0 64.5% 0 16.8% 0 7.5% 
1 21.5% 1 7.5% 1-5 9.3% 
2 6.5% 2-4 27.1% 6-10 3.7% 
3 3.7% 5-8 27.1% 11-15 0.9% 
4 3.7% 9-12 3.7% 16-20 3.7% 

13-24 13.1% 21-25 5.6% 
25-50 2.8% 26-30 4.7% 

31-40 8.4% 
41-50 7.5% 

51-100 16.8% 
101-150 16.8% 
151-200 11.2% 

More than 4 0.0% 

More than 
50 

1.9% 

More than 
200 

3.7% 

 
Tree diagrams, like the one shown in Figure RO.11, were constructed to show the distribution of 
events.  These diagrams outline the factors recorded for each conflict type.  Additional diagrams 
for all conflict types are discussed in Chapter 4, Goal 1.  Due to its size (over 400 pages), the full 
tree structure for the 100-Car Study events is shown in Appendix C.  
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GOAL 2: QUANTIFICATION OF NEAR-CRASH EVENTS 

The purpose of this research goal was to determine if near-crashes could be identified 
quantitatively using driving performance data.  The 100-Car Study was the first study to capture 
a large set of near-crash events (there were over 800 near-crashes).  Previous studies have 
operationally defined near-crashes based on subjective criteria to a large degree.  This was also 
true for the current study.  Near-crashes in the 100-Car Study were defined as a conflict event 
requiring a “rapid, evasive maneuver” in order to avoid a crash, although this definition was 
supplemented by quantitative guidelines to help data analysts decide when an event was a near-
crash (e.g., a longitudinal deceleration of at least 0.5 g).  However, many safety applications 
would greatly benefit from a reliable, purely quantitative definition of a near-crash event.  
 
An analytical attempt was made to develop a near-crash criterion for several applications, 
including: 

1) An in-vehicle trigger to collect data on near-crash events in a large scale study where 
continuous data collection would not be feasible. 

2) An in-vehicle trigger to warn a driver of a severe conflict scenario (i.e., for a collision 
avoidance warning system). 

 
These analyses were somewhat successful in developing a near-crash data-based trigger for a 
large-scale data collection effort, but were not successful in determining a crash warning 
boundary.  
 
One reason for suboptimal near-crash boundary performance was simply noisy sensor data.  In 
some cases, radar units missed the critical target because the target did not appear in the radar’s 
field of view.  This phenomenon commonly occurs during lane changes when the lead vehicle is 
lost as the subject vehicle turns into the new lane.  A specific example of this occurred during the 
telephone pole crash where the driver swerved to the right to miss the lead vehicle and hit a 
telephone pole instead.  As the subject vehicle grazed the rear corner of the lead vehicle, the lead 
vehicle left the radar unit’s field of view.  Alternatively, radar units detected non-critical targets, 
such as guard rails, when the road geometry was off-angle.  For these cases, the current level of 
false alarms and misses might be reduced with more sophisticated technology and algorithms.   
 
Nevertheless, the data clearly showed that development of purely quantitative near-crash criteria 
is not currently feasible for most cases.  One major reason is that the kinematic signatures 
associated with near-crash events are virtually identical to many common driving situations that 
are not indicative of crash risk.  An example of this is shown in Figure RO.12.  Shown is a 
range/range rate plot that includes three boundary types:  the two green lines are approximations 
of graded warning and advisory boundaries used in recent research (Kiefer et al., 2003).  The 
black line is a minimum error boundary that could be used to automatically detect near-crash 
events in a large scale study.  As shown, there are many invalid cases (red dots indicating no 
conflict present), particularly above the minimum error boundary of the range/range rate plot.   
 
The implication of this analysis for large-scale naturalistic data collection is that video data 
verification of dynamically triggered events will likely be necessary, at least for the foreseeable 
future.  However, as discussed in the report Goal 10: Evaluation of the Performance of the 100-
Car Naturalistic Driving Study Data Reduction Plan, Triggering Methods, and Data Analysis 
(separate report), such verification is neither difficult nor expensive relative to the overall 
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collection effort of such large-scale field tests, given current video technology.  From a large-
scale naturalistic study perspective, crash detection is reasonably straightforward since there is 
often a greater than 1.0 g peak deceleration when a crash occurs.  The detection of near-crash 
cases is more problematic.  However, depending on the size of the study, it may be reasonable to 
make an a priori decision to capture in the range of 70 percent of 25,000 or 30,000 near-crash 
events if the false alarm rate can be reduced to around 10 percent.  Even with a higher false 
alarm rate, the cost of each false alarm would be fairly low given data reduction tools similar to 
those used in this study.  For the current study, a trained reductionist was able to distinguish 
between valid and invalid conflicts at the rate of about 50 per hour using video data.  This topic 
is further discussed in the Goal 10 Report (separate report). 
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Figure RO.12.  Point of greatest threat with lead vehicle for all crashes and near-crashes, 

and a random sample of invalid events.  The boundaries shown are approximations of 
warning and conflict boundaries used as part of a forward collision warning algorithm 

(Kiefer et al., 2003) and a minimum error boundary calculated for this dataset.  
 

GOAL 3: CHARACTERIZATION OF DRIVER INATTENTION 

Historically, driver distraction has typically been associated with secondary tasks such as dialing 
a cell phone, conversing with a passenger, and adjusting the radio.  Driver distraction has been 
said to lead to driver inattention.  Drowsiness has been described as another cause of driver 
inattention.  With the video data available in this study, new categories of “driver inattention” 
were discovered.  The two new categories were “driving-related inattention to the forward 
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roadway” and “nonspecific eyeglance.”  “Driving-related inattention to the forward roadway” 
involves the driver checking the speedometer, rear-view mirrors, or blind spots.  This new 
category was added after viewing numerous events for which the driver was clearly paying 
attention to the driving task, but was not paying attention to the critical aspect of the driving task 
(i.e., the forward roadway) at an inopportune moment.    
 
Further eyeglance analysis was performed manually by data reductionists using only crashes and 
near-crashes in the 100-Car Study database.  The “nonspecific eyeglance away from the forward 
roadway” describes cases for which the driver briefly glances away from the roadway, but at no 
discernable object or person.  For this project, eyeglance reduction was performed for crash and 
near-crash events only, so this category can only be used for the more severe events.  The four 
inattention categories combined (secondary task, drowsiness, inattention to forward roadway, 
and nonspecific eyeglance) suggest that driver’s glances away from the forward roadway may 
contribute to a much greater percentage of events than has been found in previous studies 
(Campbell, Smith, and Najm, 2003).  As shown in Figure RO.13, 78 percent of the crashes and 
65 percent of the near-crashes had one of these four inattention categories as a contributing 
factor.    
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Figure RO.13.  Percentage of events for attention by severity level. 

 
An analysis of these types of inattention revealed that secondary task distraction was the largest 
of the four categories (see Appendix D for more complete descriptions of the inattention 
categories).  The secondary tasks that generally contributed to the highest percentages of events 
(Figure RO.14 for crashes and near-crashes) were wireless devices (primarily cell phones), 
internal distractions, and passenger-related secondary tasks (primarily conversations).  It is 
important to note that exposure is not considered in these data.  An analysis of frequency of 
device use is currently being conducted for a future report that will quantify exposure-based risk. 
 
Figure RO.15 shows a breakdown of the wireless device tasks (see Appendix D for more 
thorough descriptions of cell phone categories).  All of the crashes and a majority of the near-
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crashes and incidents associated with wireless devices occurred during a cell phone conversation, 
although the dialing task was also relatively high in term of total conflicts.  Although these data 
do demonstrate factors that contribute to these wireless task events, there is still a need for 
exposure data to adequately assess the risk associated with these wireless device tasks. 
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Figure RO.14.  Comparison of crashes and near-crashes the frequency of occurrences of 

the presence of a distracting agent as a contributing factor.  
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Figure RO.15.  Frequency of events for which the contributing factor was wireless device 

use. 

 

GOAL 4: DRIVER BEHAVIOR OVER TIME 

The questions addressed in this goal were intended to explore issues of whether driver behavior 
in an instrumented vehicle changed over time.  The units of time used were weeks (weeks 1 
through 50) and hours (the first 50 hours).  The issues explored were: (1) driver behavior in a 
newly instrumented leased vehicle in the first weeks as compared to the last few weeks of the 
study; (2) driver behavior in the first few hours of driving; and (3) driver behavior for the same 
driver in four weeks of leased vehicle driving versus four weeks of private vehicle driving.  The 
relative risk (RR) analysis technique was borrowed from the field of epidemiology, and required 
that there be both an exposed and unexposed condition and a comparison and baseline time 
period.  For these questions, the exposed condition was the leased vehicle and the unexposed 
condition was the private vehicle, since the private vehicle drivers kept driving their usual 
vehicles while the leased vehicle drivers were exposed to a new vehicle.   
 
For the 100-Car Study dataset, one of the primary questions in calculating RR was the decision 
regarding which period or periods of time to use as a control period for each question of interest.  
A preliminary examination of the frequency data indicated the presence of random fluctuations 
in the frequency of these events for any given day or month.  These random fluctuations are a 
result of the relatively infrequent occurrence of crashes, near crashes, and incidents.  To control 
for these random fluctuations, a decision was made to use an average of the final time periods for 
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each question of interest as the control time period.  The baseline time periods were an average 
of weeks 41-50 for the yearly comparison, hours 41-50 for the hourly comparison, and weeks 2-4 
for the leased versus private vehicle comparisons.   
 
There was a potential confound between leased vehicles and driver age, in that none of the leased 
vehicle drivers were over the age of 30, so any results from the leased vehicle analyses may have 
been confounded by age.  An age analysis confirmed that younger drivers did indeed have an 
elevated RR as compared to older drivers, but that the effect was not as large as the effect for 
leased versus private vehicles.  However, there were approximately 25 younger drivers of both 
leased and private vehicles.  The age distributions of these two groups were quite similar, so this 
age-matched set of drivers was used for questions relating to weekly data.  A similar matched set 
of younger drivers was used for hourly data, while the vehicle adaptation questions used a 
matched set of switch drivers (those who moved from a private vehicle to a leased vehicle at the 
end of the study). 

Driving Behavior Over the Course of a Year 
The issue of interest here was the driver adaptation process for leased vehicles and privately-
owned vehicles with instrumentation over the course of the study.  It was expected that drivers 
would be most adapted to their vehicles and to the instrumentation by the end of the study, so 
weeks 41-50 were used as the baseline time period.  Adaptation to the vehicle instrumentation 
was explored in terms of the both the average number of events per vehicle and the number of 
events per mile for private and leased vehicles.  
 
When the number of events were examined, it became obvious that although there was not any 
appreciable change in the number of events over the course of the year, there was a consistently 
higher risk for leased vehicle drivers as compared to private vehicle drivers (Figure RO.16).  The 
calculated RRs for this graph were above 1 for every time period, and sometimes above 1.5, but 
the 95th percentage lower CI of the RR is below 1, so these differences are likely not significant.  
However, the trends seen for every analysis performed for Goal 4 were noticeable in magnitude, 
were consistent over time, and always showed the same effect (leased vehicle higher than private 
vehicle). 
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Figure RO.16.  Mean number of events for a matched set of younger drivers for leased and 

private vehicles over weeks 1-50 of the study. 
 
It was hypothesized that leased vehicle drivers may be willing to take risks leading to near-
crashes and incidents with these vehicles, since they were not responsible for insurance or 
repairs, and had no ownership interest in the vehicles.  The crash data supported this hypothesis 
in that the RR was lower for crashes than near-crashes and incidents.  Based on these results, one 
might expect that if one were to transfer the leased vehicle drivers into their own private vehicles 
in which they would be responsible for repairs, insurance, etc., that their event levels would drop 
to the same levels shown for private vehicle drivers.    

Driving Behavior Over the First 50 Hours 
The next questions were designed to determine whether drivers experienced an increase in valid 
events over the first few hours of driving a newly instrumented vehicle.  It was hypothesized that 
the drivers would drive more carefully and experience fewer events when they were aware of the 
cameras, and that they would revert to normal behavior as time went on.  If a point in time can be 
identified at which drivers adapted and began acting more naturally, this would be useful 
information for future instrumented vehicle studies of naturalistic driving.  Previous experience 
at VTTI has indicated that drivers adapt amazingly quickly to the instrumented vehicle (perhaps 
within minutes, even in an unfamiliar vehicle), but the question has never been empirically 
analyzed as was attempted here.  A matched set of younger drivers was also used for these 
questions. 
 
As before, even when controlling for age to the degree possible, leased vehicles experienced a 
greater mean number of events for nearly every time period studied.  The only exceptions were 
hours 1 and 4, in which the leased and private vehicles experienced nearly identical mean 
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numbers of events.  It did appear that drivers of both vehicle types were being very careful 
during the first hour with a newly instrumented vehicle.  These results provided support for the 
thesis that drivers are more careful when first using an instrumented vehicle, although the effect 
appears to wear off after the first hour.  The dataset did not provide a breakdown by minutes, so 
it was not possible to tell whether this occurred within the first 5 minutes, the first half hour, or at 
the end of the first hour. 

Performance for Same Driver for Four Weeks in Private and Leased Vehicles 
The purpose of these questions was to investigate the driver adaptation process to an unfamiliar 
vehicle for the same driver in a leased vehicle versus a privately-owned vehicle (both 
instrumented).  Only switch drivers for whom matched data were available for each week were 
used, resulting in a perfectly matched set of drivers for each week. 
 
The data did not indicate any clear trend of adaptation to a new vehicle.  When examining the 
leased versus private vehicle question, however, the analyses using perfectly matched sets of 
switch drivers had similar results to the previous analyses.  Even when the same driver was 
switched from a private vehicle to a leased vehicle, there were still a greater number of events in 
the leased vehicle than in the private vehicle.  As shown in Figure RO.17, the same younger 
drivers had a consistently higher mean number of events over weeks 1-4 when driving the leased 
vehicle as compared to weeks 1-4 in their private vehicle.   
 
If the increased number of events in leased vehicle driving for the same driver was due to vehicle 
unfamiliarity, this effect was not extinguished over the first four weeks.  Based on the yearly 
results, the higher numbers for leased vehicles likely had very little to do with adaptation since 
after 50 weeks there were still more events for leased vehicles as compared to private vehicles.  
The results of the per mile analysis were in close agreement with the per vehicle analysis.  
 
In order to further explore the issue of adaptation to a new vehicle, switch driver data were also 
examined over the first 10 hours of driving.  Six of the switch drivers had data for each of the 
first 10 hours.  There were no events in the first hour of driving for either leased or private 
vehicle driving for these 6 drivers, providing support for drivers being more careful during the 
first hour after beginning to drive an instrumented vehicle, but not providing real support for 
adaptation to a new vehicle.  Altogether, these 6 drivers experienced 9 events in the first 10 
hours of driving their own private vehicle and 18 events in the first 10 hours after switching over 
to a leased vehicle.  Six of the 9 private vehicle events and all 18 of the leased vehicle events 
involved younger drivers, providing evidence that individual younger drivers may have more 
trouble adapting to a new vehicle.   
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Figure RO.17.  Matched set of younger switch drivers: leased versus private vehicle mean 

number of events for weeks 1-4. 
 

GOAL 5: REAR-END CONFLICT CAUSAL FACTORS AND DYNAMIC CONDITIONS 

A primary purpose of this research was to examine the contributing and associative factors for 
rear-end events (specifically, conflict with lead vehicle and conflict with following-vehicle 
events).  Recall that the 100-Car Study instrumentation had both forward and rear facing radars 
and cameras, allowing analysis of both types of data.  Nonetheless, much more data were 
available for “conflict with lead vehicle” cases, since other sensors and cameras were available in 
the subject vehicle relative to the following vehicle. 
 
The frequency of lead vehicle and following-vehicle events by level of severity was determined 
for the driver data included in the analyses.  For the lead vehicle conflict case, the resulting 
dataset contained 13 crashes, 268 near-crashes, and 4,747 incidents.  For the following-vehicle 
conflict case, the resulting dataset contained 9 crashes, 30 near-crashes, and 239 incidents. 
 
The four questions answered for this goal addressed driver characteristics, kinematic 
characteristics, contributing factors, and corrective action for RE events.  All data were presented 
in the form of event rate per million vehicle miles traveled (MVMT).  The 5 RE scenarios 
considered were LV accelerating, LV moving at slower constant speed, LV decelerating, LV 
stopped less than or equal to 2 seconds, and LV stopped greater than 2 seconds.  A summary of 
some of the most important findings is outlined here.  The full set of results is shown in Chapter 
9, Goal 5.  
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The frequency of lead-vehicle events for each of 5 lead-vehicle scenarios is shown in Table 
RO.6.  It can be seen that the most common scenario for incidents was LV decelerating, followed 
by LV stopped greater than 2 seconds.  For near-crashes, the most common scenario was again 
LV decelerating, followed this time by LV stopped less than or equal to 2 seconds.  It is 
noteworthy that although LV decelerating was the most common scenario for incidents and near-
crashes, there were no crashes for this scenario.  All of the crashes occurred in circumstances for 
which the LV was stopped when the crash occurred, either more than 2 seconds (6 crashes) or 2 
seconds or less (7 crashes).  There were a fairly small number of incidents and near-crashes for 
LVs moving at a slower, constant speed.  There were only 8 incidents for LV accelerating, and 
no crashes or near-crashes for this scenario.   

Table RO.6.  Frequencies for the 5 RE lead-vehicle scenarios by event severity. 

Severity 
LV 

accelerating 

LV moving 
slower, 

constant 
speed 

LV  
decelerating 

LV stopped 
≤ 2 s 

LV Stopped
> 2 s 

Incident 8 119 2,436 989 1,195 
Near-Crash 0 5 148 74 41 

Crash 0 0 0 7 6 
 

Following Vehicle Data 
As was true for the lead-vehicle scenarios, the following-vehicle events were concentrated in the 
SV decelerating scenario.  The next most common scenarios of SV stopped less than or equal to 
2 seconds and SV stopped greater than 2 seconds were nearly equal in terms of frequency.  
Recall that for this scenario, the 100-Car Study subject vehicle (SV) was considered to be the 
lead vehicle and was struck from behind by a following vehicle.  Table RO.7 presents the overall 
number of following-vehicle events.  Note that in this case, unlike the lead-vehicle case, the 
subject vehicle was still decelerating at the time of a collision in 4 of the 10 crash cases.  In the 
other 6, like the lead-vehicle case, the subject vehicle was stationary. 

Table RO.7.  Frequencies for the 5 RE following-vehicle scenarios by event severity. 

Severity 
SV 

accelerating 

SV moving 
slower, 

constant 
speed 

SV  
decelerating 

SV stopped 
≤ 2 s 

SV Stopped
> 2 s 

Incident 1 21 207 48 63 
Near-Crash 1 0 26 15 0 

Crash 0 0 4 2 4 
 
Driver characteristics were examined to assess the role of age and gender for lead-vehicle and 
following-vehicle events.  The only distinct trend in the lead-vehicle age data was that 18-20-
year-olds had the highest rate of incidents and near-crashes per mile for each of the 5 scenarios.   
 
The next analyses considered the kinematic conditions for RE lead-vehicle events.  The 
kinematic data at the onset of the precipitating factor was used for these analyses.  For lead-
vehicle events, incidents and near-crashes had the highest rates for moderate speeds during the 
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event epoch of 21-40 mph, while crashes had the highest rates at lower speeds of 0-20 mph.  The 
high incident and near-crash rates for the moderate speed ranges likely reflect the prevailing 
speed limits and high traffic density present in the northern Virginia area where the study was 
conducted.    
 
For the most common following-vehicle scenario of SV decelerating, the speed ranges of 11-20 
and 21-30 mph had the highest rates of incidents.  This is a somewhat lower speed range than 
was found for the lead-vehicle incidents.  For near-crashes, the speed ranges for the LV 
decelerating scenario with the highest rates were 21-30 and 31-40 mph, which may be an 
indicator that increasing event onset speed results in increased event severity 
   
The environmental and roadway contributing factors for lead-vehicle RE events was considered 
next.  Traffic density was related to the highest incident rate by far of any of the environmental 
and roadway contributing factors for all 5 RE lead-vehicle scenarios.  Relation to junction had 
the next highest rate for all 5 scenarios, followed by traffic control, light, and then weather.  The 
relative rank of rates within each scenario was very consistent.   
 
Corrective actions for lead-vehicle events were considered next.  For the lead-vehicle LV 
decelerating and stopped scenarios, braking (no lockup) dominated the rate data by factors of 
around 10 to 1.  The next highest rates were for braked and steered to right, braked and steered to 
left, and braking (lockup unknown).  When the LV in a RE event was stopped, the SV response 
overwhelmingly involved some sort of braking activity, usually without steering.  For LV 
decelerating, steering left and steering right also had fairly high rates, although the 
overwhelming choice was still braking.  For LV moving at slower constant speed, a quite 
different kinematic situation, braking (no lockup) still had the highest rate, but it was nearly 
equaled by braked and steered to right and no avoidance maneuver.   
 
Additional insight into RE events can be found in Chapter 10, Goal 6, and Chapter 11, Goal 7.  
The relationships between the relative frequency of crashes, near-crashes, and incidents for RE 
events are explored using Heinrich’s Triangles in Chapter 12, Goal 8. 

GOAL 6: LANE CHANGE CAUSAL FACTORS AND DYNAMIC CONDITIONS 

As stated in Goal 5, a primary goal for the 100-Car Study was to determine the causes and 
contributing factors associated with RE crashes.  Understanding the pre-event maneuvers and 
precipitating factors that, in conjunction with other contributing factors, lead to RE crashes is 
important for fully understanding the rear-end crash problem.  The purpose of the analyses for 
Chapter 10, Goal 6 was to understand the degree to which lane change events, such as cut-ins, 
lead to rear-end conflicts.  This has important implications for the design of future forward 
collision warning systems, since a cut-in vehicle may not provide a radar signature until very late 
in a conflict scenario.  To begin to understand this issue, the RE conflict data were analyzed for 
both lead-vehicle (i.e., subject vehicle as following vehicle) and following-vehicle (i.e., subject 
vehicle as lead vehicle) scenarios.  Frequency distributions were generated to identify the rate 
that these types of scenarios occurred per MVMT, the initial kinematic conditions that occurred 
for each, and the contributing factors that played a role for each type of scenario. 
 
No crashes occurred when there was a lane change as a precipitating factor in front of the subject 
vehicle or when there was a lane change behind the subject vehicle.  There were, however, 64 
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near-crashes and 324 incidents that occurred when there was a cut-in to the lane in front of the 
subject vehicle as compared to only 4 near-crashes and 77 incidents for which the SV changed 
behind a lead vehicle.  As will be described in a later chapter of this report, the subject vehicle 
drivers were judged to more often be impaired (30 incidents more), distracted (44 incidents 
more) and make proficiency-related errors (e.g., inappropriate reaction; 55 more) for the near-
crashes and incidents in which they were cut-off than cut-off events in which they were attentive.  
This seems to support the finding that at least two elements are required for a conflict to occur; a 
precipitating factor plus another contributing factor (often driver state-related).  In this case, 
there were fewer events when the subject vehicle was the cut-in vehicle because the drivers were 
presumably more alert and attentive when they were actively performing the lane change 
maneuver.    
 
The lane-change-related SV striking events were analyzed according to age group.  For lane 
change incidents, the 18-to-20-year-olds had the highest rate for LV lane change in front of SV, 
while the other age categories had fairly equal rates for this scenario.  For the SV lane change 
behind LV scenario, the 21-to-24-year-olds had the highest rate, although the rates were fairly 
even across age groups.  For near-crashes (Figure RO.18), 18-to-20-year-olds again had the 
highest rate for the LV lane change in front of SV scenario by a factor of nearly 2 to 1 over the 
next highest age group (35-to-44 year olds).  Rate data for SV striking events by both age and 
gender were considered next.  The only clear pattern that emerged was for the 45+ age group.  
The male drivers in this age group had a rate that was more than twice as high as that for female 
drivers for both SV lane change behind LV and LV lane change in front of SV.  The gender 
comparisons were fairly even across the other age groups.   Almost all of the near-crashes were 
of the LV lane change in front of SV type.  Males had a noticeably higher near-crash rate than 
females for this scenario in the 18-to-24 and 45+ age groups, while females had a higher rate in 
the 25-to-44 age group.   

 
For lane-change-related SV struck events, three age categories (18-to-20, 25-to-34, and 35-to-44) 
had incident rates that were 1.5 to 3.5 times as high as the other three age groups (Figure RO.19).  
For near-crashes, the three younger age groups had rates 1.5 to 4 times as high as the three older 
age groups.  When both age and gender were considered, females had at least twice the rate as 
males for each of the three age groups.  A similar pattern was observed for near-crashes, except 
that the 18-to-24-year-old males and females had virtually identical rates and the remaining 
differences for the other age groups were by at least a 4 to 1 margin (females higher than males). 
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Figure RO.18.  Rate per MVMT for SV striking by age and lane change maneuver for 

near-crashes. 
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Figure RO.19.  Rate per MVMT for struck SV by age and lane change maneuver for 

incidents. 

192

228

133

92

9 0 0005

44

10

77

4131

135

218

0

100

200

18-20 21-24 25-34 35-44 45-54 55+

Age Group (years)

Ev
en

t R
at

e 
pe

r M
VM

T

SV lane
change behind
LV

LV lane
change in
front of SV

Non-lane
change SV
strikes

785



 lii

Roadway and infrastructure factors were considered next.  Traffic density was the factor with the 
highest incident rate for all four lane-change-related scenarios, by a factor of at least four in all 
but one case.  Going back to the frequency data, 90 percent of all lane-change-related incidents 
were coded with traffic density as a contributing factor.  Light, traffic control, and relation to 
junction were second, third, or fourth most important for all four scenarios.   For the non-lane-
related incidents, the highest rates were observed for traffic density, relation to junction, traffic 
control, and then light, quite a different pattern than was seen for the lane-change-related 
incidents.  When the near-crash data were examined, the lane-change-related scenarios followed 
similar patterns as for incidents.  For near-crashes, the non-lane-related rate pattern was more 
closely aligned to the lane-change-related near-crash data than to the non-lane-related incident 
data.  
 
Driver contributing factors were also examined.  Driver proficiency (as defined in the glossary) 
showed up as a prominent factor for the SV struck incident scenarios (higher than the next 
highest driver factor rate by 4 to 1).  For the SV striking scenarios, the incident rates for driver 
factors were fairly even within each scenario, and driver proficiency was not even the top factor 
for the SV lane change behind LV scenario (the highest rated factor was willful behavior).  When 
the near-crash rates were examined, driver proficiency and driver distraction also had the highest 
rates. 

GOAL 7: INATTENTION FOR REAR END LEAD-VEHICLE SCENARIOS 

The prevalence of distraction was of particular interest in the analyses of rear-end conflict 
contributing factor.  The degree to which an unalerted driver can be warned and make a proper 
response is an important factor in developing rear-end crash countermeasures.  The 100-Car 
Study data can provide great insight into the degree to which distraction is an issue in such 
conflicts.  The important finding in this regard is that 93 percent of all lead-vehicle crashes (14 
out of 15) involved inattention to the forward roadway as a contributing factor (Figure RO.20).  
Note also that a majority of the near-crashes have inattention listed as a contributing factor.  
Approximately one-third of the incidents have inattention listed as a contributing factor.  The 
effect is nearly perfectly linear, and seems to indicate a strong correlation between inattention 
and increased severity for lead-vehicle rear-end events. 
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Figure RO.20.  Percentage of lead-vehicle events for which inattention was listed as a 
contributing factor (includes the nonspecific eyeglance events for crashes and near-

crashes). 
 
Figures RO.21 and RO.22 shows the breakdown of the lead-vehicle conflict kinematic scenarios 
for the crash and near-crash events, respectively.  As shown in figure RO.21, in 13 of the 14 
conflict with lead-vehicle crashes the driver was inattentive, and all 14 crashes the lead vehicle 
was stopped when struck. For the near-crash events (Figure RO.22), the majority of the drivers 
were inattentive, but the largest lead-vehicle kinematic category was lead vehicle decelerating. 
 
Taken together these results indicate that drivers have sufficient awareness and ability to perform 
evasive maneuvers when closing rates are lower and/or expectancies about the flow of traffic are 
not violated. 
 
Figure RO.22 shows the frequency of each source of inattention for all secondary task categories.  
This allows comparison of the actual contribution of each of these sources of inattention to lead-
vehicle conflicts.  Wireless devices (primarily cell phones, but including a few PDA events) were 
the most frequent contributing factor for lead-vehicle events, followed by passenger-related 
inattention.  The trend was very similar for near-crashes.  Interior distractions were the most 
frequent source of inattention for crashes.  Cell phone use was a dramatically more frequent 
contributor to incidents and near-crashes than any other secondary task, but did not contribute to 
any lead-vehicle conflict crashes.  Nonetheless, cell phone use did contribute to several crashes 
of other types, as reported in other chapters of this report.   
 
 



 liv

6

7

0 0 0

1

0 0 0 0
0

1

2

3

4

5

6

7

8

LV stopped > 2
seconds

LV stopped < 2
seconds

LV decelerating LV at a slower
constant speed

Accelerating

Lead Vehicle Conflict Type

Fr
eq

ue
nc

y 
of

 C
ra

sh
es

Inattentive
Attentive

 
Figure RO.21.  Frequency of crashes by driver attention and lead-vehicle kinematic 
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Figure RO.22.  Frequency of near-crashes by driver attention level and LV scenario. 
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Figure RO.23.  Frequency of secondary task inattention sources for lead-vehicle events. 

 

GOAL 8: CHARACTERIZE THE REAR END SCENARIOS IN RELATION TO 
HEINRICH’S TRIANGLE 

The purpose of Goal 8 was to understand the relationship between the rates of crash, near-crash 
and incident events in order to potentially use near-crashes and incidents as safety surrogates in 
future empirical studies since they occur much more frequently than crash events.  If proven 
reliable, such safety surrogates could be used in practice, for the first time, to predict the rate of 
crashes in a much more cost-effective manner than the collection of a statistically representative 
sample of crash events. 
 
The premise behind Heinrich’s triangle for both the original industrial safety application and the 
subsequent driving application is that the frequency of occurrence of “unsafe acts,” or in the case 
of near-crashes and incidents, is related to the frequency of crashes.  This has been shown to be 
the case in non-driving applications.  For driving, the theory is that a crash most often is caused 
by a series of events including: 

• a precipitating event; 
• contributing factors; and 
• the absence of a successful evasive maneuver. 

 
Thus, in theory, joint probability models underlie the relative frequency of incidents, near-
crashes, and crashes.  That is, as we have operationally defined it, a precipitating event occurs, 
the associated presence of contributing factors determine whether it is responded to early 
(incident), late (near-crash, requiring evasive maneuver), or ineffectively (crash).  The data in the 
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triangles, and the associated confidence limits, support the existence of such a possible 
underlying theory, although more data is needed to determine whether the associated frequencies 
are in fact stable to the point of having predictive value.  The Heinrich’s triangle for the lead-
vehicle conflicts for this study is shown as Figure RO.24.   
 

 
Figure RO.24.  Heinrich’s triangle for rear-end conflicts in the 100-Car Study. 

 
Table RO.8 summarizes the rates of the differing severities of lead-vehicle conflicts and provides 
the 95 percent confidence limits modeled as a Poisson distribution for each category. 

Table RO.8.  Rates and confidence limits for each lead-vehicle conflict severity category. 

 Count 

Exposure 
per 

MVMT 

Rate  
per 

MVMT 
Variance 

(rate) 
STD 
(rate) 

Lower 95 
percent CI 

for 
rate/MVMT 

Upper 95 
percent CI 

for 
rate/MVMT

RE Crashes 16 1.84 8.70 4.73 2.17 4.43 12.96 
RE Near-Crashes 293 1.37 213.87 156.11 12.49 189.38 238.36 
RE Incidents 5,236 1.37 3,821.90 2,789.71 52.82 3,718.38 3,925.42 

 
These calculations suggest that lead-vehicle crashes occur at a rate of approximately 9 per 
MVMT within an approximate confidence interval of 4 to 12.  This study observed 16 lead-
vehicle crashes, which seems reasonable as the number of vehicle miles traveled is approaching 
2 million VMT.  Note the numerical stability, as indicated by the narrow confidence limits for 
the near-crash and incident data.  Even though the number of crashes was fairly low, the crash 
confidence intervals are also approaching reasonable stability.  While this data by itself is 
valuable, it indicates that such an approach may ultimately prove extremely useful when 
additional crash data is considered.  That is, there is every indication that the approach of 
measuring less severe conflict surrogates may provide reasonable estimates of crash risk, 
particularly if a larger-scale naturalistic study can be conducted. 
 
The types of analyses applied in this chapter were also conducted by Tijerina (2004) in his 
application of the Hazard Analysis Technique to data collected in the ADVANCE study (Dingus, 
1997).  Tijerina’s application was unsuccessful; however, there are a couple reasons for this lack 
of success.  First, as noted by Tijerina, the estimation of exposure was weak, since the 
ADVANCE database contained only 487 vehicle miles of data while the 100-Car Study collected 
1.84 million vehicle miles.   
 
Second, the crash data used in the analysis by Tijerina were taken from archival records for the 
preceding year based on 75.5 million vehicle miles.  This is in contrast to the 487 vehicle miles 
for the near-crash and incident data.  For the analyses in this chapter, the event data was taken 
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from the same database using the same drivers, meaning that the rates from the 100-Car Study 
are less prone to error.  This inference seems to be confirmed through inspection of the 
confidence intervals for each rate estimate.  As opposed to the Tijerina example, no rate 
estimates for which events were observed have confidence intervals that span zero. 

GOAL 9: EVALUATE PERFORMANCE OF HARDWARE, SENSORS, AND DATA 
COLLECTION SYSTEM 

Since a primary purpose of the 100-Car Study was to serve as a pilot for a larger scale (e.g., 
5,000-car) study, one project goal was to understand the performance of the data collection 
system to assess the feasibility of such an undertaking.  Thus, an analysis and utility of the 
various sensors and system components was performed. 
 
Reliability was assessed in two ways.  First major and catastrophic failures resulting in 
significant data loss were catalogued and analyzed.  Second, minor failures, including the loss of 
a single data channel were analyzed.  Catastrophic and major failure rates per sensor or 
subsystem are shown in Table RO.9.  Sensors and subsystems not mentioned in the table did not 
exhibit any catastrophic or major failures.  A total of 4,554 vehicle-weeks of data collection was 
used in the calculations.  In addition, three weeks of downtime is assumed.  This assumption is 
based on adding estimates for the time required to detect a failure (~1 week) and estimates for 
the time to perform a repair (~2 weeks).  This estimate is somewhat conservative, since in many 
instances it took fewer than 3 weeks to detect and repair a fault, especially in the latter part of the 
study.  Thus, the failure rates presented in this section represent a ceiling for the hardware used 
in the study. 

Table RO.9.  Catastrophic or major failure rates by sensor or subsystem. 

Failing Sensor/Subsystem Instances Failure Rate (%) 
Power Control 
Battery Backup 33 2.2 

Acquisition Software 67 4.4 
Remote Download 17 1.1 
Real-time Video 22 1.4 

 
Minor failure rates per sensor or subsystem are shown in Table RO.10.  An assumption of three 
weeks downtime is used, along with a total data collection period of 4,554 vehicle-weeks.  These 
268 minor failures represent 804 vehicle-weeks of incomplete data.  This means the overall 
minor failure rate (assuming independent failures and the downtime assumptions used before) 
was 17.7 percent.  A total of 324,816.0 miles of data were incomplete, based on the assumed 
weekly mileage rate for the study of 404.0 miles per vehicle week.  In some cases, this data 
could still be used in data reduction because a redundant source of data was available. 
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Table RO.10.  Minor failure rates by sensor or subsystem. 

Failing Sensor/Subsystem Instances Failure Rate (%) 
Power Control 
Battery Back-up 6 0.4 

Real-Time Video 97 6.4 
Headway Detection 45 3.0 
Vehicle Network 43 2.8 
Lane Tracker 46 3.0 
Remote Vehicle Tracking 8 0.5 

 
Analyses were also conducted to determine the ability to develop a priori multivariate triggers to 
identify conflict events, including crashes, in a large-scale study.  Recall that a 5,000-plus 
vehicle study will preclude the collection of continuous data due to the sheer volume of data and 
the necessity for video data to be present.  Results for the analyses pointed to several conclusions 
that are relevant for a large-scale naturalistic data collection effort.  First, crashes and near-
crashes should be the focus of such an effort.  Incidents are observed at a much higher rate than 
crashes and near-crashes; a total of 90.9 percent of all valid events were classified as incidents.  
Including incidents would likely overwhelm any data reduction effort for a large-scale study.  
Incidents are also closer in terms of kinematic signature to many invalid events than are crashes 
and near-crashes, making their discrimination more difficult.   
 
Second, assuming that crashes and near-crashes are the focus of a large-scale study, tradeoffs 
concerning loss of valid events should focus on losing a minimal number of near-crashes.  Based 
on the results of the discriminant analyses, changes in the sensitivity of the analysis had minimal 
effects on the number of crashes detected, but affected to a larger extent the number of near-
crashes detected.  Maximizing the number of near-crashes detected while minimizing the number 
of invalid events also tends to maximize the number of crashes detected. 
 
Third, it seems that tailoring the triggering algorithms to particular individuals is a feasible 
partial solution to minimizing the number of invalid triggers collected, when it is combined with 
appropriately selected expected probabilities.  This process was very effective in reducing the 
number of invalid events detected.  Assuming that the 40th percentile longitudinal acceleration 
threshold is used to filter data, along with expected probabilities based on our current sample, the 
accuracy of a trigger algorithm could reach the levels shown in Table RO.11 

Table RO.11.  “Confusion matrix” showing hits, misses, false alarms, and correct rejections 
for the classification of near-crash events based upon multivariate trigger criteria. 

Event classified as:  
Invalid Valid 

Invalid 79.8 20.2 Event was: Valid 28.1 71.9 
 
It would also be expected that the majority of the valid events lost would be near-crashes, rather 
than crashes, given particular aspects of the crash event severity (e.g., longitudinal acceleration 
spikes) that make them easy to identify. 
 
Achieving this tailoring process in a large-scale study would require some initial data collection 
on each participant’s driving habits that would then be used to tailor the triggers for that driver, 
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which should always be the primary driver for the vehicle.  This data collection period might be 
as short as a week, based on the data obtained for this study.  While a small additional 
investment would be required to achieve this goal, the benefit gained by shortening the data 
reduction effort seems attractive. 
 
The DAS used in this study purposefully contained a large number of sensors, some of which 
were redundant, with the goals of maximizing the level of redundancy within the system and 
obtaining a dataset that represented a nearly best-case scenario of data availability.  This large 
number of sensors may not be needed for a larger-scale study.  The events of interest may be 
more narrowly targeted or the magnitude of the data large enough that missing a few valid events 
is not as important as minimizing the number of invalid events that contaminate the dataset. 
 
A larger-scale study would also magnify any system repair and/or maintenance needs.  Thus, 
reducing the number of sensors and selecting sensors with low associated failure rates would be 
an important aspect of such an effort.  Most of the sensors used in the data collection effort 
reported herein had very low failure rates, which will likely be even lower as technology 
progresses.  The most problem-prone sensors were video and radar.   
 
Given the advantages of video, however, it seems that its place as a sensor in a larger-scale study 
is necessary, although a smaller number of cameras might be acceptable.  While the performance 
of the sensors in discriminating between valid and invalid events can be increased by data 
analysis methods, this increase is not large enough to warrant the elimination of the only method 
available for event verification. 
 
The failure rate for radar was lower than for video.  While there are problems with radar data, the 
radar units have to be carefully installed and they are usually damaged in crashes.  The relative 
position and speed of leading traffic are important factors to consider for triggering to obtain 
valid events.  Thus, despite the failure rate, the technology would be needed for a larger-scale 
study.  Of course, if other technologies could sense the same data with a lower failure rate, they 
should be considered.  At this time, however, no such technology exists at a reasonable price. 
 
Other sensors, including accelerometers and gyros (for yaw rate), had negligible failure rates, 
undetectable for the current study.  These sensors also provided data that proved very useful for 
valid event discrimination.  These sensors should be included in the sensor suite for a large-scale 
study. 
 
The triggers used in such an array of sensors would likely take values similar to those discussed 
in this goal, and the discrimination process using aggregate data would likely be equivalent. 
However, some of these triggers may become more stringent if higher accuracy sensors are used 
or if the data collection rate for some of the sensors is increased.  The numbers suggested in this 
section for future use thus represent good starting values, although their performance should be 
tested within the final system in which they are included. 
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CHAPTER 1: INTRODUCTION 

BACKGROUND 

There are two traditional approaches to collecting and analyzing human factors data related to 
driving.  The first approach is to use data gathered through epidemiological studies (often 
collected on a national level).  These databases, however, lack sufficient detail to be helpful for 
many applications, such as the development of countermeasure systems or the assessment of 
interactions between contributing factors that lead to crashes.  The second approach, empirical 
methods, including newer, high-fidelity driving simulators and test tracks, is necessarily 
contrived and does not always capture the complexities of the driving environment or of natural 
behavior.  For example, test subjects are often more alert and more careful in a simulation 
environment or when an experimenter is present in a research vehicle than when they are driving 
alone in their own cars.  Thus, although empirical methods are very useful in other contexts, they 
provide a limited picture of the likelihood of a crash in a given situation or the potential 
reduction of that likelihood by a given countermeasure.  State-of-the-art empirical approaches 
can only assess the relative safety of various countermeasures or scenarios.  They cannot be used 
to predict the effect of a safety device or policy change on the crash rate. 
 
Advances in sensor, data storage, and communications technology have led to the development 
of a hybrid approach to data collection and analysis that uses very highly capable vehicle-based 
data collection systems.  This method of data collection has been used by some auto 
manufacturers since the introduction, several years ago, of electronic data recorders (EDRs).  
EDRs collect a variety of vehicular dynamic and state data that can be very useful in analyzing a 
crash.  However, they currently lack sufficient measurement capability to assess many human 
factors issues. 
 
Because of the shortcomings of traditional methods of data collection, it is becoming 
increasingly apparent that data collection in a “naturalistic” setting may be an effective approach 
for obtaining crash-related human factors data.  Given the variability and complexity of driver 
behavior and performance, the random and rare nature of crashes, and the lack of adequate pre-
crash data in today’s crash record, it is especially important to collect real-world data that 
includes the crash experience and crash-relevant events in sufficient detail and depth.  Such a 
dataset would make clear the conditions and driver behaviors that precipitate crashes as well as 
support the development and refinement of crash countermeasures.   
 
In order to collect such a dataset, the National Highway Traffic Safety Administration (NHTSA) 
and the Virginia Department of Transportation (VDOT) contracted with the Virginia Tech 
Transportation Institute (VTTI) to conduct the “100-Car Naturalistic Driving Study.” The study 
was a three-phased effort designed to meet the following objectives:  Phase I, Conduct Test 
Planning Activities; Phase II, Conduct a Field Test; and Phase III, Prepare for Large-Scale Field 
Data Collection Effort.  The Phase III effort will be completed and a report forthcoming prior to 
the end of the current contract.  The large-scale field data collection effort is Phase IV, which is 
not being conducted under the current contract.  This report describes the research methods, 
analyses, and results of Phase II.   
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Since Phase I included the foundation efforts for Phase II, a brief description of the tasks 
conducted under Phase I is first provided.  A complete description of the 15 tasks, including task 
definition, methods, and results conducted under Phase I is provided in Neale et al. (2002). 

PHASE I.  CONDUCT TEST PLANNING ACTIVITIES 

Task 1: Establish Intelligent Vehicle Initiative (IVI) Data Needs 

The objective of Task 1 was to specify the details of the pre-crash and near-crash data to be 
gathered during the data collection phase.  Pre-crash data involves all aspects of the driver’s 
behavior and vehicle performance measures that occur prior to and leading up to a crash.  Near- 
crash data involves the collection of driver behavior and vehicle performance data that occur in 
an event where the driver reacts appropriately so as to avoid a crash.  Research questions 
involving analysis of pre-crash and near-crash data were generated and refined by the NHTSA 
Task Order Manager (TOM), interested NHTSA researchers, and other stakeholders in this 
project (Table 1.1).   
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Table 1.1.  List of research goals organized by research category and subcategory. 

General Research Category:  Driver Behavior and Performance 
Subcategory:  Crash/Near-Crash/Conflict Events 
Chapter 5, 
Goal 1 

Classify and quantify contributing factors and dynamic scenarios involved in each event 
category.  

Chapter 6, 
Goal 2 

Operationally define a “near-crash” using quantitative measures. 

Subcategory:  Inattention Issues 
Chapter 7, 
Goal 3 

Characterize driver inattention as it relates to incidents, near-crashes, and crashes. 

Subcategory:  Baseline Driving and Data Collection Issues 
Chapter 8, 
Goal 4 

Characterize the differences in driving behavior and/or driver performance between:  
One week of field data and one year of naturalistic driving data, and 
One month in leased versus owned vehicle. 

General Research Category:  Distribution of Events 
Subcategory:  Rear-End Event Analysis 
Chapter 9, 
Goal 5 

Determine rear-end contributing factors and dynamic conditions. For each of the 4 rear-end 
(RE) lead-vehicle scenarios (stopped >2 s, decelerating, accelerating, moving at a slower 
constant speed), determine the frequency distribution of the following:  crashes, near-crashes, 
and incidents: (i) per vehicle mile traveled (VMT); (ii) in relation to contributing factors; (iii) 
in relation to corrective actions; and (iv) in relation to transition events.  

Chapter 10, 
Goal 6 

Determine RE dynamics and precipitating factors -- specifically determine the frequency 
distribution for the following variables:  

Per VMT; initial kinematic condition; primary contributing factor. 
Crossed with these variables: 

Conflict with lead or following vehicle (crash, near-crash, incident); 
Conflict with lead or following vehicle when lead-vehicle changed lanes in front of 
subject vehicle; 
Conflict with lead or following vehicle when subject vehicle changed lanes behind lead 
vehicle; 
Conflict with lead or following vehicle when subject vehicle took corrective action. 

Subcategory:  Inattention Issues 
Chapter 11, 
Goal 7 

Determine the distribution of inattention types for each RE lead-vehicle scenario (stopped >2 
s, decelerating, accelerating, moving at a slower constant speed).   

Subcategory:  Baseline Driving and Data Collection Issues 
Chapter 12, 
Goal 8 

Characterize each of the 4 RE lead-vehicle scenarios in relation to Heinrich’s triangle.  

General Research Category:  Phase III Evaluations 
Subcategory:  Vehicle Instrumentation 
Chapter 13, 
Goal 9 

Evaluate the performance of the hardware, sensors, and data collection system used in data 
gathering (Phase II) in preparation for a future large-scale field study (Phase IV).  

Subcategory:  Data Reduction and Analysis 
Goal 10 
(Separate 
Report) 

Evaluate the performance of the data reduction plan, triggering methods, and data analysis in 
preparation for a future large-scale field study (Phase IV).   

 
The general categories of research goals addressed driver behavior and performance, the 
distribution of collected driving events, and design of a future large-scale field study (which 
would be considered as Phase IV).  The research goals lead to a set of candidate measures 
derived through a variety of methods including a literature review, a review of database variables 
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(e.g., police report form variables), and consultations with the TOM.  The final set of 10 research 
goals are reported as separate chapters in this document. 
 

Task 2: Develop Phase I Test Requirements 
The Phase I test requirements were developed iteratively by VTTI with the cooperation of the 
TOM and stakeholders of this project.  The primary Phase I test requirements addressed issues 
such as the number of cars to be instrumented, the number of camera views, the number of 
vehicle makes and models to be used, and the rate at which data was to be collected. 

Task 3: Select Candidate Test Areas and Evaluate Crash Frequency Data 
The objective of Task 3 was to determine the number of sites from which data could be 
collected, the rear-end crash frequency at various geographic locations, and the optimal location 
of the data collection site from the perspective of project resources.  After consideration of these 
factors, the decision was made to collect data in the Washington, DC/Northern Virginia 
metropolitan area. 

Task 4: Determine Crash Sampling Requirements 
A goal of this study was to collect naturalistic data on approximately 10 rear-end crashes.  In 
assessing the utility of the dataset, it was decided that continuous rather than triggered data 
would prove a greater value to the IVI program, other stakeholder organizations, and the 
development of the Phase IV protocol.  From an operational and financial resource perspective, it 
was determined that 100 vehicles would be instrumented for continuous data collection.   
Although the number of crashes and other events to be captured could not be predicted with 
certainty, it was expected that this number of vehicles, driven by high-exposure drivers, would 
provide a sufficient number of crashes and other events (both general and of the rear-end type).    

Task 5: Determine Driver/Vehicle Demographic Requirements 
After a review of literature summarizing the driver factors that contribute to rear-end crashes, an 
ideal age and gender distribution was determined.  Other recruiting factors, such as high-mileage 
drivers, roadway types traveled, and vehicle types were also determined.  In addition, this task 
was conducted iteratively with Task 9: recruiting drivers, which provided further information for 
the driver selection criteria. 
 
VTTI began determining the vehicle requirements by first establishing the primary criteria that 
should be considered in selecting vehicles.  The task of choosing vehicle makes, model, and 
model years was conducted iteratively with Task 8: vehicle trade study, which provided further 
criteria for vehicle selection. 

Task 6: Determine Near-Crash Statistical Power Requirements 

In order to determine the near-crash statistical requirements, VTTI researchers reviewed four 
previous research studies that all used an instrumented vehicle in a natural driving environment.  
The frequency counts for crashes, near-crashes, and incidents were compared between these 
studies.  The methods used to obtain these events were also compared, leading to the 
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development of estimates for the number of crashes, near-crashes, and incidents that could 
potentially be collected in this study. 
  

Task 7: Conduct Trade Study – Research Design Parameters/ Sampling Rates/Formats 
Concept 
A goal of 20 leased vehicles and 80 privately owned vehicles was set for the study.  The final 
count was 22 leased vehicles and 78 privately owned vehicles.  Research goals that NHTSA 
wanted to address by using these two groups of vehicles were: (1) the length of time required for 
the driver to adapt to an unfamiliar vehicle, and (2) the feasibility of using leased vehicles in the 
Phase IV large-scale data collection effort.  Also, as one of the primary project goals was to 
collect pre-crash data for at least 10 rear-end crashes, the amount of data collected was 
paramount to the success of the study.  These factors were incorporated into the experimental 
design. 

Task 8: Conduct Trade Study to Determine Vehicle Types 
Several factors were considered when determining the optimal vehicle types.  The most critical 
factors included vehicle type, vehicle demographics, vehicle location, data collection system 
installation issues, information that could be obtained from the in-vehicle network, and the make 
and model requirements.   
 
With regard to the model year of the privately owned vehicles, a review of model year revisions 
for each of the four selected vehicles indicated the following: 

• The Toyota Camry was selected from the 1997 – 2001 model years.  The Toyota Camry 
model design was static through 2001 with a new model in 2002. 

• The Toyota Corolla was selected within model years 1993 – 2002. 
• The Ford Explorer was chosen with model years 1995 – 2000 and model year 2001 (if 

manufactured by November 2, 2000). 
• The Ford Taurus design was static over years 1996 – 1999, and a significantly different 

model was on sale for the years 2000 – 2002.  In order to recruit sufficient drivers, both 
model sequences were used. 

 
In addition, the Mercury Mountaineer is made on the same assembly line and has the same body 
style as the Ford Explorer; therefore, the Mercury Mountaineer could be included in the study for 
the same model years as the Ford Explorer.  Likewise, the Mercury Sable is the same body style 
as the Ford Taurus, and could also be included in the list of potential vehicles. 
 
Two additional makes and models were added as part of the leased vehicle portion of the fleet. 
Twenty vehicles were to be leased from the Virginia Tech Motor Pool - 10 model year 2002 
Chevrolet Malibus and 10 model year 2002 Chevrolet Cavaliers.  Obtaining the leased vehicles 
via the Motor Pool state contract was done to save project resources and reduce significant 
logistical problems (licensing, leasing agreements, etc.). 

Task 9: Develop Participant Recruiting Specification 
When developing the specifications for subject recruitment, the factors considered were:  
participant age, participant gender, vehicle types driven, the number of miles driven per year, and 
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location of either permanent residence or place of work.  Participant age, gender, and annual 
mileage had important implications when considering the number of rear-end crashes expected to 
occur during the data collection period.  The location of the participant’s residence or work place 
was important when considering the difficulties of locating and downloading the data from the 
vehicles.  Vehicle type was very important for private vehicle subjects as each vehicle had to be 
either be a Toyota (Camry or Corolla) or Ford (Taurus or Explorer).  A hypothetical participant 
recruitment specification plan was developed based on the vehicle type, age group, and gender.  
Other issues addressed as part of this task were the example screening, classification questions, 
and issues of informed consent.  Drivers who had been in many crashes were not given 
preferential treatment for inclusion in the study. 

Task 10: Develop Test Data Collection Plan 
Task 10 was a report requirement synthesizing Tasks 1 through 9.  Comments were received 
from the contract sponsor and requested revisions were then made prior to continuation of this 
phase. 

Task 11: Develop Test Reduction, Archiving, and Analysis Plan 
The approach to data reduction for the Phase II study took advantage of an incident/near-crash 
data reduction method represented by Table 1.2, as well as current database information.  
Continuous data were collected and the incident/near-crash method was applied to the data 
(events were located in the dataset via optimized triggers that were determined through a 
sensitivity analysis).  A data analysis plan was developed based on the research questions 
presented in Table 1.1. 
 
The hardware aspects of data collection, back-up, and archiving were also described as part of 
this task, as well as the procedure for retrieving and organizing the data as they were obtained 
from the vehicles.  A plan for long term data storage was also determined. 

Table 1.2.  Severity levels for the 100-Car Study. 

Crash Any contact with an object, either moving or fixed, at any speed, in which kinetic energy is 
measurably transferred or dissipated.  Includes other vehicles, roadside barriers, objects on or off the 
roadway, pedestrians, cyclists, or animals. 

Near- 
Crash 

Any circumstance that requires a rapid, evasive maneuver by the subject vehicle (or any other vehicle, 
pedestrian, cyclist, or animal) to avoid a crash.  A rapid, evasive maneuver is defined as steering, 
braking, accelerating, or any combination of control inputs that approaches the limits of the vehicle’s 
capabilities.  As a guide, subject vehicle braking greater than 0.5g or steering input that results in a 
lateral acceleration greater than 0.4g to avoid a crash, constitutes a rapid maneuver. 

Crash-
relevant 
conflict 

Any circumstance that requires a crash avoidance response on the part of the subject vehicle or any 
other vehicle, pedestrian, cyclist, or animal that is less severe than a rapid evasive maneuver (as 
defined above), but greater in severity than a “normal maneuver” to avoid a crash.  A crash avoidance 
response can include braking, steering, accelerating, or any combination of control inputs.  A “normal 
maneuver” for the subject vehicle is defined as a control input that falls outside of the 99 percent 
confidence limit for control input as measured for the same subject. 

Proximity 
Conflict 

Any circumstance resulting in extraordinarily close proximity of the subject vehicle to any other 
vehicle, pedestrian, cyclist, animal, or fixed object when, due to apparent unawareness on the part of 
the driver, pedestrians, cyclists or animals, there is no avoidance maneuver or response.  
Extraordinarily close proximity is defined as a clear case in which the absence of an avoidance 
maneuver or response is inappropriate for the driving circumstances (e.g., speed, sight, distance, etc.). 
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Non-
conflict 
event 

Any event that increases the level of risk associated with driving, but does not result in a crash, near-
crash, or conflict as defined above.  Examples include driver control error without proximal hazards 
being present, driver judgment error such as unsafe tailgating or excessive speed, or cases in which 
drivers are visually distracted to an unsafe level.  

Task 12: Development of Data Collection System Requirements 
The results of Task 12 followed from the combined performance of Tasks 2 through 11.  
Additionally, Task 12 results were iterated and integrated with those of Tasks 13 and 15 to drive 
the Hardware/Software Design Specification.  The data system requirements were categorized 
into four major areas: 

1. Schedule Requirements; 
2. General Design Requirements.; 
3. Performance Requirements; and 
4. Test Vehicle Profile. 

Task 13: Review/Test of Technology/Sensor Alternatives 
Tasks 13 and 15 were conducted in parallel to determine the most suitable hardware and 
software alternatives for each subsystem component.  The data handling and software integration 
subsystems were addressed in Task 11.  The remaining components were addressed in Tasks 13 
and 15.  

Task 14: Review/Test of Trigger Criteria Methods 
Since it was decided early in the Phase I process that continuous data collection was desired, a 
triggered dataset was not needed.  Instead, events in the dataset were to be located post hoc with 
editable triggers, which would result in a comprehensive database that could be filtered, scanned, 
sampled, and so forth, according to researchers’ needs.  The sensitivity analysis to determine the 
post hoc trigger levels was explained as part of Task 11. 

Task 15: Trade Study Analysis of Hardware/Software Alternatives 
Task 13 determined the available technologies and their relevant factors to meet the data 
collection system requirements determined as part of Task 12.  Task 15 completed that effort.  
This task listed the subsystem component options considered in trade study analysis (as 
determined in Task 13), the evaluation performed to evaluate the component, the evaluation 
results, and the decision made for final component selection.  The sensors and instruments to 
measure specified variables were discussed.   
 
It may be noted that several variables were not meant to be collected through hardware.  Driver 
classification and demographic variables were collected with questionnaires.  Detailed vehicle 
information was collected prior to the study.  Additional information on crashes was collected 
via police report forms.  
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CHAPTER 2: METHOD FOR PHASE II – THE 100-CAR FIELD TEST 

DRIVERS 

One hundred drivers who commuted into or out of the Northern Virginia/Washington, DC 
metropolitan area were initially recruited as primary drivers to have their vehicles instrumented 
or receive a leased vehicle for this study.  Drivers were recruited by placing flyers on vehicles as 
well as by placing newspaper announcements in the classified section.  Drivers who had their 
private vehicles instrumented received $125 per month and a bonus at the end of the study for 
completing necessary paperwork.  Drivers who received a leased vehicle received free use of the 
vehicle, including standard maintenance, and the same bonus at the end of the study for 
completing necessary paperwork.  Drivers of leased vehicles were insured under the 
Commonwealth of Virginia policy.   
 
As some drivers had to be replaced for various reasons (for example, a move from the study area 
or repeated crashes in leased vehicles), 109 primary drivers were included in the study.  Since 
other family members and friends would occasionally drive the instrumented vehicles, data was 
collected on 148 additional drivers.  Chapter 3 presents an exhaustive review of driver 
demographics.  

THE 100-CAR DATA ACQUISITION SYSTEM 

The 100-Car Study instrumentation package was designed and developed in-house by the VTTI 
Center for Technology Development.  This system operated continuously after the system 
initialization period (or computer boot-up period, which required approximately 90 seconds after 
the ignition was turned on) until the driver turned the ignition off.  Any commercial off-the-shelf 
components that were integrated into the instrumentation package are specifically noted in the 
following system description.   
 
The core of the data acquisition system was a Pentium-based PC104 computer.  The computer 
ran custom data acquisition software and communicated with a distributed data acquisition 
network.  Each node on the network contained an independently programmable microcontroller 
capable of controlling or measuring a moderate number of signals.  This system configuration 
maximized flexibility while minimizing the physical size of the system.  Although capable of 
being expanded to 120 nodes, the vehicles were configured with 10 nodes.  A schematic 
representation of the system appears in Figure 2.1. 
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Figure 2.1.  100-Car Study data hardware collection system schematic. 

 
This system of distributed data acquisition provided a very flexible and maintainable hardware 
data collection system.  The main unit was mounted in the trunk under the “package shelf” 
(Figures 2.2 and 2.3).  The vehicle network box was located under the front dashboard.  The 
incident box was mounted above the rearview mirror.  Wiring was run though the normal wire 
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chases on a vehicle to all the various network nodes, as well as to the cameras.  All the 
microprocessor boards, including the firmware and data collection software, were developed at 
VTTI. 
 

 
Figure 2.2.  The main DAS unit mounted under the “package shelf” of the trunk. 

 
 

 
Figure 2.3.  The 100-Car Study DAS. 

Node 1: Vehicle Network Box 
This node was responsible for interfacing with the OBDII network in the vehicle.  Various data 
elements were pulled off the network if they were available.  Several sensors were hardwired 
such as the radio frequency sensor, the left turn signal, the right turn signal, and the brake light. 
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Node 2: Accelerometer Box 
This node was responsible for collecting the lateral and longitudinal acceleration of the vehicle, 
along with the turning rate.  MEMs based sensors were used. 
 

Nodes 3-4: Headway Detection 
These nodes were responsible for interfacing with an EATON VORAD EVT300 Doppler radar. 
Figure 2.4 shows the computer board for the node.  The radars were mounted on the front and 
rear of the vehicles and were concealed behind plastic license plates (Figure 2.5). 
 

 
Figure 2.4.  Computer board for the Vorad unit. 

 

 
Figure 2.5.  Radar unit mounted on the front of a vehicle, covered by a license plate. 

Node 5: Side Obstacle Detection 
These nodes were responsible for interfacing with a proprietary Doppler radar.  These radars 
were capable of detecting targets at 30 ft and 180 degrees of span. 

Node 6: GPS Data Node 

This node was responsible for interfacing with a standard automotive GPS unit. 
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Node 7: Automatic Collision Notification 
This node detected the possibility of a collision by sensing three accelerations.  It would trigger a 
call to a dispatcher if it detected a crash.  

Node 8: Cellular Communications 
This node served as an interface between the computer and a standard cell phone.  It was capable 
of receiving a call and connecting that call with the on-board computer, and likewise, the 
computer could call out. 

Node 9: Incident Box 
This node concentrated several data variables.  It contained an incident pushbutton (shown 
mounted above the rear-view mirror in Figure 2.6) that the driver could press which would open 
an audio channel for the driver to verbally record an incident.  It also housed the face camera, IR 
LEDs, and the glare sensor (shown mounted behind the rear-view mirror in Figure 2.7).   
 

 
Figure 2.6.  The incident pushbutton box mounted above the rearview mirror. 
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Figure 2.7.  The mounting for the glare sensor behind the rearview mirror.  Note the 

forward view camera as part of the same mounting assembly. 

Node 10: System Initialization. 
This node was responsible for qualifying the operating conditions, turning the computer on and 
off, and charging the cellular telephone backup battery.  It also contained a watchdog 
functionality to maintain correct system operation, and a real-time clock for periodic system 
checkups. 

Lane Tracking System 
The lane tracking system incorporated a high resolution frame grabber and a full size image of 
the forward roadway.  The data collection software ran an embedded version of a custom in-
house machine-vision lane tracking system.  

Video Data 
There were 5 cameras located in the vehicle (Figure 2.8). One camera monitored the driver’s 
face and the left side of the vehicle.  A second camera monitored a 68° field of view (FOV) out 
the forward windshield.  A third camera monitored a 68° FOV of the rear-view.  The fourth 
camera monitored the passenger’s side of the vehicle.  Finally, the fifth camera monitored the 
driver’s hands, instrument panel, and center console of the vehicle. 
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Figure 2.8.  The 5 camera views recorded in the instrumented vehicle: (1) forward,  (2) 

driver’s face/left side of vehicle,  (3) rear-facing,  (4) over the driver’s shoulder capturing 
the driver’s hands and feet, the steering wheel, and the instrument panel, and  (5) right side 

of vehicle. 
 
Infrared lighting was used to illuminate the vehicle cab so that the driver’s face and hands could 
be viewed on camera during nighttime driving.  Figure 2.9 shows the placement and viewing 
angles of all 5 cameras in the quad-split image presented to allow data reductionists to monitor 
all 5 channels of video simultaneously. 
 

 
Figure 2.9.  The double quad, split video image. 

 
All video on board the 100-Car Study data collection system was compressed using MPEG 1 
compression.  This allowed greater storage of video on board the vehicle hard drives and 
required less server space to store the raw video data.  While the initial data stream was 
recording at 30 Hz, the compression algorithm reduced the actual number of unique frames to 
approximately 7.5 frames per second (Figure 2.10). 
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Figure 2.10.  A video image from the 100-Car Study data.  The driver’s face has been 

distorted to protect the driver’s identity. 

Driving Performance Data  
Driving performance data were collected continuously and events were identified using specific 
values of driving performance dependent variables.  Eleven main hardware sensor components 
were incorporated into the data collection system, as shown and described in Table 2.1 and 
depicted in Figure 2.1.  In addition, relative lane position was derived using a combination of 
hardware on the instrumented vehicle and software written by VTTI computer programmers.  
This lane tracking system used machine vision based on input to the forward camera (prior to 
video compression).  All data were stored in the data collection system in real-time.   
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Table 2.1.  Description of Sensor Components. 

Sensor Component Description 
Vehicle Network box Collection of data directly from the in-vehicle network box.  Some data 

includes vehicle speed, brake application,  percent throttle, turn signal, 
etc. 

Acceleration Collection of lateral, longitudinal, and gyro. 
Forward headway detection Collection of radar data (range, range-rate, azimuth, etc.) to indicate the 

presence of up to 7 targets in front of the vehicle. 
Rear headway detection Collection of radar data (range, range-rate, azimuth, etc.) to indicate the 

presence of up to 7 targets behind the vehicle. 
Side vehicle detection Collection of radar data indicating the presence of a vehicle on the sides 

of the vehicle. 
Global Positioning System Collection of latitude, longitude, and horizontal velocity as well as other 

GPS-related variables. 
Automatic Collision 
Notification System 

High bandwidth collection of acceleration to detect a severe crash. 

Cellular communications Communication system designed for vehicle tracking and system 
diagnostics. 

Driver Identified 
Events/Glare sensor 

Collection of lux value (for night-time conditions only) as well as event 
button. 

System Initialization Overall system operation. 

DATA COLLECTION, ARCHIVAL AND STORAGE 

Demographic and Questionnaire Data 
Prior to the installation of the data collection system in the participant’s vehicle or acquisition of 
a leased vehicle, each participant met with a VTTI researcher at the UVA/VT Northern Virginia 
Center in Falls Church, VA.  During this meeting, a VTTI researcher: 

• Obtained informed consent from the private-vehicle or leased-vehicle participant, and 
explained that a Certificate of Confidentiality had been obtained from the National 
Institute of Mental Health for the participant’s protection. 

• Explained that the study was investigating traffic in northern Virginia. 
• Explained the logistics of data collection system installation and maintenance. 
• Asked the participant to agree to a vision and hearing exam. 
• Asked the participant to complete questionnaires and take two computer-based tests.   

 
The tests and questionnaires, as well as whether these were completed prior to or after data 
collection, are listed in Table 2.2.  Full text versions of the informed consent form, tests, and 
questionnaires are located in Appendix A. 
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Table 2.2.  Description of all tests and questionnaires administered to study participants. 

 
Test/Questionnaire 

 
Test Type 

When 
Administered  

 
Brief Description 

1. Visual Acuity Test Performance test 
using verbal report 

Before data 
collection 

Used the Snellen Eye Chart to test 
driver’s visual acuity. 

2. Audiogram Air 
Conduction Test 

Examination using 
an audiometer 

Before data 
collection 

Assessed hearing levels at a frequency 
range of 125-8000 Hz. 

3. Medical Health 
Assessment 

Questionnaire Before data 
collection 

Obtained any information on prior 
health problems that may relate to 
driving performance. 

4. Walter Reed Army 
Institute of Research 
Preliminary Sleep 
Questionnaire 

Questionnaire Before data 
collection 

Measured and recorded subject’s sleep 
habits and problems that may cause 
drowsiness. 

5. Dula Dangerous 
Driving Index 

Questionnaire Before data 
collection 

Classified driver’s level of aggressive 
driving behavior. 

6. Driver Stress 
Inventory 

Questionnaire Before data 
collection 

Used a 10-point Likert Scale to obtain 
information about driver’s general 
attitudes toward driving on a variety of 
roadways and in traffic congestion. 

7. Life Stress Inventory Questionnaire Before and 
after data 
collection 

Obtained information about the types 
of stress and changes that the subject 
may have experienced in the past year 
to determine the risk level for illness. 

8. NEO FFI 
(Neuroticism 
Extraversion 
Openness Five 
Factor Model) 

Questionnaire Before data 
collection 

Measured the five dimensions of 
normal personality: neuroticism; 
extraversion; openness; agreeableness; 
and conscientiousness. 

9. Way Point PC-based 
performance test 

Before data 
collection 

Used to identify drivers who may be at 
high risk for crashes by measuring 
their information processing speed and 
aptitude for vigilance. 

10. Useful Field of View 
(UFOV) 

PC-based 
performance test 

Before data 
collection 

Used to measure a driver’s risk for 
crash involvement by using the 
driver’s central vision and processing 
speed, divided attention, and selective 
attention. 

11. Debriefing 
Questionnaire 

Questionnaire After data 
collection 

List of questions collecting 
information on driver’s recollections 
about events that occurred during the 
last year, seat belt use, alcohol use, etc. 

12. Driver Demographic 
Information 

Questionnaire Before data 
collection 

List of questions collecting 
information on driver’s age, gender, 
level of education, occupation, etc. 

13. Driving History Questionnaire Before data 
collection 

List of questions collecting 
information on driver’s traffic 
violations and accident history, type, 
etc. 

14. Post-Crash Interview 
Form 

Interview 
questionnaire 

In the event of 
a crash 

Used to collect driver’s description of 
crash 

15. Seatbelt Questionnaire Before data 
collection 

Assessed seatbelt use and attitudes 
toward seatbelt use. 
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Instrumentation 
The instrumentation of vehicles was orchestrated by the VTTI’s Center for Technology 
Development.  The 22 leased vehicles were instrumented at VTTI and the 78 private vehicles 
were instrumented by a Northern Virginia company.  Using a phased approach, it took four 
months to get all 100 vehicles on the road.  Since the data collection system automatically 
powered on and off, data collection began on each vehicle as soon as it was instrumented.   

Data Retrieval and Storage 
To collect the data from the experimental vehicles, “chase vehicles” were used to track the 
vehicle, go to the location, and download data.  The chase vehicle drivers “called” the vehicle 
using a cellular telephone and laptop configuration.  In-house software then displayed a map 
showing icons for the chase vehicle and experimental vehicle locations. The chase vehicle driver 
then drove to the location of the instrumented vehicle and downloaded the data from the 
experimental vehicle (downloading required a data transfer cable connected to an outlet near the 
rear license plate of the instrumented vehicle, which was connected to a data storage device).  
After each download, data integrity was verified.  Data were again duplicated in Northern 
Virginia onto DVDs, one copy was sent to VTTI and the other copy was kept in Northern 
Virginia.   
 
As the data arrived at VTTI, the triggering software was run on each DVD (see  “Data 
Reduction’) and the resulting relevant event epochs were saved.  Event epochs were copied and 
saved on the networked attached storage server (NAS) at VTTI.  The remainder of the video and 
raw data contained on the DVD remained on the DVD. 
 
Once the triggered data were copied to the NAS at VTTI, the data were deleted from the 
experimental vehicle hard drive using in-house software.  Once the data arrived at VTTI a fourth 
copy was created on the NAS before the on-board data were deleted.  The purpose of this 
detailed duplication and storage scheme was to maintain a minimum of two data copies at all 
times. 

PROCEDURE FOR DATA REDUCTION 

Sensitivity Analysis 
As stated previously, data were collected continuously to optimize the trigger criteria values after 
driving performance data were collected.  If the triggers had been set prior to data collection, 
valuable events may have been lost without any method of recovery.  One method of efficiently 
establishing trigger criteria is to perform a sensitivity analysis. 
 
Figure 2.11 shows the data reduction plan in a flow chart format.  Raw data from the vehicles 
was saved on the NAS at VTTI until approximately 10 percent of the data expected to be 
collected for the entire study was stored on the NAS.  At that time, a sensitivity analysis was 
performed to establish post-hoc trigger criteria. 
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Figure 2.11.  Flow chart of the data reduction process. 

 
The sensitivity analysis was conducted by making iterative adjustments to the trigger values to 
ensure that most of the valid events were identified with only a few invalid events also being 
identified.  The list of dependent variables ultimately used as event triggers is presented in Table 
2.3.   

Table 2.3.  Dependent variables used as event triggers. 

Trigger Type Description 
1. Lateral Acceleration • Lateral motion equal to or greater than 0.7 g. 
2. Longitudinal 

Acceleration 
• Acceleration or deceleration equal to or greater than 0.6g.   
• Acceleration or deceleration equal to or greater than 0.5 coupled with a 

forward TTC of 4 seconds or less. 
• All longitudinal decelerations between 0.4g and 0.5g coupled with a 

forward TTC value of ≤ 4 seconds and that the corresponding forward 
range value at the minimum TTC is not greater than 100 ft. 

3. Event Button • Activated by the driver by pressing a button located on the dashboard 
when an event occurred that he/she deemed critical. 

4. Forward Time-to-
Collision 

• Acceleration or deceleration equal to or greater than 0.5 coupled with a 
forward TTC of 4 seconds or less. 

• All longitudinal decelerations between 0.4g and 0.5g coupled with a 
forward TTC value of ≤ 4 seconds and that the corresponding forward 
range value at the minimum TTC is not greater than 100 ft. 

5. Rear Time-to-
Collision  

• Any rear TTC trigger value of 2 seconds or less that also has a 
corresponding rear range distance of ≤ 50 feet AND any rear TTC 
trigger value in which the absolute acceleration of the following vehicle 
is greater than 0.3g 

6. Yaw rate • Any value greater than or equal to a plus AND minus 4 degree change 
in heading (i.e., vehicle must return to the same general direction of 
travel) within a 3 second window of time. 

 
A sensitivity analysis was performed by setting the trigger criteria to a very liberal level, 
reducing the chance of a missed valid event to a minimal level while allowing a high number of 
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invalid events (false alarms) to be identified (see Figure 2.12).  Data reductionists then viewed 
all of the events produced from the liberal trigger criteria and classified each event as valid or 
invalid.  The number of valid events and invalid events that resulted from this baseline setting 
was recorded.   
 

 
Figure 2.12.  Graphical depiction of trigger criteria settings for Phase II and Phase IV 

using the distribution of valid events.  Note that this distribution and criterion placement is 
unique for each trigger type. 

 
The trigger criteria for each dependent variable was then set to a slightly more conservative level 
and the resulting number of valid and invalid events was counted and compared to the first 
frequency count.  The trigger criteria were made more and more conservative and the number of 
valid and invalid triggers counted and compared until an optimum trigger criteria value was 
determined (a level which results in a minimal amount of valid events lost and a reasonable 
amount of invalid events identified).  The goal in this sensitivity analysis was to obtain a miss 
rate of less than 10 percent and a false alarm rate of less than 30 percent.  
 
Based on data from past VTTI studies, it was originally hypothesized that as many as 26 crashes, 
520 near-crashes, and over 25,000 incidents (crash-relevant conflicts and proximity conflicts) 
would be collected; however many of these early estimates were based on long-haul truck 
driving data.  It was soon discovered, after the sensitivity analysis process began, that the 
variability in light vehicle drivers” braking, acceleration, and steering behavior is much larger 
than with truck drivers.  It is likely that this is due to differences in vehicle dynamics and the 
more uniform driving skill of commercial truck drivers.   
 
Given the large variability in light vehicle driving performance, the sensitivity analysis proved to 
be challenging.  VTTI researchers determined that the best option was to accept a very low miss 
rate while accepting a fairly high false alarm rate to ensure that few valid events were missed.  
This resulted in viewing over 110,000 events in order to validate 10,548 events.  The distribution 
of the total number of reduced events by severity is shown in Table 2.4. 
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Distribution of 
Invalid Critical 
Incidents
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"Optimized" Phase IV Trigger
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Table 2.4.  The total number of events reduced for each severity level. 

Event Severity Total Number 
Crash 69 

(plus 13 without complete data) 

Near-Crash 761 
Incidents (Crash-relevant Conflicts and Proximity 
Conflicts) 

8,295 

Non-Conflict Events 1,423 
 
Once the trigger criteria were set for Phase II, data reductionists watched 90-second epochs for 
each event (one minute prior to and 30 seconds after), reduced and recorded information 
concerning the nature of the event, driving behavior prior to the event, the state of the driver, the 
surrounding environment, etc.  The specific variables recorded in the data reduction process are 
described in detail in the data reduction software framework section of this chapter.   

Recruiting and Training Data Reductionists 
Based upon past experience, it was estimated that reductionists would be able to reduce an 
average of 4 events per hour.  Eleven data reductionists were recruited by posting flyers and 
notices to various graduate student listserves on the Virginia Tech campus.  The data reduction 
manager interviewed, hired and trained the data reductionists on how to access the data from the 
server and operate the data reduction software, and provided training on all relevant operational 
and administrative procedures (approximately 4 hours of training).  The manager gave each data 
reductionist a data reduction manual to guide them in learning the software and reduction 
procedures.  All analyst trainees practiced data reduction procedures with another trained analyst 
prior to reducing data independently.  After each trainee felt comfortable with the process, the 
trainee worked alone under the supervision of the data reduction manager.  Once the trainee and 
manager felt confident of the analyst’s abilities, the analyst began working independently, with 
“spot check” monitoring from the project leader and other reductionists.  The data reductionists 
were responsible for analyzing a minimum number of events per week, and were required to 
attend weekly data reduction meetings to discuss issues that arose in data reduction.   

 
The data reductionists performed two general tasks for this project.  On the first 10 to 15 percent 
of the data, they performed a preliminary data reduction task in which they viewed events to 
determine whether the event was valid or invalid and to determine the severity of the event.  
After the trigger criteria for Phase II was set using the results from the sensitivity analysis, the 
data reductionists then validated the data, determined severity, and performed a full data 
reduction.  For the full data reduction, they recorded all of the required variables (discussed 
below) for the event type.  To ascertain severity of the event, reductionists used the decision tree, 
as shown in Figure 2.13. 
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Figure 2.13.  Decision tree used to classify event severity. 

Data Reduction Software Framework 
The data reduction framework was developed to identify various driving behavior and 
environmental characteristics for four levels of event severity: crashes; near-crashes; crash-
relevant conflicts; and proximity conflicts.  The variables recorded were selected based upon past 
instrumented vehicle studies (Hanowski et al., 2000; Dingus et al., 2002), national crash 
databases (General Estimates System and Fatality Accident Reporting System), and questions on 
Virginia State Police Accident Reports.  Using this technique, the reduced database can be used 
to directly compare crash data from GES and FARS to those crashes, near-crashes, and incidents 
(crash-relevant conflicts and proximity conflicts) identified in this dataset. 
 
The general method for data reduction was to have trained data reductionists view the video data 
and record the battery of variables for all valid events.  The data reduction manager and project 
manager performed all data reduction on the near-crashes and crashes.  Varying levels of detail 
were recorded for each type of event.  Crash-relevant conflicts and proximity conflicts have the 
least amount of information recorded and near-crashes and crashes have the most information 
recorded.  A total of four areas of data reduction were recorded for each event type.  These four 
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areas include: vehicle variables; event variables; environmental variables; and driver state 
variables.  Table 2.5 defines each area of data reduction, provides examples, and describes 
additional features of the data reduction.  The complete list of all variables reduced during data 
reduction is shown in Appendix B.  

Table 2.5.  Areas of data reduction, definition of the area, and examples. 

Area of Data 
Reduction 

Definition Example 

Vehicle Variables All of the descriptive variables including the vehicle 
identification number, vehicle type, ownership, and 
those variables collected specifically for that vehicle 
(VMT). 

Vehicle ID, Vehicle type, Driver 
type (leased or private), and 
VMT. 

Event Variables Description of the sequence of actions involved in 
each event, list of contributing factors, and safety or 
legality of these actions.  

Nature of Event/ Crash type, Pre-
event maneuver, Precipitating 
Factors, Corrective 
action/Evasive maneuver, 
Contributing Factors, Types of 
Inattention, Driver impairment, 
etc. 

Environmental 
Variables 

General description of the immediate environment, 
roadway, and any other vehicle at the moment of the 
incident, near-crash, or crash.  Any of these variables 
may or may not have contributed to the event, near-
crash or crash. 

Weather, ambient lighting, road 
type, traffic density, relation to 
junction, surface condition, 
traffic flow, etc. 

Driver’s State Description of the instrumented vehicle(s) driver’s 
physical state. 

Hands on wheel, seat belt usage, 
fault assignment, eyeglance, 
PERCLOS, etc. 

Driver/Vehicle 2 Description of the vehicle(s) in the general vicinity of 
the instrumented vehicle and the vehicle’s action. 

Vehicle 2 body style, maneuver,  
corrective action attempted, etc.  

Narrative Written description of the entire event.  
Dynamic 
reconstruction 

Creation of an animated depiction of the event.  

Data Reduction Inter- and Intra-Rater Reliability 
Training procedures were implemented to improve both inter- and intra-rater reliability, given 
that data reductionists were asked to perform subjective judgments on the video and driving data.  
Reliability testing was then conducted to measure the resulting inter- and intra-rater reliability. 
 
First, data reductionist managers performed spot checks of the reductionists’ work, monitoring 
both event validity judgments as well as recording all database variables.  Reductionists also 
performed 30 minute’s worth of spot-checks of their own or other reductionists’ work every 
week.  This was done to ensure accuracy but also to allow reductionists the opportunity to view 
other reductionists’ work.  It was anticipated that this would encourage each reductionist to 
modify their own work and to improve consistency in decision-making techniques across all 
reductionists.  Mandatory weekly meetings were held to discuss issues concerning data reduction 
techniques.  Issues were usually identified by the spot-checking activities of the reductionist 
managers and the reductionists, or specific difficult events that the reductionists had encountered.  
These meetings provided iterative and on-going reduction training throughout the entire data 
reduction process. 
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To determine how successful these techniques were, an inter- and intra-rater reliability test was 
conducted during the last three months of data reduction.  Three reliability tests were developed 
(each containing 20 events) for which the reductionist was required to make validity judgments.  
Three of these 20 events were also fully reduced.  Three of the test events on Test 1 were 
repeated on Test 2 and 3 other events were duplicated between Tests 2 and 3 to obtain a measure 
of intra-rater reliability. 
 
Using the expert reductionists’ evaluations of each epoch as a “gold” standard, the proportion of 
agreement between the expert and each rater was calculated for each test.  The measures for each 
rater for each testing period, along with a composite measure, can be found in Table 2.6. 

Table 2.6. Percentage agreement with expert reductionists. 

Rater Test 1 Percent Test 2 Percent Test 3 Percent 
1 78.3 87.5 91.3 
2 65.2 70.8 78.3 
3 100 91.7 95.7 
4 100 91.7 87.0 
5 100 83.3 87.0 
6 95.7 87.5 91.3 
7 91.3 87.5 91.3 
8 91.3 91.7 91.3 
9 95.7 70.8 91.3 

10 95.7 91.7 87.0 
11 95.7 87.5 100 
12 78.3 87.5 87.0 
13 87.0 83.3 96.0 
14 78.3 83.3 91.3 

 
 Average 

(across all tests) 88.4  
 
The Kappa statistic was also used to calculate inter-rater reliability.  Although there is 
controversy surrounding the usefulness of the Kappa statistic, it is viewed by many researchers 
as the standard for rater assessment (e.g., Cicchetti and Feinstein, 1990).  The Kappa coefficient 
(K = 0.65, p <0.0001) indicated that the association among raters is significant.  While the 
coefficient value is somewhat low, given the highly subjective nature of the task, the number of 
raters involved, and the conservative nature of this statistic, the Kappa calculation probably errs 
on the low side. 
 
A tetrachoric correlation coefficient is a statistical calculation of inter-rater reliability based on 
the assumption that the latent trait underlying the rating scale is continuous and normally 
distributed.   Based on this assumption, the tetrachoric correlation coefficient can be interpreted 
in the same manner as a correlation coefficient calculated on a continuous scale.  The average of 
the pair-wise correlation coefficients for the inter-rater analysis is 0.86.  The coefficients for the 
intra-rater analysis were extremely high with 9 raters achieving a correlation of 1.0 among the 
three reliability tests and 5 raters achieving a correlation of 0.99. 
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Given these three methods of calculating inter-rater reliability, it appears that the data reduction 
training coupled with spot-checking and weekly meetings proved to be an effective method for 
achieving high inter- and intra-rater reliability. 

Database Creation 
All of the data analyses in this report are based on (1) driving performance data derived from the 
raw data collected on-board the vehicles, (2) reduced data resulting from the event analysis, and 
(3) subjective questionnaires filled out by subjects pre- and post-data collection.  These data 
were copied, created, or edited into MySQL databases and linked using identification codes (i.e., 
vehicle or epoch identification numbers).  Using these databases, it was then possible to identify, 
for example, the number of near-crashes and crashes for male drivers under age 24 compared to 
males drivers over age 45 for relationship to crash involvement.  

BY THE NUMBERS – TOP LEVEL PROJECT STATISTICS 

The final top-level statistics for the 100-Car Study are provided in Table 2.7.  Note that 109 
primary drivers drove 100 vehicles, of which 78 were personal vehicles, and 22 were leased 
vehicles.  More than 100 primary drivers were used because some drivers dropped out of the 
study and others were replaced for various reasons.  Altogether there were 241 total drivers 
(primary drivers plus secondary drivers).  Over 6 terabytes of data were collected and stored on 
over 1,300 DVDs.  Altogether, there were 82 crashes.  Of those, complete data were available for 
69.  Also, of the 82 crashes, 49 were low g events, such as struck or ran over curb, median, 
parking blocks, or small animal).  There were 761 near-crashes and over 8,000 incidents. 

Table 2.7.  Top-level 100-Car Study statistics. 

Parameter Statistic 
Participants: 109 primary drivers 

241 total drivers 
Vehicles: 78 personal, 22 leased 
Miles driven: 2,025,000 
Hours of driving data collected: 47,382.65 
Average speed: 29 mph 
Overall duration of data collection in 
months: 

18.5 

Amount of data in terabytes: 6.4 TB 
Amount of data in DVDs: 1,361 DVDs 
Crashes (see Table 2.8): 82 (69 with complete data) 
Near-Crashes: 761 
Incidents: 8,295 

 
The 82 crashes are summarized in Table 2.8 in terms of crash type and whether or not the crash 
was reported to police.  The most common crash types were Rear-End Striking (29 percent of 
total) and Rear-End Struck (25 percent of total).  Single Vehicle Run-Off-Road was the third 
most common at 18 percent of the total.  The other main contributor to the overall total was 
Backing, at 13 percent of the total; however, none of these Backing crashes were police reported, 
while at least some of all the other most common types were police reported. 
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Table 2.8.  Summary of crashes. 

Type Police Reported* Number Percentage of Total 
Single Vehicle Run-off-Road No 29 35% 
Single Vehicle Run-off-Road Yes 3 4% 
Rear-end, striking No 11 13% 
Rear-end, striking Yes 5 6% 
Rear-end, struck No 12 15% 
Rear-end, struck Yes 3 4% 
Backing No 8 10% 
Backing Yes 0 0% 
Left Turn Across Path No 0 0% 
Left Turn Across Path Yes 2 3% 
Sideswipe No 2 3% 
Sideswipe Yes 0 0% 
Lane Change No 1 1% 
Lane Change Yes 0 0% 
Hit by object No 1 7% 
Hit by object Yes 0 0% 

* Crashes were counted as non-police-reported when this was not known. 
 

The ratios of police reported crashes to non-police reported crashes varied considerably 
depending on crash type.  For example, none of the Backing crashes were police reported.  The 
overall ratio of non-reported to reported crashes was 2.9 to 1 (i.e., there were 2.9 non-reported 
crashes for every reported crash).  Several categories of crashes were all police reported (Rear-
End Striking and Struck, Left Turn across Path, and Lane Change), while other categories were 
not reported at all (Backing, Sideswipe, and Hit By Object).  Categories in which some crashes 
were reported and some crashes were not reported included Single Vehicle Run-Off-Road, Rear-
End Striking, and Rear-End Struck.  There were 38 crashes in the three most common crash type 
categories, and the ratio of non-reported to reported crashes for these three categories was 3.2 to 
1. 

Table 2.9. Ratios of non-police-reported to police reported crashes. 

Category Numbers 
Overall ratio of non-reported crashes to reported crashes 2.7 : 1  
 Non-police reported or unknown if police reported 41  
 Known police reported 14  
Ratio by crash type:  
 Single Vehicle Run-off-Road 2 : 1 
 Rear-end, striking 2.2 : 1 
 Rear-end, struck 12 : 1 
 Rear-end, struck & striking  All police reported 
 Backing All non-police reported 
 Left Turn Across Path All police reported 
 Sideswipe All non-police reported 
 Lane Change All police reported 
 Hit by object All non-police reported 
Three most common crash types (37 crashes) 3.2 : 1 
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When comparing these statistics to the expected crash rates as cited in the 100-Car Phase I 
Report, there were significantly more rear-end crashes than were expected.  Using Crash Rate 
Calculation 4 from the Phase I Report, the calculation was based on the following sources or 
assumptions: 

1. Northern Virginia/ Washington, DC, metropolitan area crash rate statistics. 
2. Assuming 2.88 MVMT.  
3. Biasing the sample towards younger drivers. 
4. Higher crash rate in an urban area. 

 
These sources and assumptions suggested that there would be data for 6.94 police-reported rear-
end crashes and potentially 10 rear-end crashes accounting for all of the non police-reported 
crashes. 
 
The final numbers for rear-end crashes were as follows: 

• 31 total striking and struck rear-end crashes (reported or identified in the 100-Car 
Study database). 

• 8 police-reported rear-end striking and struck rear-end crashes. 
• 23 crashes were non-police reported. 

 
Note that 1.4 MVMT were collected during the 100-Car Study and that the driver sample was 
only slightly biased toward younger drivers with 50 percent of the drivers under age 35.  These 
results suggest that police-reported crash statistics greatly underestimate the actual number of 
crashes that occur. 
 
The numbers of primary drivers involved in incidents of various types is shown in Table 2.10.  
The weekly dataset developed for Chapter 8, Goal 4 was used in this analysis.  There were data 
available for 107 0f the 109 primary drivers in this dataset.  It can be seen that over 35 percent of 
drivers were involved in at least one crash, while over 80 percent experienced at least one near-
crash and over 90 percent were involved in at least one incident.  Table 2.11 presents the percent 
of drivers who were involved in multiple crashes, near-crashes, and critical incidents.  Note that 
close to 50 percent of primary drivers had more than 50 incidents over the course of the study 
(about one per week) and about 15 percent had more than 150 (about three per week).   

Table 2.10.  Number and percentage of drivers involved in at least one of the various  
event types. 

Event Type Number of Drivers Percentage of Drivers 
At least 1 Crash 38 35.5% 
At least 1 Near-crash 89 83.2% 
At least 1 Incident 99 92.5% 
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Table 2.11.  Number and percentage of drivers involved in multiple events. 

Number of 
Crashes 

Percentage 
of Drivers 

Number of 
Near-crashes 

 Percentage 
of Drivers 

Number of 
Incidents 

Percentage 
of Drivers 

0 64.5% 0 16.8% 0 7.5% 
1 21.5% 1 7.5% 1-5 9.3% 
2 6.5% 2-4 27.1% 6-10 3.7% 
3 3.7% 5-8 27.1% 11-15 0.9% 
4 3.7% 9-12 3.7% 16-20 3.7% 

13-24 13.1% 21-25 5.6% 
25-50 2.8% 26-30 4.7% 

31-40 8.4% 
41-50 7.5% 

51-100 16.8% 
101-150 16.8% 
151-200 11.2% 

More than 4 0.0% 

More than 50 1.9% 

More than 
200 

3.7% 

 
In viewing the above tables, it becomes clear that some participants might make an outsized 
contribution to the frequency and rate of events.  Further exploration of the matter revealed four 
participants who might be considered to be outliers when their data is considered on a rate per 
mile traveled basis.  Event rates were calculated for all participants based on event type divided 
by miles traveled.  The rank percentile was then calculated for each event type for each 
participant.  In order to be considered an outlier, a participant had to been > 95th percentile in two 
of three severity categories and > 90th percentile on the third severity category.  Descriptive data 
for the four participants meeting these criteria are found in Table 2.12.  Note that three of the 
four participants appear to have extremely low miles traveled; for drivers 124, 308, and 311, the 
miles are an accurate reflection of miles driven. For driver 204, however, there were outages 
with the data collection system that resulted in apparently low miles traveled.  However, the 
events shown here for driver 204 happened during the miles recorded, so the event rates shown 
are accurate.  Note that the outlier group includes two males and two females, and that four age 
groups are represented.  Driver 311 was one of only 4 female drivers in the 35–to-44 age group, 
so she might be expected to have a larger influence when age and gender rate calculations are 
conducted in ensuing chapters of this report.  The remaining participants only made up 8 to 11 
percent of their respective age and gender categories.  The decision was made to include events 
from these outliers in the remaining sections of this report, with added footnote reminders 
regarding driver 311 when the 35–to-44 female rates seem unusually high. 
 



 30

Table 2.12.  Description of four outlier participants in terms of crash, near-crash, and 
incidents rates per miles traveled. 

 Participant # 124 204 308 311 
Age Group 21-24 25-34 18-20 35-44 
Gender M M F F 
Percentage of age/gender group 10% 8% 11% 25% 
Miles Data Recorded 5,241 2,603 4,131 19,833 
Incidents 103 60 171 456 
Incident rate/mile 0.020 0.023 0.041 0.023 
Incident percentile rank 97% 99% 100% 98% 
Near-Crashes 7 4 19 56 
Near-crash rate/mile 0.001 0.002 0.005 0.003 
Near-crash percentile rank 90% 92% 100% 98% 
Crashes 3 1 1 4 
Crash rate/mile 0.0006 0.0004 0.0002 0.0002 
Crash percentile rank 100% 98% 95% 91% 
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CHAPTER 3: DRIVER AND VEHICLE DEMOGRAPHICS 

AGE AND GENDER 

Recall that the project goal called for a distribution of driver age and gender, which would slant 
the study slightly toward the male (60%) and younger (60 percent younger than age 25) end of 
the spectrum.  The original recruiting goals are shown below: 

• Age 18-20 years: drivers = 18 males and 12 females. 
• Age 21-24 years: drivers = 18 males and 12 females. 
• Age 25-34 years: drivers = 6 males and 4 females. 
• Age 35-44 years: drivers = 6 males and 4 females. 
• Age 45-54 years: drivers = 6 males and 4 females. 
• Age 55-64 years: drivers = 6 males and 4 females. 

 
As shown in Table 3.1, the project was successful in achieving the gender distribution goal (60 
percent male and 40 percent female).  However, the age group recruiting goals were not met.  
Only 34 percent of participants were under age 25, as opposed to the goal of 60 percent.  This 
was primarily due to the difficulty in trying to recruit participants who drove many miles per 
year (primarily by commuting).  Commuters tend to be older, and younger people tend not to 
drive as many miles.  Those younger participants who were recruited were typically college 
students who commuted to campus from some distance away.  Table 3.2 provides a direct 
comparison between recruiting goals and achieved distributions for each age and gender 
grouping.  The final distribution did have an advantage, however.  As shown in Figure 3.1, the 
final age distribution was very balanced across the various age groups.  As stated previously, 
some family members and friends would occasionally drive the instrumented vehicles, therefore, 
data were collected on 148 additional drivers for whom demographic data are not available. 

Table 3.1.  Participant age and gender distributions. 

Gender 
Age Bins        N 

% of total Female Male 
Grand 
Total 

18-20 9 7 16 
  8.3% 6.4% 14.7% 
21-24 11 10 21 
  10.1% 9.2% 19.3% 
25-34 7 12 19 
  6.4% 11.0% 17.4% 
35-44 4 16 20 
  3.7% 14.7% 18.3% 
45-54 7 13 20 
  6.4% 11.9% 18.3% 
55+ 5 8 13 
  4.6% 7.3% 11.9% 

Total N 43 66 109 
Total Percent 39.4% 60.6% 100.0% 
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Table 3.2.  Comparison of age and gender distribution to project goals. 

 
Age Bin 

Male 
Goal 

Male 
Actual 

Female 
Goal 

Female 
Actual 

Overall 
Goal 

Overall 
Actual 

18-20  18 7 12 9 30  16 
21-24  18 10 12 11 30  21 
25-34  6 12 4 7 10 19 
35-44  6 16 4 4 10 20 
45-54  6 13 4 7 10 20 
55-64  6 8 4 5 10  13 
Total 60 66 40 43 100 109 
Total Percent 60% 60.6% 40% 39.4% NA NA 

 
 

25-34
17%

35-44
18%

45-54
18%

55+
12%

18-20
15%

21-24
20%

 
Figure 3.1.  Distribution of participant age. 

Self-Reported Years of Driving Experience 
As seen in Figure 3.2, participants reported a wide variety of years of driving experience.  The 
most experienced group reported greater than 50 years of driving experience (3% of 
participants), while the largest group was in the 5-to-9 years of experience range (26% of 
participants).  As might be expected, there was a close correlation between driver age and self-
reported years of experience, and this relationship is discussed in the next section. 
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Figure 3.2.  Distribution of participant self-reported years of driving experience. 

Driver Age as Compared to Self-Reported Years of Driving Experience 
In general, self-reported years of driving experience seemed to agree with driver age (Figure 
3.3). Note that points above the line represent cases in which the driver began before the average 
age, and points below the line represent cases in which the driver began after the average age.  
There are a few data outliers below the line which indicate that 7 or 8 participants began driving 
three to 5 years after most of their peers, while the one data outlier above the line indicates a 
driver who self-reported that he/she began driving at age 6.  Most likely, this was a mistake on 
the part of the participant, who probably meant to report 41 years of driving experience rather 
than 51 years.  However, there are cases of people who begin driving at such a young age, 
especially if they grew up on farms and were required to drive at an early age to help out with the 
farm work.  Females reported beginning to drive at an average age of 17.1 years (SD = 3.51 
years), while males began driving at an average age of 16.2 years (SD = 1.94 years).  Overall, 
this pool of drivers began driving at an average age of 16.6 years (SD = 2.69 years).    
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Figure 3.3.  Distribution of participants across self-reported years of driving experience 

bins. 

Ethnicity 
As shown in Figure 3.4, the pool of participants was largely Caucasian (78% versus 32% non-
Caucasian).  Table 3.3 shows a comparison of the ethnic makeup of the Northern Virginia area 
with the participant pool.  These data were obtained from a document called “Minority Issues 
Plan” issued by George Mason University in 2000  (http://www.gmu.edu/departments/ 
provost/accredit/Final%20MINORITY%20ISSUES%20PLAN.doc ).  Note that the makeup of 
the participant pool was a fairly close match with the population base of the northern Virginia 
area, even though no special attempt was made to recruit based on ethnicity.  
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Figure 3.4.  Distribution of participants across self-reported ethnic groups. 

 
 

Table 3.3.  Ethnic background of northern Virginia residents and 100-Car Study 
participants. 

 
Ethnic Group 

NOVA Ethnic 
Makeup 

100-Car 
Participant Pool 

White 76.8% 78.9% 
African American  9.4% 6.4% 
Asian American  6.5% 3.7% 
Hispanic American  6.9% 2.8% 
Native American  0.2% 0.0% 
Other 1.0% 8.2% 

Occupation 

During the initial screening, participants were asked about their occupations.  Their self-reported 
answers were then placed into related categories as shown in Table 3.4 and Figure 3.5.  The 
categories in Table 3.4 are presented in alphabetical order.  The greatest percentage of 
participants was in the technical field (engineers, drafting, etc. at 18.3% overall), while there 
were very few who reported being involved in food service, religious, or retired/unemployed 
(1.8% each).  Large differences were noted in the occupations of the participants between 
genders.  For example, of the female participants, 20.9 percent were students, while only 7.6 
percent of male participants were students.  The situation was almost reversed for the technical 
category, with 25.8 percent of males in this category and only 7.0 percent of females.  Other 
categories with large differences in gender representation included education (11.6% of females 
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versus 4.5% of males), legal/military/government (2.3% of females versus 9.1% of males), 
medical (9.3% of females versus 1.5% of males), and retail/real estate (11.6% of females versus 
19.7% of males). 

Table 3.4.  Occupation categories of participants by gender. 

Gender
Occupation Category Female Male Grand Total 
Education 11.6% 4.5% 7.3% 
Financial 7.0% 4.5% 5.5% 
Food Service 2.3% 1.5% 1.8% 
Legal/Military/Government 2.3% 9.1% 6.4% 
Management/Administrative 16.3% 12.1% 13.8% 
Medical 9.3% 1.5% 4.6% 
Religious 2.3% 1.5% 1.8% 
Retail/Real Estate 11.6% 19.7% 16.5% 
Retired/Unemployed 2.3% 1.5% 1.8% 
Self-employed/Homemaker 4.7% 7.6% 6.4% 
Student 20.9% 7.6% 12.8% 
Technical 7.0% 25.8% 18.3% 
Transportation 2.3% 3.0% 2.8% 
Grand Total 100.0% 100.0% 100.0% 
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Figure 3.5.  Distribution of participants across job categories. 

Education 
Overall, the participant pool was highly educated (Figure 3.6), with every participant having 
graduated from high school, and only 2 percent of participants not having at least some college.  
In fact, 60 percent of the participants reported having at least a 4-year degree, and 19 percent 
reported having a master’s degree, professional degree, or doctoral degree.  This is despite the 
fact that 13 percent of participants were students (presumably working on 4-year degrees) during 
the time they participated in the study.  The overall educational level attained by the participants 
is probably due to the fact that an attempt was made to recruit automobile commuters.  One 
would expect that automobile commuters would make a fairly good living.  They would typically 
be able to afford housing in the suburbs, a reliable vehicle, and have enough money to purchase 
fuel for these vehicles.  The assumption would then be that people who have attained a higher 
level of education would obtain jobs that pay adequately to support these items.  One would 
expect that those with lower levels of education might have lower paying jobs, might live closer 
to work, and if they commuted, they might be more likely to do so via public transportation than 
by automobile.    
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Figure 3.6.  Distribution of participants with regard to years and type of education. 

Self-Reported Violations 
Participants were asked to self-report the number of violations they had received in the past 5 
years.  The 109 participants reported 163 violations during this time frame, for an average of 
approximately 0.7 violations per participant in 5 years (0.13 violations/year/participant).  As 
shown in Figure 3.7, the most common category was speeding (63% of violations) and the 
second most common category was red light violations and stop sign/traffic sign violations (12% 
each).  These three categories accounted for 87 percent of violations reported, with the other 13 
percent split among four lesser categories.  One participant reported 16 violations, all speeding, 
while the next highest number for a single individual was 9 violations (all red light running 
violations). There were 37 participants (34%) who reported no violations during the past 5 years, 
and 2 participants who did not answer the question.   
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Figure 3.7.  Distribution of type of self-reported traffic violations in the past 5 years. 

 
Gender differences were noted in the distribution of the number of self-reported violations 
(Figure 3.8).  About 25 percent of females reported no violations in the past 5 years, as compared 
to about 40 percent of males.  Over half of females reported having 1 or 2 violations in this time 
frame as compared to about 40 percent for males.  Males and females reported having three or 
more violations at about the same rate (around 20%).  Since these violations were self-reported, 
there is no way to ensure the accuracy of these figures. 
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Figure 3.8.  Percentage of participants by gender for number of self-reported traffic 

violations in the past 5 years. 
 

Some interesting age trends were also noted with regard to self-reported violations.  There was a 
distinct split between those younger than age 35 and those 35 or older, as shown in Figure 3.9.  
For each of the three age groups younger than 35, fewer than 20 percent reported having had 0 
violations in the past 5 years.  In contrast, the three age groups aged 35 or over had 45 percent or 
more of participants reporting no violations during this time span.  The three or more violations 
category peaked in the 21- to 24-year-old age group, at nearly 50 percent.  Note that for a 21-
year-old, the past 5 years encompasses their entire driving history, assuming that they began 
driving at age 16.  The three violations or more category was lowest between the ages of 35-55, 
at 5 percent or less.  
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Figure 3.9.  Percentage of participants in each age bin for number of self-reported traffic 

violations in the past 5 years. 

Self-Reported Crashes 
A similar question asked participants to report the number of traffic crashes they had been 
involved in over the past 10 years.  Overall, 35 percent of drivers reported no crashes over this 
time span, 50 percent reported one or two crashes, 13 percent reported 3 or more crashes, and 2 
percent did not answer the question.  Unlike for violations, there was close agreement among the 
genders for this question (Figure 3.10). 
 
There were also age trends for this question, but the differences were not as pronounced as for 
the violations question (Figure 3.11).  For the zero crashes category, the peak age group was 45- 
to 54-year olds at 60 percent and the lowest age group was 25- to 34-year olds, with only 10.5 
percent of this age group reporting no crashes over the past 10 years.  Of the 21- to 24-year-olds, 
29 percent reported having been in 3 or more crashes over the past 10 years.  In all cases, this 
likely represents their complete driving history, even for those who might have started driving at 
a younger age.  In contrast, only 5 percent of 45- to 54-year-olds reported 3 or more crashes over 
this time frame.   
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Figure 3.10.  Percentage of participants by gender for number of self-reported traffic 

crashes in the past 10 years. 
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Figure 3.11.  Percentage of participants in each age bin for number of self-reported traffic 

crashes in the past 10 years. 
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Self-Reported Annual Mileage 
Participants were asked how many miles they typically drove in a 12 month period, in keeping 
with the desire to recruit high mileage commuters for the project (Figure 3.12).  Over three-
fourths of participants reported driving more than 15,000 miles per year, but these numbers were 
shown to be inflated based on mileage driven during the study period.  Table 3.5 presents the 
number of drivers for each of several actual mileage bins.  As can be seen, in reality only 30 
percent of participants drove more than 15,000 miles during the course of the study, and one-
fourth of participants drove 9,000 miles or less during the study.  Nevertheless, the project goals 
in terms of numbers of crashes, near-crashes, and crash-relevant conflicts were met, so this 
inflation of miles driven did not turn out to be important to the outcome of the study. 
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Figure 3.12.  Distribution of participants across self-reported annual mileage categories. 

 

Table 3.5.  Actual miles driven during the study. 

Actual miles driven  
Number of 

participants 
Percentage of 
Participants 

0-9,000 29 26.6% 
9,001-12,000 22 20.2% 
12,001-15,000 26 23.9% 
15,001-18,000 11 10.1% 
18,001-21,000 8 7.3% 
More than 21,000 13 11.9% 
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Vehicle Demographics 
Overall, 78 vehicles were privately owned and 22 were leased vehicles loaned to the participants 
in return for their participation in the study.  As can be seen in Figure 3.13, there was quite a 
large difference in the distribution of leased versus privately owned vehicles with regard to age 
groups.  Younger drivers were more likely to be motivated to participate in the study by the 
prospect of having a vehicle to drive with no car payments due, while older participants were 
less likely to want to give up the familiarity of their own vehicles.  No drivers age 30 or over 
used a leased vehicle, while over 60 percent of the 18- to 20-year-olds drove leased vehicles, 
falling to just over 25 percent for participants in the 25-34 year age category.   
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Figure 3.13. Percentage of participants for each age group driving personal versus leased 

vehicles for the study. 
 

An attempt was made to have the chosen vehicle type makes and models evenly represented in 
the study.  As can be seen in Figure 3.14, this goal was achieved, with a 12-20 percent share for 
each make/model combination.  Likewise, the three manufacturers were fairly evenly 
represented, with 38 percent Chevrolet, 27 percent Ford, and 35 percent Toyota.  
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Figure 3.14.  Distribution of participants across vehicle makes/models driven during the 

study. 
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CHAPTER 4: LESSONS LEARNED IN CONDUCTING THE 100-CAR STUDY 

BACKGROUND 

The logistics and theoretical implications of conducting a field experiment of the scope and 
complexity of the 100-Car Study proved to be challenging from the beginning to the end of the 
project.  Essentially, every aspect of the project differed from the norm either because of the 
number of vehicles, the amount of data gathered, or because new software reduction techniques 
had to be developed to take full advantage of the data gathered.  When challenges arose, 
solutions were promptly created to overcome them with minimal impact on the dataset.  In 
addition to the current and future value of the dataset, there was a substantial amount of 
organizational knowledge created as part of this effort, which can best be presented as a series of 
lessons learned.  
 
These lessons learned should serve as recommendations to ease the performance and 
management of any future naturalistic driving studies of similar or larger scope.  The remainder 
of this chapter discusses the challenges encountered in the study as well as recommendations to 
address them in future efforts.  This discussion is framed within the following broad categories: 

1) Subject Recruitment and Compliance 
2) DAS Installation 
3) Hardware and Software Maintenance 
4) Data Downloading 
5) Data Reduction 
6) Data Analysis 
7) Other Logistics 

SUBJECT RECRUITMENT AND COMPLIANCE 

The recruitment of subjects to participate in the study was challenging due to a combination of 
several screening factors.  One factor was the selection of only six different makes and models of 
vehicles to be included in the study.  During Task 8 of Phase I, the vehicle types were chosen to 
limit the number of customized bracket types that had to be created.  Although VTTI 
purposefully chose vehicle makes and models that were popular in the northern Virginia area, 
this selection still narrowed the number of drivers who could have their private vehicles 
instrumented.  The participant pool was further reduced due to the driver’s ages that were 
needed, the requirement that a high number of miles were typically driven, and the limit on the 
targeted geographical area.  The reduced participant pool made the participant recruitment 
process somewhat difficult. 
 
Furthermore, the vehicle models selected for inclusion in the study were typically not driven by 
younger participants.  Even when the younger drivers drove the particular type of vehicle, the 
vehicle was typically an older model year with a different body style requiring the creation of 
different mounting brackets.  Rather than continue to create brackets that would only be used for 
a couple of vehicles, leased vehicles were used by a large portion of this study group.  This 
option represented the most efficient way of incorporating the younger driving population within 
the study.  Any future studies should be aware of the importance of a large and diverse subject 
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pool, and avoid geographical areas with relatively small populations, unless the experimenters 
are prepared to customize the DAS for a large number of vehicles makes and models. 
 
Driver attrition and/or removal of the driver from the study were also important aspects of 
subject management and required additional drivers to be recruited throughout the study.  Apart 
from a small number of drivers who exercised their right to withdraw from the experiment, four 
particular cases are indicative of the complexity of the issues that can arise when participants are 
tracked for long periods of time: 

• A driver moved away from the study area. 
• A driver was arrested during the course of the study and could no longer participate. 
• A driver of a leased vehicle was in three crashes and Virginia Tech Office of Risk 

Management no longer wanted to cover the insurance. 
• A driver of a private vehicle that experienced a catastrophic mechanical failure and it 

was not economically feasible to repair it, therefore, the driver could no longer 
participate.  

 
Future studies should always have a small number of “reserve” participants who can be called on 
relatively short notice to replace any drivers removed from the study.  Thus, participant 
recruitment and initial screening should continue beyond the placement of the desired number of 
vehicles on the road. 
 
Subject compliance issues were also present in the study.  Despite numerous efforts to explain 
the study protocol to drivers and to relay the importance of their compliance, several drivers 
chose not to do so completely.  Some interesting examples include: 

• A driver of a leased vehicle loaned the vehicle to an unlicensed driver, thus violating 
the study protocol. 

• A few drivers would not come in for the final debriefing, even though they would be 
paid $150.00 for less than an hour of their time. 

• Some drivers would not report damage to the leased vehicles, even though failure to 
file a police report required payment of a deductible that they would not otherwise 
have to pay. 

 
These examples point to the importance of the person or persons who are in direct contact with 
the participants and who serve as the interface between the participants and the organization 
performing the study.  These employees should be well trained in working with participants and 
with the resolution of the unique issues that are likely to arise in a study of this length and 
magnitude. 

DAS INSTALLATION 

The 100-Car Data Acquisition System was highly capable and complex, yet had to be installed in 
privately owned vehicles without any permanent vehicle modifications.  To achieve this, VTTI 
engineers developed customized brackets to utilize existing mounting holes in the frame of the 
vehicle.  However, in some cases the tolerances for the placement of these mounting holes were 
larger than expected.  Therefore, brackets that should fit a particular vehicle sometimes did not 
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and required a certain amount of customization.  Prevention of this problem requires the 
introduction, within the bracket system, of a certain amount of adjustability. 
 
Installation quality control issues also arose due to the hiring of a subcontractor to assist with 
installations.  If a subcontractor is hired to perform installation, maintenance, or repairs, the 
selection process should carefully consider the capabilities of the contractor, their willingness to 
receive specialized training, and their typical level of customer service (i.e., timeliness of work, 
craftsmanship, politeness, and attention to detail).  In addition, strict guidelines as to who will be 
responsible for repair and payment for an installation problem, detailed instructions for 
installations, and explicit expectations for the installation timeframe are all critical.  It was found 
that if participants were asked about their experiences during the installation, and subsequent 
feedback was provided to the garage, the subcontractor performance levels improved.  
Regardless of the care with which the installer is selected, or even if the systems are installed by 
in-house personnel, these surveys should continue for any future studies.  It might also be useful 
to institute random inspections of recently instrumented vehicles to catch any systematic 
problems with the installation that require further training or information to the installer.  These 
inspections may be useful even when the installations are performed by in-house personnel. 
 
Some sensor installation issues also existed, especially related to crash survivability.  The 
VORAD units and brackets, installed in front of the bumpers, were destroyed or damaged in 
most of the crashes, even when the crash was relatively minor.  While other installation options 
could be explored to place the radar unit behind the bumper or grille, the particular placement of 
the radar was a cost effective solution for this study.   
 
With regard to the radar, standard license plates could not be used since the radar could not “see” 
through the metal.  VTTI staff worked with the Virginia Department of Motor Vehicles (DMV) 
to have special plastic plates manufactured.  The downside of the plastic plates was that the 
plates were fragile and had to be replaced on multiple occasions for many different cars.  

HARDWARE AND SOFTWARE MAINTENANCE 

The single most important lesson learned regarding system maintenance for the 100-Car Study 
was to have a maintenance person permanently located within the northern Virginia area near the 
study vehicles.  Initially, hardware and software maintenance was performed periodically by in-
house personnel, who would travel to the northern Virginia area to perform repairs on the 
vehicles that needed them.  These employees took replacement parts and tools with them, but 
had to perform the repairs on the road, wherever the vehicle was parked at the time that it was 
intercepted.  Having personnel in the area was helpful in that they were able to respond to 
problems more quickly, had more familiarity with the roads on the area, and had a permanent 
space in which to make repairs, reducing the time that had to be spent with the car and the 
possibility of inconveniencing participants. 
 
Equipment repair and adjustment times were also reduced by allowing data downloaders to 
perform minor work on the cars.  This work was typically performed during the time that data 
were being downloaded.  This approach reduced the work load of repair personnel, whose effort 
could then be focused on more complex repairs that required higher levels of technical expertise. 
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Hardware 
The 100-Car Study DAS had a unique remote tracking capability that allowed study personnel to 
determine, based on GPS coordinates, the location of a vehicle.  This functionality was essential 
when data downloaders had to locate the vehicles.  The system was also able to transmit limited 
amounts of data from the vehicle that could be used for fault detection.  In some cases, the 
system also allowed for the remote completion of small repairs to the system, especially those 
that involved resetting particular pieces of equipment.  This capability should be maintained or 
expanded in future systems, if feasible.   
 
Repairing the system posed several substantial problems.  The design of the DAS as a closed 
system had the advantage of making the DAS fairly unobtrusive and reduced the possibility of 
equipment tampering.  However, it also posed problems for repair personnel, since removing the 
DAS was not a simple task.  Unfortunately, all repairs involving a component residing within the 
box required that the box be removed.  Future iterations of the system should, despite any 
possible improvements in the ruggedness and robustness of the components, provide for an 
easier DAS removal process.  This could be achieved via alternative mounting approaches or by 
the use of special mounting tools available only to system maintenance personnel.  Another 
option would be to modularize system components so that they can be added or removed through 
access doors to the DAS.  This would also reduce the overall time required for a repair. 
 
Similarly, the internal layout of the system was not optimal in allowing quick repairs.  
Replacement of the boards located lower within the system (e.g., the motherboard, video board, 
and quad splitter) required complete DAS disassembly.  Future designs will likely integrate more 
of these functions within a single board, thereby reducing the number of separate components.  
They will also streamline the DAS layout to allow for faster repairs.  
 
Hard drive management was also a substantial maintenance challenge.  While the hard drives 
were fairly robust, there were a number of failures resulting in lost data.  As hard drive 
technology improves, their failure rate should decrease, but losing data will still be a possibility.  
Alternative data storage methods not involving moving parts could be explored, along with the 
possibility of redundant data storage.  Alternatively, the hard drive could be placed so that it is 
accessible to repair personnel without removal of the DAS.  However, the downtime due to 
failures of this type, and consequently the amount of data lost, was relatively small, as discussed 
in Chapter 13, Goal 9. 
 
Despite substantial efforts to prevent it, several data acquisitions systems drained the batteries of 
the cars in which they were installed.  Safeguards to prevent this problem included the provision 
of an internal battery backup system that could be used to operate the system while the vehicle 
was turned off (e.g., when data were being downloaded), the inclusion of a software switch that 
turned the DAS off if the voltage of the car battery dropped below 11 V, and the inclusion of a 
“suicide” feature that automatically shut the DAS down when the vehicle was turned off (except 
for data download purposes).  However, these safeguards failed in some cases.  For example, the 
system would keep running after the car was turned off, which occurred when the operating 
system was not working properly.  In those instances, the system kept resetting the CPU to 
restart the operating system, thereby draining the vehicle battery in the process.  These incidents 
inconvenienced the participants, and should be avoided to the largest extent possible in future 
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efforts.  Better sensors and more robust system shutdown algorithms can be created to address 
the majority of these issues, and should be implemented in the future. 
 
Another minor issue concerned system time, which could be off by several hours after a few 
months of data collection.  It is not known at this time whether this particular problem was due to 
the operating system or to the motherboard.  This problem should be addressed and tested in 
future DAS designs.  A more severe version of the problem occurred when some motherboard 
jumpers shifted off of their intended positions, resetting the system time.  Hard-wiring the two 
terminals solved the problem permanently.  In the future, hard-wiring any potential moving parts 
within the motherboard should be performed prior to DAS deployment. 
 
A final hardware aspect had to do with the proper installation of all sensing equipment.  When 
necessary, installation verification tools should be created and used to ensure consistency 
between vehicles.  For example, between-vehicle consistency of radar alignment could be 
improved.  Radar units were not checked for perfect alignment or orientation, although the errors 
were less than 3 deg.  Since azimuth of target was used as an exclusion criterion, it is possible 
that headway trigger performance (which used the radar sensor) could have been improved by 
ensuring that the radar units were perfectly aligned.   

Software 

The main software-related challenge was to make the DAS work on a Microsoft Windows™ 98 
operating system.  This operating system is not designed as a real-time operating system, thereby 
creating some issues with data synchronization, output, and storage.  The operating system also 
had a relatively slow data transfer rate for networking operations.  Given that the data download 
process was performed though a network link, it tended to be a lengthy process, which in turn 
could drain the car battery, as discussed in the previous section.  The Windows™ 98 operating 
system was also susceptible to power failures and/or system crashes, and in some circumstances, 
resulted in disk boot errors.  Finally, the operating system also allowed the hard drives, on 
occasion, to continue to collect data until all of the disk space was used.  This prevented the 
operating system from booting and, in some cases, caused the corruption of the data within the 
hard drive.  These catastrophic failures, while problematic, were not a frequent occurrence. 
 
All of these software problems with the operating system suggest the use of a different operating 
system for future systems.  This operating system will likely be Linux-based, since these 
operating systems solve many of the problems that were evident when using Windows™ 98.  
Linux-based DASs are already in operation and will likely be used in any future experiments of 
this type. 
 
Another software-related challenge was the number of DAS software versions released, 
especially during the initial stages of data collection.  Despite numerous efforts to debug the 
system before initial use, minor modifications were necessary.  These modifications were 
completed as needed and downloaded into the vehicles gradually, but this implied that many 
different versions of the data collection program (XCAR) were operating in the data acquisition 
vehicles at the same time.  Understandably, this caused confusion as to which was the latest or 
most appropriate version of the software.  Several improvements to this process can be 
suggested.  The most obvious is to increase the test time before systems are deployed.  Future 
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systems should benefit greatly from the expertise gained in this project so that the number of 
software bugs in future data collection systems will be greatly reduced.  Another improvement 
would be to schedule software releases instead of sending out new versions meant to fix a single 
bug.  While this would not be recommended for a major bug (e.g., a bug which prevents data 
collection), it might be possible for relatively minor fixes, therefore allowing more time to ensure 
that all systems are updated before a new software version becomes available. 

DATA DOWNLOADING 

The main difficulty with data downloading consisted of gaining access to vehicles.  Some 
participants did not fully cooperate with the data downloaders when it was time to download.  In 
most instances, downloaders did not need access to the vehicles or direct communication with 
the driver since the cars could be located remotely and data downloaded unobtrusively.  
Something that aided in this respect was to obtain the participants’ regular schedules in advance.  
This allowed downloaders to schedule their visits in advance with minimal inconvenience to the 
drivers (who were unlikely to need the vehicle during that time).  However, in situations in 
which the downloader needed access to the car to fix a sensor (e.g., correct the orientation of a 
camera), they needed to interact with the driver to obtain access to the car.  Some drivers were 
more cooperative, in this regard, than others. 
 
In a related issue, detailed logs had to be kept of the data downloads for each of the vehicles.  
This allowed the downloader to prioritize vehicles according to the amount of data not yet 
downloaded, thereby minimizing the risk of data lost due to a full hard drive.  Thus, the decision 
of when to download which vehicles was not only dependent on a participant’s schedule but on 
the amount of data stored in the vehicle.  In addition, downloaders had to work a flexible 
schedule that allowed them to access some cars in the evening hours when participants were less 
likely to be using the vehicles. 
 
The data downloading process also requires careful consideration of data security, archiving, and 
storage issues.  Server managers kept detailed logs of the data sent from the northern Virginia 
location and the data received in Blacksburg.  These logs were periodically compared to ensure 
that no data were missing.  In addition, backup copies of the data were maintained in various 
locations in order to minimize the risk of data loss.  Downloader laptops were cleared of data 
within one day of the data download.  The main lesson learned in this respect is that close 
communication and interaction is needed between data managers and server managers to ensure 
a smooth and complete data flow. 
 
Finally, the geographical area encompassed must be considered when determining the location 
and number of downloaders.  If the geographical area of future studies is large, then multiple 
downloader “bases” could be considered to reduce response times. 
 
Note that these issues would not be directly applicable to a large-scale naturalistic study, as the 
download process in that case will likely be different.  For such a large number of vehicles, data 
download stations would be set up, and participants would return to the station at the end of their 
time in the study.  While this would eliminate a large portion of the problems related to 
“chasing” cars, some of the data downloading lessons learned as part of this study (e.g., 
maintaining detailed repair logs) still apply. 
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DATA REDUCTION 

The data reduction process for this study was developed to record epidemiological data, similar 
to the GES crash database, as well as record data that has typically been collected in other 
instrumented vehicle studies, thus greatly augmenting both types of data collection.  The 5 
channels of video were primarily used to record these variables. However, the data reduction 
software, developed in-house, allowed the data reductionists to access time plots of the various 
vehicle sensors (i.e., longitudinal deceleration, vehicle speed) and could be used to record certain 
other variables as well, e.g., a complete list of data reduction variables is located in Appendix B.  
 
Even with driving performance data and video greatly enhancing the data reduction process, 
many reduction variables still required a judgment call or subjective analysis on the part of the 
data reductionist.  Many steps were taken to ensure inter-rater reliability and reduce subjectivity 
among the data reductionists for these types of variables.  First, a two-week training process was 
provided for each reductionist to allow them to:  

• Learn the data reduction software,  
• Practice viewing all 5 channels of video,  
• Understand the trade-offs of using the video versus using the driving performance time 

plots, and  
• Work with both the lab manager and other trained reductionists to develop a broad 

understanding of the types of judgments that needed to be made.   
 
Second, all data reductionists were expected to attend weekly meetings in which questions and 
issues about various data reduction topics were discussed.  Third, the lab manager(s) performed 
spot-checks of all reductionists’ work and provided individual feedback to the reductionists.  
Reductionists were also required to spend 30 minutes each week spot-checking other 
reductionists’ work and providing feedback/discussions to these reductionists.  This step was 
useful for two reasons: (1) it improved accuracy in the database, and (2) it allowed the 
reductionists to observe other’s work and conduct a comparison to their own work, thereby 
increasing consistency among all reductionists.  Finally, three inter-rater reliability tests were 
conducted in which the reductionists were all required to validate the same 20 events (per test) 
and fully reduce two of the twenty events.  The test results indicated that there was 88 percent 
inter-rater reliability for validation of events and 99 percent intra-rater reliability for recording all 
of the reduction variables.  An interesting anecdote is that the inter-rater reliability tests proved 
to be a very beneficial training tool and will be used from the earliest stages of future data 
reduction efforts. 
 
Because more information was available to the data reductionists than to the GES analysts who 
enter information from police-accident reports into the GES database, many of the GES variables 
were expanded for this study.  The GES database is for crashes only, so some of the GES 
variables were not included in the 100-Car Study database because they were not applicable 
(e.g., occupant injury, EMS response times).  As the reduction process began, the high variability 
among the events and among the drivers became more apparent.  Nevertheless, coding a pre-
incident maneuver, precipitating factors, contributing factors, and evasive maneuvers for each 
event, as well as coding a pre-incident maneuver and evasive maneuver for each vehicle 
involved and surrounding the event, appeared to adequately capture the pertinent information for 
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the vast majority of the events.  Having the data reductionists write a narrative, or written 
description of each event, allowed other useful information to be recorded and used for future 
analyses.   
 
Incorporating 5 video channels were incorporated into the 100-Car Study DAS was done to 
ensure the capture of as much of the drivers’ view surrounding the vehicle as possible (forward 
view, rear-view, rear-facing passenger window, and outside the driver’s window, via the angled 
face camera), as well as driver behavior (face view and over-the-shoulder view).  There are 
trade-offs associated with these 5 camera views, which include size of video files and resolution 
of the video.  Five channels of video increased the bandwidth of the video data, which forced 
VTTI engineers to decrease the level of resolution of the video so that storage issues would not 
become problematic.  However, the resolution level provided by the system still allowed 
eyeglance reduction to be performed.  The resolution levels had a higher effect on discriminating 
objects and obstacles outside the vehicle.  Potholes, for example, were very difficult to identify.  
Street signs (i.e., speed limit signs) were not readable.  Objects inside the vehicle were also 
sometimes difficult to identify in the camera views.  Any problems due to resolution were 
compounded by nighttime hours (in which visibility is lower) and sunlight glare (which “washes-
out” the camera).  These aspects also made eyeglance reduction much more difficult, although 
still possible in most cases. While technological advancements in video have already addressed 
many of these problems, the usefulness of all 5 video channels should be addressed prior to a 
large-scale study and trade-offs between video resolution and additional channels of video 
should be weighed carefully.        

DATA ANALYSIS 

The data analysis process for this amount of data proved to be challenging, time-intensive, and 
complex.  The main lesson is to allow enough time for databases to be created.  When variables 
were derived from the raw data (i.e., vehicle miles traveled), substantial processing time was 
required (as much as one week of processing time in some cases).  Also, different analyses used 
different subsets of subjects.  For example, demographic data were only collected for primary 
drivers of vehicles; therefore, if age or gender was necessary in the analysis, only 109 subjects’ 
data could be used.  If simple frequency calculations were used, then all drivers would be eligible 
for the dataset.  Therefore, 241 subjects would be used in the analysis.  These differences have 
implications for frequency and rate counts for crashes, near-crashes, and incidents.    
 
Given that different analyses required different subsets of data, the decision was made to keep 
the data centralized, so that only one or two people conducted queries and performed statistical 
analyses.  While this procedure may seem inefficient, having one person in control of producing 
datasets was imperative to maintain consistency throughout the report.  This process only works 
when enough time is allotted to conduct analyses as the database manager can quickly become a 
bottleneck in the flow of analysis and report writing. 
 
Even with a single person in charge of the query process, the number of people who worked with 
the resultant data turned out to be large.  This made the analysis revision process much more 
difficult when errors were found or changes made to the database or the reduction structure.  A 
formal communication structure is suggested in the future so that all relevant personnel are 
informed of changes.  In addition, a log for these changes should be created and maintained by 
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the data manager(s) so that a record exists of any changes made to the data or database and as 
well as the reasons for the changes. 
 
Finally, in some instances it would have been useful to observe certain kinematic variables at a 
higher sampling rate.  This capability is suggested for the future, even if it requires that only 
triggered data are stored (to reduce needed data storage capacity).  This is certainly compatible 
with the trigger based data collection system that is foreseen for any future larger-scale studies. 

OTHER LOGISTICS 

The use of leased cars (owned by the Motor Pool department at Virginia Tech) was useful in 
many regards, but proved to be a hindrance in many other ways.  Significant problems had to be 
overcome in order to obtain the vehicles and then change their registrations so the vehicles did 
not use state plates.  This last action was necessary because some participants were aware of the 
benefits of using a vehicle with state plates (e.g., reserved parking spots at state universities) and 
misused them.  In addition, maintenance for the leased cars, a responsibility of the participants, 
was sometimes neglected.  The Motor Pool at Virginia Tech has rather strict maintenance 
schedules in place, and the leased cars had to adhere to these schedules.  When a vehicle was 
overdue for maintenance (e.g., an oil change), substantial time and effort had to be invested in 
either getting the participant to service the car or intercepting the car so that our personnel could 
service the vehicle. 
 
Another aspect of using leased vehicles was the necessity of keeping a log of miles traveled per 
month, information required by Virginia Tech’s Motor Pool department.  Obtaining this 
information from drivers every month proved to be a very difficult and time consuming task. 
 
These drawbacks should be considered in any future efforts of a similar or larger scale.  While 
there are advantages to leasing cars for the study, there is a large procedural overhead that 
accompanies the leasing of such vehicles, given that the Motor Pool is a department within an 
entity in the Commonwealth of Virginia, and thus constrained by governmental protocols. 
 
Another important logistical issue was the coordination with the Virginia Department of Motor 
Vehicles (DMV) to obtain approval for the plastic plates and the need to re-register participant’s 
vehicles under the plastic plates (and then back to the original plates once the study ended).  A 
related issue was that the plastic plates did not have a retro-reflective coating since this caused 
distortion of the radar signal.  As a precaution, VTTI staff coordinated with the Virginia DMV to 
have a letter from the DMV commissioner stating that the driver of the vehicle was a participant 
in a study and the plastic plates were sanctioned by the DMV.  Setting up this process was very 
time consuming, as the decision to approve all of these measures had to be taken by central 
office personnel at the DMV.  Several DMV offices then had to coordinate efforts in order to 
make the registration process quick and simple.  However, once the registration process was 
established and contacts were made with key people, it went smoothly and registration materials 
for new plates were obtained within a few days of the original request.  In most cases, 
participants received all the necessary DMV materials the same day that the installation took 
place. 
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Finally, important lessons were learned with regard to protecting the confidentiality of the 
drivers in the study.  To protect the drivers in the event of a crash, it was deemed important to 
obtain a Certificate of Confidentiality from the National Institutes of Mental Health (NIMH).  
The purpose of this certificate was to prevent the data collected in the study from being 
subpoenaed so that it could not be used against a subject in court.  However, obtaining the 
certificate imposed a constraint on the study.  Specifically, it was an original goal of the study to 
instrument the vehicles to collect video of the entire cab of the vehicle as well as to collect audio 
continuously to better understand the effect of passengers on driver distraction.  Nonetheless, 
administrators at NIMH felt that it was important to protect the confidentiality of anyone in the 
vehicle who could be recorded via video or audio recordings.  To have the driver administer and 
submit informed consent forms (or assent forms for minors) for every person who may get into 
the vehicle during the course of the year was considered infeasible and inappropriate.  Posting a 
message inside the vehicle telling every person that they were being recorded was thought to 
have a negative effect on the naturalistic data collection approach with regard to the driver.  
Therefore, the choice was made to use camera placement and angles that would only collect data 
on the driver and to only have audio recording active when the driver activated the incident push 
button.  Obviously, from the perspective of understanding the degree to which passengers are 
creating a distraction in the vehicle, the data collected are not as complete as initially desired. 

DISCUSSION 

These aspects represent the major issues that had to be addressed throughout the data collection 
and analysis period.  While sizable, they were all addressed satisfactorily, and should not, in the 
majority of cases, present significant issues in future studies, even if the study is of a larger 
magnitude.  Every study brings new challenges, and perhaps the most important lesson to learn 
from this substantial effort was that the organizational desire and determination to correctly 
address issues is alive and well within the organizations that came together to perform this work. 
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CHAPTER 5: GOAL 1, CLASSIFY AND QUANTIFY CAUSAL FACTORS AND 
DYNAMIC SCENARIOS INVOLVED IN EACH CONFLICT CATEGORY. 

DATA ANALYSIS OVERVIEW 

For this research goal, the crashes, near-crashes, and incidents were parsed into the following 18 
conflict categories.  These conflict categories are found in many crash databases and provide a 
common, consistent method to stratify the data. 

• Conflict with a lead vehicle 
• Conflict with following vehicle 
• Conflict with oncoming traffic 
• Conflict with a vehicle in adjacent lane 
• Conflict with merging vehicle 
• Conflict with a vehicle turning across subject vehicle path (same direction) 
• Conflict with a vehicle turning across subject vehicle path (opposite direction) 
• Conflict with a vehicle turning into subject vehicle path (same direction) 
• Conflict with a vehicle turning into subject vehicle path (opposite direction) 
• Conflict with a vehicle moving across subject vehicle path (through intersection) 
• Conflict with a parked vehicle 
• Conflict with a pedestrian 
• Conflict with a pedalcyclist 
• Conflict with an animal 
• Conflict with an obstacle/object in roadway 
• Single-vehicle conflict 
• Other (specify) 
• Unknown conflict  

 
Within each conflict type there were factors that precipitated the event, that contributed to the 
event, and that were associated with the event.  These factors are grouped into pre-event 
maneuvers, precipitating factors, contributing factors, associated factors, and avoidance 
maneuvers.  The example of the relationship between these factors (for a lead vehicle, near-crash 
events) is shown in Figure 5.1. 
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Figure 5.1.  Example of the relationship between the analyzed factors for the 100-Car Study.

CONFLICT WITH LEAD-VEHICLE 
NEAR-CRASH

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre -event Maneuver Avoidance Maneuver Post Avoidance 
Maneuver

t

DF

IF

VF

AMPM 

Associated Vehicle /
Roadway States

Infrastructure 

Driving 
Environment DE

I

PF 



 59

Recall from Chapter 2, Method, that a segment of time extending from 30 seconds prior and 10 
seconds after the onset of the precipitating factor, was analyzed for each event, in order to catch 
any pre-event maneuvers, such as going straight at constant speed or changing lanes.  The 
precipitating factor is the action that initiates the sequence of actions and circumstances that 
comprise the event.  An example of a precipitating factor would be an animal in the roadway or a 
vehicle stopped for greater than 2 seconds in the traffic lane.   The list of precipitating factor 
classifications for this study is shown in Table 5.1.  

Table 5.1.  Precipitating Factors Used to Classify 100-Car Study Events. 

This Vehicle Loss of Control Due to: 
001 = Blow out or flat tire 
002 = Stalled engine 
003 = Disabling vehicle failure (e.g., wheel fell off) 
004 = Minor vehicle failure 
005 = Poor road conditions (puddle, pothole, ice, etc.) 
006 = Excessive speed 
007 = Other or unknown reason 
008 = Other cause of control loss 
009 = Unknown cause of control loss 

This Vehicle Traveling: 
018a = Ahead, stopped on roadway more than 2 seconds  
018b = Ahead, decelerated and stopped on roadway 2 seconds or less 
021 = Ahead, traveling in same direction and decelerating 
022 = Ahead, traveling in same direction with slower constant speed 
010 = Over the lane line on the left side of travel lane 
011 = Over the lane line on right side of travel lane 
012 = Over left edge of roadway 
013 = Over right edge of roadway 
014 = End departure 
015 = Turning left at intersection 
016 = Turning right at intersection 
017 = Crossing over (passing through) intersection 
019 = Unknown travel direction 
020a = From adjacent lane (same direction), over left lane line behind lead vehicle, rear-end crash 
threat 
020b = From adjacent lane (same direction), over right lane line behind lead vehicle, rear-end crash 
threat 

Other Vehicle in Lane: 
050a = Ahead, stopped on roadway more than 2 seconds  
050b = Ahead, decelerated and stopped on roadway 2 seconds or less 
051 = Ahead, traveling in same direction with slower constant speed 
052 = Ahead, traveling in same direction and decelerating 
053 = Ahead, traveling in same direction and accelerating 
054 = Traveling in opposite direction 
055 = In crossover 
056 = Backing 
059 = Unknown travel direction of the other motor vehicle 

Another Vehicle Encroaching into This Vehicle’s Lane: 
060a = From adjacent lane (same direction), over left lane line in front of this vehicle, rear-end crash 
threat 
060b = From adjacent lane (same direction), over left lane line behind this vehicle, rear-end crash 
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threat 
060c = From adjacent lane (same direction), over left lane line, sideswipe threat 
060d = From adjacent lane (same direction), over right lane line, sideswipe threat 
060e = From adjacent lane (same direction), other 
061a = From adjacent lane (same direction), over right lane line in front of this vehicle, rear-end 
crash threat 
061b = From adjacent lane (same direction), over right lane line behind this vehicle, rear-end crash 
threat 
061c = From adjacent lane (same direction), other 
062 = From opposite direction over left lane line. 
063 = From opposite direction over right lane line 
064 = From parallel/diagonal parking lane 
065 = Entering intersection—turning in same direction 
066 = Entering intersection—straight across path 
067 = Entering intersection – turning into opposite direction 
068 = Entering intersection—intended path unknown  
070 = From driveway, alley access, etc – turning into same direction 
071 = From driveway, alley access, etc – straight across path 
072 = From driveway, alley access, etc – turning into opposite direction 
073 = From driveway, alley access, etc – intended path unknown 
074 = From entrance to limited access highway 
078 = Encroaching details unknown  

Pedestrian, Pedalcyclist, or other Non-Motorist: 
080 = Pedestrian in roadway 
081 = Pedestrian approaching roadway 
082 = Pedestrian in unknown location 
083 = Pedalcyclist/other non-motorist in roadway 
084 = Pedalcyclist/other non-motorist approaching roadway 
085 = Pedalcyclist/or other non-motorist unknown location 
086 = Pedestrian/pedalcyclist/other non-motorist—unknown location 

Object or Animal: 
087 = Animal in roadway 
088 = Animal approaching roadway 
089 = Animal unknown location 
090 = Object in roadway 
091 = Object approaching roadway 
092 = Object unknown location 
099 = Unknown critical event 

 
The associated factors provide a description of the driving environment and infrastructure that 
surrounds the event but were not judged by the trained reductionists to contribute to that event.  
The infrastructure category includes the factors that were fixed and did not change with the 
environment.  The infrastructure category was further separated into the following 5 categories: 

• Trafficway flow, including items such as one-way traffic and divided roadway. 
• Traffic control device, including items such as traffic signal and yield sign. 
• Locality, including items such as interstate and residential areas. 
• Roadway alignment or road profile, including items such as straight, level, curve, and 

hillcrest. 
• Relation to junction, including items such as intersection and entrance/exit ramp. 
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Driving environment consists of conditions that change on a daily or hourly basis.  The traffic or 
driving environment is further separated into the following four categories: 

• Surface condition, including wet and snowy. 
• Lighting, including conditions such as streetlamps and daylight. 
• Traffic density, including conditions such as stable flow, restricted speed, and restricted 

flow. 
• Atmospheric conditions, including clear and raining. 

 
Contributing factors were those factors that were judged by the trained data reductionists as 
directly influencing the presence or severity of a crash, near-crash, or incident.  These 
contributing factors were further grouped into infrastructure/driving environment factors, driver 
factors, and vehicle factors.  The infrastructure/driving environment factors were the same as 
described above as part of the associated factors, but in this case were judged as contributing to 
the event.  For example, rain may obscure the visibility of an obstacle in the road, resulting in an 
event.  This factor would be considered contributing and would also be included in the associated 
category.  However, raining during a single-vehicle, run-off-road event when the driver fell 
asleep, would only be classified as an associated factor given that traction was not an issue.   
 
Driver factors included willful behavior such as aggressive driving and driver impairments such 
as drowsiness, driver inattention, and driver proficiency errors.  These driver factors provided 
information about any driver behaviors that most likely contributed to the severity of the event. 
 
Vehicle factors included things such as flat tires and vehicle breakdowns.  Although vehicle 
factors were considered in each incident, it was rarely a contributing factor, with less than 10 
occurrences for all crashes, near-crashes, and incidents assessed in this study.   
 
The factors associated with crashes, near-crashes, and incidents were extracted from the database 
and placed in tree diagrams.  Separate tree diagrams were developed for each conflict type, event 
severity, and factor category.  These diagrams are used to illustrate the relative frequency of each 
of the contributing factors for each conflict type.  These diagrams include both the frequency 
count and the percentage to a tenth of a percentage for each factor.  The percentage value is used 
so that comparisons for different factors between different event severities can be easily 
described.  In the description, the percentages are rounded to the nearest percentage point.  
Caution should be taken when considering percentages with small frequency counts.  One data 
point can have a large effect with a frequency count of 4, for example (i.e., 25%).  Therefore the 
percentages should be considered along with the total frequency count when reviewing the 
results of this objective.  A full set of the tree diagrams for all the conflicts can be found in 
Appendix C. 
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Question 1:  What Are The Relative Frequencies Of Primary And Contributing Factors 
For Each Conflict Category? 

 
Table 5.2 shows the relative frequency of each crash, near-crash, and incident for each conflict 
type.  As stated earlier, there were a total of 69 crashes, 761 near-crashes, and 8,295 incidents for 
which data could be completely reduced.  The first 8 conflict types shown in Table 5.2 accounted 
for all of the crashes, 87 percent of the near-crashes, and 93 percent of the incidents.  Therefore, 
these 8 conflict types will be the focus of Question 1.  Question 2 for this objective, which 
considers frequency of the primary and contributing factors in crashes, near-crashes, and 
incidents, will include all conflicts types. 
 
The factors for each of the 8 conflict types will be described for each of the three levels of 
severity (i.e., crash, near-crash, and incident).  The focus will be on the precipitating factor, 
contributing factors, and the avoidance maneuver.  However, the pre-event maneuver will be 
discussed when it is relevant to a conflict type along with some of the associated factors.  
 
Note that for the purpose of this objective, the factors are grouped together for each severity 
level of each conflict type.  This gross grouping does not allow detailed deciphering of the chain 
of specific factors that led to a specific event.  Some of the later objectives provide this detailed 
analysis for some categories of conflicts.   

Table 5.2.  Number of crashes, near-crashes, and incidents for each conflict type. 

Conflict Type Crash Near-crash Incident 

Single vehicle 24 48 191 
Lead vehicle 15 380 5783 
Following vehicle 12 70 766 
Object/obstacle 9 6 394 
Parked vehicle 4 5 83 
Animal 2 10 56 
Vehicle turning across subject vehicle path in opposite direction 2 27 79 
Adjacent vehicle 1 115 342 
Other 0 2 13 
Oncoming traffic 0 27 184 
Vehicle turning across subject vehicle path in same direction 0 3 10 
Vehicle turning into subject vehicle path in same direction 0 28 90 
Vehicle turning into subject vehicle path in opposite direction 0 0 1 
Vehicle moving across subject vehicle path through intersection 0 27 158 
Merging vehicle 0 6 18 
Pedestrian 0 6 108 
Pedalcyclist 0 0 16 
Unknown 0 1 3 
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Also, it is important to note that not all of these crashes were serious.  For example, 75 percent of 
the single vehicle crashes were low g force physical contact or tire strikes.  All 69 crashes were 
reviewed and parsed into the following four levels:     

• Level I:  Police-reported air bag deployment and/or injury. 
• Level II:  Police-reported property damage only. 
• Level III:  Non-police-reported property damage only. 
• Level IV:  Non-police-reported low-g physical contact or tire strike (greater than 10 

mph).   
 
Therefore, when reviewing this data the reader should keep in mind the severity of the crashes 
that are being described.  The breakdown of crash severity by crash type is shown in Table 5.3.  
The individual Level I, II, and III crashes are described in more detail in Question 3 in this 
section.   

Table 5.3.  Crash type by crash severity category. 

Conflict Type Total 
Level  

I 
Level 

II 
Level 

III 
Level 

IV 
Single vehicle 24 1 0 5 18 
Lead vehicle 15 1 3 5 6 
Following vehicle 12 2 2 5 3 
Object/obstacle 9 0 1 3 5 
Parked vehicle 4 0 0 2 2 
Animal 2 0 0 0 2 
Vehicle turning across subject vehicle 
path in opposite direction 2 1 1 0 0 
Adjacent vehicle 1 0 0 1 0 

 
Single Vehicle Conflicts 
Single vehicle conflicts are conflicts that primarily involve a single vehicle departing the 
roadway and, in the case of a crash, colliding with an object.  Single vehicle conflicts accounted 
for 35 percent of the crashes, 6 percent of the near-crashes, and 2 percent of the incidents.  Of the 
24 crashes, 22 were road departures to the left or right.  The smaller percentage of near-crashes 
and incidents is likely due to the lack of a detected kinematic signature.  As will be described in 
later sections, the trigger criteria for road departure events was purposely set to capture only the 
most severe cases that included an evasive maneuver primarily because it was difficult to 
distinguish planned driving maneuvers from road departure near-crashes. 
 
Single Vehicle Crashes.  The pre-event maneuver provides some additional insight into the 
single vehicle crash events.  One third of the crashes were turning to the left or right as the pre-
event maneuver (Figure 5.2). Another 17 percent were going straight while accelerating, and 
another 25 percent were going straight at a constant speed.  One crash each was associated with 
the following pre-event maneuvers: changing lanes; making a U-turn; maneuvering to avoid a 
vehicle; decelerating in traffic lane; and entering a parking position.  The tree diagram for single 
vehicle crashes is shown in Figure 5.2.   
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Figure 5.2. Pre-event maneuvers for single vehicle crashes  
 
Out of the 24 single-vehicle crashes, the most common precipitating factors were the subject 
vehicle being over the right edge of the road (58%), over the left edge of the road (17%), loss of 
control due to poor road conditions (17%), and lost of control due to excessive speed (8%).  
Therefore, being off the edge of the road accounted for three quarters of the crashes and loss of 
control constituted the remaining 25 percent.   
 
When considering driving factors, 20 percent of the single-vehicle crashes were classified as 
aggressive driving, 20 percent were classified as drowsiness-related, and 33 percent included 
driving proficiency error as a contributing factor.  Inattention to the forward roadway was a 
factor in 46 percent of the single vehicle crashes.  Of these 11 crashes, three were cell phone 
talking/listening, three had passengers in the vehicle, and three were attending to an object in the 
vehicle.  The other two crashes included the driver drinking from an open container and 
talking/singing.  
 
In only two crashes (8%) did drivers fail to attempt to avoid the crash. The majority (75%) 
steered in some manner to avoid the crash.  Only 33 percent applied brakes during the avoidance 
maneuver.  It is somewhat interesting that highest avoidance maneuver was steering to the left 
without braking (42%).   
 
Infrastructure and driving environment were considered to be contributing factors in 29 percent 
of the single-vehicle crashes.  Weather and visibility was a factor in 8 percent of the crashes.  
Roadway alignment was a factor in 13 percent of the crashes, and roadway delineation was a 
factor in the remaining 8 percent of the crashes.  Glare was considered a contributing factor in 
two of the crashes.  In one of these the glare was due to sunlight; in the other it was reflected 
glare.  Another crash was due to a visual obstruction. 
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When considering other factors associated with the single vehicle crashes, 29 percent were on 
non-dry roads, and one-third of the crashes were at night (Figure 5.3).  Two-thirds of the crashes 
were on straight roads, and 30 percent were on curves.  One-half of the crashes were 
intersection-related. 
 
 

 
Figure 5.3.  Breakdown of driving environment variables for single vehicle crashes. 

 
 
Single-Vehicle Near-Crashes.  There were 48 single-vehicle near-crashes identified in this 
analysis.  As in the single-vehicle crashes, the majority of the drivers’ pre-event maneuver were 
going straight, with 13 percent accelerating and 50 percent maintaining a constant speed.  Six 
percent were turning left as the pre-event maneuver, and the remaining 17 percent were 
negotiating a curve.   
 
Although excessive speed was a factor in 8 percent of the crashes, it was not a factor in any of 
the near-crashes (Figure 5.4).  The most common precipitating factor was running off of the road 
(81%) followed by loss of control due to poor road conditions (15%).   
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Figure 5.4.  Breakdown of precipitating factors for near-crashes involving a single vehicle. 
 
 
 
When considering driver factors, aggressive driving (4%) appeared to be less of a problem than 
in the crashes, whereas driver proficiency (50%) appeared more of a problem.  Drowsiness 
(23%) was relatively the same between crashes and near-crashes.  
   
Inattention to the forward roadway was a factor in over half of the near-crashes.  Cell phone use 
(15%), internal, not vehicle-related distractions (10%), and vehicle-related system use (10%) 
accounted for the majority of the secondary task distraction (Figure 5.5).  In all of these 
secondary tasks, it is most likely that eyes off the forward roadway contributed to the event, even 
for wireless device use as dialing and cell-phone other account for .  
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Figure 5.5.  Breakdown of secondary task distractions for near-crashes involving a single vehicle. 
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Since the majority of these near-crashes were caused by the vehicle going off the road, steering 
was the most common avoidance maneuver (90%).  Most drivers steered alone, with only 27 
percent combining the steering with braking.  No drivers braked alone during the maneuver.   
 
The infrastructure and driving environment were considered to be a contributing factor in 23 
percent of the single vehicle near-crashes.  Roadway alignment (14%) was the biggest 
contributor in this category.  Weather and visibility was a factor in 4 percent of the near-crashes, 
and road sight distance was a factor in one near-crash.  Glare (4%) was considered a contributing 
factor in two of the crashes.  An additional near-crash was due to a visual obstruction. 
 
For the associated factors, 19 percent were on non-dry roads, and 54 percent were classified as 
during daylight (Figure 5.6).  Surprisingly, 46 percent of the near-crashes occurred on curves, 
which is a large percentage when considering the high percentage of straight roads in the 
Northern Virginia/Washington, DC, area. (Figure 5.7).  Higher traffic density was not associated 
with 88 percent of the near-crashes occurring in free-flow conditions.  Intersection or 
intersection-related was associated with 23 percent of the near-crashes. 
 
Single-Vehicle Incidents.  There were 191 single-vehicle incidents.  Similar to the crashes and 
near-crashes, going straight accounted for over 60 percent of the pre-event maneuvers, with 13 
percent accelerating and 44 percent at a constant speed.   
 
The most frequent precipitating factors were drivers going off the road (42%) and loss of control 
(41%) (Figure 5.8).  The loss of control was much higher in the incidents than in the crashes and 
near-crashes.  This loss of control was due to excessive speed (8%) and poor road conditions 
(16%).  Although less of a factor in either the crashes or the near-crashes, turning in an 
intersection was a precipitating factor in 9 percent of the incidents.   
 
Driver proficiency (63%) played a big role in the incidents, with aggressive driving (16%) and 
drowsiness (16%) also being contributing factors.  Inattention to the forward roadway (34%) was 
less of a factor in the incidents than in the crashes and near-crashes.  The inattention was fairly 
uniform across the categories, with passenger-related distraction (7%) and cell phone use (8%) 
being represented the most (Figure 5.9).  Internal, vehicle-related, and external distractions each 
account for approximately 4 percent of the incidents. 
 
Nine percent of the drivers had no avoidance maneuver, and another 9 percent braked without 
steering.  However, as with the near-crashes, the majority steered to avoid a crash.  Most drivers 
steered alone (50%), with 22 percent combining the steering with braking.  No drivers locked up 
the brakes during the maneuver.   
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Figure 5.6.  Breakdown of driving environment for incidents involving single vehicles. 
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Figure 5.7.  Breakdown of infrastructure variables for incidents involving single vehicles. 
 



 71

 
 

Figure 5.8.  The precipitating factors for incidents involving single vehicles. 
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Figure 5.9.  Breakdown of secondary tasks for incidents involving single vehicles. 
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The infrastructure and driving environment were considered to be a contributing factor in 10 
percent of the single vehicle incidents.  Roadway delineation (6%) was the biggest contributor in 
this category.  Weather and visibility was a factor in 2 percent of the incidents.  Roadway 
alignment was a factor in two incidents, and road sight distance was a factor in one incident.  
Glare (4%) was considered a contributing factor in 7 incidents, with 5 being due to sunlight and 
two being due to headlamps.  An additional incident was due to visual obstruction due to a hill or 
curve.   
 
For the associated factors, similar to near-crashes, 17 percent were on non-dry roads and only 57 
percent were classified as during daylight (Figure 5.10).  The infrastructure-associated factors 
indicated that 27 percent of the incidents occurred on curves and 31 percent were intersection or 
intersection-related (Figure 5.11).  Higher traffic density was more strongly associated with 
incidents than near-crashes, with 27 percent being in restricted flow conditions. 
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Figure 5.10.  Breakdown of the driving environment variables for incidents involving single 
vehicles. 
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Figure 5.11.  Breakdown of the infrastructure variables for incidents involving single 
vehicles. 

 
 
Lead-Vehicle Conflicts 
Lead-vehicle conflicts involve those events when an interaction occurs between the subject 
vehicle and the vehicle directly in front of the subject vehicle.  Lead-vehicle conflicts accounted 
for 22 percent of the crashes, 50 percent of the near-crashes, and 70 percent of the incidents.  
This conflict accounted for the second largest number of crashes, but by far, accounted for the 
largest number of near misses and incidents.  As will be discussed in later sections, the large 
number of near-crashes and incidents in this initial database is due in part to the presence of 
forward radar and establishment of trigger criteria to ensure that sufficient lead-vehicle events 
were categorized to address the goals of interest for this report (5 of the 10 goals were rear-end 
crash-related).  Particularly in the case of incidents, more accurate sensors, coupled with setting 
the triggers more liberally (to a point) can affect the number of valid events detected. Therefore, 
for many of the conflict types, the incident data represent only samples of the total number 
present.   
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Lead-Vehicle Crashes.  Of the 15 lead-vehicle crashes, 14 were a rear-end strike, and 1 was a 
road departure (i.e., lead vehicle stopped in lane and subject braked, steered off-road, and hit a 
telephone pole.   
 
As the precipitating factor in 7 of the 15 lead-vehicle crashes (47%), the struck vehicle was 
stopped for greater than 2 seconds in the traffic lane.  For another 8 of these lead-vehicle crashes 
(53%), the struck vehicle was stopped less than 2 seconds.  This stopped greater-than- or less-
than-2 seconds lead way indicates that inattention played a role in at least some of these crashes.  
The final crash was precipitated by a lane change.  
 
Ninety-three percent of these crashes were categorized as having inattention to the forward road 
as a contributing factor (Figure 5.12).  In 11 of the 15, the driver’s eyes were away from the 
forward roadway just prior to, or during the onset of, the precipitating factors.  Four of the 15 
were driving-related inattention, with drivers looking out the left window (20%) or mirror (7%).  
In another 4 of the crashes, drivers were interacting with an object in the vehicle (27%).  In an 
additional two crashes, drivers were dining (13%).  When considering other factors, two of these 
crashes were classified as drowsiness or drug/alcohol-related, and two were classified as having 
driver proficiency error.  It is interesting that no cell phone-related lead-vehicle crashes were 
present for this study, even though cell phone-related secondary tasks was the most commonly 
observed secondary task across all of the incidents and the second most common for near-
crashes.  
 
For two of the lead-vehicle crashes the driver was judged to be “daydreaming” or “lost in 
thought.”  “Lost in thought” for this study was operationally defined as the driver glancing 
around somewhat randomly, but not dwelling upon any particular object.  These cases were not 
particularly common, but it was apparent in these cases that the driver was actively thinking 
about something other than driving.   
 
The inattention to the forward roadway discussed earlier may explain why almost half of the 
drivers (47%) had no avoidance reaction.  Seven of the 15 drivers (47%) did brake prior to 
crashing as an avoidance maneuver.  Only one of the 7 locked up the brake, and only one steered 
while braking. 
 
Environmental factors were not judged to be a strong contributing factor, with only one crash 
being due to weather and visibility.  This is somewhat surprising when reviewing the associated 
factors, which indicated that over 40 percent of the crashes included inclement weather and wet 
or snowy surface conditions (Figure 5.13).  Not surprisingly, traffic flow was fairly strongly 
associated with the lead-vehicle crashes, with only 33 percent being in free flow conditions.  The 
infrastructure associated with the crashes was straight and level in most of the crashes (87%), 
with one third of the crashes being intersection-related (Figure 5.14).  A single crash indicated 
that reflected glare was a contributing factor. 
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Figure 5.12.  Breakdown of the secondary tasks contributing to crashes involving a lead 
vehicle.
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Figure 5.13.  Breakdown of the driving environment variables for crashes with lead 
vehicles. 
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Figure 5.14.  Breakdown of infrastructure variables for crashes with lead vehicles. 



 79

Lead-Vehicle Near-Crashes.  There were 380 lead-vehicle near-crashes.  The most common pre-
event maneuvers for the lead-vehicle near-crashes were the subject vehicle decelerating in the 
traffic lane (21%) and going straight at a constant speed (47%).  The next two most common pre-
event maneuvers were the subject vehicle going straight while accelerating (16%) and the subject 
vehicle changing lanes (10%).  
 
Unlike crashes, the precipitating factor associated with the lead-vehicle near-crashes was 
primarily lead-vehicle decelerating (42%) while lead-vehicle stopped for greater than 2 seconds 
and less than 2 seconds comprised 12 percent  and 22 percent of the cases respectively (Figure 
5.15).  Finally, 18 percent of the near-crashes involved the lead vehicle changing lanes into the 
subject’s lane of travel.  These lane changes were equally representative from the left and the 
right. 
 
Although still prevalent, inattention to the forward roadway was not as prevalent a factor for the 
near-crashes (45%) as for the crashes.  Being more attentive is likely one reason some of the 
near-crashes did not become crashes.  It may also explain why the prevalence of stopped lead-
vehicle events was not as overwhelming as it was in the lead-vehicle-crash/conflict description.  
As described in other chapters, this study shows that drivers are more attentive when following 
moving vehicles at shorter headways (i.e., in “coupled” circumstances).  In these cases when a 
driver is more attentive, a rapid deceleration by the lead vehicle in these cases would more likely 
result in a near-crash than a crash circumstance.  
 
Although none of the lead-vehicle crashes had a cell phone contributing factor, cell phone use 
(10%) was the most frequent secondary task contributor to forward roadway inattention for near-
crashes (Figure 5.16).  Most of these cases were during a conversation (i.e., cell phone – 
talking/listening) as opposed to dialing or answering.  Consistent with the above discussion, it is 
apparent that the cell phone conversation played a role in the event severity, but since the drivers 
were generally looking forward, the ultimate results, at least for the lead-vehicle conflict case, 
were not crashes.  It is likely that this delay in reaction time contributed to near-crashes with lead 
vehicles, but not to the point in which the driver was unable to avoid a crash.    
 
Driving-related inattention was a contributing factor in 13 percent of the lead-vehicle near-
crashes, with drivers looking out the left window (5%), at the center mirror (3%), and out the 
right window (3%) being the biggest contributors.  Internal distractions and not vehicle-related 
(6%) and passenger-related distractions (6%) were the two next most frequent contributors.  The 
other driver factors appeared to be bigger contributing factors in near-crashes than crashes.  
Aggressive driving (14%), drowsiness (10%), and driving proficiency (48%) were all likely 
contributing factors.   
 
Given that the operational definition of a near-crash event included an evasive maneuver, the 
result that all the lead-vehicle near-crashes involved an avoidance maneuver was expected.  By 
far the most common maneuver included braking (97%).  The majority of drivers braked alone 
(70%), but 9 percent also steered left and 18 percent also steered right.  This result supports other 
findings (e.g., CAMP Report) that drivers braked first and then tended to steer if needed to avoid 
the crash. 
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None of the driving environment factors were identified as contributing, and only 1 percent of 
the infrastructure factors were identified as contributing.  Three near-crashes identified road 
delineation as a contributing factor. 
 
Weather was not as strongly associated with the near-crashes as with the crashes, with only 8 
percent of the near-crashes including inclement weather and 12 percent including wet surface 
conditions (Figure 5.17).  Only 21 of the near-crashes were identified as free-flow traffic, again 
showing the prevalence of heavy traffic as an associative factor for lead-vehicle conflicts.  As in 
the crashes, the road was straight and level in most of the lead-vehicle near-crashes (87%).  
Approximately 22 percent of the lead-vehicle near-crashes were intersection-related (Figure 
5.18). 
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Figure 5.15.  Breakdown of precipitating factor for near-crashes involving lead vehicles. 
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Figure 5.16.  Breakdown of secondary tasks for near-crashes involving a lead vehicle. 
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Figure 5.17.  Breakdown of the driving environment variables for near-crashes involving lead vehicles. 
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Figure 5.18.  Breakdown of infrastructure variables for near-crashes involving lead vehicles.
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Lead-Vehicle Incidents.  As mentioned earlier, lead vehicles were involved in the largest number 
of incidents by far (5,783) of any of the conflicts.  As described previously, this was partially 
attributable to the selection of trigger criteria to fulfill the objectives of these initial goals.  
 
The most common pre-event maneuvers for the lead-vehicle incidents were the subject vehicle 
decelerating in the traffic lane (31%) and going straight at a constant speed (44%) (Figure 5.19).  
The next two most common pre-incident maneuvers were the subject vehicle going straight 
while accelerating (16%) and the subject vehicle changing lanes (5%).  
 
The precipitating factor in 47 percent of the incidents was the lead vehicle decelerating.  Twenty-
three percent of the lead-vehicle incidents were the lead vehicle stopped for greater than 2 
seconds and in another 19 percent of the incidents, the lead vehicle had been stopped less than 2 
seconds (Figure 5.20).  Finally, 6 percent of the incidents involved the lead vehicle changing 
lanes into the participant’s lane of travel.   
 
Inattention to the forward roadway was much less of a factor for the incidents than for the 
crashes or the near-crashes.  Driving-related inattention was a contributing factor in 4 percent of 
the incidents, with drivers looking out the left window (2%), at the center mirror (1%), and out 
the right window (1%) being the biggest contributors (Figure 5.21).  Although none of the lead-
vehicle crashes had a cell phone contributing factor, cell phone use (8%) was the most prevalent 
secondary task contributor to forward roadway inattention for incidents (Figure 5.22).  Talking 
on the cell phone accounted for 6 percent of the incidents.  Passenger-related tasks and internal, 
not vehicle-related inattention were the next largest contributors with 5 percent and 2 percent, 
respectively.  
 
As shown in Figure 5.23, driver state appeared to be a bigger contributing factor in lead-vehicle 
incidents than in lead-vehicle crashes.  Aggressive driving (10%), drowsiness (8%), and driving 
proficiency (61%) were all judged as likely contributing factors.   
 
As with near-crashes, most of the lead-vehicle incidents involved an avoidance maneuver (99%) 
(Figure 5.24).  By far the most common maneuver included braking (95%).  The majority of 
drivers braked alone (85%), but 4 percent also steered left, and 5 percent also steered right.  
These avoidance maneuvers were very similar to those seen in the near-crashes. 
 
For the driving environment, weather was not as large of a contributing factor, with 5 percent of 
the incidents including inclement weather and 8 percent including wet surface conditions as 
associative factors (Figure 5.25).  As in the crashes and near-crashes, the road was straight and 
level in most of the lead-vehicle incidents (92%).  Approximately 30 percent of the lead-vehicle 
incidents were intersection-related. 
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Figure 5.19.  Breakdown of all pre-event maneuvers that occurred prior to incidents involving lead vehicles.  
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Figure 5.20.  Breakdown of precipitating factors for incidents involving lead vehicles.  
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Figure 5.21.  Breakdown of inattention categories for incidents involving a lead vehicle.  
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Figure 5.22.  Breakdown of wireless device operations that contributed to incidents 
involving lead vehicles.  
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Figure 5.23. Breakdown of driver factors that contribute to incidents involving lead 
vehicles. 
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Figure 5.24.  Breakdown of avoidance maneuvers that occurred during incidents 
involving lead vehicles. 
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Figure 5.25.  Breakdown of the driving environment variables that contribute to incidents 
involving lead vehicles. 
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Following-Vehicle Conflicts 
Following vehicle conflicts are conflicts that occur with the subject vehicle and the vehicle 
directly behind the subject vehicle.  Following vehicle conflicts accounted for 18 percent of the 
crashes, 9 percent of the near-crashes, and 9 percent of the incidents.  This conflict had the third 
highest number of crashes with 12.  All 12 crashes involved the rear end of the subject vehicle 
being struck.  While the frequency of lead and following-vehicle conflicts should theoretically be 
similar, data reductionists experienced some difficulties when validating these events.  The rear 
camera was located on the rear dash of the vehicle and was turned at an angle to capture a greater 
portion of the passenger-side space surrounding the vehicle.  Placing the camera this far away 
from the driver’s view-point made it difficult to gauge the severity of the event (i.e., how close 
the following vehicle came to the subject’s vehicle).  Turning the camera at an angle also 
presented difficulties in determining the proximity of the following vehicle.  Therefore, the 
trigger criteria were set much more conservatively to ensure that all of the incidents and near-
crashes in this category were valid.      
 
Following-Vehicle Crashes. For the following-vehicle crashes, the events were examined in two 
ways – whether the following vehicle was at fault or whether our driver contributed to the event.   
 
As the precipitating factor in 5 of the 12 following-vehicle crashes (42%), the SV was stopped 
for greater than 2 seconds in the traffic lane.  In an additional 4 of the crashes, the SV was 
decelerating (33%).  The remaining three crashes were precipitated by the subject vehicle 
stopped less than 2 seconds.  With this information, the stimulus response time (SRT) of the 
following vehicle was calculated for 5 following-vehicle level I, II, and III crashes based on data 
from the rear radar (Table 5.4).   

Table 5.4.  Stimulus response time and crash times for following-vehicle level I, II, III 
crashes. 

Epoch # SRT Crash Time Comments 

0040403061354014200 5.1 s 6.7 s Women may have hit husband intentionally (one of two 
consecutive rear-end crashes with her husband) 

0120404081309002412 N/R 2.3 s 
FV appears to accelerate into accident.  Perhaps due to 
inattention as the SV was not expected to stop during a left-
turn yield maneuver 

0180310281755018936 2.1 s 4.9 s 
FV appears to start decelerating and then accelerates into 
crash, perhaps thinking that the heavy traffic was surging 
forward 

0520305062218000000 N/R 1.1 s SV was always on the brake, so point at which SV stopped 
was used instead.  No apparent FV reaction 

0820310311144005225 1.6 s 4.6 s FV begins to decelerate quickly, but insufficiently to avoid 
the accident 

  * N/R = No crash avoidance reaction indicated by radar pattern 
 
SRT was defined as the time from when the SV driver contacted the brake pedal until the 
following vehicle (FV) first began to decelerate.  The crash time was also calculated.  Crash time 
is operationally defined as the time from when the participant first contacted the brake until the 
impact began.  The average SRT and crash times as well as the average crash time for 
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participants that did not react were also calculated (Table 5.5).  The no-reaction crash time was 
calculated because it indicates that the driver of the following vehicle was unable to react in the 
time prior to impact. 

Table 5.5.  Average stimulus response time and crash times for following-vehicle level I, II, 
III crashes. 

N=3, Average SRT= 2.9 s 
N=3, Average Crash Time w/SRT = 5.4 s 

N=2, Average Crash Time w/o SRT = 1.7 s 
 
The short average crash time without an SRT indicates that the crash happened so quickly that 
the driver basically could not respond.  This is highlighted by the fact that the average SRT was 
2.9 seconds, which was more than a second longer than the crash time without an SRT.  In 
addition, there were three crashes for which problems associated with the rear radar precluded 
the response calculations.  The omitted data points and the reason for omission are shown in 
Table 5.6. 

Table 5.6.  Omitted epics in SRT and crash time calculations for following-vehicle level I, 
II, III crashes. 

Epoch # Reason not used 
0030304091846007000 Insufficient radar track.  FV not picked up until only 20 feet away 
0040403061354013156 Radar tracking other vehicle, FV not tracked 
0630311251458003137 Rear radar malfunction, no data 

 
The following-vehicle crashes for which the SV driver contributed was also examined.  Driving 
proficiency was identified as a contributing factor in 33 percent of the crashes.  Aggressive 
driving (8%) and drowsiness (8%) were contributing factors in one crash each. 
 
Seven of the 12 drivers (58%) in the following-vehicle crashes had no reaction.  In most of these 
cases the subject vehicle was likely stopped.  Of the remaining 5 crashes one braked and steered 
left, and the other 4 braked alone.    
 
None of the driving environment factors were identified as contributing, and only one crash 
infrastructure factor (i.e., roadway delineation) was identified as contributing.   
 
Weather was not a large associated factor, with no inclement weather and only two wet surface 
associated conditions (Figure 5.26).  Only 4 of the 12 crashes were in free flow conditions.  As 
shown in Figure 5.26, roadway alignment may have played a role, with 42 percent of the crashes 
being on curves.  Two-thirds of the crashes were intersection-related. 
 
Following-Vehicle Near-Crashes.  Not surprisingly, there were more varied precipitating factors 
for the 70 following-vehicle near-crashes than for the following-vehicle crashes (Figure 5.27).  A 
third of the near-crashes in this conflict were due to a subject vehicle decelerating.  In 23 percent 
of the near-crashes the subject vehicle was stopped for less than 2 second.  Although no 
following-vehicle crashes were associated with the subject vehicle changing lanes, 24 percent of 
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the near-crashes included the subject vehicle into the traffic lane of the conflict.  The maneuver 
was to the left in 14 percent of the near-crashes and to the right in 10 percent of the near-crashes. 
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slow driver
(1) 8.3%

 
 

Figure 5.26.  Breakdown of driving environment variables for crashes involving following 
vehicles. 
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Figure 5.27.  Breakdown for precipitating factors for near-crashes involving following 
vehicles. 

 
 
Driving proficiency was identified as a contributing factor in more of the near-crashes (49%) 
than the crashes (33%).  Aggressive driving (17%) and drowsiness (13%) were also contributing 
factors in these following-vehicle near-crashes.   
 
Thirty percent of the drivers in the following-vehicle near-crashes had no reaction.  Although the 
majority of the drivers braked alone (49%), some drivers braked and steered (13%), steered alone 
(3%), or accelerated (4%).  Interestingly, over 8 percent of the driver avoidance maneuvers 
included steering and/or accelerating to avoid the conflict.   
 
Although weather was not a contributing factor, it was an associated factor with over 12 percent 
of the near-crashes, including inclement weather and wet surface conditions (Figure 5.28).  Only 
23 percent of the near-crashes were associated with a free-flow of traffic.  Roadway alignment 
may have played less of a role with near-crashes than with crashes in this conflict type, with 11 
percent of the near-crashes being on curves as compared to 42 percent of the crashes being on 
curves.  Twenty-seven percent of the crashes were intersection-related (Figure 5.29 
infrastructure). 
 
When looking for other contributing factors, visual obstructions were present in 6 crashes.  Three 
were sunlight glare, one was a moving vehicle, and one was road sight distance due to a curve or 
hill. 
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Figure 5.28.  Breakdown of driving environment variables for near-crashes involving 
following vehicles. 
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Figure 5.29.  Breakdown of infrastructure-related variables for near-crashes involving following vehicles. 
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Following Vehicle Incidents.  More varied precipitating factors were found for the 776 
following-vehicle incidents than for the following-vehicle crashes or near-crashes (Figure 5.30).  
Although no following-vehicle crashes and 24 percent of the near following-vehicle crashes were 
associated with the subject vehicle changing lanes, 46 percent of the incidents included the 
subject vehicle moving into the traffic lane of the conflict.  As with the near-crashes, the 
maneuver was more common to the left (27%) than the right (18%) for the incidents. In 31 
percent of the incidents, the subject vehicle was decelerating.  In 10 percent of the incidents, the 
subject vehicle was stopped for more than 2 seconds.  An additional 7 percent were stopped for 
less than 2 seconds as the precipitating factor for the following-vehicle incidents.  
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Figure 5.30.  Breakdown for precipitating factors for incidents involving following vehicles. 
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Forty-six percent of the drivers in the following-vehicle incident had no reaction for the 
avoidance maneuver.  As with the near-crashes the majority of the incident avoidance maneuvers 
were braking alone (38%); some drivers braked and steered (5%), steered alone (4%), or 
accelerated (7%).   
 
The only other contributing factors that were greater than 1 percent were 33 glare incidents due 
to sunlight (4%) and 9 visibility decrement incidents (1%) due to things such as rain, snow, dust, 
etc.  The frequency of the other contributing factors leading to a visibility decrement is as 
follows: inadequate roadway lighting (1); moving vehicle (1); road infrastructure (1); and other 
obstructions (2).  Roadway delineation was a contributing factor in 5 of the incidents, and 
roadway alignment was a contributing factor in three incidents. 
 
Although inclement weather was a contributing factor in approximately one percent of the 
incidents, it was an associated factor in 5 percent of the incidents, and wet surface conditions 
were associated factors in 7 percent (Figure 5.31).  Daylight was associated with 75 percent of 
the incidents, and only 11 percent were in free flow traffic conditions.   
 
Less than 6 percent of the incidents were on curves as compared to 42 percent of the crashes 
being on curves.  Twenty-four percent of the incidents were intersection-related (Figure 5.32). 
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Figure 5.31.  Breakdown of driving environment variables for incidents involving following 
vehicles.
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Figure 5.32.  Breakdown of infrastructure variables for incidents involving following 
vehicles. 
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Object/Obstacle Conflicts 
Object or obstacle conflicts involve events in which there is an object or obstacle in the lane of 
travel that subjects must respond to in order in the attempt to avoid a crash.  An inappropriate 
response or failure to respond resulted in a crash or collision with obstacle. Object/obstacle 
conflicts accounted for 12 percent of the crashes, 1 percent of the near-crashes, and 5 percent of 
the incidents.  Of the 9 crashes, 7 were classified as other, one was backing into a fixed object, 
and the last one included departing the road.  The crashes classified as other included parking 
gate, debris flying in roadway, and so forth. 
 
Object/Obstacle Crashes.  [diagrams cover multiple object sections]  The subject vehicle in three 
out of the 9 obstacle crashes (33%) was going straight at a constant speed.  Two were 
decelerating in the traffic lane, two were turning right, one was making a u-turn, and the final 
one was backing but not parking.  
 
For the precipitating factor in 5 of the 9 crashes (56%), the obstacle was in the road.  Two of the 
9 (22%) crashes had excessive speed as a contributing factor.  One of the crashes had the subject 
over the right lane line.  The final crash was an end departure as the precipitating factor, such as 
driving through the dead end portion of a roadway. 
 
Inattention to the forward road was a contributing factor in 5 of the 9 crashes (55%).  Two of the 
crashes included driving-related inattention, with drivers looking out the left window (22%).  
Two of the crashes included drivers talking on the cell phone (22%), and the final crash included 
drivers interacting with an object in the vehicle.  In other driver factors, driver proficiency was a 
contributing factor in 4 of the 9 of the crashes (44%).  Three of the crashes had aggressive 
driving as the contributing factor (33%), and one of these crashes was classified as drowsiness-
related. 
 
Not surprisingly, 7 of the 9 drivers did brake prior to crashing as an avoidance maneuver.  Two 
of the 9 combined braking with steering to the left.  Only one of the 9 had no reaction to the 
obstacle. 
 
Three of the 9 crashes had an infrastructure contributing factor.  One was roadway alignment, 
one was roadway delineation, and the other was related to traffic control device.  Visual 
obstructions were present in two of the 9 crashes.  A moving vehicle and trees/crops/vegetation 
were the two obstructions cited. 
 
For the associated factors only 2 of the 9 were during daylight (Figure 5.33). Weather was not an 
associated factor, and surface condition was only an associated factor in one of the crashes 
(snowy surface condition).  The associated infrastructure included a curve in two of the crashes, 
and three of these crashes were in parking lots (Figure 5.34).   
 
Object/Obstacle Near-Crashes.  For all drivers, the pre-incident maneuver of the obstacle near-
crashes included presence in the traffic.  Five vehicles were going straight at a constant speed, 
and one was decelerating.   
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For the precipitating factor in 5 of the 6 obstacle near-crashes (83%), the obstacle was in the 
road.   
 
When considering driver-associated factors, 2 of the 6 near-crashes had aggressive driving as a 
contributing factor, and one had driver proficiency as a contributing factor.   
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Figure 5.33.  Breakdown of driving environment variables involving crashes with 
obstacles/objects. 
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Figure 5.34.  Breakdown of infrastructure-related variables for crashes involving objects or obstacles. 
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Inattention to the forward road was a contributing factor in 2 of the 6 near-crashes.  In 
one near-crash the driver was dining, and in the other near-crash the driver had a 
passenger in the adjacent seat. 
 
All 6 drivers braked as the avoidance maneuver.  Three drivers also steered right and 2 
also steered left.    
 
The other contributing factors indicated that roadway alignment, roadway delineation, 
and glare due to sunlight were each associated with a near-crash.   
 
As for the associated factors all the near-crashes were associated with clear weather, dry 
surface condition, straight roadway alignment, and were non-intersection-related.  Only 1 
of the 6 crashes was in free-flow conditions. 
 
Object/Obstacle Incidents.  There were 394 obstacle-related incidents identified.  Ten 
percent of the objects were in an unknown location due to video resolution or nighttime 
conditions.  Prior to the crash, the vast majority of the subject vehicles were going 
straight (91%). The pre-incident maneuver included going straight at a constant speed 
(50%), going straight and accelerating (22%), and decelerating in the traffic lane (19%).     
 
For the precipitating factor in 70 percent of the incidents, the obstacle was in the road.  
Poor road conditions were the precipitating factor in 18 percent of the incidents.   
 
Inattention to the forward road was a contributing factor in 16 percent of the incidents.  
Two percent of the incidents included driving-related inattention, with drivers looking out 
the left window (3 incidents) and the right window (3 incidents).  The remaining driver-
related inattention included looking at the center mirror.  As shown in Figure 5.35, the 
remaining 14 percent were due to secondary task distraction, with the biggest 
contributing factors being cell phone use (5%) and a passenger in the vehicle (5%).  As in 
the other conflicts, talking or listening accounted for the majority of the cell phone-
related inattention (4%).  As for the other driving-related factors, driver proficiency was a 
contributing factor in 20 percent of the incidents.  Only 2 percent of the incidents were 
aggressive-driving-related, and 5 percent of the incidents were drowsiness-related. 
 
Steering alone was a surprisingly common avoidance maneuver.  Twenty-seven percent 
steered to the left, and 19 percent steered to the right.  An additional 14 percent combined 
braking with steering to the left and 10 percent combined braking with steering to the 
right.  Another 16 percent only braked to avoid the obstacle, and 11 percent had no 
reaction. 
 
Infrastructure played a contributing role in approximately one third of the incidents.  
Roadway alignment (7%), roadway delineation (25%), and traffic control devices (1%) 
each contributed to these incidents (Figure 5.36).  Reduced visibility due to rain or snow 
was a contributing factor in three of the incidents (1%).  Glare due to sunlight was a 
contributing factor in 7 of the incident (2%), and glare due to headlights contributed in 
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one incident.  Three incidents were classified as including inadequate roadway lighting, 
and two incidents had visual obstruction due to trees/crops/vegetation.    
 
Also shown in Figure 5.36, inclement weather was an associated factor in 8 percent of the 
incidents, and non-dry surface conditions were an associated factor in 17 percent of the 
incidents.  One third of the incidents were during non-daylight, and one third were in 
non-free flow traffic conditions.  For fixed infrastructure, 11 percent of the incidents were 
on curves, and 10 percent of the incidents were intersection-related (Figure 5.37). 
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Figure 5.35.  Breakdown of secondary tasks for incidents involving obstacles or objects.
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Figure 5.36.  Breakdown of driving environment variables for incidents involving objects 
or obstacles. 
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Figure 5.37.  Breakdown of infrastructure-related variables for incidents involving 
obstacles or objects. 
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Animal Conflict 
Animal conflicts accounted for 3 percent of the crashes, 1 percent of the near-crashes, and 1 
percent of the incidents.   
 
Animal Crashes.  Prior to both crashes the driver was going straight at a constant speed.  Not 
surprisingly, the precipitating factor in the two animal crashes was an animal in the road.  
Inattention to the forward roadway, drowsiness, and aggressive driving did not contribute to 
these crashes.  During both crashes the driver braked alone to attempt to avoid the animal.  
Infrastructure and driving environment did not contribute to either.  There were no relevant 
associated weather conditions, surface conditions, and roadway alignment to these crashes either.  
This lack of contributing factors is expected with this type of crash. 
  
Animal Near-Crashes.  Prior to the near-crashes the driver was going straight at a constant speed 
(7), going straight accelerating (1), negotiating a curve (1), or turning left (1).  Not surprisingly, 
the precipitating factor in the 10 animal near-crashes was also an animal in the road in 9 of the 
near-crashes.  In the remaining near-crash the animal was approaching the roadway.   Inattention 
to the forward roadway was a contributing factor in three of the near-crashes.  In two near-
crashes, a passenger was in the adjacent seat, and in the other near-crash, the driver was 
talking/listening on the cell phone.  As with the crashes, aggressive driving did not contribute to 
these near-crashes.  However, drowsiness was a contributing factor in 4 of the near-crashes.  
During all of the near-crashes, the driver braked alone to avoid the animal.  The only other 
contributing factor was in one crash when there was limited sight distance due to a hill or 
obstruction.   
 
For the associated factors, 9 of the 10 near-crashes were in darkness, but 3 were lighted.  Only 
clear weather and dry surface conditions were associated with these near-crashes. Three of these 
near-crashes were on a curve. 
 
Animal Incidents.  Of the 56 animal incidents, 75 percent had animals in the road as the 
precipitating factor.  In 23 percent of the incidents, the animal was approaching the roadway.  
Prior to the incidents, the driver was going straight at a constant speed (66%), going straight 
accelerating (20%), negotiating a curve (7%), changing lanes (4%), or turning right (2%).   
 
Inattention to the forward roadway was a contributing factor in 5 of the incidents (9%).  The 5 
incidents had 5 different secondary task distractions, including a passenger in the adjacent seat, 
reaching for an object, talking/listening on the cell phone, eating with utensils, and an external 
distraction.  As with the crashes and near-crashes aggressive driving did not contribute to these 
incidents.  However, drowsiness was a contributing factor in 13 percent of the incidents, and 5 
percent of the incidents had driver proficiency errors.  
 
Unlike the crashes and the near-crashes, drivers avoided these incidents by steering.  In 13 
percent of the incidents, drivers steered to the left, and in 4 percent of drivers steered to the right 
to avoid the animal.  In an additional 13 percent of the incidents, drivers braked and steered to 
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the left, and in 7 percent, drivers braked and steered to the right to avoid the animal.  In the 
remaining 64 percent of the incidents, drivers braked alone to avoid the animal.   
 
Only two of the 56 incidents had any other contributing factor.  One was limited sight distance 
due to curve or hill.  The other was glare due to sunlight. 
 
For the associated factors, many of the incidents were in darkness (63%) and lit darkness (16%).  
Inclement weather and surface conditions were present in only two of the incidents.  Eight 
percent of the incidents were in free flow traffic conditions.  As for road infrastructure, 20 
percent of the incidents were on a curve, and one was intersection-related.   
 
 
Parked Vehicle Conflicts 
Parked vehicle conflicts accounted for 6 percent of the crashes, 1 percent of the near-crashes, and 
1 percent of the incidents.  Two of the 4 crashes were backing into a fixed object.  One was 
backing into traffic, and the other was being sideswiped in the same direction. 
 
Parked Vehicle Crashes.   Four different precipitating factors were associated with the 4 crashes.  
One crash had participant over the left road edge, another had the subject vehicle attempting a 
lane change, another was backing from the driveway, and the remaining one was an end 
departure.  In two crashes, the driver braked alone attempting to avoid the crash.  In one crash, 
there was no reaction, and the remaining crash was classified as “other.”   
 
Inattention to the forward roadway was a contributing factor in 2 crashes.  In one crash, the 
inattention was a cognitive distraction, and in the other, it was a passenger in the adjacent seat.  
For the other driver factors, one of the crashes had aggressive driving as a contributing factor, 
and one had driver proficiency as a contributing factor.  Drowsiness did not contribute to these 
crashes.   
 
Roadway delineation contributed to one crash, and a parked vehicle provided a visual obstruction 
for another crash.  No other contributing factors were present. 
 
Inclement weather, wet surface conditions, and curved roadway alignment were not associated 
with these crashes either.   This lack of contributing factors is expected with this type of crash. 
 
Parked Vehicle Near-Crashes.   Four different precipitating factors were associated with the 5 
near-crashes.  Two of the near-crashes involved another vehicle backing, and one had another 
vehicle leaving a parallel diagonal parking lane.  One of the other near-crashes had a lead vehicle 
stopped in the roadway more than 2 seconds, and the remaining near-crash involved a pedestrian 
approaching the roadway.   
 
Aggressive driving, driver proficiency errors, and drowsiness were not contributing factors.  
However, inattention to the forward roadway was a factor in three of the 5 near-crashes.  There 
were two driving-related inattention contributing factors.  One of the factors was the left mirror; 
the other was the right mirror.  The remaining inattention contributing factor was looking at a 
pedestrian.  There were no other contributing factors present. 
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Braking was the most common avoidance maneuver.  In two near-crashes the driver braked 
alone, and in another two near-crashes the driver braked and steered left to avoid the crash.  In 
the remaining near-crash the driver steered left without braking to avoid the crash.   
 
As with crashes, inclement weather and surface conditions were not associated with these near-
crashes.  Two of the near-crashes occurred in a parking lot.   
 
Parked Vehicle Incidents.  There were 83 incidents found for parked vehicle conflicts.  Of those 
83 incidents, a lead vehicle stopped on the roadway more than 2 seconds was the largest 
precipitating factor (46%) (Figure 5.38).  These events were caused by vehicles either stopped or 
parked in a travel lane.  Another vehicle pulling out from a parallel diagonal parking lane was the 
second biggest precipitating factor (17%).  The subject vehicle off the roadway was the next 
biggest contributing factor (14%).  
 
Although these driver factors, other than driver inattention, were not identified as contributing to 
the near-crashes, aggressive driving (16%), driver proficiency errors (39%), and drowsiness (5%) 
were contributing factors in the parking incidents.  Inattention to the forward roadway was also a 
contributing factor (25%). There were three driving-related inattention contributing factors.  One 
of the factors was the left mirror, the other two were the right mirror.  Secondary tasks were a 
contributing factor in 22 percent of the incidents, with cell phone use accounting for half the 
contributing factors (Figure 5.39). 
 
Steering as an avoidance maneuver was the most common, with over three-quarters of the 
incidents including a steering maneuver.  Steering to the left (36%) and steering to the left and 
braking (23%) were the largest avoidance maneuvers.  Steering to the right (7%) and steering to 
the right and braking (6%) were also avoidance maneuvers.  Only 18 percent used braking alone 
as the avoidance maneuver.  An additional 5 percent accelerated and steered, and 2 percent had 
no reaction. 
 
Roadway alignment (6%), roadway delineation (8%), and roadway sight distance (1%) were all 
identified as contributing factors.  In addition to the roadway sight distance, there were visual 
decrements due to rain, snow, or fog (2%), inadequate roadway lighting (1%), glare due to 
sunlight (2%), and trees, crops, or vegetation (1%).  
 
For the associated factors wet or snowy surface conditions (10%), rain (2%), and restricted flow 
were each associated with 57 percent of the incidents.  Curved roadway (15%) and intersection-
related (6%) were also associated factors. 
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Figure 5.38.  Breakdown of precipitating factors for incidents involving a parked vehicle. 
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Figure 5.39.  Breakdown of secondary tasks for incidents involving a parked vehicle.  
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Conflict with Vehicle Turning Across Subject Vehicle Path in Opposite Direction 
A vehicle turning across subject vehicle path in opposite direction accounted for 3 percent of the 
crashes, 4 percent of the near-crashes, and 1 percent of the incidents.   
 
Crashes with Other Vehicle Turning Across Subject Vehicle Path in Opposite Direction.  Of the 
two LTAP/OD crashes, one occurred on a congested roadway with offset intersection approaches 
(no signal) and the other occurred at a signalized intersection when the other driver made a left 
turn on a red arrow.  
 
The precipitating factor for the crash that occurred at a signalized intersection, was that the other 
vehicle entered the intersection making a left turn across subject vehicle’s path.  This driver 
attempted to brake without locking up the wheels to avoid the crash.  This crash also occurred in 
the rain on a lit roadway at night.  The traffic congestion was labeled free flow. 
 
The precipitating factor for the crash that occurred at an offset intersection was subject vehicle 
attempting a left turn.  This attempt occurred after the other vehicle was approaching (head-on 
crash).  There was no reaction by this driver.   
 
Considering the driver factors, there was no aggressive driving, no driver impairments, and no 
driver proficiency errors.  However, both drivers were not attentive to the forward roadway.  One 
driver had a passenger in vehicle, and the other was looking out the right window.  
 
This crash occurred during daylight hours in stable traffic flow.  Roadway alignment was 
identified as a contributing factor for this crash, but not surprisingly there were no visual 
obstructions. 
  
Near-Crashes with Other Vehicle Turning Across Subject Vehicle Path in Opposite Direction.   
Out of 27 near-crashes, 74 percent involved a vehicle turning left across the subject vehicle’s 
path, and 19 percent involved a vehicle turning the opposite direction to that of subject vehicle’s 
path.  Only 4 percent of near-crashes involved the subject vehicle passing through other vehicle’s 
path at an intersection.  An additional 4 percent involved the subject vehicle doing a lane change. 
 
For the driver factors, 26 percent of the near-crashes were classified as driver proficiency errors.  
An additional 11 percent of near-crashes were classified as aggressive driving, and 11 percent 
were classified as drowsiness-related.  Inattention to forward roadway was a contributing factor 
in 37 percent of the near-crashes.  These factors included adjusting the radio (7%), passenger in 
vehicle (4%), and cell phone talking or listening (4%).  Seven percent of near-crashes were due 
to driving-related inattention when drivers were checking their left or right side-view mirrors.  
 
Because the majority of near-crashes occurred when subject vehicles were going straight, the 
drivers commonly reacted by braking with no lockup (44%); other times, drivers mostly 
responded by steering either left or right and combining braking and steering both as avoidance 
maneuvers.  
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Visual decrements were a contributing factor in over 30 percent of the near-crashes.  These 
factors included glare due to sunlight (4%), moving vehicles (11%), and parked vehicles (7%).  
Road sight distance was also a contributing factor in one near-crash. 
 
The associated factors for near-crashes, as with crashes, were primarily clear weather (82%) 
under daylight (63%) conditions.  Eighty-six percent of near-crashes were intersection-related.  
Nearly three-fourths of the near-crashes occurred in a business or industrial locality, while only 4 
percent occurred on interstate roadways and 11 percent in residential areas.  Eighty-six percent 
of the time, the road alignment was straight.  The surface condition of roads was dry during 82 
percent of near-crashes.  Thirty-three percent of near-crashes were due to restricted traffic flow, 
while 44 percent occurred in free flow conditions.  Moreover, 78 percent of near-crashes 
occurred in non-divided traffic flow conditions.  
 
Incidents with Other Vehicle Turning Across Subject Vehicle Path in Opposite Direction.  Out of 
79 incidents, not surprisingly the biggest precipitating factors occurred when other vehicles were 
entering an intersection (81%) and when other vehicles were moving from a driveway into the 
subject vehicle’s path (15%).   
 
Driver proficiency was less of an issue, accounting for only 17 percent of the incidents.  Driver’s 
aggressive driving behavior accounted for 3 percent of the incidents, and only 4 percent of 
incidents were drowsiness-related.  Inattention to forward roadway was less of a factor in 
incidents than in near-crashes and crashes.  Only 3 percent of incidents accounted for driving-
related inattention.  Distraction due to cell phone operations (6%) and passenger in vehicle (5%) 
were more representative than other distraction categories.  
 
For avoidance maneuvers, a majority of drivers braked without locking up their wheels (58%), 
while others combined both braking and steering to left (15%) or braking and steering right 
(14%).  Only one driver exhibited no reaction to another vehicle turning across the subject 
vehicle’s path in the opposite direction.  
 
The driving environment, as with crashes and near-crashes, was primarily clear weather (72%) 
during daylight hours (67%), with 70 percent of incidents in a business or industrial locality and 
20 percent in residential areas.  Out of 79, there was only 1 incident due to snow, and 7 percent 
were due to wet surface conditions, while the rest occurred on dry roads (91%).  Approximately, 
62 percent of incidents occurred at an intersection, and 11 percent were intersection-related.  
Over 92 percent of the incidents occurred on straight roads and 6 percent on curves.  Only 4 
percent of the incidents were due to sunlight glare, and there were no visual obstructions 91 
percent of the time.  Half of the incidents occurred in restricted traffic flow conditions, and 34 
percent of the incidents occurred in free flow conditions.  Four percent of incidents occurred due 
to roadway alignment. 
 
Conflict with Vehicle in Adjacent Lane 
Adjacent vehicle conflicts accounted for 1 percent of the crashes, 15 percent of the near-crashes, 
and 4 percent of the incidents.  The conflict with an adjacent vehicle occurred more commonly 
when either the other vehicle was changing lanes ahead of the subject vehicle or when the 
subject vehicle was changing lanes.  
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Crash with Vehicle in Adjacent Lane.  There was only one crash with a vehicle in an adjacent 
lane, and the incident type was left sideswipe in same direction with the subject vehicle changing 
lanes as the pre-incident maneuver.   
 
The driver’s aggressive behavior was the only factor in the left sideswipe collision with other 
vehicle in the adjacent lane.  There were no other contributing factors.  The driver did attempt to 
avoid the crash by braking and steering to the right. 
 
For the associated factors, the collision occurred at an intersection on a straight, level business or 
commercial area in dry conditions during daylight hours and clear weather. 
 
Near-Crashes with Vehicle in Adjacent Lane.  Out of 115 near-crashes with an adjacent vehicle, 
48 percent near-crashes occurred when other vehicles were changing lanes.  When the other 
vehicle was changing lanes, 26 percent were with a right sideswipe threat and 14 percent were 
with a left sideswipe. There were 43 (37%) near-crashes when the subject vehicle was changing 
lanes with 19 percent being left sideswipe threat and 14 percent being a right sideswipe threat.   
 
The subject vehicle or other vehicle changing lanes as the largest precipitating factor is not 
surprising considering blind spots and lane change maneuvers with more likelihood of left and 
right sideswipe threats with vehicles in another lane.  
 
For driver contributing factors, 16 percent of near-crashes were classified as aggressive driving, 
and only 6 percent were classified as drowsiness-related.  Nearly 42 percent of the near-crashes 
were classified as driver proficiency errors.  Over one-fourth of the near-crashes had inattention 
to forward roadway as contributing factor.  Four percent of the near-crashes were driving-related 
inattention, which included looking at the center mirror (1%), right window (2%) or left window 
(1%).  The majority of secondary task inattention was due to a passenger in the vehicle (10%) 
and cell phone usage (7%), as shown in Figure 5.40.  
 
Since the majority of near-crashes occurred when either another vehicle or the subject vehicle 
was changing lanes, the subject drivers mostly reacted by braking and steering either to left 
(31%) or right side (24%), while a few reacted by braking with no lockup (19%).  Only 5 percent 
of drivers did not exhibit any avoidance maneuver. 
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Figure 5.40.  Breakdown of secondary tasks for near-crashes involving a vehicle in the adjacent lane. 
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The other contributing factors included sunlight glare (4%), rain (1%), a moving vehicle, 
(1%), roadway alignment (1%), and roadway delineation (2%).   
 
When considering the driving environment associative factors, the road was wet/snowy in 
13 percent of the near-crashes and it was raining in 8 percent of the near-crashes.  Ninety 
percent of near-crashes were on straight roads and 10 percent were on curves.  Nearly 
half of the near-crashes were in a business or commercial locality, while 40 percent were 
on interstate roadways.  Thirty-one percent of near-crashes occurred in restricted traffic 
flow, while 28 percent occurred in free flow conditions.  Moreover, 72 percent of near-
crashes occurred in divided traffic flow conditions.  
 
Incidents with Vehicle in Adjacent Lane.  There were 342 incidents with other vehicles in 
an adjacent lane.   
 
Similar to near-crashes, the biggest precipitating factors occurred when another vehicle 
was changing lanes (43%) and when the subject vehicle was changing lanes (34%).  Only 
8 percent of incidents corresponded to incidences when the subject vehicle moved off the 
roadway over the left lane line (3%) or over the right lane line (5%).   
 
Driver proficiency was very similar between the near-crashes and incidents.  Driver 
proficiency (33%), aggressive driving (16%) and driver drowsiness (6%) were all present 
for the incidents.    
 
Inattention to forward roadway due to secondary tasks (15%) was less of a factor in 
incidents than in near-crashes with another vehicle in an adjacent lane.  Distraction due to 
cell phone operations (4%) and a passenger in the vehicle (4%) were more representative 
than other distraction categories (Figure 5.41).  
 
Eight percent of drivers had no avoidance maneuver, and 18 percent steered either to left 
or right without braking.  Unlike with near-crashes, only a few drivers braked and steered 
to left (13%) or right (15%).  The majority braked without locking up their wheels (33%).  
Interestingly only a few accelerated and steered either left (2%) or right (1%) as an 
avoidance maneuver. 
 
However, there were more other contributing factors present in the incident than in the 
near-crashes.  Roadway alignment (5%), road delineation (2%), weather-related visibility 
(1%), sunlight glare (4%), and traffic control devices (1%) were all present. 
 
The driving environment, as with crashes and near-crashes, was primarily clear weather 
(82%) during daylight hours (77%), with 47 percent of incidents in a business or 
industrial locality and 38 percent on interstate roadways.  Wet surface conditions (14%) 
were associated with some of the incidents.  Compared to near-crashes, the intersection-
related (7%) incidents were less of a factor.  However, 11 percent of incidents occurred at 
entrance or exit ramps.  Over 84 percent of the conflicts were on a straight road and 12 
percent on a curve.  Restricted traffic flow (41%) conditions were associated with the 
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incidents, and an additional 32 percent were in restricted speed conditions.  Eighteen 
percent of incidents corresponded to conflicts at traffic signals, while others occurred 
when there were no traffic control devices (76%). 
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Figure 5.41.  Breakdown of secondary tasks for incidents involving a conflict with vehicle in the adjacent lane. 



 124

 

Question 2. What Are The Relative Frequencies Of Primary And Contributing Factors For 
Each Level Of Severity? 

 
All the contributing and associated factors used in this study were parsed into crashes and near-
crashes.  Tables are provided to group all the factors underneath the factor type categories listed 
in Table 5.7.  This provides a mechanism to look at the relationship of these factors in crashes 
and near-crashes. 

Table 5.7.  Factor Type Categories. 

Pre-event maneuver 
Drivers’ avoidance maneuver 
Driver’s willful behavior 
Driver impairments 
Driver proficiency error 
Hands on wheel 
Inattention to forward roadway 
Surface condition 
Relation to junction 
Road alignment 
Locality 
Lighting 
Visual obstruction 
Weather 
Trafficway flow 
Traffic density 
Traffic control device 
Vehicle factors 
Infrastructure 

 
For the associative variables, GES data will be added to the tables to provide a comparison 
between the 100-Car Study data and GES data.  This will only be done for the associative 
variables as these represent the entire event and are not dependent upon driver as are variables 
such as pre-event maneuver or avoidance maneuvers.  While comparisons between avoidance 
maneuvers are possible between the GES and 100-Car Study database, this analysis would 
require more reduction and is beyond the scope of this current analysis.  Table 5.8 below 
presents a comparison between the percentage of 100-Car Study crash and near-crash types to 
the percentage of GES crashes.  These percentages demonstrate the generalizability of the 100-
Car Study database to the GES crash database.  Note that comparisons are presented for all 100-
Car Study crashes, the 100-Car Study police reported crashes, and GES crashes.  The results 
indicate that there is a large discrepancy between police-reported and non-police reported events.  
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Table 5.8.  Comparison of crash types for 100-Car Crashes, Near-crashes, Police-Reported 
Crashes, and GES Crashes. 

Conflict Type 
(100-Car) 

100-Car 
Crash 

Frequency 

100-Car 
Crash 

Percent 

100-Car 
Police-

Reported 
Crash 

  Percent 

100-Car 
Near-
Crash  

Frequency 

100- 
Car Near-

Crash 
Percent 

GES Crash  
Frequency 

GES 
Crash 

Percent 

Single Vehicle 24 34.8 8.3 48 6.3 2,740 4.6 
Rear-End 
Striking and 
Rear-End Struck 27 39.1 66.7 450 59.1 14,722 24.9 
Angle Collision 1 1.4 0.0 142 18.7 18,091 30.6 
Sideswipe 
Opposite 2 2.9 16.7 27 3.5 480 0.8 
Sideswipe Same 0 0.0 0.0 37 4.9 2,977 5.0 
Head-On 0 0.0 0.0 27 3.5 1,879 3.2 
Object/obstacle 9 13.0 8.3 6 0.8 11,063 18.7 
Parked vehicle 4 5.8 0.0 5 0.7 2,027 3.4 
Animal 2 2.9 0.0 10 1.3 1,515 2.6 
Pedestrian 0 0.0 0.0 6 0.8 1,702 2.9 
Pedalcyclist 0 0.0 0.0 0 0.0 1,085 1.8 
Unknown 0 0.0 0.0 1 0.1 220 0.4 
Other 0 0.0 0.0 2 0.3 655 1.1 
Totals 69 100% 100% 761 100% 59,156 100% 

 
Pre-Event Maneuver 
When comparing crashes and near-crashes for the pre-event maneuver, the top three factors were 
ranked in the same order for both crashes and near-crashes (Table 5.9).  These three factors 
accounted for 54 percent of the crashes and 80 percent of the near-crashes.  For the top 
associated factor, 22 percent of crashes occurred when subject vehicle drivers were going 
straight at constant speed.  The percentage of near-crashes (44%) was twice as high as that of 
crashes for this factor.  The second highest factor, which was when the subject vehicle was 
decelerating in the traffic lane, was similar between crashes (22%) and near-crashes (20%).  The 
third factor, going straight and accelerating, was slightly higher for near-crashes (16%) than 
crashes (10%).  Turning right crashes (10%), the fourth highest factor, was more representative 
than turning right near-crashes (1%).  When turning left, 6 percent were crashes, and 2 percent 
were near-crashes.  
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Table 5.9.  Pre-event maneuver, crash, and near-crash. 

 Pre-event maneuver 
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

Going straight, constant speed 15 21.7 331 43.5 
Decelerating in traffic lane 15 21.7 155 20.4 
Going straight, accelerating 7 10.1 120 15.8 
Turning right 7 10.1 8 1.1 
Stopped in traffic lane 5 7.3 24 3.2 
Turning left 4 5.8 18 2.4 
Starting in traffic lane 3 4.4 14 1.8 
Merging 3 4.4 10 1.3 
Changing lanes 2 2.9 60 7.9 
Entering a parked position 2 2.9 0 0.0 
Making U-turn 2 2.9 0 0.0 
Maneuvering to avoid a vehicle 1 1.5 1 0.1 
Backing up (not parking) 1 1.5 0 0.0 
Leaving a parked position 1 1.5 0 0.0 
Unknown 1 1.5 0 0.0 
Negotiating a curve 0 0.0 20 2.6 

 
Avoidance Maneuvers 
Table 5.10 lists the different avoidance maneuvers used by the drivers.  In 27 percent of the 
crashes there was no reaction; that is, the driver did not execute any avoidance maneuver.  Only 
4 percent of near-crashes had no reaction.  Braking alone without lockup was the most common 
avoidance maneuver for near-crashes (45%) and crashes (25%).  However, it was 20 percent 
more likely for near-crashes than crashes.  Fifteen percent of drivers steered left as the avoidance 
maneuver in a crash.  Only 6 percent of the near-crashes used this maneuver.  The near-crashes 
(33%) were twice as likely to brake and steer as an avoidance maneuver as compared to the 
crashes (16%).  
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Table 5.10.  Drivers’ avoidance maneuver, crash, and near-crash. 

No Avoidance maneuver 
Crash 

Frequency 
Crash 

Percent 
Near-crash 
Frequency 

Near-crash 
Percent 

1 No reaction 19 27.5 30 3.9 
2 Braking(no lockup) 17 24.6 342 44.9 
3 Steered to left 10 14.5 44 5.8 
4 Braked and steered left 7 10.1 112 14.7 
5 Braked and steered right 4 5.8 138 18.1 
6 Braking(lockup unknown) 4 5.8 42 5.5 
7 Unknown if action was attempted 3 4.4   
8 Steering to right 2 2.9 32 4.2 
9 Other actions 2 2.9 5 0.7 

10 Braking(lockup) 1 1.5 6 0.8 
11 Accelerating and steering right   4 0.5 
12 Accelerating   3 0.4 
13 Accelerating and steering left   3 0.4 

 
Willful Behavior 
As shown in Table 5.11, aggressive driving (16%) contributed slightly more for crashes than for 
near-crashes (13%). 

Table 5.11.  Driver’s willful behavior, crash, and near-crash. 

No Willful_Behavior 
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

1 No willful behavior 58 84.1 658 86.5 
2 Aggressive driving 11 15.9 103 13.4 

 
Driver Impairments 
As shown in Table 5.12, a total of 17 percent of crashes and 13 percent of near-crashes occurred 
with driver impairment as a contributing factor.  Drowsiness was the most common impairment 
with 14 percent of the crashes and 11 percent of the near-crashes.  Drugs or alcohol contributed 
to 2 percent of crashes. 
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Table 5.12.  Driver impairments, crash, and near-crash. 

No Driver_Impairments 
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

1 None apparent 23 39.0 400 54.4 
2 Unknown 36 52.2 268 35.2 
3 Drowsy, sleepy, asleep 8 13.6 79 10.7 
4 Drugs, alcohol 1 1.7 0 0.0 
5 Other 1 1.7 0 0.0 
6 Angry 0 0.0 10 1.4 
7 Other emotional state 0 0.0 4 0.5 

 
Driver Proficiency 
When comparing crashes and near-crashes, the driver proficiency error factor contributed to 
fewer crashes (28%) than near-crashes (43%).  It is not clear why this 15 percent difference was 
present (Table 5.13). 

Table 5.13.  Driver proficiency error, crash, and near-crash. 

No Driver Proficiency 
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

1 None 50 72.5 437 57.4 
2 Driver proficiency error 19 27.5 324 42.6 

 
Driver’s Hands on Wheel 
For the top associated factor, driving with left hand only, the percentages of crashes (30%) and 
near-crashes (32%) were similar (Table 5.14).  When comparing crashes and near-crashes for 
hands-on-wheel categories, they were in the same ranked order.  These three associated factors 
account for 41 percent of crashes and 53 percent of near-crashes.  For the third factor, 25 percent 
of crashes occurred when subject vehicle drivers were driving with both hands.  The percentage 
of near-crashes (35%) was higher than that of crashes for this factor.  The percentage of near-
crashes (16%) with right hand only was slightly higher than that of crashes (12%).  The fifth 
factor, when subject vehicle drivers were driving with no hands on the wheel, was slightly more 
representative for crashes (5%) than near-crashes (3%). 

Table 5.14.  Hands on wheel, crash, and near-crash. 

No Hands on wheel 
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

1 Left hand only            21 30.4 241 31.7 
2 Unknown                   20 29.0 115 15.1 
3 Both hands                17 24.6 267 35.1 
4 Right hand only 8 11.6 118 15.5 
5 No hands on wheel 3 4.4 20 2.6 
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Driver Secondary Task Distraction and Inattention to Forward Roadway 
For the distraction contributing factors shown in Table 5.15, more than one factor could be 
identified for each event.  Therefore, the driver could be distracted both by talking on the cell 
phone and adjusting the radio during the event.  For the purpose of this analysis, all the 
distractions were counted even if there were two for event.  There were 2 distractions identified 
in 3 of the crashes and in 27 of the near misses.  Distraction was not present in 39 percent of the 
crashes or in 61 percent of the near-crashes.  This 22 percent difference may be why similar 
events became crashes instead of near-crashes.   
 
Driving-related inattention to the forward roadway was a contributing factor in 14 percent of the 
crashes and 7 percent of the near-crashes.  The largest portion of these crashes (10%) and near-
crashes (3%) was attributable to looking out the left window.  
 
The highest secondary task inattention to the forward roadway for crashes was drivers 
talking/listening cell phone (8%). Talking on a cell phone was the second highest distraction for 
near-crashes (4.8%).  There were no crashes when drivers were either dialing a hand-held cell 
phone locating, reaching for, or answering a cell phone, operating a PDA, or performing other 
cell phone operations.  On the other hand, over 3 percent of the near-crashes were due to these 
activities.   
 
A passenger in the adjacent seat was the second highest crash secondary task contributing factor 
(7%) and the highest near-crash secondary task factor (6%).  When passengers were seated in 
rear seats, drivers were involved in 1 percent of crashes and one near-crash.  With a child in the 
rear seat there were no crashes and only one near-crash. 
 
Animals or objects in the vehicle contributed to crashes (7%) as much as passengers in the 
adjacent seat.  However, only 1 percent of the near-crashes were contributed to by this factor.  
An additional 3 percent of the crash inattention and 1 percent of the near-crash inattention was 
due to reaching for an object.  For a more in depth discussion of distraction in crashes and near-
crashes, read Chapter 7, Goal 3 or Chapter 11, Goal 7. 
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Table 5.15.  Inattention to forward roadway, crash, and near-crash. 

  
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

Not distracted 28 38.9 481 61.0 
Left window 7 9.7 25 3.2 
Talking/listening 6 8.3 38 4.8 
Passenger in adjacent seat 5 6.9 48 6.1 
No data 5 6.9 12 1.5 
Animal/Object in Vehicle – Other 5 6.9 9 1.1 
Reaching for object (not cell phone) 2 2.8 10 1.3 
Cognitive – Other 2 2.8 5 0.6 
Drinking from open container 2 2.8 1 0.1 
Eating without utensils 1 1.4 15 1.9 
Center mirror 1 1.4 14 1.8 
Right window 1 1.4 14 1.8 
Talking/singing 1 1.4 11 1.4 
Other external distraction 1 1.4 10 1.3 
Left mirror 1 1.4 9 1.1 
Lost in thought 1 1.4 5 0.6 
Moving object in vehicle 1 1.4 2 0.3 
Passenger in rear seat 1 1.4 1 0.1 
In-vehicle controls – Other 1 1.4 0 0.0 
Dialing hand-held cell phone 0 0.0 14 1.8 
Adjusting radio 0 0.0 10 1.3 
Reading  0 0.0 10 1.3 
Cell phone – Other 0 0.0 7 0.9 
Other personal hygiene 0 0.0 7 0.9 
Adjusting other devices integral to vehicle 0 0.0 5 0.6 
Applying makeup 0 0.0 5 0.6 
Dancing 0 0.0 3 0.4 
Locating/reaching/answering cell phone 0 0.0 2 0.3 
Looked but did not see 0 0.0 2 0.3 
Right mirror 0 0.0 2 0.3 
Child in rear seat 0 0.0 1 0.1 
Combing or fixing hair 0 0.0 1 0.1 
Drinking 0 0.0 1 0.1 
Eating 0 0.0 1 0.1 
Insect in vehicle 0 0.0 1 0.1 
Inserting/retrieving CD 0 0.0 1 0.1 
Looking at an object 0 0.0 1 0.1 
Looking at pedestrian 0 0.0 1 0.1 
Looking at previous crash or incident 0 0.0 1 0.1 
Operating PDA 0 0.0 1 0.1 
Smoking cigar/cigarette 0 0.0 1 0.1 
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Visual Obstructions 
The visual obstructions category included factors that contributed in some way to the crashes or 
near-crashes.  Not surprisingly most of the crashes (86%) and near-crashes (89%) had no visual 
obstruction.  Only 7 total crashes had visual obstruction contributing factors.  Reflected glare 
contributed to two crashes but did not seem to contribute near-crashes.  On the other hand 5 
percent of the near-crashes had sunlight as a contributing factor, but only one of the near-crashes 
did.  Moving and parked vehicle visual obstructions were similarly representative between 
crashes and near-crashes (Table 5.16). 

Table 5.16.  Visual obstruction, crash, and near-crash. 

No Visual obstructions 
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

1 No obstruction 59 85.5 675 88.7 
2 Reflected glare 2 2.9 2 0.3 
3 Sunlight glare 1 1.4 39 5.1 
4 Moving vehicle 1 1.4 18 2.4 
5 Parked vehicle 1 1.4 9 1.2 
6 Other obstruction 1 1.4 3 0.4 
7 Trees, crops, vegetation 1 1.4 0 0.0 
8 Rain, snow, fog, smoke, sand, dust 0 0.0 4 0.5 

9 
Roadway infrastructure such as building, 
billboard, signs, embankments, etc. 0 0.0 3 0.4 

10 Curve/hill 0 0.0 2 0.3 
11 Headlight glare 0 0.0 1 0.1 
12 Unknown 3 4.3 5 0.7 

 
Road Surface Condition 
When comparing crashes and near-crashes on different surface conditions, the top four factors 
have the same ranked order for both crashes and near-crashes in the 100-Car Study database and 
GES database.  Not surprisingly, dry surface conditions were the most common associated 
factor, with fewer crashes in both the 100-Car Study database (74%) and GES database (76%) 
than near-crashes (86%).  In the wet, snowy, and icy conditions, there were more crashes, both 
100-Car Study and GES, in each factor than near-crashes.  Even though these were not 
necessarily classified as contributing factors, it seems that the reduced traction from non-dry 
roads may have contributed to these events becoming crashes instead of remaining near-crashes 
(Table 5.17). 

Table 5.17.  Surface condition, crash, and near-crash. 

No  Surface 
condition 

Crash 
Frequency 

Crash 
Percent 

Near-Crash 
Frequency 

Near-Crash 
Percent 

GES Crash 
Frequency 

GES Crash 
Percent 

1 Dry 51 73.9 654 85.9 45171 76.4 
2 Wet 13 18.8 98 12.9 10039 17.0 
3 Snowy 4 5.8 4 0.5 1766 3.0 
4 Icy 1 1.5 4 0.5 1347 2.3 
5 Unknown 0 0.0 1 0.1 692 1.2 
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Relation to Junction 
When comparing crashes and near-crashes for relation to junction, note that the general 
relationship between all variables is the same for 100 Crashes, GES crashes, and 100-Car Study 
near-crashes is similar.  The top 5 factors have the same ranked order for crashes in both 100-Car 
Study and GES database and 100-Car Study near-crashes (Table 5.18).  The 5 associated factors 
account for 96 percent of 100-Car Study crashes, 93 percent of GES crashes, and 97 percent of 
near-crashes.  For the biggest factor, non-junction, the percentage of near-crashes (60%) was 
one-half times higher than 100-Car Study crashes (38%) and slightly less than one-half than the 
GES crashes (47%).  Intersection crashes in both 100-Car Study (25%) and GES (23.5%), the 
second highest factor, was more representative than near-crashes (20%).  The intersection-related 
events, the third highest factor accounted for 100-Car Study crashes (16%) and GES crashes 
(15%), was one and one-half times higher than near-crashes (10%).  For the fourth highest factor, 
the entrance or exit ramp 100-Car Study crashes (9%) and GES crashes (0.2%) did not match but 
100-Car Study crashes were more similar to near-crashes (5%).  In parking lots, the percentage 
of 100-Car Study crashes (9%) and GES crashes (8%) was four times higher than that of near-
crashes (2%).  Note that GES had a relatively high percentage of crashes on interchanges that the 
100-Car Study database did not.  This could be due, in part, to difficulty in determining whether 
the vehicle was in an “interchange” using video only.   

Table 5.18.  Relation to junction, crash, and near-crash. 

No  Relation to Junction Crash 
Frequency 

Crash 
Percent 

Near-
Crash 

Frequency 

Near-
Crash 

Percent 

GES 
Crash 

Frequency 

GES 
Crash  

Percent 
1 Non-junction 26 37.7 456 59.9 27498 46.5 
2 Intersection 17 24.6 149 19.6 13904 23.5 
3 Intersection-related 11 15.9 76 10 8989 15.2 
4 Entrance/exit ramp 6 8.7 40 5.3 133 0.2 
5 Parking lot 6 8.7 14 1.8 4437 7.5 

6 
Driveway, alley access, 
etc. 2 2.9 8 1.1 0 0.0 

7 Other 1 1.5 1 0.1 759 1.3 
8 Interchange area 0 0.0 16 2.1 2907 4.9 
9 Unknown 0 0.0 1 0.1 529 0.9 

 
Roadway Alignment 
As expected, straight, level roads and curved, level roads accounted for the majority of 100-Car 
Study crashes (94%) and near-crashes (97%) but only 49 percent of GES crashes.  This is due 
primarily to lack of GES information as 35 percent of all GES crashes, alignment is unknown.  
Further comparisons of GES to 100-Car Study data will not be made for the roadway alignment 
category.  The straight, level roads factor for near-crashes (84%) was slightly higher than for 
100-Car Study crashes (75%), whereas the curve level for 100-Car Study crashes (19%) was 
slightly higher than for near-crashes (13%).  The curve grade was also higher for crashes (4%) 
than for near-crashes (one%).  Although not a strong association, it is interesting that curves 
were more associated with crashes than with near-crashes (Table 5.19). 
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Table 5.19.  Road alignment/road profile, crash, and near-crash. 

No. Road alignment/road 
profile 

Crash 
Frequency 

Crash 
Percent 

Near-crash 
Frequency 

Near-
Crash 

Percent 

GES Crash 
Frequency 

GES 
Crash 

Percent 
1 Straight level 52 75.4 638 83.8 26265 44.4 
2 Curve level 13 18.8 99 13 2898 4.9 
3 Curve grade 3 4.4 7 0.9 3048 5.2 
4 Straight grade 1 1.5 15 2 5582 9.4 
5 Unknown 0 0.0 1 0.1 20460 34.6 
6 Straight hillcrest 0 0.0 1 0.1 594 1.0 

 
Locality of Event 
The “locality of event” variable was adopted from the Virginia State Police Accident Report, not 
the GES database; therefore, no GES data will be presented for this variable.  When comparing 
crashes and near-crashes in different localities, the top two factors are very similar.  These two 
factors account for 64 percent of crashes and 62 percent of near-crashes.  The business or 
industrial area was the most common location for both crashes (45%) and near-crashes (44%).  
The business or industrial area is likely a common driving environment in the northern Virginia 
area, and these large percentages are not surprising.  The second highest factor, driving on open 
country roads, was the same between crashes (18%) and near-crashes (18%).  The percentage of 
crashes (16%) in residential areas was twice the percentage of near-crashes (8%).  On the other 
hand, the near-crashes (28%) that occurred on interstate roads were more representative than 
crashes (12%).  This difference between crashes and near-crashes is likely due to the higher 
percentage of rear-end near-crashes as compared to crashes (Table 5.20).  These rear-end near-
crashes are likely to be more associated with interstate driving. 

Table 5.20.  Locality, crash, and near-crash. 

No Locality 
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

1 Business/industrial 31 44.9 335 44.0 
2 Open Country 13 18.8 138 18.1 
3 Residential 11 15.9 60 7.9 
4 Interstate 8 11.6 212 27.9 
5 Other 5 7.3 3 0.4 
6 Construction zone 1 1.5 11 1.5 
7 Church 0 0.0 1 0.1 
8 Unknown 0 0.0 1 0.1 

 
Lighting 
As shown in Table 5.21, the top two lighting factors are ranked in the same order for 100-Car 
Study crashes, GES crashes, and 100-Car Study near-crashes.  These two factors account for 87 
percent of 100-Car Study crashes, 84 percent of GES crashes, and 83 percent of near-crashes.  
Most 100-Car Study crashes (62%), GES crashes (67%) and near-crashes (66%) occurred during 
day or daylight conditions.  Driving in darkness with lighted conditions was more representative 
for 100-Car Study crashes (25%) than GES crashes (17%) or near-crashes (17%).  The unlit 



 134

darkness factor was similar between crashes (7%) and near-crashes (7%) but was almost twice as 
high for GES crashes (12%).  For the dusk factor the percentage of near-crashes (9%) was twice 
as high as the percentage of crashes (4%) and even more for GES crashes (2%).  

Table 5.21.  Lighting, crash, and near-crash. 

No Lighting Crash 
Frequency 

Crash 
Percent 

Near-crash 
Frequency 

Near-
crash 

Percent 

GES 
Crash 

Frequency 

GES 
Crash 

Percent 
1 Daylight 43 62.3 502 66 39526 66.8 
2 Darkness lighted 17 24.6 126 16.6 9930 16.8 
3 Darkness not lighted 5 7.3 54 7.1 7040 11.9 
4 Dusk 3 4.4 65 8.5 1302 2.2 
5 Dawn 1 1.5 14 1.8 932 1.6 

 
Weather 
In the weather category, the clear weather factor was associated with the same percentage of 
100-Car Study crashes (78%), GES crashes (83%), and near-crashes (78%).  The second most 
associated weather factor was rain.  When raining, the drivers had a slightly higher percentage of 
crashes (12%) than near-crashes (8%).  The 100-Car Study crash percentage (12%) and GES 
crash percentage (11%) are similar.  When comparing the 100-Car Study crashes and GES 
crashes to near-crashes, the differences may be due to the potentially reduced traction and 
visibility associated rain playing a role in drivers’ inability to avoid a crash.  Snow followed a 
similar pattern, however only one 100-Car Study crash occurred with snow as an associated 
factor.  Cloudy weather was associated with more near-crashes (13%) than crashes (9%) (Table 
5.22).   

Table 5.22.  Weather, crash, and near-crash. 

No Weather Crash 
Frequency 

Crash 
Percent 

Near-crash 
Frequency 

Near-crash 
Percent 

GES 
Crash 

Frequency 

GES 
Crash 

Percent 
1 Clear  54 78.3 599 78.7 49107 83.0 
2 Raining 8 11.6 57 7.5 6616 11.2 
3 Cloudy 6 8.7 99 13 0 0.0 
4 Snowing 1 1.5 3 0.4 1915 3.2 
5 Fog 0 0.0 1 0.1 218 0.4 
6 Mist 0 0.0 1 0.1 0 0.0 
7 Unknown 0 0.0 1 0.1 835 1.4 

 
Trafficway Flow 
Not surprisingly, the majority of crashes in the 100-Car Study, GES crashes, and near-crashes 
occurred on divided or non-divided trafficways because these are the most common types of 
roadways.  As shown in Table 15, the non-divided trafficway was associated with more 100-Car 
Study crashes (46%) and GES crashes (49%) than the near-crashes (36%).  On the other hand 
more near-crashes (59%) were associated with divided roadways than 100-Car Study crashes 
(42%) or GES crashes (32%).  The third highest associated factor (one-way traffic flow) 
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accounted for 9 percent of 100-Car Study crashes, only 5 percent of GES crashes, and 3 percent 
of the near-crashes.  For the fourth factor, when the subject vehicle drivers were driving in traffic 
with no lanes, the percentage of crashes (three%) was three times higher than the percentage of 
near-crashes (one%).  Please note that 15 percent of all GES crashes, the trafficway flow variable 
is unknown (Figure 5.23). 

Table 5.23.  Trafficway flow, crash, and near-crash. 

No Trafficway_Flow Crash 
Frequency 

Crash 
Percent 

Near-
crash 

Frequency 

Near-
crash 

Percent 

GES 
Crash 

Frequency 

GES 
Crash 

Percent 
1 Not divided 32 46.4 277 36.4 29,001 49.0 
2 Divided (median strip or barrier) 29 42 449 59 18,609 31.5 
3 One-way traffic 6 8.7 26 3.4 2,925 4.9 
4 No lanes 2 2.9 8 1.1 0 0.0 
5 Unknown 0 0.0 1 0.1 8,621 14.6 

 
Traffic Density 
The traffic density variable (Level of Service variable) is also not used in the GES database; 
therefore, no GES comparisons will be discussed.  When comparing crashes and near-crashes for 
the traffic density, all seven factors are the same rank order for both crashes and near-crashes 
(Table 5.24).  All these factors account for 100 percent of crashes and 100 percent of near-
crashes.  Free flow was the top associated factor, with crashes (60%) being almost twice as 
represented as near-crashes (32%).  This difference between crashes and near-crashes is likely 
due to the higher percentage of rear-end near-crashes as compared to crashes.  These rear-end 
near-crashes are likely to be more associated with flow restrictions.  The higher percentage of 
near-crashes as compared to crashes is shown for the first four flow restrictions.  It is also 
interesting that these first 5 flow restrictions are also ranked in Table 5.24 with each consecutive 
factor being more restrictive.     

Table 5.24.  Traffic density, crash, and near-crash. 

No Traffic density 
Crash 

Frequency 
Crash 

Percent 
Near-Crash 
Frequency 

Near-Crash 
Percent 

1 Free flow 41 59.4 244 32.1 
2 Flow with some restrictions 14 20.3 233 30.6 

3 
Stable flow, maneuverability and speed 
more restricted 7 10.1 191 25.1 

4 
Unstable flow, temporary restrictions 
slow driver 4 5.8 64 8.4 

5 
Flow is unstable, vehicles are unable to 
pass temporary stoppages, etc. 2 2.9 26 3.4 

6 

Forced traffic flow condition with low 
speeds and traffic volumes that are 
below capacity 1 1.5 2 0.3 

7 Unknown 0 0.0 1 0.1 
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Traffic Control Devices 
Almost twice as many crashes (46%) in the 100-Car Study had traffic control devices than did 
near-crashes (24%) (Table 5.25).  GES crashes were not similar to either 100-Car Study crashes 
or near-crashes as 33 percent of all GES crashes occurred in the presence of a traffic control 
device.  Traffic signals were the most common traffic control device for 100-Car Study crashes 
(28%), GES crashes (20%), and near-crashes (17%).  The remaining traffic control devices were 
similar between 100-Car Study crashes than near-crashes.  The stop signs accounted for three 
times more 100-Car Study crashes (6%) and 5 times more for GES crashes (10%) than the near-
crashes (2%).  When comparing the crashes and near-crashes for traffic control device, the 
fourth, fifth, and sixth factors in Table 5.24 are the same rank order for 100-Car Study crashes, 
GES crashes, and near-crashes.  These three factors account for 10 percent of the crashes 3 
percent of GES crashes and 5 percent of the near-crashes.  These three factors were: traffic lanes 
marked; other; and yield signs.  Note that for 4 percent of GES crashes, the presence of a traffic 
control device is unknown.   

Table 5.25.  Traffic control device, crash and near-crash. 

No Traffic Control 
Device  

Crash 
Frequency 

Crash 
Percent 

Near-crash 
Frequency 

Near-
crash 

Percent 

GES Crash 
Frequency 

GES 
Crash 

Percent 
1 None 37 53.6 574 75.4 36,506 61.7 
2 Traffic signal 19 27.5 130 17.1 11,709 19.8 
3 Stop sign 4 5.8 16 2.1 5,954 10.1 
4 Traffic lanes marked 3 4.4 20 2.6 0 0.0 
5 Other 2 2.9 9 1.2 1,179 2.0 
6 Yield sign 2 2.9 8 1.1 637 1.1 
7 Officer or watchman 2 2.9 1 0.1 119 0.2 
8 Unknown 0 0.0 2 0.3 2,456 4.2 
9 Slow or warning sign 0 0.0 1 0.1 596 1.0 

 
 
Vehicle Factors 
For vehicle factors, some unknown factor contributed to 2 percent of crashes and even smaller 
percentage of near-crashes (0.1%).  Due to the small numbers in the 100-Car Study database, no 
comparisons will be made between the two databases (Table 5.26). 

Table 5.26.  Vehicle factors, crash and near-crash. 

No 

Vehicle_factors 
Crash 

Frequency 
Crash 

Percent 
Near-crash 
Frequency 

Near-
crash 

Percent 
1 None 68 98.6 760 99.9 
2 Unknown 1 1.5 1 0.1 

 
Infrastructure 
This infrastructure variable was adopted from the Light Vehicle/Heavy Vehicle technical report 
(Hanowski, et al, 2000).  GES does not use this variable; therefore no comparisons can be made.  
With infrastructure, the majority of crashes (80%) and the majority of near-crashes had no 
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infrastructure contributing factor (Table 5.27).  When comparing the crashes and near-crashes, 
the top two contributing factors for each were in the same rank order. These two factors 
(roadway geometry and delineation) accounted for 15 percent of crashes and 3 percent of near-
crashes.  The roadway sight distance factor was not representative of crashes, and it contributed 
to less than 1 percent of near-crashes.  

Table 5.27.  Infrastructure, crash and near-crash. 

No 
Infrastructure 

Crash 
Frequency 

Crash 
Percent 

Near-Crash 
Frequency 

Near-Crash 
Percent 

1 None 55 79.7 727 95.5 
2 Roadway geometry 5 7.3 17 2.2 
3 Roadway delineation 5 7.3 7 0.9 
4 Traffic control device 1 1.5 1 0.1 
5 Roadway sight distance 0 0.0 4 0.5 
6 Unknown 3 4.4 5 0.7 

Question 3. What are the dynamic reconstructions of each crash and near-crash, and what 
are the stimulus-response times associated with each? 

 
In addition to the analysis of coded data relevant to near-crashes and crashes, dynamic 
reconstructions and animated representations of the events accompany this document.  The 
reconstructions span the period from 10 seconds prior to impact (or successful crash avoidance) 
to 2 seconds after impact or avoidance.  A scenario timeline is provided that captures vehicle 
pre-event actions, driver actions, speeds, ranges, range rates, braking, steering (if applicable), 
and trajectories.   
 
By way of a brief description for the crashes, Table 5.28 is provided.  This table includes event 
nature, crash number, a narrative description, and a graphical depiction of each crash.  These 33 
crashes include all level I, II, and III crashes for which video was available (level IV crashes 
were not included). 
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CHAPTER 6: GOAL 2, OPERATIONALLY DEFINE A NEAR-CRASH USING 
QUANTITATIVE MEASURES 

DATA ANALYSIS OVERVIEW 

For this study, near-crashes and crashes were operationally defined based upon the a priori 
criteria described below: 
• Crash:  Any contact with an object, either moving or fixed, at any speed in which kinetic 

energy is measurably transferred or dissipated.  Includes other vehicles, roadside barriers 
(curbs and tire strikes), objects on or off of the roadway, pedestrians, cyclists, or animals. 

• Near-Crash:  Any circumstance that requires a rapid, evasive maneuver by the subject 
vehicle, or by any other vehicle, pedestrian, cyclist, or animal, to avoid a crash.  A rapid, 
evasive maneuver is defined as steering, braking, accelerating, or any combination of control 
inputs that approaches the limits of the vehicle capabilities.  As a guide, a subject vehicle 
braking greater than 0.5 g or steering input that results in a lateral acceleration greater than 
0.4 g to avoid a crash, constitutes a rapid maneuver. 

 
As shown, while these criteria were based somewhat upon quantitative kinematic criteria, they 
were subjective in nature.  While such definitions were useful for purposes such as classifying 
video data, they were not useful for precisely defining events or as criteria for other purposes, 
such as warning algorithms.  Therefore, a goal of the 100-Car Study, given that it contains more 
crash, near-crash, and incident data than ever before collected, was to explore the feasibility of 
creating more useful operational definitions of near-crash events.  
 
Near-crashes can be defined quantitatively based upon time-to-collision, acceleration, or 
proximity criteria.  However, the results of this and other studies have shown that there is 
inherent “noise” present in such criteria.  Thus, there are inherent difficulties associated with 
both quantitative and qualitative approaches.  For example, the qualitative definitions required 
explanations in quantitative terms (How rapid is a “rapid maneuver”?), and the quantitative 
definitions at some level must be based upon a subjective assessment (Does a TTC of 0.1 s  
second constitute a near-crash when such values occur regularly on interstates at rush hour?).  
 
Indeed, all attempts to quantify events strictly on the basis of somewhat simple quantitative 
kinematic criteria for this study led to a number of false positives.  As described in more detail as 
part of Chapter 13, Goal 9, there were many instances in which a sensor provided a data 
signature that was misinterpreted by an algorithm.  In addition, there were many instances in 
which a “normal” driving maneuver by a participant produced a kinematic signature that was 
virtually identical to the criteria used to identify a near-crash.   
 
The most common example of a false sensor signature was a misinterpreted radar target.  Despite 
considerable time and effort spent attempting to filter radar data, there were many occasions in 
which the identified target was not in the vehicle travel lane due to road geometry or other 
factors.  While such events could be readily identified as being “false positives” upon video 
review of the event, filtering based upon objective kinematic data alone was more problematic.  
This finding and some of the methods used to help alleviate the problem are discussed in more 
detail below. 
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The most common example of a driver behavior that mimicked a near-crash signature was a 
“flying pass.”  A typical “flying pass” event occurred when a driver rapidly approached a string 
of stopped vehicles and made a planned lane change into a right/left dedicated turning lane.  
From the perspective of reviewing near-crash signatures, this scenario produced a very high 
range rate and a very short range, as would a near-crash event.  However, upon video review it 
could be readily seen that the driver is fully alert, making a planned maneuver and taking very 
little risk, particularly when the lead vehicle had completely stopped and the range could be 
accurately gauged.  
 
Consequently, the experience of this study was that qualitative and quantitative criteria were 
dependent upon one another to some degree.  A qualitative criterion must incorporate both 
quantitative criteria as well as crash risk.  Similarly, a quantitative criterion alone will not suffice 
without qualitative information regarding the validity of the near-crash based upon context 
information such as the presence of a planned versus an unplanned maneuver.  Use of both 
quantitative and qualitative criteria led to the creation of a database of “valid” and “invalid” 
(i.e., false positive for reasons of sensor or behavior) events that could be used to test and refine 
classification criteria to quantitatively define and capture near-crashes.  
 
Several recent studies (e.g., Smith, Najm, and Lam, 2003) have attempted to quantify safety 
surrogates including near-crash and less severe events using quantitative criteria, such as range 
and range rate to create near-crash and conflict boundaries.  Some of these approaches used 
range/range rate trajectories, while others used a single-point approach that represented the 
greatest crash threat in a trajectory.  For the purposes of this analysis, we did not distinguish 
between the two approaches mathematically since the greatest threat in a range/range rate 
trajectory would drive the categorization of an event.  We did, however, include graphs depicting 
both approaches for two reasons: (1) more sophisticated analysis can be employed using the 
trajectories (e.g., by requiring some degree of sample continuity to filter radar data), and, as a 
result, it may be useful to see the trace data; and (2) trace data are sometimes hard to follow 
graphically and the point data often aids in visualization.  

Data Included in the Analyses 

The data included in this section and used for the analyses to define near-crashes represents only 
conflicts with lead and following vehicles and not the other conflict types.  There were two 
reasons for this: radar data for all 100 cars was only available for the front and rear of the 
vehicle, and it proved to be very difficult to discriminate between valid and invalid events for 
dynamically complex events.  A dynamically complex near-crash has been operationally defined 
for this analysis as an event in which the kinematic data is incomplete or unclear due to sensor 
availability or signal quality.  An example of a dynamically complex near-crash would be an 
event for which the driver is making a lane change in stop-and-go traffic.  A dynamically simple 
near-crash is one for which the kinematic data is complete and clear (e.g., a rear-end striking 
conflict for which the range-range/rate information and video is present for the duration of the 
conflict).  In other words, what was defined as simple or complex was an artifact of the vehicle 
sensor suite and system capabilities.   
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The range/range rate quantification approach analyzed lead and following-vehicle conflicts 
separately.  We assessed the threat points and trajectories for the valid crashes and near-crashes 
as well as all of the invalid events.  The data were constrained in the following manner: 
 

1) The most relevant (closest range) target was used to compute time-to-collision using a 
constant acceleration equation.  

2) The lead or following vehicle had a range that was less than 50 meters at some point in 
the trajectory. 

3) The range rate became negative for at least one frame (1/10 second).   
 

For the lead-vehicle conflict case, the resulting dataset contained 11 valid crash events and 290 
valid near-crash events for a total of 309 valid events.  Also used in the lead-vehicle analysis 
were 6,186 invalid events.  For the following-vehicle conflict case, the data contained 9 crash 
events and 52 near-crash events for a total of 61 valid events.  There were 157 invalid events 
used in the following-vehicle analysis. 

Question 1.  What kinematic variables best predict the occurrence of crashes and near-
crashes?   

 
Conflicts with Lead vehicles 
Using the range/range rate approach, the valid and invalid events were categorized based upon a 
number of criteria.  First, crash and near-crash boundaries were estimated in terms of 
range/range-rate based on a forward collision warning project conducted by the Collision 
Avoidance Metrics Partnership (CAMP) (Kiefer et al., 2003).  Since the boundary equations 
were not provided in the cited paper, these boundaries were estimated from graphs shown in the 
paper.  The approximations were:   

Warning Boundary: Range = -RangeRate * 3.5 
Conflict Boundary: Range = -RangeRate * 4 + 10 

 
It is important to note that while these were good approximations, they do not represent the exact 
curves provided in the paper.  This is particularly true of the conflict boundary equation, which 
appeared to have a second order term.   
 
The purpose of the boundaries described above was to provide criteria for forward crash 
warnings for drivers.  As such, they necessarily must weight the cost of a “miss” (i.e., no 
warning provided when a threat is present) much higher than a false alarm (i.e., a warning is 
provided in which there is no imminent threat).   
 
Another purpose of creating quantitative criteria for a near-crash was for the potential detection 
of near-crash events in large naturalistic driving databases.  In this case, the detection criteria did 
not need to be weighted so heavily toward very few misses.  However, missing near-crash or 
crash events is also not desirable in naturalistic data collection, even though it does not have the 
safety implications present in forward crash warning systems.  Thus, a third boundary was 
calculated that attempted to minimize the overall error rate (i.e., misses + false alarms) to show 
what might be possible for this application.  The equation used for this boundary condition for 
the lead-vehicle conflict case was: 
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Minimum Error Boundary:  Range = -RangeRate*1.3x + 0.5 
 
Note that more sophisticated multivariate modeling to discriminate between valid crash and near-
crashes as well as invalid events for the purposes of triggering event data collection for a large-
scale study is included as part of Chapter 13, Goal 9, Determine Rear-End Contributing Factors 
and Dynamic Conditions. 
 
A separate analysis was also conducted as part of this goal to determine the degree to which the 
three criteria described above could capture the crash events collected in the 100-Car Study.  For 
this analysis, the crash trajectories were stopped 2.0 seconds prior to the crash event to determine 
whether or not the trajectory had crossed each of the boundaries.  This provided some insight 
into the validity of the various approaches for detecting crash events in sufficient time to warn a 
driver. 
 
The analysis of the lead-vehicle conflict case using the approaches described above is shown in 
Table 6.1.  The data used in this analysis included:  11 valid crash events, 290 valid near-crash 
events, and 6,186 invalid events.  It is important to understand the nature of an invalid event in 
this context.  An invalid event is an event that was triggered by a signature associated with a 
possible lead-vehicle event.  These event triggers included short time-to-collisions, high 
longitudinal decelerations, or some combination of the two.  As described above in Chapter 2, 
trained analysts reviewed each of these events and determined that a conflict was not present.  
However, these events should not be construed as “normal” driving cases and instead represented 
the most difficult cases for discrimination purposes since they themselves represented the 
extremes of range and range rate from the roughly 43,000 hours of data collected for this study. 

Table 6.1.  Percentage of hits and false alarms for each boundary model for a conflict with 
a lead vehicle. 

 
Some of the lead- and following-vehicle crashes and near-crashes used in the calculations shown 
in Table 6.1 were discovered using triggers other than those based upon time-to-collision.  This 
was because in some cases the radar did not correctly identify the crash/near-crash target that 
constituted the greatest threat.  Thus, some of the events were captured by deceleration (or other) 
triggers.  In these cases, the points may have been misclassified based on range/range rate 
calculations and therefore were not accurate depictions of the actual threat.  Although the exact 
number of these points was not currently known, it was estimated to be in the range of 10 
percent. 
 
As shown in Table 6.1, the approximations of the CAMP warning and conflict boundaries 
provided very high hit rates for both crash and near-crash events and detected all of the crashes 
with the exception of one case.  However, the false alarm rate was also very high, which 
indicated difficulty in discriminating valid versus invalid events as defined here.   In contrast, the 

Conflict with 
Forward Vehicle 

Valid crash + near-crash  hit 
rate 

Invalid false alarm 
rate Diff Crash hit rate 

Minimum Error 74% 20% 54% 10 / 11 
~Warning 90% 73% 17% 10 / 11 
~Conflict 97% 97% 0% 11 / 11 
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minimum error boundary had a much lower false alarm rate, but at the expense of a 26 percent 
miss rate.  
 
The results in Table 6.1 are depicted graphically in Figure 6.1.  Each point on the graph 
represents the point of greatest threat with the lead vehicle, which is defined as the moment at 
which the two vehicles are closest during the event as determined by the radar signature.  The red 
points represent a random sample of the invalid events and the blue points are valid crash and 
near-crash events.  The area above each boundary line indicates events that would not be 
triggered using the kinematic equation represented by each boundary.  Alternatively, the area 
below each boundary line indicates events that would be triggered.  The red points above a 
boundary represent correct rejections.  The red points below the line are false alarms.  Likewise, 
the blue points above a boundary line represent misses, while blue points below a line would 
indicate a hit (correctly providing a warning). 
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Figure 6.1.  Point of greatest threat with lead vehicle for all crashes and near-crashes, and a 

random sample of invalid events.  The boundaries shown are approximations of the 
warning and conflict boundaries used as part of the forward collision warning algorithm 

(Kiefer et al., 2003) and a minimum error boundary calculated for this dataset.  
 
As another means to visualize the data, Figure 6.2 shows the trajectories of the selected events.  
Trajectories show the timeline of a vehicle for up to 8 seconds prior to the trigger.  The point at 
which the trajectory crosses a boundary is the point of a hypothetical warning.  As before, the 
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color blue indicates a valid event and the color red indicates an invalid event.  A blue line 
crossing the boundary would be considered a correctly identified valid event.  A red trajectory 
crossing a boundary would be a false alarm.  Blue trajectories that do not cross a boundary are 
misses.  To enhance data visualization, Figure 6.3 provides a random sample of the trajectories. 
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Figure 6.2.  Range/range rate trajectories of vehicles approaching a lead vehicle including 
crashes and near-crashes, and a random sample of invalid events.  The boundaries shown 

are approximations of the warning and conflict boundaries used as part of the forward 
collision warning algorithm (Kiefer et al., 2003) and a minimum error boundary calculated 

for this dataset. 
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Figure 6.3.  Range/range rate trajectories of vehicles approaching a lead vehicle.  This data 

includes a random sample of crashes and near-crashes, and invalid events to improve 
visualization.  The boundaries shown are approximations of the warning and conflict 

boundaries used as part of the forward collision warning algorithm (Kiefer et al., 2003) and 
a minimum error boundary calculated for this dataset. 

 
 
 
With regard to warning timing, Figure 6.4 provides range/range rate trajectories for the crash 
events.  The large blue points on each trajectory represent the time during the trajectory that was 
at least 2 seconds prior to the collision and during which the crash could have been predicted. 
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Figure 6.4.  Range/range rate trajectories for all crashes.  Trajectories include the data 

points up to 2 seconds prior to the crash.  The boundaries shown are approximations of the 
warning and conflict boundaries used as part of the forward collision warning algorithm 

(Kiefer et al., 2003) and a minimum error boundary calculated for this dataset. 
 
Figure 6.4 also provides some insight into the utility of the radar signature.  If a crash occurred, 
one would expect that the range value of the trajectory would end at zero.  However, noise in the 
data precluded this from happening.  For example, the left most trajectory in the graph represents 
a case in which a driver, in order to attempt to avoid the vehicle in front of her, swerved off the 
road and ran into a telephone pole.  She actually clipped the right corner of vehicle in front of 
her, but at the point of impact, the vehicle was heading to the right of the lead vehicle such that 
the radar on the front of the vehicle did not have the lead vehicle in its field of view.  In addition, 
the telephone pole was not detected by the radar in a timely manner.  For these reasons, the 
range/range rate never got to zero in the data stream. 
 
Therefore, the limitations of currently available (and affordable) radar, in addition to complex 
lead-vehicle scenarios, caused considerable noise in the data.  The result was somewhat 
unreliable data classification, regardless of the ultimate use of the data.   
 
Attempts were also made to classify the crash trajectory data further out than 2 seconds from the 
ultimate crash event.  As shown in Table 6.2, the ability of any of the boundary equations to 
accurately classify the event as a crash decreased dramatically.  This finding created some 
difficulty with regard to the development of collision warning systems.  Drivers must be 
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provided the warning with sufficient time to perceive the warning, assess the threat, and respond 
accordingly.  In some lower range/higher range rate scenarios there was little time available for 
such a driver response. 

Table 6.2.  Number of lead-vehicle crashes detected by each crash boundary based upon 
the number of seconds prior to the crash. 

Seconds Prior To Crash 
  0 1 2 3 4 
Minimum Error 10 6 0 0 0 
Warning 10 9 4 2 0 
Conflict 11 10 7 5 3 
All in scenario 11 10 7 6 3 

 
Following Vehicle Conflicts 
For following-vehicle conflicts, there were 9 crash and 52 near-crash events comprising the 61 
valid events.  For analysis purposes, 157 invalid events that met the criteria discussed previously 
were included.  Note that there were fewer following-vehicle events compared to lead-vehicle 
events.  This was due to the differences in the radar signatures for a forward versus a rear-facing 
radar.  Essentially, a forward-facing radar had many more objects to discern since gaining range 
on any static object could potentially be a threat.  Alternatively, a rear-facing radar only needed 
to produce a signature for objects moving toward the vehicle since all other targets were 
increasing in range as the vehicle moved forward.   
 
Therefore, a boundary for following-vehicle events was calculated in an attempt to minimize the 
overall error rate (i.e., misses + false alarms).  The crash boundary for Following Vehicle 
conflicts was: 

Minimum Error Boundary: y = -0.9x + 0.7 
 
Table 6.3 provides the hit and false alarm rates for the minimum error boundary.  Once again, the 
minimum error boundary provided some discrimination between valid and invalid events, but at 
the cost of missing two crashes.   

Table 6.3.  Percentage of hits and false alarms for each boundary model for a conflict with 
a following vehicle. 

 
 
 
Figure 6.5 represents the point of greatest threat with the Following Vehicle for the valid events 
and a random sample of invalid events.  The boundary shown is the minimum error boundary 
calculated for this dataset. 
 

Conflict with 
Following Vehicle 

Valid crash + near-crash  hit 
rate 

Invalid false alarm 
rate 

Diff Crash hit rate 

Minimum Error 67% 33% 34% 7 / 9 
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Figure 6.5.  Point of greatest threat with Following Vehicle for all crashes and near-

crashes, and a random sample of invalid events.  The boundary shown is the minimum 
error boundary calculated for this dataset. 

 
Figure 6.6 shows the trajectories of the Following Vehicle conflict data.  As shown previously 
with Lead-Vehicle conflicts, trajectories show the timeline of a vehicle for up to 8 seconds prior 
to the trigger.  The point at which the trajectory crossed the boundary was the point of 
discrimination.  As before, the color blue indicates a valid event and the color red indicates an 
invalid event.  A blue line crossing the boundary would be considered a correctly identified valid 
event.  A red trajectory crossing a boundary would be a false alarm.  Blue trajectories that do not 
cross a boundary are misses.   
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Figure 6.6.  Range/range rate trajectories for following vehicles including crashes and near-
crashes, and a random sample of invalid events.  The boundary shown is a minimum error 

boundary calculated for this dataset.  
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To enhance the visualization, Figure 6.7 provides a random sample of the trajectories in Figure 
6.6.  An interesting note with regard to the signature of many of the trajectories in Figure 6.7 is 
that the signature of the valid and the invalid events are very similar. 
 

0

5

10

15

20

25

-12 -10 -8 -6 -4 -2 0
Range Rate (m/s)

R
an

ge
 (m

)

Invalid
Valid
Minimum Error

 
Figure 6.7.  Range/range rate trajectories for following vehicles including a random sample 

of crashes and near-crashes, and invalid events.  The boundary shown is the minimum 
error boundary calculated for this dataset.  
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As with lead-vehicle conflicts, the efficacy of providing a following-vehicle pre-crash prediction 
based upon the minimum error boundary is discussed. Figure 6.8 provides range/range rate 
trajectories for the crash events.  The blue points on each trajectory represent that time during the 
trajectory that was at least 2 seconds prior to the collision and during which the crash could be 
predicted.  Intuitively, one could deduce that 2 seconds is not sufficient time to evade a following 
vehicle that is rapidly closing in. 
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Figure 6.8.  Range/range rate trajectories for all following-vehicle crash events.  The crash 

prediction trajectory shown includes the data points up to 2 seconds prior to the crash.  
The boundary shown is a minimum error boundary calculated for this dataset.  
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Establishing a Speed Threshold 
Another aspect of a quantitative crash/near-crash boundary is the role of vehicle speed on the 
correct classification of radar signatures.  A speed threshold is often established to reduce the 
number of false alarms; that is, sensor data acquired below a speed criterion is disregarded.  As 
shown in Table 6.4 the difference between correct classifications of invalid and valid events did 
not improve for lead-vehicle events with the inclusion of a speed threshold.  In fact, these 
numbers generally decreased for the Minimum Error Boundary, held fairly steady for the 
approximated Warning threshold, and slightly improved for the Conflict boundary. 
 
Note that the data in Table 6.4 indicate that a speed threshold greatly reduced the number of 
captured crash events.  One issue that becomes apparent is that many rear-end crashes in the 100-
Car Study occurred at low speed.  While one could argue that these crashes are much less 
important since the likelihood of an injury is very low, they may be more important from driver 
acceptance, property damage, and crash-caused delay points of view.   
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Table 6.4.  The number and percentage of events that would be correctly classified with the 
addition of a speed threshold for each boundary equation for lead-vehicle conflicts. 

 

 Speed Threshold 
by Boundary 
Types 

 
Boundary 
Equation Number of Events Percent 

  
  -m b invalid valid crash invalid valid diff crash
Speed = 0 
Min error 1.3 0.5 1,272 224 10 20.56 74.42 53.86 90.91
Warn 3.5 0 4,540 270 10 73.39 89.70 16.31 90.91
Conflict 4 10 5,985 292 11 96.75 97.01 0.26 100.00
All in scenario 0 50 6,186 301 11 100.00 100.00 0.00 100.00
Speed = 5 
Min error 1.3 0.5 1,260 217 6 20.37 72.09 51.72 54.55
Warn 3.5 0 4,513 263 6 72.96 87.38 14.42 54.55
Conflict 4 10 5,929 287 8 95.85 95.35 -0.50 72.73
All in scenario 0 50 6,121 296 8 98.95 98.34 -0.61 72.73
Speed = 10 
Min error 1.3 0.5 1,141 200 4 18.44 66.45 48.00 36.36
Warn 3.5 0 4,280 248 4 69.19 82.39 13.20 36.36
Conflict 4 10 5,696 268 5 92.08 89.04 -3.04 45.45
All in scenario 0 50 5,890 277 5 95.22 92.03 -3.19 45.45
Speed = 15 
Min error 1.3 0.5 952 172 3 15.39 57.14 41.75 27.27
Warn 3.5 0 3,805 226 3 61.51 75.08 13.57 27.27
Conflict 4 10 5,240 250 4 84.71 83.06 -1.65 36.36
All in scenario 0 50 5,445 259 4 88.02 86.05 -1.97 36.36
Speed = 20 
Min error 1.3 0.5 752 135 3 12.16 44.85 32.69 27.27
Warn 3.5 0 3,159 194 3 51.07 64.45 13.38 27.27
Conflict 4 10 4,551 215 3 73.57 71.43 -2.14 27.27
All in scenario 0 50 4,767 226 3 77.06 75.08 -1.98 27.27



 154

Establishing a Deceleration Threshold 
Another method for potentially filtering this data is to establish a filter that removes the data for 
events in which the driver did not exceed a pre-specified longitudinal deceleration.  The logic 
here is that lead-vehicle conflicts generally are associated with higher longitudinal decelerations. 
Therefore the filtering of lower decelerations may reduce the noise present without eliminating 
many of the valid events of interest.  The results are shown in Table 6.5 for deceleration 
thresholds greater than 0.0, 0.2, 0.3, 0.4, and 0.5g.  The threshold eliminated only those events in 
which the driver held a constant speed or accelerated throughout the event.  Therefore only a 
limited number of cases were available for elimination.. 
 
As shown in Table 6.5, increasing the deceleration filtering threshold did reduce the number of 
false alarms in some cases, particularly for the minimum error threshold.  In all cases, the 
deceleration filtering above 0.5 g reduced the number of false alarms.  However, this gain was 
made at the cost of eliminating a number of crash and near-crash cases of interest.   
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Table 6.5.  The number and percentage of events that would be correctly classified with the 
addition of a deceleration threshold for each boundary equation for lead-vehicle conflicts. 

  
 Deceleration 
Threshold by 
Boundary Types 

 
Boundary 
Equation Number of Events Percent 

  
  -m b invalid valid crash invalid valid diff crash
Decel > 0g 
Min error 1.3 0.5 1,054 214 8 17.04 71.10 54.06 72.73
Warn 3.5 0 4,240 260 9 68.54 86.38 17.83 81.82
Conflict 4 10 5,640 279 10 91.17 92.69 1.52 90.91
All in scenario 0 50 5,842 288 10 94.44 95.68 1.24 90.91
Decel > 0.2g 
Min error 1.3 0.5 691 192 8 11.17 63.79 52.62 72.73
Warn 3.5 0 3,587 232 8 57.99 77.08 19.09 72.73
Conflict 4 10 4,909 248 9 79.36 82.39 3.04 81.82
All in scenario 0 50 5,093 255 9 82.33 84.72 2.39 81.82
Decel > 0.3g 
Min error 1.3 0.5 542 185 7 8.76 61.46 52.70 63.64
Warn 3.5 0 3,152 225 7 50.95 74.75 23.80 63.64
Conflict 4 10 4,388 240 8 70.93 79.73 8.80 72.73
All in scenario 0 50 4,566 245 8 73.81 81.40 7.58 72.73
Decel > 0.4g 
Min error 1.3 0.5 344 178 6 5.56 59.14 53.58 54.55
Warn 3.5 0 2,464 217 6 39.83 72.09 32.26 54.55
Conflict 4 10 3,547 229 7 57.34 76.08 18.74 63.64
All in scenario 0 50 3,713 233 7 60.02 77.41 17.39 63.64
Decel > 0.5g 
Min error 1.3 0.5 71 156 5 1.15 51.83 50.68 45.45
Warn 3.5 0 431 189 5 6.97 62.79 55.82 45.45
Conflict 4 10 588 197 5 9.51 65.45 55.94 45.45
All in scenario 0 50 620 199 5 10.02 66.11 56.09 45.45

DISCUSSION 

Throughout this chapter, several reasons were noted for why the crash boundary methods did not 
perform perfectly.  One reason was simply noise in the sensor data.  In some cases, radar units 
missed the critical target.  In the example given previously of the driver who swerved, clipped a 
lead vehicle, then hit a telephone pole, the lead vehicle at the point of impact and the telephone 
pole never appeared as targets.  Alternatively, radar units detected non-critical targets, such as 
guardrails, when the road geometry was off angle.  For these cases, more sophisticated 
technology and algorithms would reduce the current level of false alarms and misses.   
 
Despite potentially correctable imperfections in the radar sensor, this data clearly showed that 
development of purely quantitative near-crash criteria (i.e., not requiring at least some degree of 
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verification by a human analyst) is not currently feasible for most cases.  A primary reason for 
this was that the kinematic signatures associated with near-crash events were virtually identical 
to many common driving situations that were not indicative of crash risk.  Thus, qualitative and 
quantitative criteria are dependent upon one another to some degree.  A qualitative criterion must 
be based on quantitative criteria that are based on crash risk.  Similarly, a quantitative criterion 
alone will not suffice without qualitative information regarding the validity of the near-crash 
based upon context information such as the presence of a planned versus an unplanned 
maneuver.   
 
The implication for large naturalistic data collection is that to ensure proper identification of 
valid and invalid events there will likely be a need, at least in the foreseeable future, for video 
data verification of dynamically triggered events.  However, as discussed in the report Goal 10: 
Evaluation of the Performance of the 100-Car Naturalistic Driving Study Data Reduction Plan, 
Triggering Methods, and Data Analysis (separate report), given current video technology, such 
verification is neither difficult nor expensive relative to the overall collection effort of such 
large-scale field tests.  It is important to understand in reviewing these results that from a large-
scale naturalistic study perspective, crash detection is reasonably straightforward since there is 
often a greater than 1.0g peak deceleration when the crash occurs.  More problematic is the 
elimination of near-crash cases.  However, depending on the size of the study, it may be 
reasonable to make an a priori decision to capture about of 70 percent of 25,000 or 30,000 near-
crash events if the false alarm rate can be reduced to the 10 percent range.  Alternatively, as will 
be discussed in greater detail in the Goal 10 Report (separate report), the cost of a false alarm is 
fairly low given the capability of the data reduction tools used in this study.  Specifically, a 
trained reductionist can sort between the presence or absence of a valid conflict using video data 
at the rate of about 50 per hour.  
 
The implications of these results also highlight the difficulties for deploying forward crash 
warning systems in the near term.  Admittedly, the analysis presented is cursory and the 
boundary equations simplistic.  Nevertheless, the sheer number of misclassified events and the 
relative range/range rate position of valid and invalid events indicates that a feasible, beneficial 
and acceptable countermeasure system might require more sophisticated information (e.g., 
whether or not the driver is looking forward) or possibly braking authority instead of a simple 
warning.   
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CHAPTER 7: GOAL 3, CHARACTERIZATION OF DRIVER INATTENTION AS IT 
RELATES TO INCIDENTS, NEAR-CRASHES, AND CRASHES 

DATA ANALYSIS OVERVIEW 

Secondary task distraction and other sources of inattention have been issues in driving for many 
years.  More recently, the increased use of cellular telephones (cell phones) and personal digital 
assistants (PDAs) by drivers has again raised the issue of tasks that can be safely performed in an 
automobile while driving.  While data collected in controlled settings such as test tracks and 
simulators suggest that driving while performing many tasks, including cell phones, can degrade 
driving performance, other research suggests that driving performance when dialing a cell phone 
is less affected than driving performance when talking to passengers, eating, or looking for an 
object in the vehicle (Stutts, et al., 2003).   
 
This chapter addresses four types of driving inattention, which have been operationally defined 
as: 
 

• Secondary task distraction – driver behavior that diverts the driver’s attention away 
from the driving task.  This may include talking/listening to cell phone, eating, talking 
to a passenger, etc.  A complete list of all secondary task distractions is provided in 
Appendix D.  

• Driving-related inattention to the forward roadway – driver behavior that is directly 
related to the driving task but diverts driver’s attention away from the forward field of 
view.  This includes such items as checking the speedometer, checking blind spots, 
observing adjacent traffic prior to or during a lane change, looking for a parking spot, 
and checking mirrors.   

• Drowsiness – driver behavior that included eye closures, minimal body/eye 
movement, repeated yawning, and/or other behaviors based upon those defined by 
Wierwille and Ellsworth (1994).   

• Nonspecific eyeglance away from the forward roadway -- cases in which the driver 
glances, usually momentarily, away from the roadway, but at no discernable object or 
person.  Eyeglance reduction and analysis of these cases was accomplished for crash 
and near-crash events only.      

 
A two-step data reduction process was conducted to create a database for the data described 
above.  First, the data reductionists assessed whether inattention was a contributing factor to the 
presence or severity of the event in question.  This assessment required the presence of two 
separate criteria:  (1) The reductionists looked for instances in which the presence of driver 
inattention occurred within 3 seconds of the onset of the conflict or at the onset of the conflict, 
and (2) The reductionists assessed whether the presence of the inattention contributed to the 
presence or severity of the event.  This was accomplished by assessing factors such as driver 
reaction time to determine whether the driver’s initial performance or subsequent response was 
consistent with the inattention in question.  Examples of some of the most common situations 
include:  an inopportune glance away from the roadway to check a blind spot at the precise 
moment of an unexpected forward event, an inappropriate level of secondary task engagement 
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leading to a lane tracking error in the presence of other traffic, or a case of drowsiness resulting 
in a delayed reaction time.   
 
 A second data reduction process occurred using eyeglance analysis for all near-crash and crash 
events.  For this analysis, eyeglances away from the forward roadway were reduced to determine 
driver eyeglance location and duration.  These cases also included inattention analysis regardless 
of whether inattention was judged to be a contributing factor in the analysis described above.  
This was accomplished because there were a number of cases of short glances away from the 
forward roadway that probably contributed to the presence or severity of events that were not 
apparent during the initial review process.   For this analysis, the last eyeglance location away 
from the forward roadway that occurred during a window of 3 seconds prior and 1 second after 
the onset of the conflict was used for classification.  If the eyeglance was to a specified location 
(rear-view mirror, toward passenger, or toward cell phone), the eyeglance is categorized as either 
driving-related inattention or secondary task distraction as defined above.  If the eyeglance is 
toward an internal or external location and the source is unknown, then the eyeglance is 
categorized as “non specific.”   

Driver Data Included in the Analyses 
As discussed in Chapter 2, Method, 109 primary drivers were recruited to participate in this 
study; however, data reduction was effectively conducted on 241 participants since many of the 
primary drivers allowed family members and friends to drive their vehicles.  There was no 
unobtrusive, feasible method of determining driver identification in the raw data, so driver 
identification was performed during data reduction.  Demographic information for the additional 
drivers was not obtained. 
 
For data analyses that do not consider driver age, gender, or vehicle miles traveled (VMT), data 
from all 241 participants was used in the analyses.  For data analyses that included age and 
gender, the 109 primary drivers were used (those with fewer than 1,000 VMT were excluded, 
leaving 98 drivers in the analyses). 
 
VMT per driver was estimated only for primary drivers.  Estimates were calculated based on 
video reduction during which reductionists viewed a sample of 100 trip files for each vehicle and 
recorded whether the primary driver was operating the vehicle.  The proportion of trip files that 
the primary driver was behind the wheel was multiplied by the total VMT for that vehicle to 
arrive at a VMT estimate for each primary driver.  VMT was not calculated for secondary drivers 
since speed sensor data for this group indicated that they drove fewer than 1,000 miles for the 
year.  
 
Overall Rate of Events by Driver 
Figure 7.1 provides an overview of the total number of events per driver per vehicle mile 
traveled.  Rate is calculated with the frequency of events for each driver divided by their VMT.  
To obtain the rate of events per million vehicle miles traveled (MVMT), the total of events was 
multiplied by 1,000,000.  As shown in Figure 7.1, the rate of events per driver was highly 
variable.  It is important to consider this variability in considering the analyses described in this 
section. 
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Figure 7.1.  Number of events per MVMT (N=98). 
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Figure 7.2 below shows the subject variability in the rate of inattention-related event 
occurrences.  In each of the events below, the driver was either labeled by data reductionists to 
be engaging in a secondary task, inattentive to the forward roadway, drowsy, or looked away 
from the forward roadway at a nonspecific object or person (for crashes and near-crashes only).  
The range in variability, while still very high, is somewhat reduced from the overall subject 
variability rate of occurrence of total events.   
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Figure 7.2.  Frequency of inattention-related events per MVMT in which inattention is due 
to: (1) drowsiness, (2) inattention to the forward roadway, (3) secondary task, (4) specific 

eyeglance away from forward roadway (for crashes and near-crashes only) or (5) 
nonspecific eyeglance away from forward roadway (for crashes and near-crashes only). 
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Question 1.  What is the relative frequency of events for which driver inattention was a 
contributing factor?  What is the relative frequency of occurrence of driver inattention 

events versus non-driver inattention events for incidents, near-crashes, and crashes? 
 
Figure 7.3 shows the total frequency of crashes, near-crashes, and incidents for which drivers 
were inattentive versus those events for which the driver was attentive.  Note that the frequency 
of incidents is two orders of magnitude higher than the frequency of crashes; percentages of total 
crashes and near-crashes will be used when appropriate for the remainder of this chapter to aid in 
readability. 
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Figure 7.3.  Frequency of crashes, near-crashes, and incidents for which drivers were 

inattentive versus attentive (Driver N = 241). 
 
Percentage of Attentive versus Inattentive-Related Events by Severity Level  
It was determined that the relative frequency of events for which driver inattention was a 
contributing factor versus the relative frequency of events for which driver inattention was not a 
contributing factor.  Inattentive events included those cases for which the reductionists identified 
the driver as being in one of the four categories of inattention: secondary task; driver-related 
inattention to the forward roadway; drowsiness; or nonspecific eyeglance away from the forward 
roadway (crashes and near-crashes only).  Attentive drivers were not engaged in these behaviors.     
 
The percentage of events of differing severities identified in the 100-Car Study database as 
having driver inattention listed as a contributing factor is shown in Figure 7.4 (i.e., The crashes 
that were marked as inattentive plus the crashes that were marked attentive is equal to total 
number of crashes).  The overall percentage of driver inattention-related events decreased with 
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decreasing event severity.  For the least severe, incident category, the majority of events (i.e., 
71%) did not involve inattention.  An important finding that will be discussed in several sections 
of this report is that the most severe events generally had multiple factors associated with them.  
As indicated in Figure 7.4, the majority of the crash and near-crash cases involved a combination 
of factors that included a precipitating event (which was commonly present) in conjunction with 
some form of driver inattention to the forward roadway.  Conversely, incidents often occurred 
after a precipitating event, but while the driver was attentive.  Thus, these results indicate that 
inattention often leads to increased incident severity, leading to more near-crash and crash 
circumstances.  It also indicates that there is at least one important conceptual difference between 
incidents versus near-crashes/crashes.  Specifically, incidents may not be as predictive of the 
combinations of factors that lead to crashes, but may be more predictive of the presence of 
precipitating events. 
 
An important finding of this report is that almost 80 percent of all crashes and 65 percent of all 
near-crashes involved the driver looking away from the forward roadway just prior to the onset 
of the conflict.  Further analyses of eyeglances for incidents are underway and will be reported in 
a follow-up report. 
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Figure 7.4.  Percentage of events that drivers were inattentive versus attentive by severity 

level (Driver N = 241). 
 
Percentage of Events for which Inattention was a Contributing Factor 
As stated previously, the majority of crashes and near-crashes identified in the 100-Car Study 
database had at least one type of driver inattention listed as a contributing factor.  Obtaining the 
frequency of events was conducted by calculating the frequency of each category of inattention 
as well as each combination of attention types as there were many crashes, near-crashes, and 
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incidents that contained more than one type of inattention (e.g., one crash had drowsiness listed 
as a contributing factor as well as driving-related inattention to the forward roadway).  Given that 
this is the first dataset where it is possible to determine a single or multiple sources of driving 
inattention, all combinations will be presented and discussed. 
 
Figure 7.5 shows the frequency of each inattention type for crashes and near-crashes.  Note that 
combinations of factors are also presented.  As shown, secondary task distraction was associated 
with the highest percentage of crash and near-crash events followed by driving-related 
inattention to the forward roadway.  It is important to note that these data represent percentages 
derived from raw frequencies, thus exposure is not accounted for.  Specifically, one needs to 
determine the frequency and duration with which each of these categories of inattention are 
present during normal, non-event, driving in order to make judgments about relative risk.  As of 
this writing, an additional analysis is underway that will establish exposure and make such 
relative risk comparisons.   
 
Figure 7.5 and Figure 7.6 also show that for the inattention-related events, that there is a 
significant component of drowsiness.  Over 10 percent of the inattention-related crashes and 
near-crashes had driver drowsiness as a contributing factor.  An interesting additional 
observation for these cases is that the majority of the events occurred during the day, many 
during the morning commute.   
 
Nonspecific eyeglances also contributed to a relatively high number of crash and near-crashes.  
Figure 7.6 shows that almost 10 percent of the inattention-related crashes and almost 20 percent 
of the inattention-related near-crashes involved cases where the driver looked away from the 
forward roadway, but not to any apparent location.   
 
An important aspect of the data shown in Figure 7.6 is the degree to which the crash percentages 
mirror the near-crash percentages.  In fact the three highest single-case categories, secondary 
task distraction, driving-related inattention and drowsiness, are all very close in this regard.  The 
case where crash and near-crash percentages differ the most is the nonspecific eyeglance 
category (Figure 7.6).  One possibility is that the level of inattention associated with this 
category is somewhat lower than some of the other inattention categories (either singly or in 
combination) perhaps resulting in a higher percentage of successful evasive maneuvers. 
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*The values for these types of inattention were < 1.0 percent. 

Figure 7.5.  The frequency of crashes and near-crashes in which these types of inattention 
were identified as a contributing factor.    
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Figure 7.6.  The percentage of crashes and near-crashes in which these types of inattention 

were identified as a contributing factor.  
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Figure 7.7 shows the breakdown of the types of inattention to the forward roadway for incidents.  
As was discussed previously, no eyeglance analysis was conducted for the incidents as part of 
this study, so the nonspecific eyeglance categories are not provided.  Note that the majority of 
the inattention-related incidents involved secondary task engagement, followed by drowsiness, 
and driving-related inattention to the forward roadway.   
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Figure 7.7.  The frequency of incidents in which these types of inattention were identified as 

a contributing factor.  
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Rate of Events for Severity Level by Attention   
The number of events for each driver was divided by their VMT to account for exposure.  This 
number was then averaged across drivers and multiplied by 1,000,000 to determine rates per 
MVMT.  
 
Please note that the rate of inattention-related events is higher for both crashes and near-crashes, 
but as discussed previously, only 29 percent of the incidents have inattention listed as a 
contributing factor.  Again, the nonspecific eyeglance data is not included in the incident 
category since these data were not reduced as part of the scope of this project.  However, it is 
hypothesized that the number of incidents with inattention as a contributing factor will be higher 
once it is possible to include these events.  Regardless, the results shown in Figure 7.8 
demonstrate that inattention affects a higher proportion of crashes and near-crashes than 
incidents.   
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Figure 7.8.  Comparison of inattention and attention-related events by severity level per 

MVMT (Driver N = 98). 
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Rate of Events per MVMT for Age by Attention 
The rate of events for each age group was calculated in a similar manner as the rate of events by 
each level of severity level (Figure 7.9).  The rate of attentive events is higher for all age groups, 
however, the overall rate of event occurrence as well as the rate of occurrence of inattentive 
events is significantly higher for the 18- to 20-year-old age group than for any other age group, F 
(5,91) = 4.44, p < 0.01.  This finding is not surprising as it is a well-documented finding that 
younger drivers are involved in more crashes than are in age groups.  It is also not surprising that 
the younger age group was involved in more inattentive events as Stutts et al. (2003) reported 
that younger drivers were more distracted by participants in the vehicle than other age groups as 
well as by other types of secondary tasks. 
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Figure 7.9.  The rate of inattentive versus attentive events per MVMT by age group. 

 
The rates of attentive versus inattentive drivers by age are also shown for crash (Figure 7.10) and 
near-crash (Figure 7.11) events.  As shown, the rate of inattention-related crash and near-crash 
events decreases dramatically with age, with the rate being as much as four times higher for the 
18- to 20-year-old age group relative to some of the older driver groups.  This again supports the 
need to develop countermeasures that limit distractions and perhaps educate younger drivers of 
the hazards associated with inattention to the forward roadway form all of the sources shown in 
the section.   
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Figure 7.10.  The rate of inattentive versus attentive crashes per MVMT by age group. 
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Figure 7.11.  The rate of inattentive versus attentive near-crashes per MVMT by age 

group. 
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Question 2.  What is the relative frequency of types of inattention involved in incidents, 
near-crashes, and crashes?  Do some types of inattention result in more severe driving 

events?   
 
To address Question 2, the frequencies and percentages will be presented for “occurrences” 
instead of by “events.”  As was shown in the prior section, more than one category of inattention 
was sometimes classified for a single event.  To account for this, we included the inattention 
classification in both categories instead of presenting combinations (i.e., for readability due to 
the number of categories) or prioritizing one classification over another.  Thus, the total number 
of occurrences, as depicted in the following figures, will exceed the total number of events 
depicted in the figures presented up to this point. 
 
The analyses for Question 2 used the data from all of the drivers (driver N = 241).  Figure 7.12 
shows the frequency of each type of secondary task inattention-related occurrence.  Note that 
wireless devices, including primarily cell phones and personal digital assistants (PDAs), account 
for the highest frequency of inattention-related occurrences, while passenger-related inattention 
was the next most frequent secondary task.  
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Figure 7.12.  Comparison of the number of occurrences of the presence distracting agent as 

a contributing factor (Driver N = 241).  
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Figure 7.13 shows the secondary task distraction types broken out for crash and near-crash 
events. As shown, the most frequent secondary tasks contributing to crashes were internal 
distractions, wireless devices, and passengers.  The most frequent types of inattention for near-
crashes and incidents were wireless devices and passenger-related tasks.   
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Figure 7.13.  Comparison of crashes and near-crashes the frequency of occurrences of the 
presence, either alone or in combination, of the distracting agent as a contributing factor 

(Driver N = 241).  
 
Figure 7.14 shows the frequency of driving-related inattention occurrences involving glances 
away from the forward roadway for each level of severity.  Left window and right window 
glances were the most frequent contributors to the total number of inattention-related incidents.  
However, center mirror glances occurred most frequently during near-crash events and left 
window glances occurred the most during driving-related inattention crash events.  As was stated 
previously, it is important to note that these numbers represent raw frequencies and do not 
account for exposure in terms of frequency of glances in non-event driving.  
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Figure 7.14.   Frequency of occurrence of driving-related inattention to forward roadway, 

alone or in combination, by level of severity (Driver N = 241). 
 
Frequency of Secondary Tasks 
Figures depicting the numbers of occurrences for each type of secondary task are presented in 
the following section.  Please note that a few of the figures may exceed the y-axis.  These bars 
contain an “explosion mark” with the frequency shown in numerical form.  This was done to 
improve the readability of some of the lower frequency occurrences. 
 
Wireless Devices.  Figure 7.15 shows a frequency distribution of all the wireless device tasks 
recorded by the data reductionists.  The categories were all defined by name except for the cell 
phone – other category.  This category was added to include all the events for which the driver 
was clearly not dialing or talking on the cell phone but rather looking at the display as if 
screening phone calls or reading text messages.  Talking/listening on a cell phone was most 
frequently cited as a contributing factor to conflicts while dialing or answering the cell phone 
was the second most frequent contributing factor.  While this finding could be an artifact of task 
duration or exposure, a considerable body of research suggests that dialing degrades driving 
performance more than talking or having a conversation (Jenness, et al., 2002).  While this may 
be true, these results suggest that drivers are involved in more traffic conflicts while engaged in 
cell phone conversations than while dialing. 
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Figure 7.15.  Frequency of occurrences in which the contributing factor was wireless device 

use (Driver N = 241). 



 173

In-Vehicle-System-Related Secondary Tasks.  Figure 7.16 shows the distribution of in-vehicle-
system-related secondary tasks.  This category was a compilation of events directly related to the 
operation of in-vehicle system devices (i.e., radio or HVAC system).  The category adjusting 
other in-vehicle system operations included events for which the reductionists could either: (1) 
not distinguish whether the driver was adjusting either the radio or the HVAC system; or (2) the 
driver was adjusting an added in-vehicle system component.  Drivers were involved in more 
near-crashes and incidents while adjusting the radio than any other in-vehicle system operation, 
including inserting cassettes or compact discs.  Only one crash occurred while the driver was 
either adjusting the radio or the HVAC system.   
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Figure 7.16.  Frequency of occurrences for which the contributing factor was a vehicle-

related task. 



 174

Passenger-Related Secondary Tasks.  As shown previously (figures 7.12 and 7.13), passenger-
related secondary tasks were the second most frequent cause of inattention associated with 
crashes, near-crashes, and incidents.  The breakdown of the type (i.e., adult or child) and location 
of the passengers is shown in Figure 7.17.  While it was somewhat difficult to ascertain, due to 
camera views, whether there were passengers, it was often possible to observe a hand reach 
across the camera views or view a leg in the passenger’s seat in the over-the-shoulder camera 
view.  It was also possible at times to identify the strong possibility of a passenger if the driver 
was clearly speaking/gesturing and looking towards the passenger seat.  When this was possible, 
the reductionists marked passenger in the adjacent seat as the cause of inattention.  If the driver 
was clearly vocalizing but did not frequently glance over at the passenger seat or in the rear seat 
of the vehicle, reductionists would mark this talking/singing.  Therefore, in the talking/singing 
category, it is unknown whether or not there was a passenger in the vehicle.  It was sometimes 
difficult to determine if there were children in the back seat, so some of the general 
talking/singing may fall into this category. 
 
The frequency of events for which there was a passenger in the adjacent seat was by far the most 
common for all levels of severity.  Other studies have found that children in the rear passenger 
seats are a frequent distracter (Stutts, et al., 2003).  Since many of the subjects in this study were 
younger and because it was difficult to ascertain whether a child was in the rear seat, these 
factors may have contributed to the low occurrence of events for this category. 
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Figure 7.17.  Frequency of occurrences in which the contributing factor was passenger-

related secondary tasks.  (Driver N = 241). 
 
 
There was only one crash that occurred while the driver was vocalizing with no apparent 
passenger present, however there were 100 incidents and 12 near-crashes that occurred (Figure 
7.18).  Again, while a passenger may have been present in these events as well, it was sometimes 
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difficult to ascertain this during reduction.  Please recall, as discussed in the Chapter 2: Method 
for Phase II Field Test that due to the IRB and Certificate of Confidentiality requirements, no 
other passengers could be captured on video to maintain the anonymity of uninformed 
participants. 
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Figure 7.18.  Frequency of occurrences in which the contributing factor was 
talking/singing:  no passenger apparent secondary tasks.  (Driver N = 241). 
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External Secondary Tasks. External secondary tasks involved drivers who became interested in 
something outside the vehicle such as a crash or a construction zone.  Appendix D lists 
descriptions for each of the tasks listed in Figure 7.19.  Note that one crash and 10 near-crashes 
were listed under other external distraction meaning that the reductionists could not determine 
what the driver was observing outside the vehicle.  Generally, this category was identified in a 
relatively low number of events, which contradicts other studies of this type (e.g., Stutts et al., 
2003).  This may have been partly due to the difficulty in determining whether the driver was 
observing something specific outside the vehicle or randomly gazing out the window.  However, 
even when considering the external nonspecific eyeglance locations for crash and near-crash 
events, this category is still lower than other studies have indicated. 
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Figure 7.19.  Frequency of occurrences in which the contributing factor was an external 

secondary task (Driver N = 241). 
 



 177

Internal Secondary Tasks: Not Vehicle or Passenger-Related.  The internal secondary task 
category involved the drivers manipulating or locating miscellaneous objects in the vehicle that 
were not related to in-vehicle systems, other passengers, wireless devices, or specified secondary 
tasks (such as eating or smoking, which are located under dining and smoking categories).  The 
task types under this category were less frequent compared to other categories (i.e., well under 
100 occurrences for each type).  All of these categories are defined in Appendix D.  Note that 
both reaching for an object having an object or animal in the vehicle, and moving object in 
vehicle contributed to crashes.  The first two of these categories, plus reading, were the primary 
contributors to near-crashes (Figure 7.20).  
 

0

10

20

30

40

50

60

70

R
ea

di
ng

A
ni

m
al

/O
bj

ec
t

in
 V

eh
ic

le
 -

O
th

er

R
ea

ch
in

g 
fo

r
ob

je
ct

(n
ot

 c
el

l
ph

on
e)

M
ov

in
g 

ob
je

ct
in

 v
eh

ic
le

In
se

ct
 in

V
eh

ic
le

P
et

 in
 V

eh
ic

le

O
bj

ec
t

dr
op

pe
d 

by
dr

iv
er

Internal Tasks

Fr
eq

ue
nc

y crash
near crash
incident

 
Figure 7.20.  The frequency of occurrences in which the contributing factor was internal 

secondary tasks (Driver N = 241). 
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Personal Hygiene.  This category of secondary tasks pertained to the driver engaging in any 
grooming, cleaning, or attending to themselves as opposed to being attentive to a miscellaneous 
object.  Again, note that all of the personal hygiene categories are defined in Appendix D.  While 
the overall frequency for this type of secondary task is not as high as other categories, this 
category is of interest when determining whether drivers are remembering that they are in an 
instrumented vehicle.  No crashes occurred while drivers were engaged in personal hygiene, but 
a number of near-crashes occurred (Figure 7.21).  
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Figure 7.21.  Frequency of occurrences in which the contributing factor was a personal 

hygiene task (Driver N = 241). 
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Dining.  For the secondary task category of dining, a distinction was made between drinking out 
of a covered versus open container (i.e., with or without a lid) and eating with or without 
utensils.  Note that in Figure 7.22, eating without utensils and drinking from an open container 
both contributed to more crashes and near-crashes than drinking from covered containers or 
eating with utensils.  It is intuitive that drinking from an open container would contribute to more 
overall events since it is a more difficult task than drinking from a container with a lid.  
However, it also makes intuitive sense that eating with utensils would be more difficult than 
eating without utensils, and yet the frequencies show more higher-severity events when eating 
without utensils.  Given that most meals in a vehicle are eaten without utensils, there are 
probably different levels of exposure for these two tasks. 
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Figure 7.22.  Frequency of occurrences in which the contributing factor was a dining task 

(Driver N = 241). 
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Smoking.  Few occurrences listed smoking as a contributing factor (Figure 7.23).  Note that the 
act of smoking was a contributing factor more often than lighting or reaching for a cigar or 
cigarette.  Incidentally, one rear-end struck collision was caused by a driver in the other vehicle 
who was lighting a pipe.  The driver admitted this to the police officer; however, that event is not 
recorded here as all events are based upon the instrumented vehicle driver.  For the one near-
crash that occurred, the driver was smoking a cigar/cigarette and looked away from the forward 
roadway prior to the onset of the conflict. 
 

0

5

10

15

20

25

30

35

Lighting
cigar/cigarette

Reaching for
cigar/cigarette

Smoking
cigar/cigarette

Smoking Task

Fr
eq

ue
nc

y crash
near crash
incident

 
Figure 7.23.  Frequency of occurrences in which the contributing factor was a smoking task 

(Driver N = 241). 
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Daydreaming.  Figure 7.24 shows the number of occurrences for which the reductionists 
believed the driver was either lost in thought or looked in the direction of but did not observe the 
conflict (see Appendix D for more detailed definitions of these categories).  The low frequency 
counts reflected the difficulty in assessing whether a driver was daydreaming by simply 
examining the video.  Therefore, the true frequency of daydreaming is probably higher than 
shown in Figure 7.24. 
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Figure 7.24.  Frequency of occurrences in which the contributing factor was a daydreaming 

task (Driver N = 241). 

Question 3.  For the incidents, near-crashes, and crashes for which inattention was a 
contributing factor, what is the prevalence of other driving behaviors occurring such as 

willful behavior, driver impairment, or drowsiness? 
 
This analysis was conducted to determine if the occurrence of any particular driver (e.g., 
aggressive driving) behavior tended to increase the level of severity of the event.  Also, did the 
occurrence of inattention plus aggressive driving lead to a near-crash or crash event?  For this 
analysis, percentage values were calculated based upon the total number of events (regardless of 
attention level). 
 
Data reductionists identified those events for which the driver was demonstrating willful 
behavior, which was one or a combination of several of the following: aggressive driving, willful 
violation of traffic laws, or use of vehicle for purposes of intimidation.  Driver proficiency was 
recorded by data reductionists when they observed drivers violating traffic laws or controlling 
the vehicle in a manner such that it was assumed that the driver lacked knowledge.  Examples 
included consistently driving in an unsafe manner (i.e., stopping or braking suddenly without 
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cause) and attempting to perform maneuvers for which the vehicle was not designed (i.e., 
attempting a U-turn without enough available roadway).  Driver drowsiness was briefly 
discussed previously, but is also discussed in this section in conjunction with driver 
physical/mental impairment.  Driver physical/mental impairment, similar to GES variable D3, 
Driver Physical/Mental Condition, was recorded by reductionists to include drowsiness as well 
as anger, other emotional states, drug or alcohol use, etc.  Reductionists only specified drug or 
alcohol use when it was explicit or when the driver admitted to the behavior during the 
debriefing process.    
 
Figure 7.25 shows the frequency of willful behavior, driver impairment, and driver proficiency 
events.  The figure shows that driver proficiency appeared to be more problematic than 
aggressive driving or driver impairment for all levels of severity.   
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Figure 7.25.  Frequency of driver inattention, willful behavior, and driver impairment on 
the total number of crashes, near-crashes, and incidents in the 100-Car Study database.   
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Figure 7.26 shows the frequency of the various levels of driver impairment.  Please note that 
drowsiness generally accounted for 22 percent of all events whereas the rest of the impairments 
were fairly infrequently identified.  Without actual interviews for each event, this type of 
information was difficult to obtain via video reduction.   
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Figure 7.26.  Frequency of the driver physical/mental impairment categories listed as a 

contributing factor. 
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Figure 7.27 shows the frequency of inattention plus driver behavior for crashes, near-crashes, 
and incidents.  While inattention and driving proficiency were paired together frequently, 
inattention and willful behavior or driver impairment were less so, although 5 crashes were 
attributed to the combination of inattention and willful behavior.   
 

 
Figure 7.27.  The percentage of events that included both inattention and willful behavior, 

driver proficiency, or driver impairment. 

Question 4.  Do drivers conversing on cell phones exhibit poorer driving performance than 
drivers not using cell phones?   

 
While comparisons could potentially be made of drivers on the cell phone to an estimated 
baseline dataset, it would be more appropriate to address this question using actual baseline 
driving data.  Baseline driving data will be identified and reduced as part of a follow-on effort.  
Specifically, events will be reduced for which no conflicts occurred and reductionists will record 
whether the driver is or is not talking on a cell phone. 

DISCUSSION 

Historically, driver distraction, as well as possibly driver drowsiness, has been typically 
discussed as a secondary task engagement.  In this paper the definition of driver distraction has 
been expanded to a more encompassing “driver inattention” construct by including three new 
categories,  “driving-related inattention to the forward roadway,” and  “nonspecific eyeglance’.  
“Driver-related inattention to the forward roadway” involves the driver checking rear-view 
mirrors or their blind spots.  This new category was added after viewing multiple crashes, near-
crashes, and incidents for which the driver was clearly paying attention to the driving task, but 
was not paying attention to the critical aspect of the driving task (i.e., forward roadway).    
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A second analysis of the crashes and near-crashes in the 100-Car Study database was also 
conducted using the eyeglance analysis performed manually by data reductionists.  The  “non 
specific eyeglance away from forward roadway” describes cases in which the driver glances, 
usually momentarily, away from the roadway at a non-discernable object.  Cases where the 
object could be identified were classified as either driving-related inattention to the forward 
roadway or secondary task distraction depending on what the driver was looking at.  For this 
project, eyeglance reduction was accomplished for crash and near-crash events, so this category 
can only be used for the more severe categories.  This analysis suggested that driver’s glances 
away from the forward roadway potentially contribute to a much greater percentage of events 
than the first three categories of inattention suggest.     
 
Thus, with the addition of these two categories, driver inattention has been operationally defined 
as including drowsiness, engagement in secondary tasks, driving-related inattention to the 
forward roadway (checking blind spots), and nonspecific eyeglance way from the forward 
roadway.  All of these events were identified by reductionists viewing the driver’s behavior 
surrounding the onset of the event.   
 
It is important to note that the data presented in this section represents raw frequencies or 
percentages derived from raw frequencies, thus exposure is not accounted for.  Specifically, one 
needs to determine the frequency and duration with which each of these categories of inattention 
are present during normal, non-event, driving in order to make judgments about relative risk.  As 
of this writing, an additional analysis is underway that will establish exposure and make such 
relative risk comparisons.   
 
Several very important results were identified as part of this analysis. 
 

• For the crashes and near-crashes, the driver looked away from the forward roadway at 
least once in a 4 seconds window surrounding the events (3 seconds prior and 1 second 
post-event onset) in almost 80 percent of the crash cases and 65 percent of the near-crash 
cases. 

 
• The rate of inattention-related crash and near-crash events decreases dramatically with 

age, with the rate being as much as four times higher for the 18- to 20-year-old age group 
relative to some of the older driver groups (i.e., 35 and up). 

 
• The use of hand-held wireless devices (primarily cell phones but including a small 

presence of PDA use) was associated with the highest frequency of secondary task 
inattention-related events.  This was true for both events of lower severity (i.e., critical 
incidents) and for events of higher severity (i.e., near-crashes).  Wireless devices were 
also among the categories associated with the highest frequencies of crashes and minor 
collisions, along with looking/reaching for an object in vehicle and passenger-related 
secondary tasks. 

 
• Drowsiness and driving-related inattention to forward roadway were also listed among 

the most frequent contributors to crashes and near-crashes.  The driving-related 
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inattention to the forward roadway category:  looking out the left window was associated 
with the highest number of events for this classification.  Both of these categories were 
higher than expected based upon previous research or conventional wisdom. 

 
Driver inattention did not appear to combine meaningfully with driver mental/physical 
impairment, willful behavior, or driver proficiency to contribute to events, although these 
behaviors on their own did contribute to many of the events in the 100-Car Study database. 
 
A few issues should be noted when interpreting the above results.  Secondary tasks, drowsiness, 
and inattention to forward roadway were recorded by reductionists as objectively as possible.  
For example, passenger in vehicle was recorded when a reductionist observed the presence of a 
passenger in conjunction with the driver reacting either late or in an inappropriate manner.  
Therefore, the fact that an event occurred with a passenger in the vehicle cannot be interpreted as 
a cause of the event; instead, the presence of a passenger can only correlated with an event.  This 
is true for every secondary task, including the use of a cell phone.  These correlations will be 
further analyzed in follow-on work.  Driver performance during inattention and baseline events 
will be used to perform statistical tests for which inferences can then be discussed. 
 
Eyeglance analysis, while manually performed by reductionists, is an objective task that is 
somewhat less prone to human error.  Nevertheless, a driver’s glance direction, even if focused 
on the onset of an event, provides no guarantee that the driver will see or perceive the situation 
appropriately.  While human error cannot be entirely removed from this type of data collection, 
reductionists determination of inattention and eyeglance data are both required to shed light on 
the problem of driving inattention. 
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CHAPTER 8: GOAL 4, DRIVER PERFORMANCE IN INSTRUMENTED VEHICLES 
OVER TIME: OVER THE FIRST FEW HOURS, OVER THE FIRST YEAR, AND 

OVER ONE MONTH FOR SAME DRIVER IN PRIVATE VERSUS LEASED 
VEHICLES 

DATA ANALYSIS OVERVIEW 

The questions addressed in Chapter 8, Goal 4 were intended to explore issues of whether driver 
behavior in an instrumented vehicle changed over time.  The units of time used were weeks 
(weeks 1 through 50) and hours (the first 50 hours).  The issues explored were driver behavior in 
a newly instrumented leased vehicle in the first weeks as compared to driver behavior in the first 
few hours of driving, and driver behavior for the same driver in four weeks of leased vehicle 
driving and four weeks of private vehicle driving by the end of the study.  
 
The analyses discussed in this chapter were conducted using epidemiological methods.  The 
definitions and formulas presented are from Greenberg et al. (1993).  Some of the terms and 
assumptions have been modified to fit the current dataset and analyses.  The 100-Car Study was 
deemed to most closely fit the definition of a cohort study, in which investigators identify an 
initial population and determined their initial exposure status.  Groups were then exposed to 
different conditions and tracked over time.  So in the case of the 100-Car Study, the initial cohort 
was the group of drivers who agreed to participate.  If the exposure of interest was exposure to a 
leased vehicle (as opposed to the private vehicles they had all been driving up to this time), then 
some of the drivers would be exposed to a leased vehicle while others would remain in their 
private vehicles.  Driving behavior would then be tracked over time.  
 
According to Greenberg et al. (1993), the appropriate analysis for this type of study is the risk 
ratio (sometimes called relative risk; it will be referred to as RR in this report).  This requires the 
data to be put into the form shown in Table 8.1. 
 

Table 8.1.  Example data matrix for calculating risk ratio.  A, B, C, and D are the numbers 
of cases satisfying each criteria. 

Outcome Exposed Unexposed Total 
Week of Interest A B A + B 
Control Week C D C  + D 
Total A + C B + D A + B + C + D 
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The formula for calculating RR is: 

)unexposed(

)exposed(

R
R

RR =        Eq. 1 

 
in which R(exposed) =  the risk of an outcome for an exposed person and R(unexposed) =  the risk of an 
outcome for an unexposed person.  The formula for calculating these risks takes the form: 
 

CA
AR
+

=)exposed(        Eq. 2 

 
in which A and C are obtained from Table 8.1.   The formula for calculating RR can thus be 
expressed as: 
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=        Eq. 3 

 
For each RR calculated in this way, the 95th percentage confidence intervals can then be 
calculated using the following formula: 
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±=   Eq. 4 

 
These confidence intervals tend to be asymmetric for RR calculations (with a lower bound of 0 
and no upper bound). 
 
For the 100-Car Study dataset, one of the primary questions in calculating RR was the decision 
regarding which period(s) of time to use as a control period for each question of interest.  A 
preliminary examination showed that the data were rather noisy over time, so a decision was 
made to use an average of the final 10 time periods for each dataset as the control period.  For 
the analyses performed by week, weeks 41-50 were used, while for the analyses by hour, hours 
41-50 were used. 
 
With regard to the research questions for Chapter 8, Goal 4, the first set of three questions 
attempts to characterize these differences based on raw numbers (actual numbers of valid events, 
without regard to exposure), while the second set of three questions does the same on a per mile 
basis (attempting to control for exposure). 

Data Included in the Analyses 

The analyses for Chapter 8, Goal 4 included incidents recorded for all primary drivers of 
vehicles.  There were 109 primary vehicle drivers, but due to data outages, the number of drivers 
available for any given week ranged from a high of 107 in week 1 to a low of 60 in week 49.  
There were 64 drivers in week 50.  Altogether, there were 8,229 events available for the weekly 
analyses (weeks 1 through 50).  Of these, 7,472 were incidents, 696 were near-crashes, and 61 
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were crashes.  For the hourly analyses, there were 974 events available in hours 1 through 50.  
Of these, 845 were incidents, 118 were near-crashes, and 11 were crashes. 
 
Relevant variables used during the analyses included: age (younger and older, in which younger 
is 30 or younger and older is older than 30); leased vehicle versus private vehicle, switch driver 
versus non-switch driver (in which a switch driver is a private vehicle driver who was given a 
leased vehicle for four to eight weeks at the end of the study); and event severity (crashes, near-
crashes, and incidents, defined as usual in this report). 

Question 1.  Based on the number and type of valid events, is there a significant difference 
in the relative risk of driving over the course of a year for drivers in a familiar vehicle with 

instrumentation installed (leased and private vehicles)? 
 
The purpose of this question is to investigate the driver adaptation process for leased vehicles 
and privately owned vehicles with instrumentation over the course of the study.  It was desired 
that the control time period be near the end of the study, when drivers would have become most 
adapted to their vehicles.  Thus, relative risk was calculated using an average of weeks 41-50 as 
the control time period.    
 
Figure 8.1 shows the mean number of incidents for private versus leased vehicles for the entire 
time period of interest in this analysis (weeks 1-50).  It was originally proposed that weeks 1, 4, 
12, and 26 be used as the weeks of interest for the RR analysis for this research question.  
However, as shown in Figure 8.1, the data is quite noisy and the patterns shown by such an 
analysis will vary depend on which weeks are chosen.  For example, Figure 8.2 shows the RR for 
weeks 1, 4, 12, 26, and 49, with week 50 as the control week.  Figure 8.2 can be compared to 
Figures 8.3 and 8.4 in which different comparison weeks were chosen.  The patterns are quite 
different in the three cases.  Therefore, some smoothing of the data was desired for this analysis. 
The following time periods were thus selected for subsequent analysis and graphing: Week 1; 
Week 2; Week 3; Week 4; Weeks 1-4; Weeks 5-8; Weeks 9-12; Weeks 13-16; Weeks 17-20; 
Weeks 21-24; Weeks 25-28; Weeks 29-32; Weeks 33-36; Weeks 37-40; Weeks 41-44; Weeks 
45-48; and baseline weeks 41-50.    Weeks 1 through 4 were examined individually, as well as 
averaged, so that the effect of vehicle adaptation to a strange vehicle would not be masked, if 
such an effect were indeed present. 
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Figure 8.1.  Mean number of events per vehicle for weeks 1-50 for leased and private 

vehicles. 
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Figure 8.2.  Comparison of RR using the originally proposed comparison weeks of 1, 4, 12, 

26, and 49 using week 50 as a control week. 
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Figure 8.3.  Comparison of RR using weeks of 3, 7, 18, 27, and 49 using week 50 as a 

control week and showing a strong downward trend. 
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Figure 8.4.  Comparison of RR using weeks of 1, 5, 13, 33, and 49 using week 50 as a 
control time period and showing an upward trend followed by a downward trend. 

 
An examination of Figure 8.1 above shows some interesting features.  For example, up to around 
week 23, the leased vehicles had about twice the mean rate as the private vehicles.  Upon first 
glance, one might be tempted to interpret this as some sort of seasonal variation.  However, it 
should be noted that the week denoted in the dataset referred to that driver/vehicle combination’s 
week of driving since entering the study.  This eliminated seasonal variations.  For example, if 
the Washington, DC, area experienced a snowstorm on January 12, and there was an unusually 
high number of incidents noted during that time frame, this should not appear in the graphs 
organized by week.  That is, January 12 may have been part of week 1 for driver 45, week 17 for 
driver 32, and week 26 for driver 65.  This method should also have eliminated any other 
possible systematic variations that could have occurred over time.   
 
At about week 23, the private vehicles began to experience a higher mean rate, which continued 
through the remainder of the study.  The leased vehicles also began experiencing higher mean 
rates at about that time, but the increase was not quite of the same magnitude as for the private 
vehicles.  The most interesting thing about Figure 8.1, however, is the consistency of the 
difference between the leased vehicle mean rate and the private vehicle mean rate.  This pattern 
would indicate that leased vehicles would have a high risk ratio when they are compared to 
private vehicles. 
 
Table 8.2 presents the mean number of events for private and leased vehicles for the time periods 
of interest as described previously.  The mean number of events was calculated by dividing the 
number of events for time period of interest by the number of drivers for same time period so 
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that the lower number of leased vehicles as compared to private vehicles is accounted for in the 
calculation. 

Table 8.2.  Mean number of events per vehicle per time period for leased and private 
vehicles; calculated relative risk for those time periods; 95th percentage confidence 

intervals based on RR. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Week 1 2.57 1.61 0.93 
Week 2 3.19 1.57 1.06 
Week 3 2.95 1.08 1.27 
Week 4 2.66 1.15 1.15 
Weeks 1-4 2.83 1.36 1.08 
Weeks 5-8 2.07 1.09 1.03 
Weeks 9-12 2.90 1.22 1.17 
Weeks 13-16 2.29 1.07 1.11 
Weeks 17-20 3.01 1.33 1.13 
Weeks 21-24 2.42 1.72 0.87 
Weeks 25-28 3.09 2.16 0.89 
Weeks 29-32 3.35 1.86 1.00 
Weeks 33-36 5.09 1.96 1.17 
Weeks 37-40 3.10 1.90 0.95 
Weeks 41-44 2.93 1.76 0.96 
Weeks 45-48 3.93 1.87 1.07 
Baseline Weeks 41-50 3.37 1.86 1.00 

 
In examining Table 8.2, note that there is a large discrepancy between the mean number of 
events for the baseline leased (3.37) and private (1.86) vehicles.  When the RR is calculated 
using quite different numbers for the baseline (control) part of the equation, the RR is artificially 
lower than it should be, based on the individual differences for each time period.  The idea 
behind using the relative risk technique in epidemiological studies is that you would not expect 
to find differences between the groups of interest for the control time period.  Based on this 
principle, we might expect that if we were to transfer the leased vehicle drivers into their own 
private vehicles in which they would be responsible for repairs, insurance, etc., that their incident 
levels would drop to the same levels shown for private vehicle drivers.  For the remainder of 
these analyses, the baseline time period for the relative risk calculation was thus set equal to the 
value for the private vehicles during the same time period.  This had the effect of raising the RR 
to more realistic levels based on the graphs of mean events.  Table 8.3 presents the revised mean 
number of events for private and leased vehicles for the time periods of interest as described 
previously.  Note that the RR is now greater than 1 for every time period, in which it was less 
than 1 for about half of the time periods in the original Table 8.2.  The 95th percentage upper and 
lower confidence intervals for weeks 1-50 are presented at the end of the table.  The mean 
number of events for private and leased vehicles for these time periods is presented in Figure 8.5, 
while the RR for these time periods is shown in Figure 8.6.  The 95th percentage confidence 
intervals are overlaid on top of the RR graph in Figure 8.7.  Note that when placed in the context 
of 95th percentage confidence intervals as in Figure 8.7, the variation in the RR itself is shown to 
be quite small, although larger than it would be if calculated with the initial baseline time period. 
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Table 8.3.  Mean number of events per vehicle per time period for leased and private 
vehicles; calculated relative risk for that time period.  The baseline leased vehicle mean is 

now set equal to the private vehicle baseline. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Week 1 2.57 1.61 1.25 
Week 2 3.19 1.57 1.38 
Week 3 2.95 1.08 1.67 
Week 4 2.66 1.15 1.54 
Weeks 1-4 2.83 1.36 1.43 
Weeks 5-8 2.07 1.09 1.42 
Weeks 9-12 2.90 1.22 1.54 
Weeks 13-16 2.29 1.07 1.51 
Weeks 17-20 3.01 1.33 1.48 
Weeks 21-24 2.42 1.72 1.18 
Weeks 25-28 3.09 2.16 1.16 
Weeks 29-32 3.35 1.86 1.29 
Weeks 33-36 5.09 1.96 1.43 
Weeks 37-40 3.10 1.90 1.23 
Weeks 41-44 2.93 1.76 1.26 
Weeks 45-48 3.93 1.87 1.35 
Baseline Weeks 141-50 1.86 1.86 1.00 
Weeks 1-50 2.95 1.60 1.33 
Weeks 1-50 95% CI: Upper, Lower 5.06 0.35 
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Figure 8.5.  Mean number of events per vehicle for leased and private vehicles for time 

periods of interest over weeks 1-50 of the study. 
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Figure 8.6.  Relative risk for leased versus private vehicles for time periods of interest over 

weeks 1-50 of the study. 
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Figure 8.7.  Relative risk and 95th percentage confidence intervals for leased versus private 

vehicles for time periods of interest over weeks 1-50 of the study. 
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It should be noted that one possible explanation for the higher rates of events for leased vehicles 
was that there was a large age discrepancy between the two groups of drivers.  As discussed in 
the introductory chapters, none of the leased vehicle drivers were over the age of 30.  The mean 
age of the leased vehicle drivers was 22.3 years (SD = 3.2), while it was 40.7 years (SD = 13.5) 
for the private vehicle drivers.  The age difference may be the most logical explanation for the 
observed differences in event rate between leased and private vehicles. 
 
Given the possible age-related explanation, the RRs were calculated to all of the older drivers 
(here considered to be those over age 30, since none of the leased vehicle drivers was over 30) 
and younger drivers (30 and under), again using weeks 41-50 as the control time period.  The 
data for this age analysis is shown in Table 8.4, including the RR.  Figure 8.8 presents the mean 
number of incidents for younger and older drivers, Figure 8.9 shows the RR for each time period, 
and Figure 8.10 provides the confidence interval overlay for the RR.   
 

Table 8.4.  Mean number of events per vehicle per time period for leased and private 
vehicles; calculated relative risk for those time periods; 95th percentage confidence 

intervals based on RR. 

Time Period 
Younger 
Average 

Older 
Average 

Relative 
Risk 

Week 1 2.63 1.82 1.19 
Week 2 2.53 2.17 1.07 
Week 3 1.94 1.81 1.04 
Week 4 1.98 1.69 1.08 
Weeks  1-4 2.28 1.87 1.10 
Weeks 5-8 1.63 1.47 1.06 
Weeks 9-12 2.36 1.27 1.39 
Weeks 13-16 1.79 1.13 1.31 
Weeks 17-20 2.38 1.30 1.38 
Weeks 21-24 2.35 1.49 1.26 
Weeks 25-28 2.72 2.11 1.12 
Weeks 29-32 2.38 2.06 1.07 
Weeks 33-36 3.72 1.89 1.33 
Weeks 37-40 2.58 1.88 1.16 
Weeks 41-44 2.16 1.92 1.06 
Weeks 45-48 2.66 2.08 1.12 
Baseline Weeks 141-50 1.97 1.97 1.00 
Weeks 1-50 2.38 1.69 1.18 
Weeks 1-50 95% CI: Upper, Lower 4.67 0.30 
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Figure 8.8.  Mean number of events per vehicle for younger and older drivers for time 

periods of interest over weeks 1-50 of the study. 
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Figure 8.9.  Relative risk for younger versus older drivers for time periods of interest over 

weeks 1-50 of the study. 
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Figure 8.10.  Relative risk and 95th percentile confidence intervals for leased versus private 

vehicles for time periods of interest over weeks 1-50 of the study. 
 

When Figures 8.5 and 8.8 are compared, the patterns for mean number of events or leased versus 
private vehicles and younger versus older drivers is seen to be quite similar, with younger drivers 
and leased vehicle having a typically higher average number of events for every time period.  
However, the magnitude of the difference is larger for leased versus private vehicles than for 
older versus younger drivers.   
 
The next analysis attempted to eliminate the age factor from the leased versus private vehicle 
analysis.  Since none of the leased vehicle drivers was over 30 (except for switch drivers, but this 
will be conducted as a separate analysis within Chapter 8, Goal 4), the data were examined to see 
whether there were enough younger drivers to conduct a valid leased versus private vehicle 
comparison with only the younger drivers.  Table 8.5 shows the number of young drivers 
available in each of these categories for weeks 1-50.  Table 8.6 shows the number of drivers for 
each age from 18-30 for the younger drivers.  Taken together, these tables show that the younger 
drivers were fairly evenly divided in terms of leased versus private vehicles and that the ages 
were fairly evenly distributed among the leased and private groups.  Altogether there were 27 
younger leased vehicle drivers and 25 private vehicle drivers.  Switch drivers were only counted 
in the private vehicle column (i.e., they were not double counted when they switched to a leased 
vehicle at the end of the study). 
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Table 8.5.  Number of leased and private vehicles available for weeks 1-50 for younger 
drivers only. 

Week 
Leased 

Vehicles 
Private 
Vehicles 

 
Total Week 

Leased 
Vehicles 

Private 
Vehicles 

 
Total 

1 27 25 52 26 18 22 40 
2 25 24 49 27 20 21 41 
3 25 24 49 28 19 21 40 
4 26 22 48 29 17 21 38 
5 24 22 46 30 16 22 38 
6 25 22 47 31 16 22 38 
7 27 22 49 32 19 20 39 
8 25 21 46 33 17 16 33 
9 26 20 46 34 16 16 32 

10 26 19 45 35 15 16 31 
11 26 19 45 36 13 17 30 
12 26 21 47 37 14 17 31 
13 25 22 47 38 16 18 34 
14 24 21 45 39 15 17 32 
15 24 20 44 40 14 17 31 
16 25 21 46 41 12 19 31 
17 24 22 46 42 13 19 32 
18 23 21 44 43 13 17 30 
19 22 21 43 44 13 16 29 
20 21 20 41 45 13 17 30 
21 19 20 39 46 14 17 31 
22 19 22 41 47 13 17 30 
23 17 21 38 48 14 18 32 
24 17 23 40 49 10 18 28 
25 17 22 39 50 11 19 30 
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Table 8.6.  Number of younger drivers of each age for leased and private vehicles. 

Age Leased Private Total 
18 2 1 3 
19 5 2 7 
20 3 3 6 
21 1 0 1 
22 2 1 3 
23 6 6 12 
24 3 2 5 
25 1 0 1 
26 2 0 2 
27 0 3 3 
28 0 1 1 
29 1 6 7 
30 1 0 1 

Total Drivers 27 25 52 
Mean Age 22.30 24.28 23.25 

St. Dev. of Age 3.16 3.74 3.56 
 
Given that the numbers and ages were a reasonable matched set, a comparison of leased versus 
private vehicles was performed including only the younger drivers.  Table 8.7 shows the means 
and RR for each time period of interest.  Figure 8.11 shows the mean number of events for each 
time period, while Figure 8.12 shows the RR and Figure 8.13 shows the RR with the 95th 
percentage upper and lower confidence intervals overlaid.   
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Table 8.7.  Mean number of events for younger drivers only per time period for leased and 
private vehicles; calculated RR for those time periods.  Leased vehicle values do not include 

leased portion of switch drivers. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Week 1 2.67 2.12 1.10 
Week 2 2.80 1.46 1.34 
Week 3 2.32 0.96 1.59 
Week 4 1.92 1.05 1.39 
Weeks 1-4 2.43 1.41 1.29 
Weeks 5-8 2.18 0.97 1.54 
Weeks 9-12 3.10 1.18 1.57 
Weeks 13-16 2.49 0.92 1.68 
Weeks 17-20 3.39 1.37 1.48 
Weeks 21-24 2.56 2.19 1.07 
Weeks 25-28 3.26 2.26 1.15 
Weeks 29-32 3.54 1.45 1.46 
Weeks 33-36 5.43 2.12 1.36 
Weeks 37-40 3.31 1.96 1.23 
Weeks 41-44 3.16 1.45 1.40 
Weeks 45-48 4.22 1.43 1.55 
Baseline Weeks 141-50 1.65 1.65 1.00 
Weeks 1-50 3.14 1.58 1.34 
Weeks 1-50 95% CI: Upper, Lower 4.87 0.37 
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Figure 8.11.  Mean number of events for younger drivers for leased and private vehicles for 

time periods of interest over weeks 1-50 of the study. 
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Figure 8.12.  Relative risk for younger driver leased versus private vehicles for time periods 

of interest over weeks 1-50 of the study. 
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Figure 8.13.  Relative risk and 95th percentage confidence intervals for younger driver 
leased versus private vehicles for time periods of interest over weeks 1-50 of the study. 

 
Looking back at Figure 8.11 for the mean number of events, it is apparent that the leased versus 
private vehicle differences persist even when age is as carefully controlled as possible.  This 
could indicate that there is a true difference in the relative risk between leased and private 
vehicles, and that it may have more to do with a lack of ownership of the vehicle than with age.  
Perhaps the participants were simply driving more recklessly with the leased vehicles because 
they would not have to pay for any scratches and dings that resulted from their carelessness.  If 
this is true, you might expect that the difference would abate when only crashes and near-crashes 
are examined, because it seems unlikely that the drivers would be willing to put themselves in 
harm’s way (as opposed to putting the vehicle in harm’s way for an incident).  In order to 
examine this hypothesis, the crashes and near-crashes were examined for the younger drivers of 
leased and private vehicles (again, controlling for age to the degree possible).  Table 8.8 presents 
the means and RR for this younger driver near-crash analysis. Figure 8.14 presents the mean 
number of near-crashes for leased and private vehicles, Figure 8.15 presents the RR for near-
crashes, and Figure 8.16 provides the confidence interval overlays.   
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Table 8.8.  Mean number of near-crashes for younger drivers only per time period for 
leased and private vehicles; calculated RR for those time periods.  Leased vehicle values do 

not include leased portion of switch drivers. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Week 1 0.59 0.08 1.71 
Week 2 0.48 0.21 1.17 
Week 3 0.40 0.13 1.34 
Week 4 0.15 0.09 1.22 
Weeks 1-4 0.41 0.13 1.34 
Weeks 5-8 0.24 0.11 1.26 
Weeks 9-12 0.19 0.11 1.18 
Weeks 13-16 0.24 0.07 1.56 
Weeks 17-20 0.18 0.12 1.14 
Weeks 21-24 0.25 0.17 1.10 
Weeks 25-28 0.32 0.27 1.04 
Weeks 29-32 0.34 0.07 1.68 
Weeks 33-36 0.44 0.23 1.13 
Weeks 37-40 0.24 0.12 1.25 
Weeks 41-44 0.20 0.10 1.27 
Weeks 45-48 0.31 0.07 1.63 
Baseline Weeks 41-50 0.07 0.07 1.00 
Weeks 1-50 0.28 0.13 1.25 
Weeks 1-50 95% CI: Upper, Lower 52.07 0.030 
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Figure 8.14.  Mean number of near-crashes for younger drivers for leased and private 

vehicles for time periods of interest over weeks 1-50 of the study. 
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Figure 8.15.  Relative risk for near-crashes for younger drivers leased versus private 

vehicles for time periods of interest over weeks 1-50 of the study. 
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Figure 8.16.  Relative risk and 95th percentage confidence intervals for near-crashes for 

younger drivers leased versus private vehicles for time periods of interest over weeks 1-50. 
 
The hypothesis that leased vehicle drivers would not have a higher number of near-crashes was 
not borne out in this analysis.  Note that the overall pattern for the mean number of near-crashes 
is still the same.  The leased vehicles had a consistently higher number of near-crashes than the 
private vehicles.  It is worth noting that the mean number of near-crashes was much higher for 
leased vehicles than for private vehicles in the first week of participation (0.59 and 0.08, 
respectively).  This could be because the leased vehicle drivers were at greater risk because they 
were in an unfamiliar vehicle.  This theme will be explored further in the hourly analyses. 
 
The same sort of analysis was completed for the crashes as for the near-crashes, with the thought 
that even if the younger leased vehicle participants placed their vehicles in harm’s way more 
often than private vehicle drivers, they might still have shown enough restraint to avoid getting 
in crashes.  Table 8.9 shows the statistics for the crash analysis, while Figure 8.17 shows the 
mean number of crashes and Figure 8.18 shows the RR for crashes for leased versus private 
vehicles.  The confidence intervals for crashes are now too large to include graphically. 
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Table 8.9.  Mean number of crashes for younger drivers only per time period for leased 
and private vehicles; calculated RR for those time periods.  Leased vehicle values do not 

include leased portion of switch drivers. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Week 1 0.04 0.04 0.95 
Week 2 0.04 0.00 NA 
Week 3 0.04 0.00 NA 
Week 4 0.04 0.05 0.90 
Weeks1-4 0.04 0.02 1.55 
Weeks 5-8 0.05 0.02 1.75 
Weeks 9-12 0.03 0.01 2.02 
Weeks 13-16 0.01 0.00 NA 
Weeks 17-20 0.01 0.02 0.56 
Weeks 21-24 0.03 0.01 2.01 
Weeks 25-28 0.00 0.03 0.00 
Weeks 29-32 0.04 0.00 NA 
Weeks 33-36 0.08 0.06 1.16 
Weeks 37-40 0.02 0.01 1.14 
Weeks 41-44 0.00 0.01 0.00 
Weeks 45-48 0.00 0.00 NA 
Baseline Weeks 41-50 0.01 0.01 1.00 
Weeks 1-50 0.03 0.02 1.35 
Weeks 1-50 95% CI: Upper, Lower 94,968 0.00002 
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Figure 8.17.  Mean number of crashes for younger drivers for leased and private vehicles 

for time periods of interest over weeks 1-50 of the study. 
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Figure 8.18.  Relative risk for crashes for younger driver leased versus private vehicles for 

time periods of interest over weeks 1-50 of the study. 
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It can be seen in Figures 8.17 and 8.18 that the hypothesis regarding crash risk for leased 
vehicles does seem to hold true for crashes.  Leased vehicle drivers seem to be willing to put 
their vehicles in harm’s way, but not themselves.  Based on these results, we might expect that if 
we were to transfer the leased vehicle drivers into their own private vehicles in which they would 
be responsible for repairs, insurance, etc., that their incident levels would drop to the same levels 
shown for private vehicle drivers.  This question will be explored further in Questions 3 and 6 of 
Chapter 8, Goal 4.  Altogether, there were 25 crashes for younger drivers in leased vehicles and 
18 crashes for younger drivers in private vehicles in weeks 1 through 50.  The next question will 
explore the hypothesis that drivers in a newly instrumented vehicle may experience a lower rate 
of events in their first hours of driving such a vehicle, which would then level off as they become 
used to the idea of instrumentation.  

Question 2.  Based on the number and type of valid events, is there a significant difference 
in the relative risk of driving over the first 50 hours for drivers in a vehicle with a newly 

installed instrumentation system? 
 
Question 2 was designed to get at the idea of whether drivers experience an increase in valid 
events over the first few hours of driving a newly instrumented vehicle.  The hypothesis was that 
drivers would not act naturally when they first began using an instrumented vehicle, and that 
they will begin to act more naturally as time goes on and they forget about the cameras and 
computers.  It was hypothesized that the drivers would drive more carefully and experience 
fewer events when they were aware of the cameras, and that they would loosen their guard as 
time went on.  If there were a point at which drivers adapted and began acting more naturally, 
this would be useful information for future instrumented vehicle studies of naturalistic driving.  
Previous experience at VTTI has indicated that drivers adapt amazingly quickly to the 
instrumented vehicle, but the question has never been empirically analyzed as will be attempted 
here.  As seen in Question 1, we might expect to find differences in events between leased and 
private vehicles, even with a matched set of drivers, so these two groups of drivers will be 
explored, as they were in Question 1. 
 
The time periods to be used in these analyses were hours 1, 2, 3, 4, and 5 (to check for 
differences in the first few hours), and hours 1-5, 6-10, 11-15, 16-20, 21-25, 26-30, 31-35, 36-40, 
41-45, and 46-50.  Hours 41-50 were averaged and used as the baseline time period.  Note that 
there were 11 crashes in the first 50 hours of driving.  In examining the weekly data, it was seen 
that there were 11 crashes in the first 5 weeks of driving.  Therefore, 50 hours of driving was 
roughly equivalent to 5 weeks of driving, for an average of 10 hours of driving per week per 
driver.  If the drivers did nearly all driving in 5 days, that would be an equivalent of 2 hours per 
day.  If the 10 hours were spread over 7 days, the average amount of driving was 1.4 hours per 
day per driver.  
 
The first question to be explored was whether there was a general downward trend in events 
across all drivers over the first 50 hours of driving.  Figure 8.19 illustrates the mean number of 
events per hour for every hour, regardless of vehicle type or age.  As can be seen, no clear trend 
was evident for all 974 events in the dataset.  However, the lowest point was in the first hour, 
which gives some indication that there may be some differences between the first hour and the 
remaining hours.  
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Figure 8.19.  Overall trend of events over the first 50 hours of driving a newly instrumented 

vehicle.  
 
The next analysis compares leased and private vehicles over the first 50 hours of driving, using 
the time periods of interest previously defined.  Table 8.10 presents the means and RRs for these 
time periods.  Figure 8.20 presents the mean number of events for private and leased vehicles, 
while Figure 8.21 shows the RR for these time periods.  Due to the smaller number of events, the 
confidence intervals were larger, and were overlaid on any of the graphs in this section. 
 
It can be seen in Figure 20 that the lowest mean numbers of events for private and leased 
vehicles were in hours 1 and 4.  For every other time period, the leased vehicle mean exceeded 
the private vehicle mean, with no apparent trend for either vehicle type (alternating up and down, 
with an overall flat trend).  This lends some credence to the hypothesis that drivers of both 
vehicle types were careful of the instrumentation system in the first hours, but very quickly 
acclimated and resumed a natural driving behavior. 
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Table 8.10.  Mean number of events for per time period for leased and private vehicles; 
calculated RR for those time periods. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Hour 1 0.07 0.09 0.87 
Hour 2 0.36 0.14 1.46 
Hour 3 0.38 0.20 1.26 
Hour 4 0.08 0.12 0.77 
Hour 5 0.30 0.18 1.23 

Hours 1-5 0.23 0.15 1.24 
Hours 6-10 0.33 0.18 1.26 
Hours 11-15 0.22 0.13 1.28 
Hours 16-20 0.32 0.11 1.61 
Hours 21-25 0.22 0.13 1.27 
Hours 26-30 0.25 0.14 1.29 
Hours 31-35 0.24 0.14 1.28 
Hours 36-40 0.35 0.14 1.48 
Hours 41-45 0.22 0.16 1.16 
Hours 46-50 0.22 0.13 1.31 

Baseline Hours 41-50 0.16 0.16 1.00 
Hours 1-50 0.26 0.14 1.31 

Hours 1-50 95% CI: Upper, Lower 115 0.015 
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Figure 8.20.  Mean number of events per vehicle for leased and private vehicles for time 

periods of interest over hours 1-50 of the study. 
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Figure 8.21.  Leased versus private vehicle relative risk for time periods of interest over 

hours 1-50 of the study. 
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The next analysis used the matched set of younger drivers of leased and private vehicles in the 
same way that was done for Question 1.  In this case, only overall events and near-crashes will 
be presented (there were only 5 leased vehicle younger driver crashes in the first 50 hours, and 
only 3 private vehicle crashes; the time periods for the crashes did not match up, so no RR 
analysis was possible for crashes).  Table 8.11 presents the statistics, while Figure 8.22 shows 
the mean number of events and Figure 8.23 shows the RR for this analysis. 
 
As before, even when controlling for age to the degree possible, leased vehicles experienced a 
greater mean number of events for nearly every time period studied.  The only exceptions are 
hours 1 and 4, in which the leased and private vehicles experienced nearly identical mean 
numbers of events.  Again, it appears that drivers of both vehicle types were being very careful 
during the first hour with a newly instrumented vehicle.  Although not shown here, the age 
analysis had the same trend -- both younger and older drivers experienced their lowest mean rate 
of events in the first hour of driving, and both then leveled off to about the same levels seen in 
the weekly analysis. 
 

Table 8.11.  Mean number of events per time period for younger driver leased and private 
vehicles; calculated RR for those time periods. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Hour 1 0.07 0.09 0.87 
Hour 2 0.36 0.14 1.46 
Hour 3 0.38 0.20 1.26 
Hour 4 0.08 0.12 0.77 
Hour 5 0.30 0.18 1.23 

Hours 1-5 0.23 0.15 1.24 
Hours 6-10 0.33 0.18 1.26 
Hours 11-15 0.22 0.13 1.28 
Hours 16-20 0.32 0.11 1.61 
Hours 21-25 0.22 0.13 1.27 
Hours 26-30 0.25 0.14 1.29 
Hours 31-35 0.24 0.14 1.28 
Hours 36-40 0.35 0.14 1.48 
Hours 41-45 0.22 0.16 1.16 
Hours 46-50 0.22 0.13 1.31 

Baseline Hours 41-50 0.16 0.16 1.00 
Hours 1-50 0.26 0.14 1.31 

Hours 1-50 95% CI: Upper, Lower 92 0.020 
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Figure 8.22.  Mean number of events per vehicle for younger drivers for leased and private 

vehicles for time periods of interest over hours 1-50 of the study. 
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Figure 8.23.  Younger driver leased versus private vehicle relative risk for time periods of 

interest over hours 1-50 of the study. 
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The final analysis was for near-crashes.  There were 45 leased vehicle near-crashes and 22 
private vehicle near-crashes for younger drivers in the first 50 hours of driving. The pattern was 
pretty much the familiar one, although there did seem to be an overall decline in near-crashes for 
leased vehicle drivers over the first 50 hours of driving, while the private vehicle driver near-
crash levels remained nearly flat over the 50 hours.  For nearly every time period, however, there 
were a greater mean number of near-crashes for the leased vehicle drivers as compared to the 
private vehicle drivers, even in this matched set of younger drivers.  Table 8.12 presents the 
statistics, while Figure 8.24 shows the mean number of events and Figure 8.25 shows the RR for 
this analysis. 
 

Table 8.12.  Mean number of near-crashes per time period for younger driver leased and 
private vehicles; calculated RR for those time periods. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Hour 1 0.02 0.01 1.14 
Hour 2 0.05 0.01 1.24 
Hour 3 0.05 0.00 NA 
Hour 4 0.00 0.00 NA 
Hour 5 0.08 0.00 NA 

Hours 1-5 0.04 0.01 1.69 
Hours 6-10 0.06 0.00 2.44 
Hours 11-15 0.02 0.01 1.30 
Hours 16-20 0.02 0.01 1.37 
Hours 21-25 0.02 0.01 1.11 
Hours 26-30 0.03 0.00 2.28 
Hours 31-35 0.01 0.01 1.11 
Hours 36-40 0.02 0.01 1.24 
Hours 41-45 0.02 0.01 1.47 
Hours 46-50 0.02 0.00 2.16 

Baseline Hours 41-50 0.00 0.00 1.00 
Hours 1-50 0.03 0.01 1.50 

Hours 1-50 95% CI: Upper, Lower 92 0.020 
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Figure 8.24.  Mean number of near-crashes per vehicle for younger drivers for leased and 

private vehicles for time periods of interest over hours 1-50 of the study. 
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Figure 8.25.  Younger driver leased versus private vehicle near-crash relative risk for time 

periods of interest over hours 1-50 of the study. 
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The analyses provided in this section provided some support for the thesis that drivers were more 
careful when first using an instrumented vehicle.  The effect appears to wear off after the first 
hour.  The dataset did not provide a breakdown by minutes, so it was not possible to tell whether 
this occurred within the first 5 minutes, the first half hour, or whether the adaptation did indeed 
happen after exactly one hour. 

Question 3.  Based on the number and type of valid events, is there a significant difference 
in the relative risk of driving for the same driver for weeks 1 through 4 of driving a 

privately owned vehicle and weeks 1 through 4 of driving a leased vehicle? 
 
The purpose of this question was to investigate the driver adaptation process for the same driver 
in a leased vehicle versus a privately owned vehicle (both instrumented).  Table 8.13 presents the 
data available for these analyses in terms of number of drivers and number of events.  Only 
switch drivers for whom matched data were available for each week were used.  For example, if 
there were no data for Driver 405 for Week 2 of leased vehicle driving, then the private vehicle 
driving for Driver 405 for Week 2 was also discarded.  This resulted in a perfectly matched set of 
drivers for each week.  The average number of events as well as the RR is also presented in 
Table 8.13.  Weeks 2 through 4 were used as baseline for the RR calculations, and the leased 
average was set equal to the baseline average to provide for a control condition as was done in 
previous analyses.  Figure 8.26 shows the mean number of events for leased and private vehicle 
driving for weeks 1-4, while Figure 8.27 presents the RR for these time periods.  Figure 8.28 
provides the 95th percentage confidence intervals for the RR.  As shown in Figure 8.26, there 
were a greater mean number of events for leased vehicle driving on a week-by-week basis, even 
with a perfectly matched set of leased vehicle drivers. 

Table 8.13.  Statistics for a matched set of all switch drivers for weeks 1-4. 

Week 

Leased 
Drivers Leased 

Events 
Leased 

Average 
Private 
Drivers 

Private 
Events 

Private 
Average 

  
RR 

Week 1 13 36 2.77 13 24 1.85 1.26 
Week 2 11 48 4.36 11 32 2.91 1.21 
Week 3 10 28 2.80 10 22 2.20 1.14 
Week 4 9 37 4.11 9 13 1.44 1.78 

Weeks 2-4 
Baseline 30 113 3.03 30 91 3.03 1.00 
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Figure 8.26.  Matched set of switch drivers leased versus private vehicle mean number of 

events for weeks 1-4. 
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Figure 8.27.  Matched set of switch drivers leased versus private vehicle relative risk for  

weeks 1-4. 
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Figure 8.28.  Matched set of switch drivers leased versus private vehicle relative risk for 

weeks 1-4 shown with 95th percentage upper and lower confidence intervals. 
 
The relative risk for a matched set of younger switch drivers was examined next.  Table 8.14 
presents the statistics for the younger drivers.  Figure 8.29 provides the mean values, Figure 8.30 
shows the RR, and Figure 8.31 shows the RR with the confidence interval overlay.  For the 
younger switch drivers, it appears that there was a slight downward trend for both the leased and 
private vehicles, but for every week, the leased vehicle driving had a higher mean rate of events 
than for private vehicle driving. 

Table 8.14.  Statistics for a matched set of all younger switch drivers for weeks 1-4. 

Week 

Leased 
Drivers Leased 

Events 
Leased 

Average 
Private 
Drivers 

Private 
Events 

Private 
Average 

  
RR 

Week 1 4 12 3.00 4 9 2.25 1.10 
Week 2 4 19 4.75 4 4 1.00 1.79 
Week 3 4 14 3.50 4 6 1.50 1.36 
Week 4 3 10 3.33 3 4 1.33 1.41 

Weeks 2-4 
Baseline 11 43 1.27 11 14 1.27 1.00 
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Figure 8.29.  Matched set of younger switch drivers: leased versus private vehicle mean 

number of events for weeks 1-4. 
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Figure 8.30.  Matched set of younger switch drivers: leased versus private vehicle relative 

risk for weeks 1 -4. 
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Figure 8.31.  Matched set of younger switch drivers: leased versus private vehicle relative 

risk for weeks 1-4 shown with 95th percentage upper and lower confidence intervals. 
 
The final analysis for Question 3 examines the matched set of older switch drivers.  Table 8.15 
provides the statistics, with the mean number of events for leased and private vehicles shown in 
Figure 8.32.  Figure 8.33 illustrates the RR and Figure 8.34 provides the confidence intervals 
overlaid on the RR.  This analysis was the first to show a clear break from the pattern seen up to 
this point − older switch drivers appeared to have virtually the same mean number of events for 
weeks 1 through 3, and then the usual difference between leased and private vehicles appeared.   

Table 8.15.  Statistics for a matched set of all older switch drivers for weeks 1-4. 

Week 

Leased 
Drivers Leased 

Events 
Leased 

Average 
Private 
Drivers 

Private 
Events 

Private 
Average 

  
RR 

Week 1 9 24 2.67 9 15 1.67 1.31 
Week 2 7 29 4.14 7 28 4.00 1.01 
Week 3 6 14 2.33 6 16 2.67 0.93 
Week 4 6 27 4.50 6 9 1.50 1.77 

Weeks 2-4 
Baseline 19 70 2.79 19 53 2.79 1.00 
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Figure 8.32.  Matched set of older switch drivers: leased versus private vehicle mean 

number of events for weeks 1-4. 
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Figure 8.33.  Matched set of older switch drivers: leased versus private vehicle relative risk 

for weeks 1-4. 
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Figure 8.34.  Matched set of older switch drivers: leased versus private vehicle relative risk 

for weeks 1-4 shown with 95th percentage upper and lower confidence intervals. 
 

The analyses using perfectly matched sets of switch drivers had similar results to the previous 
analyses.  Even when the same driver was switched from a private vehicle to a leased vehicle, 
there were still more events in the leased vehicle than in the private vehicle.  There was some 
indication that older switch drivers might not fit this profile for weeks 1 through 3, but by week 
4, the difference in the mean number of events between leased and private vehicles was back at 
the usual level.  If the increased number of events in leased vehicle driving for the same driver 
was due to vehicle unfamiliarity, this effect was not extinguished over the first four weeks. 
 
There were only 25 near-crashes among the switch drivers in the first 4 weeks of driving, so no 
near-crash analyses were attempted for this question.  The 25 near-crashes would have been split 
amongst the cells representing weeks 1 through 4 and leased and private driving, leaving very 
few data points in any given cell.  Likewise, there were only 2 crashes in the dataset for this 
question. 
 
As distinguished from the raw numbers used in Questions 1, 2, and 3, similar analyses will be 
performed to examine driver adaptation from the perspective of rate of valid events per mile 
driven for Questions 4, 5, and 6. 
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Question 4.  Based on the rate of valid events per mile driven, is there a significant 
difference in the relative risk of driving over the course of a year for drivers in a familiar 

vehicle with instrumentation installed (leased and private vehicles)? 
 
The purpose of this question was to investigate the driver adaptation process for leased vehicles 
and privately owned vehicles with newly installed instrumentation over the course of the study, 
while accounting for exposure by analyzing the number of events per mile driven.  As before for 
weekly analysis, an average of weeks 41-50 was used as the control time period. Events per mile 
were calculated by dividing the number of valid events per week by the number of miles driven 
for that week.  Table 8.16 presents the mean number of events per mile for private and leased 
vehicles for the time periods of interest as described previously.  The mean number of events for 
private and leased vehicles for these time periods is presented in Figure 8.35, while the RR for 
these time periods is shown in Figure 8.36.  As can be seen, the previous finding of a greater 
mean number of events for leased vehicles was continued even when corrected for exposure, 
although there was a slight upward trend for both leased and private vehicles.  Because the 
magnitude of the difference between leased and private vehicles stayed nearly the same 
throughout the 50 weeks, the RR stayed close to 1 and fairly flat over the time periods of interest. 

Table 8.16.  Mean number of events per vehicle per mile for leased and private vehicles; 
calculated relative risk for that time period. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Week 1 0.0033 0.0028 1.11 
Week 2 0.0044 0.0034 1.15 
Week 3 0.0042 0.0026 1.33 
Week 4 0.0048 0.0027 1.35 
Weeks1-4 0.0041 0.0029 1.22 
Weeks 5-8 0.0036 0.0027 1.18 
Weeks 9-12 0.0042 0.0029 1.23 
Weeks 13-16 0.0042 0.0026 1.30 
Weeks 17-20 0.0038 0.0027 1.22 
Weeks 21-24 0.0040 0.0033 1.12 
Weeks 25-28 0.0049 0.0036 1.17 
Weeks 29-32 0.0060 0.0037 1.26 
Weeks 33-36 0.0052 0.0038 1.17 
Weeks 37-40 0.0047 0.0046 1.02 
Weeks 41-44 0.0041 0.0041 1.00 
Weeks 45-48 0.0071 0.0041 1.28 
Baseline Weeks 141-50 0.0055 0.0043 1.00 
Weeks 1-50 0.0045 0.0034 1.15 
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Figure 8.35.  Mean number of events per mile for leased and private vehicles for time 

periods of interest over weeks 1-50 of the study. 
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Figure 8.36.  Events per mile relative risk for leased versus private vehicles for time periods 

of interest over weeks 1-50 of the study. 
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Given the slight upward trend of events per mile for leased and private vehicles, a matched set of 
younger drivers was used to determine whether this trend continued with a more controlled 
group of participants.  Given that the numbers and ages were a reasonable matched set as shown 
in Question 1, a comparison of leased versus private vehicles was performed including only the 
younger drivers.  Table 8.17 shows the means and RR for each time period of interest.  Figure 
8.37 shows the mean number of events per mile for each time period, while Figure 8.38 shows 
the RR for these time periods.  As can be seen in Figure 8.37, the upward trend was even more 
pronounced for the matched set of younger drivers.  In examining the miles and event raw data, 
it was apparent that fewer miles were driven (or recorded) as time went on, and that there was a 
less steep downward decline in the number of events over time.  These two factors combined to 
create the increase in events per mile over time.  Whether the decline in miles driven over time is 
accurate was difficult to determine, so this result may be an artifact of the data reduction process. 

Table 8.17.  Mean number of events per mile for younger drivers only for leased and 
private vehicles; calculated RR for those time periods.  Leased vehicle values do not include 

leased portion of switch drivers. 

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Week 1 0.0028 0.0030 0.95 
Week 2 0.0034 0.0032 1.05 
Week 3 0.0035 0.0021 1.39 
Week 4 0.0040 0.0027 1.28 
Weeks1-4 0.0034 0.0028 1.15 
Weeks 5-8 0.0032 0.0024 1.21 
Weeks 9-12 0.0043 0.0029 1.26 
Weeks 13-16 0.0043 0.0025 1.39 
Weeks 17-20 0.0040 0.0028 1.24 
Weeks 21-24 0.0041 0.0034 1.12 
Weeks 25-28 0.0049 0.0036 1.19 
Weeks 29-32 0.0060 0.0040 1.25 
Weeks 33-36 0.0053 0.0047 1.06 
Weeks 37-40 0.0048 0.0048 1.01 
Weeks 41-44 0.0046 0.0039 1.09 
Weeks 45-48 0.0071 0.0048 1.20 
Baseline Weeks 141-50 0.0054 0.0054 1.00 
Weeks 1-50 0.0047 0.0038 1.13 
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Figure 8.37.  Mean number of events per mile for younger drivers for leased and private 

vehicles for time periods of interest over weeks 1-50 of the study. 
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Figure 8.38.  Relative risk for younger driver leased versus private vehicles for time periods 

of interest over weeks 1-50 of the study. 
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Question 5.  Based on the number of valid events per mile, is there a significant difference 
in the relative risk of driving over the first 50 hours for drivers in a vehicle with a newly 

installed instrumentation system? 
 
Question 5 was designed to get at the idea of whether drivers experienced an increase in valid 
events over the first few hours of driving a newly instrumented vehicle when exposure was 
controlled by examining the data on a per mile basis.  The hypothesis was that drivers would not 
act naturally when they first began using an instrumented vehicle, and that they would begin to 
act more naturally as time went on and they would forget about the cameras and computers.  It is 
hypothesized that the drivers would drive more carefully and experience fewer events when they 
were aware of the cameras, and that they would loosen their guard as time goes on.  As with 
previous questions, we might expect to find differences in events between leased and private 
vehicles, even with a matched set of drivers, so these two groups of drivers will be explored. 
 
The next analysis compared leased and private vehicles over the first 50 hours of driving, using 
the time periods of interest previously defined and calculating events per mile in the same way.  
Table 8.18 presents the means and RRs for these time periods.  Figure 8.39 presents the mean 
number of events for private and leased vehicles, while Figure 8.40 shows the RR for these time 
periods.  
 
It can be seen in Figure 8.39 that the data followed almost the exact same pattern as for Question 
2.  The first hour provided the lowest mean rate of events, and leased and personal vehicles were 
similar for the hours 1 and 4.  Other than hours 1 and 4, the leased vehicle event per mile rate 
was higher than the rate for private vehicles for all other time periods.  The magnitude of the 
difference was about the same as seen in previous analyses.  This lends some credence to the 
hypothesis that drivers of both vehicle types were careful of the instrumentation system in the 
first hours, but very quickly acclimated and resumed a natural driving behavior. 
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Table 8.18.  Mean number of events for per mile for leased and private vehicles; calculated 
RR for those time periods.   

Time Period 
Leased 

Average 
Private 
Average 

Relative 
Risk 

Hour 1 0.0022 0.0030 0.80 
Hour 2 0.0131 0.0064 1.36 
Hour 3 0.0124 0.0091 1.12 
Hour 4 0.0031 0.0049 0.75 
Hour 5 0.0115 0.0077 1.18 

Hours 1-5 0.0082 0.0060 1.17 
Hours 6-10 0.0129 0.0081 1.20 
Hours 11-15 0.0077 0.0058 1.16 
Hours 16-20 0.0112 0.0050 1.46 
Hours 21-25 0.0095 0.0060 1.25 
Hours 26-30 0.0102 0.0062 1.25 
Hours 31-35 0.0100 0.0060 1.27 
Hours 36-40 0.0137 0.0059 1.44 
Hours 41-45 0.0096 0.0067 1.18 
Hours 46-50 0.0091 0.0053 1.31 

Baseline Hours 41-50 0.0067 0.0067 1.00 
Hours 1-50 0.0101 0.0061 1.26 
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Figure 8.39.  Mean number of events per mile for leased and private vehicles for time 

periods of interest over hours 1-50 of the study. 
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Figure 8.40.  Events per mile leased versus private vehicle relative risk for time periods of 

interest over hours 1-50 of the study. 
 

Question 6.  Based on the number and type of valid events per mile driven, is there a 
significant difference in the relative risk of driving for the same driver for weeks 1 through 

4 of driving a privately owned vehicle and weeks 1 through 4 of driving a leased vehicle? 
 
The purpose of this question was to investigate the driver adaptation process for the same driver 
in a leased vehicle versus a privately owned vehicle (both instrumented) on a per mile basis so 
that any exposure differences between leased vehicle driving and private vehicle driving could 
be taken into account.  Table 8.19 presents the data available for these analyses in terms of the 
mean number of events per mile and the RR for each of weeks 1 through 4.  Only switch drivers 
for whom matched data were available for each week were used.  For example, if there were no 
data for Driver 405 for Week 2 of leased vehicle driving, then the private vehicle driving for 
Driver 405 for Week 2 was also discarded.  This resulted in a perfectly matched set of drivers for 
each week.  Weeks 2 through 4 were used as baseline for the RR calculations, and the leased 
average was set equal to the baseline average to provide for a control condition as was done in 
previous analyses.  Figure 8.41 shows the mean number of events for leased and private vehicle 
driving for weeks 1-4, while Figure 8.42 presents the RR for these time periods.  
 
As shown in Figure 8.41, there were a greater mean number of events per mile for leased vehicle 
driving for three of the four weeks, even with a perfectly matched set of leased vehicle drivers.  
The results of the per mile analysis were in close agreement with Question 3 for younger and 
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older drivers, so those results are not shown here.  The most important finding of this analysis is 
that even when the same driver was switched from a private vehicle to a leased vehicle, there 
were still more events per mile in the leased vehicle than in the private vehicle.  If the increased 
number of events in leased vehicle driving for the same driver was due to vehicle unfamiliarity, 
this effect was not extinguished over the first four weeks, even when exposure was taken into 
account. 

Table 8.19.  Events per mile statistics for a matched set of all switch drivers for weeks 1-4. 

Week Leased 
Events/Mile 

Private 
Events/Mile 

 
RR 

Week 1 0.0062 0.0045 1.13 
Week 2 0.0083 0.0039 1.33 
Week 3 0.0037 0.0031 1.09 
Week 4 0.0071 0.0030 1.44 

Weeks 2-4 
Baseline 0.0033 0.0033 1.00 
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Figure 8.41.  Matched set of switch drivers leased versus private vehicle mean events per 

mile for weeks 1-4. 
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Figure 8.42.  Matched set of switch drivers leased versus private vehicle relative risk per 

mile for weeks 1-4. 
 
The analysis to date for switch drivers has examined only weekly data.  However, it was also 
possible to look at switch drivers in the first hours of driving each vehicle type, using the hourly 
dataset prepared for Questions 2 and 4.  An examination of the hourly data provided some 
evidence to support the theory that individual younger drivers may have had trouble adapting to 
a new vehicle.  The switch driver data were examined to find drivers for whom 10 hours of data 
were available for both the private vehicle portion of their driving and the leased vehicle portion.  
Six of the switch drivers met this criterion.  Altogether, these drivers experienced 9 events in the 
first 10 hours of driving their own private vehicle, and 18 events in the first 10 hours after 
switching over to a leased vehicle (Figure 8.43).  Note that there were no events in the first hour 
of driving for either leased or private vehicle driving.  
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Figure 8.43.  Number of events for leased and private vehicle driving in the first 10 hours of 

driving for a matched set of 6 switch drivers. 
 

When the data was examined in detail, it was discovered that the two older switch drivers 
experienced 3 events in their private vehicles and none in the leased vehicles, while the 4 
younger drivers experienced 6 events in the private vehicles and 18 in the leased vehicle.  Figure 
8.44 shows the number of events for the 4 younger drivers.  Of the 6 events in the private 
vehicles, there were no near-crashes and 1 crash (a younger driver).  Of the 18 events in the 
leased vehicles, there were 2 near-crashes (both younger drivers) and no crashes.  The same 
pattern held true when events were corrected for exposure (events per mile). Figure 8.45 shows 
the events per mile for the set of 6 drivers, while Figure 8.46 shows the same thing for the 4 
younger drivers only.    
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Figure 8.44.  Number of events for leased and private vehicle driving in the first 10 hours of 

driving for a matched set of 4 younger switch drivers. 
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Figure 8.45.  Events per mile for leased and private vehicle driving in the first 10 hours of 

driving for a matched set of 6 switch drivers. 
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Figure 8.46.  Events per mile for leased and private vehicle driving in the first 10 hours of 

driving for a matched set of 4 younger switch drivers. 
 

The relative risk was then calculated for this rather small dataset using an average of weeks 1-3 
as the exposure period and weeks 4-10 as the baseline.  The events per mile RR calculated using 
the same methods described previously is 1.14 for all drivers for weeks 1-3 as compared to 
weeks 4-10, and 1.20 for the younger drivers for the same time periods. 

DISCUSSION 

The questions addressed in Chapter 8, Goal 4 were intended to explore issues of whether driver 
behavior in an instrumented vehicle changed over time.  The units of time used were weeks 
(weeks 1 through 50) and hours (the first 50 hours).  The issues explored were: (1) driver 
behavior in a newly instrumented leased vehicle in the first weeks as compared to by the end of 
the study; (2) driver behavior in the first few hours of driving; and (3) driver behavior for the 
same driver in four weeks of leased vehicle driving versus four weeks of private vehicle driving.  
The relative risk analysis technique was borrowed from the field of epidemiology, and required 
that there be both an exposed and unexposed condition and a comparison and baseline time 
period.  The relative risk of an event for the exposed condition for a given time period can then 
be calculated as compared to the unexposed condition for that time period.  For these questions, 
the exposed condition was the leased vehicle and the unexposed condition was the private 
vehicle, since the private vehicle drivers kept driving their usual vehicles while the leased 
vehicle drivers were exposed to a new vehicle.  The baseline time periods were an average of 
weeks 41-50 for the yearly comparison, hours 41-50 for the hourly comparison, and weeks 2-4 
for the leased versus private vehicle comparisons.   
 
In answering Question 1 for driver behavior over the first year of the study, a potential confound 
between leased vehicles and age was discovered.  None of the leased vehicle drivers were over 
the age of 30, so any results from the leased vehicle analyses may have been confounded by age.  
An age analysis confirmed that there was indeed an effect of age, but that it was not as large as 
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the effect for leased versus private vehicles.  The next analysis examined whether there were 
enough younger private vehicle drivers to make a comparison of leased versus private vehicle 
driving using a matched set of younger drivers.  There were approximately 25 younger drivers of 
both leased and private vehicles.  The age distributions of these two groups were quite similar, so 
these approximately 50 drivers were used for Questions 1, 3, 4, and 6.  For Questions 2 and 5, 
matched sets of switch drivers were used (those who moved from a private vehicle to a leased 
vehicle at the end of the study). 

Question 1 and Question 4: Driving behavior over the year 
The purpose of these questions was to investigate the driver adaptation process for leased 
vehicles and privately owned vehicles with instrumentation over the course of the study.   It was 
expected that drivers would be most adapted to their vehicles and to the instrumentation by the 
end of the study, so weeks 41-50 were used as the baseline time period.  Question 1 explored this 
issue in terms of the average number of events per vehicle for private and leased vehicles (thus 
controlling for the different numbers of private and leased vehicles), while Question 4 used 
events per mile to account for exposure differences in terms of miles driven.  
 
As discussed, a matched set of younger drivers was used to explore these questions.  When 
events were examined, it became obvious that although there was not any appreciable change in 
driving behavior over the course of a year, there was a consistently higher risk for leased vehicle 
drivers as compared to private vehicle drivers, even when using a matched set of younger 
drivers.  It was then hypothesized that leased vehicle drivers may be willing to take risks with 
these vehicles, since they were not responsible for insurance or repairs, and had no ownership 
interest in the vehicles.  If this were the case, it was then hypothesized that the same difference 
might not occur for crashes and near-crashes, because drivers might be more willing to put a 
vehicle in harm’s way (indicated by a higher number of incidents) but not willing to themselves 
at risk (as exemplified in the number of crashes and near-crashes).  An examination of the near-
crash data did not support this hypothesis -- the leased vehicles were still at a higher risk of near-
crashes.  It was only when the crash data were examined that the hypothesis was supported.  The 
relative risk of crashes over time for this matched set of drivers was relatively low when leased 
vehicles were compared to private vehicles. Question 4 explored the same issues, except that the 
data were corrected for exposure in terms of miles driven.  The same basic findings appeared 
when the data were examined in this way.  Based on these results, we might expect that if we 
were to transfer the leased vehicle drivers into their own private vehicles in which they would be 
responsible for repairs, insurance, etc., that their incident levels would drop to the same levels 
shown for private vehicle drivers.    

Question 2 and Question 5: Driving behavior over the first 50 hours 

Questions 2 and 5 were designed to determine whether drivers experienced an increase in valid 
events over the first few hours of driving a newly instrumented vehicle.  The hypothesis was that 
drivers would not act “naturally” when they first began using an instrumented vehicle, and that 
they would begin to act more naturally as time went on and they would forget about the cameras 
and computers.  It was hypothesized that the drivers would drive more carefully and experience 
fewer events when they were aware of the cameras, and that they would revert to normal 
behavior as time went on.  If a point in time can be identified at which drivers adapted and began 
acting more naturally, this would be useful information for future instrumented vehicle studies of 
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naturalistic driving.  Previous experience at VTTI has indicated that drivers adapt amazingly 
quickly to the instrumented vehicle (perhaps within minutes, even in an unfamiliar vehicle), but 
the question has never been empirically analyzed as was attempted here.  As seen in Questions 1 
and 4, we might expect to find differences in events between leased and private vehicles, even 
with a matched set of younger drivers, so these two groups of drivers were explored as they were 
in Questions 1 and 4. 
 
As before, even when controlling for age to the degree possible, leased vehicles experienced a 
greater mean number of events for nearly every time period studied.  The only exceptions were 
hours 1 and 4, in which the leased and private vehicles experienced nearly identical mean 
numbers of events.  It did appear that drivers of both vehicle types were being very careful 
during the first hour with a newly instrumented vehicle.  The age analysis had the same trend. 
Both younger and older drivers experienced their lowest mean rate of events in the first hour of 
driving, and both then leveled off to about the same levels seen in the weekly analysis. 
 
An analysis of near-crashes was also performed.  There were 45 leased vehicle near-crashes and 
22 private vehicle near-crashes for younger drivers in the first 50 hours of driving. The pattern 
was the same one seen in the weekly analysis, although there did seem to be an overall decline in 
near-crashes for leased vehicle drivers over the first 50 hours of driving, while the private vehicle 
driver near-crash levels remained nearly flat over the 50 hours.  For nearly every time period, 
however, there were a greater mean number of near-crashes for the leased vehicle drivers as 
compared to the private vehicle drivers, even in this matched set of younger drivers.  The results 
for both overall events and near-crashes were quite similar when controlling for exposure in the 
per mile analyses in Question 5. 
Questions 2 and 5 provided support for the thesis that drivers are more careful when first using 
an instrumented vehicle.  The effect appears to wear off after the first hour.  The dataset did not 
provide a breakdown by minutes, so it was not possible to tell whether this occurred within the 
first 5 minutes, the first half hour, or whether the adaptation did indeed happen after exactly one 
hour. 

Question 3 and Question 6: Same driver for four weeks in private and leased vehicles 
The purpose of questions 3 and 6 was to investigate the driver adaptation process to an 
unfamiliar vehicle for the same driver in a leased vehicle versus a privately owned vehicle (both 
instrumented).  The analyses for Questions 1, 2, 4, and 5 made it apparent that there was a real 
increased risk for drivers in leased vehicles as compared to private vehicles, so Questions 3 and 6 
were also seen as being useful in further examining this risk.  Only switch drivers for whom 
matched data were available for each week were used.  For example, if there were no data for 
Driver 405 for Week 2 of leased vehicle driving, then the private vehicle driving for Driver 405 
for Week 2 was also discarded.  This resulted in a perfectly matched set of drivers for each week. 
 
The data did not indicate any clear trend of adaptation to a new vehicle.  When examining the 
leased versus private vehicle question, however, the analyses using perfectly matched sets of 
switch drivers had similar results to the previous analyses.  Even when the same driver was 
switched from a private vehicle to a leased vehicle, there were still more events in the leased 
vehicle than in the private vehicle.  There was some indication that older switch drivers might 
not fit this profile for weeks 1 through 3, but by week 4, the difference in the mean number of 



 239

events between leased and private vehicles was back at the usual level.  If the increased number 
of events in leased vehicle driving for the same driver was due to vehicle unfamiliarity, this 
effect was not extinguished over the first four weeks, and based on the yearly results, the higher 
numbers for leased vehicles likely had very little to do with adaptation, since after 50 weeks 
there were still clearly more vents and more near-crashes for leased vehicles as compared to 
private vehicles.  The results of the per mile analysis for Question 6 were in close agreement 
with Question 3 for younger and older drivers.  The most important finding from these analysis 
was that even when the same driver was switched from a private vehicle to a leased vehicle, 
there were still more events per mile in the leased vehicle than in the private vehicle.  If there 
was an effect of adaptation, it was extinguished before the first week was out.  
 
In order to further explore the issue of adaptation to a new vehicle, the hourly dataset prepared 
for Questions 2 and 4 was examined over the first 10 hours (representing approximately one 
weeks’ worth of data).  The switch driver data were examined to find drivers for whom 10 hours 
of data were available for both the private vehicle portion of their driving and the leased vehicle 
portion.  Six of the switch drivers met this criterion.  There were no events in the first hour of 
driving for either leased or private vehicle driving for these 6 drivers, providing support for 
drivers being more careful during the first hour after beginning to drive an instrumented vehicle, 
but not providing real support for adaptation to a new vehicle.  
 
Altogether, these 6 drivers experienced 9 events in the first 10 hours of driving their own private 
vehicle and 18 events in the first 10 hours after switching over to a leased vehicle.  When only 
the 4 younger drivers were considered, there were 6 events in the first 10 hours for private 
vehicles and 18 events for leased vehicles.  This trend held true even when the per mile analysis 
was conducted to control for exposure.  This provided some evidence to support the theory that 
individual younger drivers may have trouble adapting to a new vehicle, while there was no 
evidence that this was true for older drivers.  
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CHAPTER 9: GOAL 5, DETERMINE REAR-END CRASH CONTRIBUTING 
FACTORS AND DYNAMIC CONDITIONS 

DATA ANALYSIS OVERVIEW 

For the analyses associated with Chapter 9, Goal 5, four lead-vehicle conditions were originally 
slated for evaluation:  

• Lead vehicle stopped less than or equal to 2 seconds 
• Lead vehicle stopped greater than 2 seconds 
• Lead vehicle decelerating 
• Lead vehicle moving at a slower constant speed 

 
Upon examination of the events in the 100-Car Study reduced data, a fifth lead-vehicle condition 
was added: 

• Lead vehicle accelerating 
 
Since the vehicles were instrumented with a rear-facing radar system, following-vehicle events 
(for which the subject vehicle was the lead vehicle) are also included in these analyses.  For this 
chapter, we will examine the frequency and rate of lead and following-vehicle events, then the 
relation of the events to driver characteristics, contributing factors, and drivers’ corrective 
actions. 

Data Included in the Analyses 
An important note for these analyses is that, since relative rates of events between groups were 
of interest, the rate of events was initially calculated at an individual level, and then averages 
were calculated for the group level.  This is in contrast to analyses conducted for Chapter 12, 
Goal 8, which calculated rates based upon total mileage collected in the study.   
 
Therefore, to arrive at the number of million vehicle miles traveled (MVMT) for the rate data, 
estimates were calculated based upon video reduction during which reductionists viewed a 
sample of 100 trip files for each vehicle and recorded whether the primary driver was behind the 
wheel.  The percentage of trip files that each of 109 primary drivers were behind the wheel was 
multiplied by the total vehicle miles traveled for that vehicle (based on the odometer readings) to 
arrive at a VMT for each primary driver.  This was then multiplied by 1,000,000 to provide a 
MVMT estimate for each driver.  Each rate analysis went back to the driver level to determine 
the rate of events per MVMT based on the drivers involved in those events.  Drivers who were 
not included in a certain cell (with none of the event type shown in that cell) were assigned a 
zero for MVMT. 
 
From the dataset of 109 primary drivers, 5 had traveled less than 1,000 miles and 9 did not have 
any lead or following-vehicle conflicts, so they were eliminated from consideration for these 
analyses.  This left a total of 95 drivers in these analyses. 
 
 



 241

Question 1.  What are the relative frequencies of these 5 RE scenarios, and the rates of 
driver involvement in these scenarios per MVMT? 

 
The frequency of lead-vehicle and following-vehicle events by level of severity was determined 
for the driver data included in the analyses (Figure 9.1).  For the lead-vehicle conflict case, the 
resulting dataset contained 13 crash events, 268 near-crash events, and 4,747 incidents.  For the 
following-vehicle conflict case, the resulting dataset contained three crash events, 10 near-crash 
events, and 130 incidents. 
 

 
Figure 9.1.  Frequency of lead- and following-vehicle events by level of severity. 

 
Note that there were fewer following-vehicle events compared to lead-vehicle events in this 
dataset.  This was due to the differences in the radar signatures for a forward versus a rear-facing 
radar system.  Essentially, a forward-facing radar system has more objects to discern since 
gaining range on any static object indicates a potential threat.  Alternatively, a rear-facing radar 
system only needs to produce a signature for objects moving toward the vehicle since all other 
targets are increasing in range as the vehicle moves forward.   
 
Additionally, it was easier to validate triggers for a lead-vehicle scenario versus a following-
vehicle scenario.  For lead-vehicle conflicts, the radar signatures gave reductionists better data 
for the rate of deceleration, forward time-to-collision (TTC), and forward range, which could be 
verified readily using the subject vehicle accelerometer and the forward camera.  However, the 
rear radar did not supply a direct measure of rate of deceleration or speed.  For following-vehicle 
conflicts, the rate of deceleration was much harder to calculate and more difficult to assess by the 
reductionists with the rear-facing camera.  Therefore, verifying conflicts with following vehicles 
was a more difficult process and only the most severe events were likely to be validated.  Based 
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on the event data available for lead and following vehicles, the event rate per MVMT was 
calculated for each level of severity (Figure 9.2).  Data for Lead-vehicle and Following-Vehicle 
will be discussed separately in this section. 

 

 
Figure 9.2.  The rate of lead- and following-vehicle conflicts by level of severity. 

 
Lead-vehicle (LV) Data 
The frequency of lead-vehicle events for each of 5 lead-vehicle scenarios is shown in Table 9.1.  
It can be seen that the most common scenario for incidents was LV decelerating, followed by LV 
stopped >2 s.  For near-crashes, the most common scenario was again LV decelerating, followed 
this time by LV stopped <2 s.  It is noteworthy that although LV decelerating was the most 
common scenario for incidents and near-crashes, there were no crashes for this scenario.  All of 
the crashes occurred in circumstances for which the LV was stopped when the crash occurred, 
either more than 2 seconds (6 crashes) or 2 seconds or less (7 crashes).  This means that none of 
the lead vehicles were still moving at the time the subject vehicle struck them. There were a 
fairly small number of incidents and near-crashes for LVs moving at a slower, constant speed.  
There were only 8 incidents for LV accelerating, and no crashes or near-crashes for this scenario.   
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Table 9.1.  Frequencies for the 5 RE lead-vehicle scenarios by event severity 

Severity 
LV 

accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 
LV stopped 

≤ 2 s 
LV Stopped

> 2 s 
Incident 8 119 2,436 989 1,195 

Near-Crash 0 5 148 74 41 
Crash 0 0 0 7 6 

 
As can be seen in Table 9.2, the overall data pattern remained the same, even when controlled for 
exposure by calculating rates per MVMT.  The rate calculation resulted in no change in the most 
common scenarios.  Tables from this point on will be presented in rate per MVMT format. 

Table 9.2.  Rate of events per MVMT for the 5 RE lead-vehicle scenarios by event severity 

Severity 
LV 

accelerating 

LV moving 
slower, 

constant speed 
LV  

decelerating 
LV stopped 

≤ 2 s 
LV Stopped 

> 2 s 
Incident 7.35 83.10 2,011.38 838.17 1,051.96 

Near-Crash 0 3.68 144.75 67.24 38.80 
Crash 0 0 0 5.49 4.45 

 
The rate of events per MVMT by age grouping and severity for each of the 5 scenarios is shown 
in Table 9.3.  The only distinct trend in the data was that 18- to 20-year-olds had the greatest rate 
of incidents and near-crashes for each of the 5 scenarios.  The rates were fairly constant across 
each of the other age categories for each scenario type for incidents and near-crashes.  The 18- to 
20-year-olds did have the highest rate of crashes for LV stopped < 2 s.  For LV stopped > 2 
seconds crashes, 35-44-year-olds had the highest rate per MVMT.   
 



 244

Table 9.3.  Rate of events per MVMT for the 5 RE lead-vehicle scenarios for each age 
group by event severity 

  Incident 

Subject Age 
LV 

accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV 
Stopped 

> 2 s 
18-20 13.11 195.52 4,674.44 1,814.74 2,621.40 
21-24 9.82 77.96 1,740.10 679.49 1,017.61 
25-34 10.27 48.96 1,315.16 732.51 694.25 
35-44 5.67 92.98 2,167.65 672.16 918.96 
45-54 4.04 54.41 1,330.93 860.34 741.80 
55+ 0 33.48 1,019.87 310.58 406.21 

      
Near-Crash 

Subject Age 
LV 

accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV 
Stopped 

> 2 s 
18-20 0 10.21 471.38 154.62 128.92 
21-24 0 0 137.48 36.91 28.33 
25-34 0 0 58.66 70.03 34.36 
35-44 0 6.15 125.94 78.55 17.23 
45-54 0 6.04 56.39 42.46 20.43 
55+ 0 0 45.97 26.54 13.32 

      
Crash 

Subject Age 
LV 

accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV 
Stopped 

> 2 s 
18-20 0 0 0 15.07 5.10 
21-24 0 0 0 2.78 2.78 
25-34 0 0 0 8.41 6.43 
35-44 0 0 0 0 11.14 
45-54 0 0 0 3.64 0 
55+ 0 0 0 4.97 0 

 
The next set of analyses provided a further breakdown of rate of RE lead-vehicle scenarios by 
both age and gender.  Age groups were combined into three groups for these analyses (ages 18-
24, 25-44, and 45+).  The first analysis examined the rate of incidents for the 5 RE lead-vehicle 
scenarios by age and gender as shown in Table 9.4.  For LV decelerating (the most common 
category in terms of frequency), females experienced a higher rate of incidents than males in the 
all three age groups.  For LV stopped < 2 seconds and LV stopped > 2 s, females had a higher 
rate in the 18-24 and 45+ categories, while males had a higher rate in the 25- to 44 category.  In 
the LV moving at slower constant speed category, males had a higher incident rate than females 
for all three categories.  The age and gender rates for near-crashes from Table 9.4 were examined 
next.  Females had a higher rate of near-crashes than males in the all three age groups for the 
three most common scenarios: LV decelerating, LV stopped < 2 s, and LV stopped > 2 s.  For 
crash rates, age and gender comparison were only possible for two groupings, both in the LV 
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decelerating scenario.  The crash rate for 18- to 24-year-old females exceeded that of males by 
3.5 to 1, while 25- to 44-year-old females exceeded the male rate by 7.2 to 1.  

Table 9.4.  Rate of events per MVMT for the 5 RE lead-vehicle scenarios by severity, age 
group, and gender  

Incident 

Subject 
Age 

Subject 
Gender 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 

LV  
decelerating 

LV stopped 
≤ 2 s 

LV Stopped
> 2 s 

Female 6.54 99.45 3,668.34 1,476.74 1,937.92 18-24 
Male 16.78 163.32 2,233.31 8,10.01 1,444.34 

Female 22.51 41.21 2,097.59 631.62 525.74 25-44 
Male 2.17 83.45 1,616.70 729.03 920.95 

Female 0.00 27.62 1,429.87 935.84 679.49 45+ 
Male 3.66 55.76 1,067.02 450.70 553.68 

       
Near-Crash 

Subject 
Age 

Subject 
Gender 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 

LV  
decelerating 

LV stopped 
≤ 2 s 

LV Stopped
> 2 s 

Female 0.00 0.00 299.01 92.60 86.68 18-24 
Male 0.00 9.61 261.70 82.17 54.35 

Female 0.00 0.00 198.98 101.74 32.81 25-44 
Male 0.00 4.39 51.59 63.66 22.73 

Female 0.00 0.00 62.20 58.37 26.58 45+ 
Male 0.00 5.47 46.13 22.76 12.17 

       
Crash 

Subject 
Age 

Subject 
Gender 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 

LV  
decelerating 

LV stopped 
≤ 2 s 

LV Stopped
> 2 s 

Female 0.00 0.00 0.00 12.06 0.00 18-24 
Male 0.00 0.00 0.00 3.44 8.24 

Female 0.00 0.00 0.00 10.74 0.00 25-44 
Male 0.00 0.00 0.00 1.49 12.32 

Female 0.00 0.00 0.00 0.00 0.00 45+ 
Male 0.00 0.00 0.00 6.61 0.00 
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Following Vehicle Data 
As was true for the lead-vehicle scenarios, the following-vehicle events were concentrated in the 
SV decelerating scenario.  The next most common scenarios of SV stopped < 2 seconds and SV 
stopped > 2 seconds were nearly equal to one another in terms of frequency.  Recall that for this 
scenario, the 100-Car Study subject vehicle (SV) was considered to be the lead vehicle and was 
struck from behind by a following vehicle.  Table 9.5 presents the overall number of following-
vehicle events.  Table 9.6 presents the same information in rate per MVMT, and the pattern is 
much the same as for the frequency data.  As before, the remainder of tables in this section will 
be presented for event rate per MVMT. 

Table 9.5.  Frequencies for the 5 RE following-vehicle scenarios by event severity 

Severity 
SV 

accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped

> 2 s 
Incident 1 21 207 48 63 

Near-Crash 1 0 26 15 0 
Crash 0 0 4 2 4 

 

Table 9.6.  Rate of events per MVMT for the 5 RE following-vehicle scenarios by event 
severity 

Severity 
SV 

accelerating 

SV moving 
slower, 

constant speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped 

> 2 s 
Incident 1.04 14.90 184.23 37.32 51.84 

Near-Crash 0.50 0.00 22.74 11.12 0.00 
Crash 0.00 0.00 5.70 2.00 2.15 

 
The rate of events by age grouping and severity for each of the 5 scenarios is shown in Table 9.7.  
Since we only have data for the instrumented vehicle, the driver variables in this case refer to the 
driver of the lead (struck) vehicle.  For the SV decelerating scenario, there was a clear decreasing 
trend for incidents with increasing age.  The SV stopped > 2 seconds scenario, although less 
common, also exhibited a trend for decreasing incident rates with increasing age, while the other 
three scenarios did not show a clear trend.  There were few data points in the near-crash and 
crash data, and no obvious trends or patterns were noted.  The only data point that pops out is the 
crash rate for SV decelerating for 25- to 34-year-olds, which was more than three times as high 
as any of the other crash rates for this table.   
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Table 9.7.  Rate of events per MVMT for the 5 RE following-vehicle scenarios for each age 
group by event severity 

Incident 

Subject 
Age 

SV 
accelerating 

SV moving 
slower, 

constant speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped 

> 2 s 
18-20 0.00 26.45 373.32 46.25 151.04 
21-24 0.00 24.13 220.13 34.54 34.63 
25-34 0.00 14.13 210.92 61.18 59.61 
35-44 5.67 7.66 163.57 48.91 36.30 
45-54 0.00 4.39 91.81 13.88 23.00 
55+ 0.00 13.51 32.98 14.14 15.08 

      
Near-crash 

Subject 
Age 

SV 
accelerating 

SV moving 
slower, 

constant speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped 

> 2 s 
18-20 0.00 0.00 29.78 21.77 0.00 
21-24 0.00 0.00 45.09 5.00 0.00 
25-34 0.00 0.00 3.20 12.63 0.00 
35-44 2.75 0.00 28.23 12.31 0.00 
45-54 0.00 0.00 20.14 0.00 0.00 
55+ 0.00 0.00 3.38 19.49 0.00 

      
Crash 

Subject 
Age 

SV 
accelerating 

SV moving 
slower, 

constant speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped 

> 2 s 
18-20 0.00 0.00 0.00 0.00 0.00 
21-24 0.00 0.00 4.92 5.14 3.65 
25-34 0.00 0.00 23.82 0.00 5.40 
35-44 0.00 0.00 0.00 0.00 2.75 
45-54 0.00 0.00 3.47 0.00 0.00 
55+ 0.00 0.00 0.00 7.88 0.00 

 
The next analyses considered the following-vehicle scenarios by both age and gender, presented 
in Table 9.8.  The most meaningful result for the SV decelerating scenario was that the 25- to 44-
year-old males had over two times the incident rate as female drivers.  In contrast, 18- to 24-
year-old female drivers had an incident rate that was three times as high as male drivers for the 
LV stopped >2 seconds scenario.  When other age and gender comparisons are possible for 
incidents, there is no obvious pattern.  For some age groups, for some scenarios, females 
exhibited a higher rate, while for others, males exhibited a higher rate.  The 45+ female group 
had higher incident rates than males for every scenario, but the differences were mostly small. 
The near-crash rate data from Table 9.8 shows that 18- to 24-year-old females had five times the 
rate as males for the LV decelerating scenario.  There were not enough crash data to provide for 
meaningful age and gender comparisons.   
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Table 9.8.  Rate of events per MVMT for the 5 RE following-vehicle scenarios by severity, 
age group, and gender  

Incident 

Subject 
Age 

Subject 
Gender 

SV 
accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped

> 2 s 
Female 0.00 26.00 310.47 30.10 124.76 18-24 Male 0.00 24.11 258.02 50.79 38.16 
Female 10.30 13.28 101.88 60.01 30.91 25-44 Male 0.00 9.85 219.93 52.88 54.23 
Female 0.00 15.76 80.48 18.33 26.57 45+ Male 0.00 3.97 59.06 11.51 15.68 

       
Near-Crash 

Subject 
Age 

Subject 
Gender 

SV 
accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped

> 2 s 
Female 0.00 0.00 60.80 16.79 0.00 18-24 Male 0.00 0.00 12.20 6.91 0.00 
Female 0.00 0.00 10.30 16.27 0.00 25-44 Male 1.96 0.00 18.29 10.97 0.00 
Female 0.00 0.00 8.13 0.00 0.00 45+ Male 0.00 0.00 15.83 12.99 0.00 

       
Crash 

Subject 
Age 

Subject 
Gender 

SV 
accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped

> 2 s 
Female 0.00 0.00 5.16 5.40 3.83 18-24 Male 0.00 0.00 0.00 0.00 0.00 
Female 0.00 0.00 0.00 0.00 0.00 25-44 Male 0.00 0.00 16.16 0.00 5.63 
Female 0.00 0.00 0.00 0.00 0.00 45+ Male 0.00 0.00 3.14 5.25 0.00 
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Question 2.  What are the kinematic conditions associated with the above 5 RE scenarios? 
 
The kinematic conditions examined for Question 2 include subject vehicle speed at onset of 
precipitating factor (7 categories) and time headway (four categories) at onset of precipitating 
factor.   These are considered separately for the lead vehicle and following-vehicle scenarios.  As 
for Question 1, the rate of events per MVMT will be presented and analyzed. 
 
Lead-vehicle Data 
Recall that the most common LV scenario was LV decelerating, with about twice the incident 
rate as either of the next two most common scenarios (LV stopped < 2 seconds and LV stopped > 
2 s).  For this scenario, the highest incident rates were in the 21-30 and 31-40 mph bins (Table 
9.9).  For LV stopped < 2 seconds the 11-20 and 21-30 mph bins showed the highest incident 
rates.  The LV stopped > 2 seconds scenario exhibited the highest rate with onset speeds of 21-30 
and 31-40 mph.  These high rates for the moderate speed ranges likely reflect the prevailing 
speed limits and high traffic density present in the northern Virginia area in which the study was 
conducted.  For near-crashes, the moderate speed ranges of 21-30 and 31-40 also exhibited the 
highest rates for all three of the most common scenarios.  All of the 13 crashes fell into just four 
scenarios by speed bins.  The LV stopped < 2 seconds scenario had rate data for the 0-10, 11-20, 
and 31-40 mph bins, while the LV stopped > 2 seconds scenario had rate data for the 0-10 mph 
bin.  The low vehicle speeds for crashes as opposed to near-crashes may be an indicator that 
traffic density was extremely high for these crashes, and the driver made some error in closing 
rate judgment that led to the crash.     
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Table 9.9.  Rate of events per MVMT for the 5 RE lead-vehicle scenarios for each vehicle 
speed category by event severity 

Incident 

Subject 
Vehicle 
Speed 
(MPH) 

LV 
accelerating 

LV 
moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped
≤ 2 s 

LV 
Stopped 

> 2 s 
0-10 1.23 2.19 34.26 68.55 35.95 

11-20 0.00 13.85 247.92 246.74 139.55 
21-30 0.00 20.91 636.61 330.42 501.84 
31-40 2.94 21.78 657.04 159.12 304.33 
41-50 2.45 8.76 271.85 25.33 47.78 
51-60 0.72 8.05 111.69 3.47 15.48 
60+ 0.00 7.57 49.57 4.53 6.61 

      
Near-crash 

Subject 
Vehicle 
Speed 
(MPH) 

LV 
accelerating 

LV 
moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped
≤ 2 s 

LV 
Stopped 

> 2 s 
0-10 0.00 0.75 2.74 9.06 6.68 

11-20 0.00 0.65 21.21 10.93 5.39 
21-30 0.00 0.00 36.68 26.36 8.22 
31-40 0.00 0.00 48.62 18.39 14.58 
41-50 0.00 0.00 20.60 1.51 3.16 
51-60 0.00 1.15 9.14 0.00 0.77 
60+ 0.00 1.13 5.76 0.00 0.00 

      
Crash 

Subject 
Vehicle 
Speed 
(MPH) 

LV 
accelerating 

LV 
moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped
≤ 2 s 

LV 
Stopped 

> 2 s 
0-10 0.00 0.00 0.00 1.81 3.89 

11-20 0.00 0.00 0.00 1.49 0.00 
21-30 0.00 0.00 0.00 0.00 0.00 
31-40 0.00 0.00 0.00 2.19 0.00 
41-50 0.00 0.00 0.00 0.00 0.00 
51-60 0.00 0.00 0.00 0.00 0.00 
60+ 0.00 0.00 0.00 0.00 0.00 

 
Table 9.10 presents the rate data for subject vehicle headway to the lead-vehicle.  For the two LV 
stopped scenarios, the rates for headway < 1 second were much lower than the rates for the other 
headways (by factors of as much as 7 to 1).  For near-crashes, the data for headway at 
precipitating factor onset shows no clear pattern.  The rate data were fairly evenly distributed 
among the four headway categories of < 1 s, 1-1.99 s, 2-2.99 s, and > 3 s.  No clear pattern was 
discernible for the crash data. 
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Table 9.10.  Rate of events per MVMT for the 5 RE lead-vehicle scenarios for each vehicle 
headway category by event severity. 

Incidents 

Subject Vehicle 
Headway (s) 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV Stopped
> 2 s 

< 1 0.70 14.50 444.72 94.84 38.27 
1-1.99 1.50 21.45 552.29 280.90 245.41 
2-2.99 0.00 14.47 273.42 118.08 267.01 

> 3 2.93 21.19 484.55 234.12 307.04 
      

Near-crashes 

Subject Vehicle 
Headway (s) 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV Stopped
> 2 s 

< 1 0.00 0.00 33.74 13.27 3.19 
1-1.99 0.00 2.93 23.67 14.97 13.13 
2-2.99 0.00 0.00 24.45 4.74 5.11 

> 3 0.00 0.00 23.90 20.68 10.82 
      

Crashes 

Subject Vehicle 
Headway (s) 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV Stopped
> 2 s 

< 1 0.00 0.00 0.00 0.00 0.00 
1-1.99 0.00 0.00 0.00 3.23 0.00 
2-2.99 0.00 0.00 0.00 1.72 0.96 

> 3 0.00 0.00 0.00 0.54 2.39 

Following Vehicle Data 

For the most common following-vehicle scenario of SV decelerating, the speed ranges of 11-20 
and 21-30 mph had the highest rates of incidents as seen in Table 9.11.  This is somewhat lower 
than was found for the lead-vehicle incidents.  For near-crashes, the speed ranges for the LV 
decelerating scenario with the highest rates were 21-30 and 31-40 mph, which may be an 
indicator that increasing event onset speed results in increased event severity.  For the SV 
stopped < 2 seconds scenario, the highest near-crash rates were found at 0-20 mph.  The 
differences between the near-crash rates for these scenarios point out that the following-vehicle 
driver may have had difficulty in noticing the difference between a decelerating and stopped 
vehicle, even when the initial speed was lower for the stopped vehicle scenario.  The crash data 
did not show any discernible pattern, given that the few crash events were distributed among so 
many scenario and speed cells. 
 



 252

Table 9.11.  Rate of events per MVMT for the 5 RE following-vehicle scenarios for each 
vehicle speed category by event severity 

Incident 

Subject 
Vehicle 
Speed 
(MPH) 

SV 
accelerating 

SV 
moving 
slower, 
constant 

speed 
SV  

decelerating 

SV 
stopped
≤ 2 s 

SV 
Stopped 

> 2 s 
0-10 1.04 1.67 10.99 6.88 14.07 

11-20 0.00 0.50 54.23 16.39 12.04 
21-30 0.00 0.88 59.38 5.93 13.58 
31-40 0.00 2.00 32.93 6.74 6.00 
41-50 0.00 2.91 16.28 0.82 2.75 
51-60 0.00 4.86 8.80 0.00 0.43 
60+ 0.00 2.09 0.40 0.56 0.00 

      
Near-crash 

Subject 
Vehicle 
Speed 
(MPH) 

SV 
accelerating 

SV 
moving 
slower, 
constant 

speed 
SV  

decelerating 

SV 
stopped
≤ 2 s 

SV 
Stopped 

> 2 s 
0-10 0.00 0.00 0.00 4.67 0.00 

11-20 0.00 0.00 1.21 2.51 0.00 
21-30 0.50 0.00 5.29 2.32 0.00 
31-40 0.00 0.00 5.34 1.20 0.00 
41-50 0.00 0.00 4.12 0.43 0.00 
51-60 0.00 0.00 4.43 0.00 0.00 
60+ 0.00 0.00 2.35 0.00 0.00 

      
Crash 

Subject 
Vehicle 
Speed 
(MPH) 

SV 
accelerating 

SV 
moving 
slower, 
constant 

speed 
SV  

decelerating 

SV 
stopped
≤ 2 s 

SV 
Stopped 

> 2 s 
0-10 0.00 0.00 0.95 0.00 1.59 

11-20 0.00 0.00 0.99 0.00 0.00 
21-30 0.00 0.00 0.00 0.00 0.00 
31-40 0.00 0.00 0.00 2.00 0.00 
41-50 0.00 0.00 0.00 0.00 0.00 
51-60 0.00 0.00 3.77 0.00 0.00 
60+ 0.00 0.00 0.00 0.00 0.00 

 
Table 9.12 presents the rate of following-vehicle events by the headway categories for each 
following-vehicle scenario.  For incidents, the highest rates were observed at less than 2 seconds 
headway.  For near-crashes, the SV decelerating scenario had the highest rate of incidents for the 
< 1 second headway category, as was also true for the lead-vehicle cases.  No clear patterns or 
trends were present for the crashes. 
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Table 9.12.  Rate of events per MVMT for the 5 RE following-vehicle scenarios for each 
vehicle headway category by event severity 

Incidents 

Subject 
Vehicle 

Headway 
(sec) 

SV 
accelerating 

SV 
moving 
slower, 
constant 

speed 
SV  

decelerating 

SV 
stopped
≤ 2 s 

SV 
Stopped 

> 2 s 
< 1 1.04 9.05 75.49 10.91 16.70 

1-1.99 0.00 2.75 60.01 12.55 17.12 
2-2.99 0.00 0.00 16.79 2.33 6.93 

> 3 0.00 3.11 30.73 11.54 8.12 
      

Near-crash 

Subject 
Vehicle 

Headway 
(sec) 

SV 
accelerating 

SV 
moving 
slower, 
constant 

speed 
SV  

decelerating 

SV 
stopped
≤ 2 s 

SV 
Stopped 

> 2 s 
< 1 0.50 0.00 17.38 5.11 0.00 

1-1.99 0.00 0.00 4.11 2.08 0.00 
2-2.99 0.00 0.00 0.40 1.63 0.00 

> 3 0.00 0.00 0.85 2.30 0.00 
      

Crash 

Subject 
Vehicle 

Headway 
(sec) 

SV 
accelerating 

SV 
moving 
slower, 
constant 

speed 
SV  

decelerating 

SV 
stopped
≤ 2 s 

SV 
Stopped 

> 2 s 
< 1 0.00 0.00 5.70 2.00 0.89 

1-1.99 0.00 0.00 0.00 0.00 0.00 
2-2.99 0.00 0.00 0.00 0.00 0.00 

> 3 0.00 0.00 0.00 0.00 0.70 
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Question 3.  What are the contributing and associated factors for RE crashes for the above 
5 RE scenarios? 

 
Question 3 examined the contributing and associated factors for RE crashes.  As for previous 
analyses in this chapter, the rate per MVMT data was examined.  Two types of contributing 
factors were considered.   
 
Driver factors considered in these analyses included: 

• Driver Physical/Mental Impairment 
• Driver 1 Distracted By 
• Willful Behavior 
• Driver Proficiency  
• Roadway Infrastructure 
• Driver 1 Vision Obscured by 

 
Environmental and roadway factors considered included: 

• Relation to junction 
• Traffic control (counted if traffic control present) 
• Roadway Alignment (counted if anything other then straight) 
• Weather (counted if anything but sunny) 
• Surface Condition (counted if anything but dry) 
• Light (counted if anything other then day) 
• Traffic density (counted if anything other than free flow) 

 
As for the previous questions, lead-vehicle and following-vehicle events will be considered 
separately. 

Lead-vehicle Data 
The rate per MVMT data for the lead-vehicle RE driver factors is shown in Table 9.13.  Note 
that more than one driver factor could be selected for each incident, crash, and near-crash. 
Overall, the driver contributing factor with the highest rate for incidents was driver proficiency.  
Referring back to the frequency data for this factor, 64 percent of incidents were coded as being 
related to driver proficiency.  This appeared to serve as a catchall category for nearly two-thirds 
of incidents.  Driver distraction had the next highest rate, and 25 percent of incidents were coded 
with this factor.  For the most common category (LV decelerating), the factor with the third 
highest rating was willful behavior, while for LV stopped < 2 s and LV stopped > 2 s, the third 
highest rating was for driver physical/mental impairment.  For near-crashes, driver proficiency 
also had the highest rate (from the frequency data, 59 percent of near-crashes were coded with 
this factor).  The overall pattern of data for driver contributing factors for near-crashes was very 
similar to that observed for the incident data.  For the crash data (13 crashes) the factor with the 
highest rate was driver distraction, followed by driver proficiency and driver mental/physical 
impairment.   
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Table 9.13.  Rate of events per MVMT for the 5 RE lead-vehicle scenarios for each driver 
contributing factor by event severity 

Incidents 

Driver Factors 
LV 

accelerating 

LV 
moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV 
Stopped

> 2 s 
Driver Physical/Mental Impairment 0.00 4.30 191.42 63.25 97.42 

Driver Distracted By 3.90 13.06 542.55 226.62 297.12 
Willful Behavior 1.04 40.09 215.51 41.49 74.43 

Driver Proficiency 4.35 24.14 1,260.53 542.85 683.68 
Roadway Infrastructure 0.00 0.71 32.49 8.52 9.86 

Driver Vision Obscured by 0.00 7.00 156.19 51.08 73.11 
      

Near-Crashes 

Driver Factors 
LV 

accelerating 

LV 
moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV 
Stopped

> 2 s 
Driver Physical/Mental Impairment 0.00 0.75 16.20 11.37 0.86 

Driver Distracted By 0.00 1.80 68.06 35.52 19.49 
Willful Behavior 0.00 1.88 22.24 5.87 3.29 

Driver Proficiency 0.00 1.80 93.62 37.60 25.02 
Roadway Infrastructure 0.00 0.00 1.16 0.00 0.55 

Driver Vision Obscured by 0.00 0.00 14.64 9.20 5.97 
      

Crashes 

Driver Factors 
LV 

accelerating 

LV 
moving 
slower, 
constant 

speed 
LV  

decelerating 

LV 
stopped 
≤ 2 s 

LV 
Stopped

> 2 s 
Driver Physical/Mental Impairment 0.00 0.00 0.00 0.00 1.10 

Driver Distracted By 0.00 0.00 0.00 5.49 3.35 
Willful Behavior 0.00 0.00 0.00 0.00 0.00 

Driver Proficiency 0.00 0.00 0.00 0.00 1.62 
Roadway Infrastructure 0.00 0.00 0.00 0.00 0.00 

Driver Vision Obscured by 0.00 0.00 0.00 0.00 0.00 
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Table 9.14 presents the environmental and roadway contributing factor rate data for lead-vehicle 
RE events.  Multiple environmental and roadway contributing factors could be selected for each 
incident, near-crash, and crash.  Traffic density had the highest incident rate by far of any of the 
environmental and roadway contributing factors for all 5 RE lead-vehicle scenarios.  Relation to 
junction had the next highest rate for all 5 scenarios, followed by traffic control, light, and then 
weather.  The relative rank of rates within each scenario was very consistent.  For near-crashes, 
traffic density again had the highest rate, followed by light and then relation to junction.  Again, 
the relative rank between scenarios was quite consistent.  For the 2 scenarios with crashes, all 
environmental and roadway factors were listed as contributing factors, with very similar rates 
across the factors and scenarios.   

Table 9.14.  Rate of events per MVMT for the 5 RE lead-vehicle scenarios for each 
environmental and roadway contributing factor by event severity 

Incidents 

Environmental and 
Roadway Factors 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 
LV stopped 

≤ 2 s 
LV Stopped

> 2 s 
Relation to Junction 4.81 21.94 696.16 362.22 563.99 

Traffic Control 4.11 19.38 435.32 321.03 520.27 
Roadway Alignment 2.19 7.62 181.69 60.91 102.01 

Weather 0.00 8.03 244.31 102.05 107.46 
Surface Condition 0.00 6.19 154.61 84.88 72.19 

Light 4.98 17.25 489.33 227.36 261.48 
Traffic Density 6.79 73.17 1,861.01 790.56 932.07 

      
Near-crashes 

Environmental and 
Roadway Factors 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 
LV stopped 

≤ 2 s 
LV Stopped

> 2 s 
Relation to Junction 0.00 0.65 32.35 29.85 11.08 

Traffic Control 0.00 0.65 21.40 23.54 9.14 
Roadway Alignment 0.00 0.00 22.78 13.17 1.41 

Weather 0.00 0.00 35.69 12.88 2.98 
Surface Condition 0.00 0.00 23.91 11.28 2.23 

Light 0.00 1.88 54.09 29.88 7.88 
Traffic Density 0.00 1.80 120.96 55.59 33.77 

      
Crashes 

Environmental and 
Roadway Factors 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 
LV stopped 

≤ 2 s 
LV Stopped

> 2 s 
Relation to Junction 0.00 0.00 0.00 2.03 2.39 

Traffic Control 0.00 0.00 0.00 2.03 2.39 
Roadway Alignment 0.00 0.00 0.00 1.11 1.08 

Weather 0.00 0.00 0.00 1.49 2.08 
Surface Condition 0.00 0.00 0.00 1.49 2.08 

Light 0.00 0.00 0.00 0.54 1.29 
Traffic Density 0.00 0.00 0.00 4.00 2.08 
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Following Vehicle Data 

Please recall that the SV decelerating scenario was the most common scenario for the RE 
Following Events (Table 9.15).  Note also that the driver factors refer to the driver of the subject 
vehicle (i.e., the struck vehicle).  This implies that the struck driver contributed in some way to 
the event, which is contrary to the common perception of RE crashes (e.g., the striking vehicle is 
almost always ticketed).  However, the video made it clear that drivers who behaved in 
unexpected ways might indeed contribute to a RE crash in which they were struck.  For example, 
one driver would unexpectedly brake hard (0.5-0.6g) on the freeway approximately 300 feet 
behind a slower moving lead vehicle.   
 
For SV decelerating incidents, the driver factors with the highest rate were driver proficiency, 
driver distraction, and physical/mental impairment, the same order as for lead-vehicle incidents. 
Driver vision obscured was also a prominent factor, which may indicate why the SV driver 
performed an unexpected maneuver.  Near-crash rates were consistent with the incident rates for 
cells with data.  For crashes, driver proficiency for the SV decelerating scenario was the factor 
with the lowest rate; the highest rates were observed for willful behavior and roadway 
infrastructure.  
 
The roadway and infrastructure contributing factor with the highest incident rate was again 
traffic density for the SV decelerating scenario, followed by relation to junction and traffic 
control (Table 9.16).  The same pattern was observed for 2  other scenarios.  Traffic density was 
also the dominating factor for near-crashes for the SV decelerating scenario and the SV stopped 
< 2 seconds scenario.  There was no clear dominating contributing factor for the rate of crashes 
for any of the scenarios.    
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Table 9.15.  Rate of events per MVMT for the 5 RE following-vehicle scenarios for each 
driver contributing factor by event severity 

Incident 

Driver Factors 
SV 

accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 

SV 
Stopped 

> 2 s 
Driver Physical/Mental 

Impairment 1.04 2.26 16.82 1.08 1.37 
Driver 1 Distracted By 0.00 0.56 27.38 2.12 9.00 

Willful Behavior 0.00 2.88 9.93 1.84 0.50 
Driver Proficiency 1.04 1.09 73.31 8.59 21.88 

Roadway Infrastructure 0.00 0.00 4.76 0.00 1.45 
Drier 1 Vision Obscured by 0.00 0.76 6.96 4.85 5.73 

      
Near-crash 

Driver Factors 
SV 

accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 

SV 
Stopped 

> 2 s 
Driver Physical/Mental 

Impairment 0.00 0.00 2.81 2.03 0.00 
Driver 1 Distracted By 0.00 0.00 7.37 3.37 0.00 

Willful Behavior 0.50 0.00 1.67 1.08 0.00 
Driver Proficiency 0.00 0.00 9.56 4.74 0.00 

Roadway Infrastructure 0.00 0.00 0.96 0.00 0.00 
Drier 1 Vision Obscured by 0.00 0.00 2.44 0.00 0.00 

      
Crash 

Driver Factors 
SV 

accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 

SV 
Stopped 

> 2 s 
Driver Physical/Mental 

Impairment 0.00 0.00 0.00 0.99 0.00 
Driver 1 Distracted By 0.00 0.00 1.55 0.00 1.21 

Willful Behavior 0.00 0.00 3.77 0.00 0.00 
Driver Proficiency 0.00 0.00 0.95 2.00 0.50 

Roadway Infrastructure 0.00 0.00 3.77 0.00 0.00 
Drier 1 Vision Obscured by 0.00 0.00 0.00 0.00 0.00 
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Table 9.16.  Rate of events per MVMT for the 5 RE following-vehicle scenarios for each 
environmental and roadway contributing factor by event severity 

Incident 

Environmental and Roadway 
Factors 

SV 
accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped 

> 2 s 
Relation to Junction 1.04 0.90 66.20 21.54 28.54 

Traffic Control 1.04 0.90 57.79 20.85 23.96 
Roadway Alignment 0.00 0.00 19.86 3.20 3.58 

Weather 1.04 4.09 28.06 3.58 6.35 
Surface Condition 1.04 2.11 9.43 1.20 1.52 

Light 0.00 2.88 37.14 9.59 4.77 
Traffic Density 1.04 13.11 164.26 32.28 41.92 

      
Near-crash 

Environmental and Roadway 
Factors 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 
LV stopped 

≤ 2 s 
LV Stopped 

> 2 s 
Relation to Junction 0.00 0.00 5.15 6.13 0.00 

Traffic Control 0.00 0.00 3.94 5.05 0.00 
Roadway Alignment 0.00 0.00 3.99 1.41 0.00 

Weather 0.50 0.00 6.45 1.76 0.00 
Surface Condition 0.00 0.00 3.06 1.76 0.00 

Light 0.50 0.00 3.47 1.57 0.00 
Traffic Density 0.50 0.00 18.66 10.14 0.00 

      
Crash 

Environmental and Roadway 
Factors 

LV 
accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 
LV stopped 

≤ 2 s 
LV Stopped 

> 2 s 
Relation to Junction 0.00 0.00 1.94 2.00 1.59 

Traffic Control 0.00 0.00 1.94 2.00 1.59 
Roadway Alignment 0.00 0.00 0.95 1.01 1.59 

Weather 0.00 0.00 4.15 0.99 0.38 
Surface Condition 0.00 0.00 0.38 0.00 0.38 

Light 0.00 0.00 0.00 0.00 1.06 
Traffic Density 0.00 0.00 4.76 2.00 1.26 
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Question 4.  What are the corrective actions associated with the 5 RE scenarios above? 
 
The corrective actions (avoidance maneuvers) considered to answer Question 4 included: 

• No avoidance maneuver 
• Braking (no lockup) 
• Braking (lockup) 
• Braking (lockup unknown) 
• Releasing brakes 
• Steered to left 
• Steered to right 
• Braked and steered to left 
• Braked and steered to right 
• Accelerated 
• Accelerated and steered to left 
• Accelerated and steered to right 
• Other actions 
• Unknown if driver attempted any corrective action 

 
Because there were so many categories of corrective action, the events were grouped together in 
terms of severity (incidents + near-crashes + crashes).  The avoidance maneuver rate data were 
considered first, followed by an age and gender analysis.  
 
Lead-vehicle Data 
Table 9.17 presents the lead-vehicle corrective action rates for all events.  For the LV 
decelerating and stopped scenarios, the braking (no lockup) dominated the rate data by factors of 
around 10 to 1.  The next highest rates were for braked and steered to right, braked and steered to 
left, and braking (lockup unknown).  When the LV in a RE event was stopped, the SV response 
almost always involved some sort of braking activity which was rarely accompanied by steering.  
For LV decelerating, steering left and steering right also had fairly high rates, although the 
overwhelming choice was still braking.  For LV moving at slower constant speed, a quite 
different kinematic situation, braking (no lockup) still had the highest rate, but it was nearly 
equaled by braked and steered to right and no avoidance maneuver.  For LV accelerating, also 
quite different kinematically, steered left and braking (no lockup) had the highest rates. 
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Table 9.17.  Rate of events per MVMT for the 5 RE lead-vehicle scenarios for each 
corrective action category. 

Maneuver 
LV 

accelerating 

LV moving 
slower, 
constant 

speed 
LV  

decelerating 
LV stopped 

≤ 2 s 
LV Stopped

> 2 s 
No avoidance maneuver 0.00 110.73 0.00 93.49 80.01 
Braking (no lockup) 106.44 148.53 2,257.70 1,073.67 1,337.90 
Braking (lockup) 0.00 0.00 120.90 48.97 71.37 
Braking (lockup unknown) 0.00 0.00 128.52 127.92 146.29 
Releasing brakes 0.00 0.00 54.94 0.00 0.00 
Steered Left 113.33 78.13 156.06 100.23 92.08 
Steered to right 76.81 89.27 150.47 74.38 119.53 
Braked and steered to left 78.97 90.16 248.17 102.55 148.04 
Braked and steered to right 0.00 116.58 275.30 152.78 159.22 
Accelerated 0.00 0.00 0.00 0.00 0 
Accelerated and steered to left 0.00 74.41 136.47 58.20 76.39 
Accelerated and steered to right 0.00 62.33 144.86 48.04 64.97 
Other action 0.00 0.00 0.00 0.00 55.51 
Unknown if driver attempted 
any corrective action 0.00 0.00 0.00 0.00 81.67 

 
The corrective action rates per MVMT for lead-vehicle RE scenarios are presented in Table 9.18.  
The rate of braking (no lockup) was higher than for females in every age category.  Females also 
had a higher rate for braked and steered to left for every age category.  Older drivers (45+) had a 
clearly lower rate of braking and steering to the right or left than did the younger age groups.  
There were no other notable age or gender rate differences. 

Table 9.18.  Rate of events per MVMT for RE lead-vehicle scenarios by age and gender for 
each corrective action category. 

Maneuver 18-24 25-44 45+ 
  M F M F M F 

No avoidance maneuver 0.00 115.66 70.43 118.18 0.00 0.00 
Braking (no lockup) 4,354.69 7,875.62 3,389.60 4,136.37 2,198.70 3,871.41 
Braking (lockup) 0.00 71.49 74.11 0.00 62.95 164.74 
Braking (lockup unknown) 139.90 169.98 200.38 197.49 100.97 285.71 
Releasing brakes 0.00 0.00 54.94 0.00 0.00 0.00 
Steered Left 154.86 253.12 151.41 408.77 108.32 106.69 
Steered to right 236.73 233.10 169.68 172.41 125.68 82.89 
Braked and steered to left 248.68 451.61 238.24 838.92 136.90 181.62 
Braked and steered to right 585.53 440.83 358.95 674.58 138.79 200.78 
Accelerated 0.00 0.00 0.00 0.00 0.00 0.00 
Accelerated and steered to left 163.91 115.31 122.53 0.00 94.06 122.43 
Accelerated and steered to right 294.84 82.04 78.54 113.33 64.80 0.00 
Other action 0.00 0.00 55.51 0.00 0.00 0.00 
Unknown if driver attempted any 
corrective action 81.67 0.00 0.00 0.00 0.00 0.00 



 262

Following Vehicle Data 
The corrective action rate data for the following-vehicle scenarios was quite different than that 
observed for the lead-vehicle scenarios, most likely owing to the fact that it was the lead 
vehicle’s (subject vehicle) response to the threat from behind that was coded.  For the most 
common category of LV decelerating, the response with the highest rate was accelerated and 
steered to right, followed by braked and steered to left, braking (no lockup), and no avoidance 
maneuver (Table 9.19).  Overall, accelerating and no avoidance maneuvers were quite common 
responses to following-vehicle situations, whereas they were quite uncommon for lead-vehicle 
situations.  Again, this indicates that the SV was either unaware of the threat from behind (no 
action taken) or that they were aware and were trying to increase the distance between vehicles 
(acceleration).  For cases in which the lead vehicle braked or braked and steered, there may also 
have been a LV threat that the SV driver perceived as more urgent.  The other 3 scenarios with 
rate data followed the same general pattern. 

Table 9.19.  Rate of events per MVMT for the 5 RE following-vehicle scenarios for each 
corrective action category. 

Maneuver 
SV 

accelerating 

SV moving 
slower, 
constant 

speed 
SV  

decelerating 
SV stopped 

≤ 2 s 
SV Stopped

> 2 s 
No avoidance maneuver 113.33 105.09 154.46 122.22 114.63 
Braking (no lockup) 0.00 82.45 322.71 127.89 164.29 
Braking (lockup) 0.00 0.00 89.51 0.00 0.00 
Braking (lockup unknown) 0.00 0.00 83.61 0.00 0.00 
Releasing brakes 0.00 0.00 0.00 0.00 108.04 
Steered Left 0.00 0.00 54.94 0.00 0.00 
Steered to right 0.00 0.00 0.00 0.00 0.00 
Braked and steered to left 54.94 0.00 222.10 113.33 0.00 
Braked and steered to right 0.00 75.51 92.06 60.88 0.00 
Accelerated 0.00 68.94 64.84 0.00 74.26 
Accelerated and steered to left 0.00 0.00 0.00 59.03 0.00 
Accelerated and steered to right 0.00 0.00 410.85 117.91 0.00 
Other action 0.00 0.00 0.00 0.00 0.00 
Unknown if driver attempted 
any corrective action 0.00 0.00 0.00 0.00 0.00 

 
There were no obvious age and gender rate patterns observed for following-vehicle events (Table 
9.20).  For those cells for which age and gender comparisons were possible, the rates were fairly 
constant across both age and gender.  One exception was in the 25- to 44-year-old age group, in 
which males had a rate that was about twice as high for females for braked and steered left, while 
the female rate for braked and steered right was nearly twice as high as for males.  There is no 
ready explanation for this finding, however.  Another interesting finding was all of the drivers in 
the 45+ age group exhibited only three responses: braking (no lockup), no avoidance maneuver, 
and accelerating.  Finally, 18- to 24-year-old males had a rate of braked and steered to right that 
was nearly twice that of females in this age group, while the reverse was true for the braking (no 
lockup) avoidance maneuver.   
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Table 9.20.  Rate of events per MVMT for RE following-vehicle scenarios by age and 
gender for each corrective action category. 

Maneuver 18-24 25-44 45+ 
  M F M F M F 

No avoidance maneuver 216.49 204.24 239.56 243.01 142.22 131.13 
Braking (no lockup) 359.95 639.57 396.77 368.33 142.64 203.73 
Braking (lockup) 63.34 0.00 115.67 0.00 0.00 0.00 
Braking (lockup unknown) 0.00 57.37 96.73 0.00 0.00 0.00 
Releasing brakes 0.00 108.04 0.00 0.00 0.00 0.00 
Steered Left 0.00 0.00 54.94 0.00 0.00 0.00 
Steered to right 0.00 0.00 0.00 0.00 0.00 0.00 
Braked and steered to left 150.88 0.00 190.13 113.33 0.00 0.00 
Braked and steered to right 91.16 46.37 60.86 115.75 0.00 0.00 
Accelerated 80.32 76.62 54.63 0.00 69.55 0.00 
Accelerated and steered to left 59.03 0.00 0.00 0.00 0.00 0.00 
Accelerated and steered to right 0.00 0.00 264.38 0.00 0.00 0.00 
Other action 0.00 0.00 0.00 0.00 0.00 0.00 
Unknown if driver attempted any 
corrective action 0.00 0.00 0.00 0.00 0.00 0.00 

DISCUSSION 

The frequency of lead-vehicle and following-vehicle events by level of severity was determined 
for the driver data included in the analyses.  For the lead-vehicle conflict case, the resulting 
dataset contained 13 crashes, 268 near-crashes, and 4,747 incidents.  For the following-vehicle 
conflict case, the resulting dataset contained 9 crashes, 30 near-crashes, and 239 incidents. 
 
There were fewer following-vehicle events compared to lead-vehicle events in this dataset.  This 
was due to the differences in the radar signatures for a forward versus a rear-facing radar system.  
Essentially, a forward-facing radar system has many more objects to discern since gaining range 
on any static object indicates a potential threat.  Alternatively, a rear-facing radar system only 
needs to produce a signature for objects moving toward the vehicle since all other targets are 
increasing in range as the vehicle moves forward.   
 
Additionally, it was easier to validate triggers for a lead-vehicle scenario versus a following-
vehicle scenario.  For lead-vehicle conflicts, the radar signatures gave reductionists better data 
for the rate of deceleration, forward TTC, and forward range, which could be verified readily 
using the subject vehicle accelerometer and the forward camera.  However, the rear radar did not 
supply a direct measure of rate of deceleration or speed.  For following-vehicle conflicts, the rate 
of deceleration was much harder to calculate and more difficult to assess by the reductionists 
with the rear-facing camera.  Therefore, verifying conflicts with following vehicles was a more 
difficult process and only the most severe events were likely to be validated. 
 
The four questions answered for this goal addressed driver characteristics, kinematic 
characteristics, contributing factors, and corrective action for RE events.  All data were presented 
in the form of event rate per million vehicle miles traveled (MVMT).  The 5 RE scenarios 
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considered were LV accelerating, LV moving at slower constant speed, LV decelerating, LV 
stopped < 2 s, and LV stopped > 2 s.  
 
Driver characteristics examined the role of age and gender for lead-vehicle and following-vehicle 
events.  The only distinct trend in the lead-vehicle age data was that 18- to 20-year-olds had the 
highest rate of incidents and near-crashes for each of the 5 scenarios.  When age and gender were 
considered for LV decelerating (the most common category in terms of frequency), females 
experienced a higher rate of incidents than males in the all three age groups.  For LV stopped < 2 
seconds and LV stopped > 2 s, females had a higher rate in the 18- to 24 and 45+ categories, 
while males had a higher rate in the 25- to 44 category.  In the LV moving at slower constant 
speed category, males had a higher incident rate than females for all three categories.  Near-
crashes were examined next.  Females had a higher rate of near-crashes than males in the all 
three age groups for the three most common scenarios: LV decelerating, LV stopped < 2 s, and 
LV stopped > 2 s.  No conclusions could be drawn with regard to crash rates.   
 
As was true for the lead-vehicle scenarios, the following-vehicle events were concentrated in the 
SV decelerating scenario.  The next most common scenarios of SV stopped < 2 seconds and SV 
stopped > 2 seconds were nearly equal to one another in terms of frequency.    For the SV 
decelerating scenario, there was a clear decreasing trend for incidents with increasing age. The 
SV stopped > 2 seconds scenario, although less common, also exhibited a trend for decreasing 
incident rates with increasing age, while the other three scenarios did not show a clear trend.  
There were few data points in the near-crash and crash data, and no obvious trends or patterns 
were noted.  The next analyses considered the following-vehicle scenarios by both age and 
gender.  The most meaningful result for the SV decelerating scenario was that the 25- to 44-year-
old males had over two times the incident rate as female drivers.  In contrast, 18- to 24-year-old 
female drivers had an incident rate that was three times as high as male drivers for the LV 
stopped >2 seconds scenario.  When other age and gender comparisons are possible for 
incidents, there is no obvious pattern.  The near-crash rate data shows that 18- to 24-year-old 
females had five times the rate as males for the LV decelerating scenario.  
 
The next analyses considered the kinematic conditions for RE lead-vehicle events.  For lead-
vehicle events, incidents and near-crashes had the highest rates for moderate speeds of 21-40 
mph, while crashes had the highest rates at lower speeds of 0-20 mph.  The high incident and 
near-crash rates for the moderate speed ranges likely reflect the prevailing speed limits and high 
traffic density present in the northern Virginia area where the study was conducted.  The low 
vehicle speeds for crashes as opposed to near-crashes may be an indicator that traffic density was 
extremely high for these crashes, and that the driver made some error in closing rate judgment 
that led to the crash.  For the two LV stopped scenarios, the rates for headway < 1 second were 
much lower than the rates for the other headways (by factors of as much as 7 to 1).  For near-
crashes, the data for headway at precipitating factor onset shows no clear pattern.  The rate data 
were fairly evenly distributed among the four headway categories of < 1 s, 1-1.99 s, 2-2.99 s, and 
> 3s.    No clear pattern was discernible for the crash data. 
 
For the most common following-vehicle scenario of SV decelerating, the speed ranges of 11-20 
and 21-30 mph had the highest rates of incidents.  This is a somewhat lower speed range than 
was found for the lead-vehicle incidents.  For near-crashes, the speed ranges for the LV 
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decelerating scenario with the highest rates were 21-30 and 31-40 mph, which may be an 
indicator that increasing event onset speed results in increased event severity.  For the SV 
stopped < 2 seconds scenario, the highest near-crash rates were found at 0-20 mph.  The 
differences between the near-crash rates for these scenarios point out that the following-vehicle 
driver may have had difficulty in noticing the difference between a decelerating and stopped 
vehicle, even when the initial onset speed was lower for the stopped vehicle scenario.  The crash 
data did not show any discernible pattern, given that the few crash events were distributed among 
so many scenario and speed cells. For headway, the highest incident rates were observed at less 
than 2 seconds headway.  For near-crashes, the SV decelerating scenario had the highest rate of 
incidents for the < 1 second headway category, as was also true for the lead-vehicle cases.  No 
clear patterns or trends were present for the crashes. 
 
Overall, the driver contributing factor with the highest rate for lead-vehicle incidents was driver 
proficiency.  This appeared to serve as a catchall category for nearly two-thirds of incidents.  
Driver distraction had the next highest rate.  For the most common category (LV decelerating), 
the factor with the third highest rating was willful behavior, while for LV stopped < 2 seconds 
and LV stopped > 2 seconds the third highest rating was for driver physical/mental impairment.  
For near-crashes, driver proficiency also had the highest rate.  The overall pattern of data for 
driver contributing factors for near-crashes was very similar to that observed for the incident 
data.  For the crash data (13 crashes), the factor with the highest rate was driver distraction, 
followed by driver proficiency and then driver mental/physical impairment.  
 
For following-vehicle events, the driver factors refer to the driver of the subject vehicle (i.e., the 
struck vehicle).  This implies that the struck driver contributed in some way to the event, which 
is contrary to the common perception of RE crashes (e.g., the striking vehicle is almost always 
ticketed).  However, the video made it clear that drivers who behaved in unexpected ways might 
indeed contribute to a RE crash in which they were struck.  For example, the video showed 
drivers who were distracted, did not realize traffic was slowing or stopping, and had to brake 
hard to avoid a rear-end striking collision.  This, in turn, made it more difficult for the following-
vehicle driver to stop in time which sometimes led to a rear-end struck collision.  For SV 
decelerating incidents, the factors with the highest rate were driver proficiency, driver 
distraction, and physical/mental impairment, the same order as for lead-vehicle incidents.  Driver 
vision obscured was also a prominent factor, which may indicate why the SV driver performed 
an unexpected maneuver.  Near-crash rates were consistent with the incident rates for cells with 
data.  For crashes, driver proficiency for the SV decelerating scenario was the factor with the 
lowest rate; the highest rates were observed for willful behavior and roadway infrastructure.  
 
The environmental and roadway contributing factors for lead-vehicle RE events was considered 
next.  Traffic density had the highest incident rate by far of any of the environmental and 
roadway contributing factors for all 5 RE lead-vehicle scenarios.  Relation to junction had the 
next highest rate for all five scenarios, followed by traffic control, light, and then weather.  The 
relative rank of rates within each scenario was very consistent.  For near-crashes, traffic density 
again had the highest rate, followed by light and then relation to junction.  Again, the relative 
rank between scenarios was quite consistent.  The following vehicle roadway and infrastructure 
contributing factor with the highest incident rate was again traffic density for the SV decelerating 
scenario, followed by relation to junction and traffic control.  The same pattern was observed for 
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two of the other scenarios.  Traffic density was also the dominating factor for near-crashes for 
the SV decelerating scenario and the SV stopped < 2 seconds scenario.  There was no clear 
dominating contributing factor for the rate of crashes for any of the scenarios.    
 
Corrective actions for lead-vehicle events were considered next.  For the lead-vehicle LV 
decelerating and stopped scenarios, braking (no lockup) dominated the rate data by factors of 
around 10 to 1.  The next highest rates were for braked and steered to right, braked and steered to 
left, and braking (lockup unknown).  When the LV in a RE event was stopped, the SV response 
overwhelmingly involved some sort of braking activity, usually without steering.  For LV 
decelerating, steering left and steering right also had fairly high rates, although the 
overwhelming choice was still braking.  For LV moving at slower constant speed, a quite 
different kinematic situation, braking (no lockup) still had the highest rate, but it was nearly 
equaled by braked and steered to right and no avoidance maneuver.  For LV accelerating, also 
quite different kinematically, steered left and braking (no lockup) had the highest rates. When 
age and gender were considered, the rate of braking (no lockup) was higher for females than for 
males in every age category.  Females also had a higher rate for braked and steered to left for 
every age category.  Older drivers (45+) had a clearly lower rate of “braking and steering” (either 
to the right or left) than did the younger age groups.    
 
The corrective action rate data for the following-vehicle scenarios was quite different than that 
observed for the lead-vehicle scenarios, most likely owing to the fact that it was the lead 
vehicle’s (subject vehicle) response to the threat from behind that was coded.  For the most 
common category of LV decelerating, the response with the highest rate was accelerated and 
steered to right, followed by braked and steered to left, braking (no lockup), and no avoidance 
maneuver.  Overall, accelerating and no avoidance maneuvers were quite common responses to 
following-vehicle situations, whereas they were quite uncommon for lead-vehicle situations.  
Again, this indicates that the SV was either unaware of the threat from behind (no action taken) 
or that they were aware and were trying to increase the distance between vehicles (acceleration).  
For cases in which the lead vehicle braked or braked and steered, there may also have been a LV 
threat that the SV driver perceived as more urgent.  The other three scenarios with rate data 
followed the same general pattern.  For the following-vehicle events for which age and gender 
comparisons were possible, the rates were fairly constant across both age and gender.  One 
exception was in the 25- to 44-year-old age group, in which males had a rate that was about 
twice as high for females for braked and steered left, while the female rate for braked and steered 
right was nearly twice as high as for males.  Another interesting finding was all of the drivers in 
the 45+ age group exhibited only three responses: braking (no lockup), no avoidance maneuver, 
and accelerating.  Finally, 18- to 24-year-old males had a rate of braked and steered to right that 
was nearly twice that of females in this age group, while the reverse pattern was seen for the 
braking (no lockup) avoidance maneuver.   
 
Additional insight into RE events can be found in Chapter 10, Goal 6 and Chapter 11, Goal 7.  
The relationships between the relative frequency of crashes, near-crashes, and incidents for RE 
events are explored in Chapter 12, Goal 8 using Heinrich’s Triangles. 
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CHAPTER 10: GOAL 6, DETERMINE LANE CHANGE CONTRIBUTING FACTORS 
AND DYNAMIC CONDITIONS 

BACKGROUND 

A primary overall goal for the 100-Car Study was to determine the causes and contributing 
factors associated with rear-end crashes.  An important aspect of fully understanding the rear-end 
crash problem is understanding the pre-event maneuvers and precipitating factors that, in 
conjunction with other contributing factors, lead to rear-end crashes.   
 
The purpose of the analyses for Chapter 10, Goal 6 is to understand the degree to which lane 
change events, such as cut-ins, lead to rear-end conflicts.  This has important implications for the 
design of future forward collision warning systems, since a cut-in vehicle may not provide a 
radar signature until very late in a conflict scenario. 

DATA ANALYSIS OVERVIEW 

To begin to understand this issue, the RE conflict data was analyzed for both lead-vehicle (i.e., 
subject vehicle as following vehicle) and following-vehicle (i.e., subject vehicle as lead-vehicle) 
scenarios.  This research objective analyzed the frequency and rate distributions for the following 
type of conflicts: 

• Rear-end conflicts, both striking and struck. 
• Rear-end conflicts resulting from a lane change by other lead-vehicle driver or subject 

vehicle driver. 
• The corrective actions that were taken for all of the above type of scenarios. 

 
Frequency distributions were generated to allow calculation of the rate of occurrence of these 
types of scenarios per MVMT, the initial kinematic conditions that occurred for each, and the 
contributing factors that played a role for each type of scenario. 

Data Included in the Analyses 

Questions 1 and 2 were answered with the same set of data.  For the descriptive statistics 
reported in this chapter, data from 95 drivers were used.  We arrived at this dataset by starting 
with the 109 primary drivers.  Of those, 5 had traveled less than 1,000 miles and 9 did not have 
any lead- or following-vehicle conflicts. 
 
To arrive at the number of MVMT, estimates were calculated based on video reduction during 
which reductionists viewed a sample of 100 trip files for each vehicle and recorded whether the 
primary driver was behind the wheel.  The percentage of trip files that the primary driver was 
behind the wheel was multiplied by the total vehicle miles traveled for that vehicle (based on the 
odometer readings) to arrive at a VMT for each primary driver.  The resulting number was then 
multiplied by 1,000,000 to arrive at MVMT.   
 
For Question 3, data from the side sensors were analyzed.  During the course of the 100-Car 
Study data collection, 20 of the leased vehicles were retrofitted with side sensors.  Since more 
than one driver operated many of the leased vehicles, data from 37 drivers were included.  The 
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side-sensor-equipped vehicles generated 412 weeks of data from the 4,534 total weeks for the 
study.  In addition, sideswipe lane change events were also included to give a complete picture of 
the lane change conflicts.    

Question 1.  What was the frequency and rate per MVMT for RE conflicts with lane-
change-related initial conditions (same travel lane, LV changed in front of subject vehicle, 
SV changed in front of following vehicle, SV changed lanes behind LV, following vehicle 

changes lanes behind SV)? 
 
The breakdown of the frequencies and rates per MVMT of lead- and following-vehicle conflicts 
for different lane change maneuvers is shown in Tables 10.1 and 10.2.  For the lead-vehicle 
conflicts (i.e., subject vehicle in conflict with a lead vehicle), the vast majority of rear-end events 
in all levels of severity occurred when no lane change was present.  No crashes occurred when 
there was a lane change as a precipitating factor in front of the subject vehicle or when there was 
a lane change behind the subject vehicle.  There were, however, 64 near-crashes and 324 
incidents that occurred when there was a “cut in” to the lane in front of the subject vehicle as 
compared to only 4 near-crashes and 77 incidents when the SV changed behind a lead vehicle.   
 
As will be described in a later section, the subject vehicle drivers were judged to be impaired (30 
events more), distracted (44 events more) and make proficiency-related errors (e.g., 
inappropriate reaction -- 55 events more) more often in the cases when they were cut-off than 
when the subject vehicle performed a close lane change in front of another vehicle.  This seems 
to support what has been found throughout this report.  At least two elements are required for a 
conflict to occur and it most often requires a precipitating maneuver plus another contributing 
factor (often driver state-related).  This was primarily true because the drivers were presumably 
alert and attentive when they were actively performing the lane change maneuver.  This logic 
holds true when looking at the struck vehicle (i.e., subject vehicle conflicts with following 
vehicles) in Table 10.1, since there were many more cases in which a conflict occurred when the 
subject vehicle cut-in, creating a rear conflict with the other vehicle. 

Table 10.1.  Frequencies of conflicts with lead vehicles and conflict with following-vehicle 
conflicts associated with different lane change maneuvers. 

 SV Striking SV Struck 

 

SV lane 
change 

behind LV 

LV lane 
change in 

front of SV 

Non-lane 
change 
SV/LV 

conflicts 

FV lane 
change 

behind SV 

SV lane 
change in 

front of FV 

Non-lane 
change FV/ 
SV conflicts 

Incident 77 324 4,856 7 307 362 
Near-Crash 4 64 280 0 15 44 

Crash 0 0 14 0 0 10 
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Table 10.2.  Rates per MVMT of conflicts with lead vehicles and conflicts with following 
vehicles associated with different lane change maneuvers. 

 SV Striking SV Struck 

  

SV lane 
change 
behind 
vehicle 

LV lane 
change in 

front of SV 

Non-lane 
change 

SV strikes 

FV lane 
change 

behind SV 

SV lane 
change in 

front of FV 

Non-lane 
change 

struck SV 

Incident 65.97 266.79 4,081.80 5.81 241.49 310.22 
Near-crash 2.38 54.31 267.49 0.00 13.80 36.16 

Crash 0.00 0.00 10.95 0.00 0.00 9.86 
 
An interesting aspect of Tables 10.1 and 10.2 is the difference between the subject vehicle (SV) 
striking (conflict with lead vehicle) and SV struck (conflict with following vehicle) numbers.  As 
described in Chapter 2, Method, the trigger criteria for the forward radar were easier to filter due 
to the presence of the on-board accelerometers in the subject vehicle.  Therefore, to avoid a large 
number of false positives toward the rear, the radar-based criteria were set much more 
stringently.  This explains the large overall difference between the left and right sides of Table 
10.1.  Note, however, the large number of events, compared to the other cells for SV Struck, in 
which the subject vehicle changed lanes in front of another vehicle.  All radar and other issues 
aside, this supports the hypothesis (implied in the previous paragraph) that the most significant 
issue in lane change maneuvering is a lead-vehicle cut-in when the following driver is required 
to make a timely reaction. 
 
SV Striking Data 
The next analyses examined the rate per MVMT of SV striking events for lane change 
maneuvers by the driver, characteristic of age.  Figure 10.1 provides the rate data for incidents.  
The no lane change category dominates, as discussed previously, but will be ignored in this 
discussion since these events are explored more fully in Chapter 9, Goal 5.  For lane change 
events, the 18- to 20-year-olds had the highest rate for LV lane change in front of SV, while the 
other age categories had fairly equal rates for this scenario.  For the LV lane change behind SV 
scenario, the 21- to 24-year-olds had the highest rate, although the rates were fairly even across 
age groupings.  Near-crashes are considered in Figure 10.2.  Again, 18- to 20-year-olds had the 
highest rate for the LV lane change in front of SV scenario by a factor of 2 to 1 over the next 
highest age group, 35-44-year-olds.  The SV lane change behind LV scenario had too few cases 
to show any clear age trends.  Since there were no lane change crashes, the crash data will not be 
shown or discussed in this chapter.  The driver characteristics for all crashes and RE crashes are 
explored further in other chapters of this report. 
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Figure 10.1.  Rate per MVMT for SV striking by age and lane change maneuver for 

incidents. 
 
 
 

 
Figure 10.2.  Rate per MVMT for SV striking by age and lane change maneuver for near-

crashes. 
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Figure 10.3 presents the rate data for SV striking incidents by both age and gender.  In order to 
simplify the presentation of results and the discussion, age categories were combined to make a 
total of three age groupings:  18-24; 25-44 and; 45+.  The only clear pattern that emerges from 
this figure is for the 45+ age grouping.  The male drivers in this age group had a rate that was 
more than twice as high as that for female drivers for both lane change scenarios (SV lane 
change behind LV and LV lane change in front of SV).  The gender comparisons were fairly even 
across the other age groupings.  Almost all of the near-crashes were of the LV lane change in 
front of SV type (Figure 10.4).  Males had a noticeably higher near-crash rate than females for 
this scenario in the 18-to-24 and 45+ age groups, while females had a higher rate in the 25- to-44 
age group.   
 

 
Figure 10.3.  Rate per MVMT for SV striking by age and by gender by lane change 

maneuver for incidents. 
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Figure 10.4.  Rate per MVMT for SV striking by age and gender by lane change maneuver 

for near-crashes. 
 
SV Struck Data 
Incident rates by age group for SV struck incidents are shown in Figure 10.5 by age group.  
Nearly all of the lane change incidents were of the SV lane change in front of FV type.  Three 
age categories (18-20, 25-34, and 35-44) had incident rates that were 1.5 to 3.5 times as high as 
the other three age groups.  Except for the 21- to 24-year-olds, there was a downward trend with 
increasing age.  For near-crashes, shown in Figure 10.6, the three younger age groups had rates 
1.5 to 4 times as high as the three older age groups. 
 
Age and gender were considered next for the SV struck events.  Again, only the SV lane change 
in front of FV scenario will be considered, as nearly all the incidents and near-crashes were of 
this type.  As seen in Figure 10.7, females had nearly twice the rate as males for each of the three 
age groups.  A similar pattern was observed for near-crashes, except that the 18- to 24-year-old 
males and females had virtually identical rates and the remaining differences for the other age 
groups were by at least a 4 to 1 margin (females higher than males). 
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Figure 10.5.  Rate per MVMT for struck SV by age and lane change maneuver for 

incidents. 
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Figure 10.6.  Rate per MVMT for struck SV by age and lane change maneuver for near-

crashes. 
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Figure 10.7.  Rate per MVMT for struck SV by age and gender by lane change maneuver 

for incidents. 
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Figure 10.8.  Rate per MVMT for struck SV by age and gender by lane change maneuver 

for near-crashes. 
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Question 2.  What are the primary contributing factors associated with these RE conflicts 
associated with the lane-change-related initial conditions? 

 
Question 2 examined the contributing factors for lane change conflicts.  As for previous analyses 
in this chapter, rate per MVMT was examined.  Two types of contributing factors were 
considered.   
 
Driver factors considered in these analyses included: 

• Driver Physical/Mental Impairment 
• Driver 1 Distracted By 
• Willful Behavior 
• Driver Proficiency  
• Driver 1 Vision Obscured by 

 
Environmental and roadway factors considered included: 

• Roadway Infrastructure 
• Relation to junction 
• Traffic control (counted if traffic control present) 
• Roadway Alignment (counted if anything other than straight) 
• Weather (counted if anything but sunny) 
• Surface Condition (counted if anything but dry) 
• Light (counted if anything other than day) 
• Traffic density (counted if anything other than free flow) 

 
As before, only incidents and near-crashes will be presented and discussed, since there were no 
lane-change-related crashes.  Rate data per MVMT will be used in all cases.  Environmental and 
roadway factors will be discussed first, followed by driver factors.  
 
Environmental and Roadway Factors 
When the incident data were analyzed (Table 10.3), traffic density was the factor with the highest 
rate for all four lane-change-related scenarios, by a factor of at least four, in all but one case.  
Going back to the frequency data, 90 percent of all lane change-related incidents were coded 
with traffic density as a contributing factor.  Light, traffic control, and relation to junction were 
second, third, or fourth most important for all four scenarios.  For the non-lane-related incidents, 
the highest rates were observed for traffic density, relation to junction, traffic control, and then 
light, quite a different pattern than was seen for the lane change-related incidents.   
 
When the near-crash data were considered, as shown in Table 10.4, the lane-change-related 
scenarios followed similar patterns as they did for incidents.  For near-crashes, the non-lane-
related rate pattern was more closely aligned to the lane-change-related near-crash data than to 
the non-lane-related incident data.  
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Table 10.3.  Rate of incidents per MVMT for SV struck and SV striking environmental and 
roadway factors. 

SV Striking SV Struck 

Environmental and 
Roadway Factors 

SV lane 
change 

behind LV 

LV lane 
change in 
front of 

SV 

Non-lane 
change SV 

strikes 

FV lane 
change 

behind SV 

SV lane 
change in 
front of 

FV 

Non-lane 
change 

struck SV 
Relation to Junction 11.18  79.06  1,702.26  3.82  47.44  127.39  
Traffic Control 10.21  49.91  1,333.21  2.08  35.12  110.32  
Roadway 
Alignment 9.53  24.02  362.00  0.51  9.57  27.41  
Weather 11.22  34.99  476.10  0.51  31.35  45.50  
Surface Condition 2.13  33.57  330.74  0.51  21.10  17.23  
Light 19.85  75.02  1,020.39  1.04  73.64  62.28  
Traffic Density 61.90  248.72  3,742.11  5.81  214.81  270.47  

 

Table 10.4. Rate of near-crashes per MVMT for SV struck and SV striking environmental 
and roadway factors. 

SV Striking SV Struck 

   
Environmental and 
Roadway Factors 

SV lane 
change 

behind LV 

LV lane 
change in 
front of 

SV 

Non-lane 
change SV 

strikes 

FV lane 
change 

behind SV 

SV lane 
change in 
front of 

FV 

Non-lane 
change 

struck SV 
Relation to Junction 1.25 15.45 82.98 0.00 2.68 11.99 
Traffic Control 1.25 6.96 61.45 0.00 1.08 9.70 
Roadway 
Alignment 0.50 12.54 37.36 0.00 0.72 5.40 
Weather 1.25 11.75 54.87 0.00 4.88 8.71 
Surface Condition 0.75 2.95 42.06 0.00 2.54 4.82 
Light 0.50 13.28 102.19 0.00 7.37 6.25 
Traffic Density 2.38 38.73 215.91 0.00 10.05 29.30 

 
Driver Factors 
The driver factors referred to the driver of the SV, whether the SV was in the role of the striking 
or stuck vehicle.  Driver factors such as willful behavior and driver proficiency were coded for 
lane change-related incidents such as when the driver braked abruptly for no apparent reason.  
Another example of SV behavior putting the SV at greater risk of becoming the struck vehicle 
was leaving an insufficient gap when changing lanes.  This sort of behavior could violate the 
expectations of other drivers and create conflicts with the following vehicle.  The driver factors 
for all lane change-related incidents are shown in Table 10.5.  Driver proficiency showed up as a 
prominent factor for the SV struck scenarios (higher than the next highest driver factor rate by 4 
to 1).  For the SV striking scenarios, the incidents rates for driver factors were fairly even within 
each scenario.  Here, driver proficiency was the second highest for the SV lane change behind LV 
scenario (the highest rated factor was willful behavior).  When the near-crash rates in Table 10.6 
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were examined, driver proficiency and driver distraction were also the factors with the highest 
rates. 

Table 10.5.  Rate of incidents per MVMT for SV struck and SV striking driver factors. 

SV Striking SV Struck 

Driver Factors 

SV lane 
change 
behind 

LV 

LV lane 
change in 
front of 

SV 

Non-lane 
change 

SV 
strikes 

FV lane 
change 
behind 

SV 

SV lane 
change in 
front of 

FV 

Non-lane 
change 

struck SV 
Driver Physical/Mental 
Impairment 1.79 22.89 435.58 0.00 4.51 28.03 
SV Driver Distracted By 10.55 43.82 1,033.03 0.00 21.26 40.69 
Willful Behavior 31.20 24.33 443.47 0.00 40.05 20.35 
Driver Proficiency 27.89 66.76 2,496.71 0.00 162.13 115.87 
SV Driver Vision 
Obscured By 4.31 14.12 365.39 0.00 12.37 21.68 

 

Table 10.6.  Rate of near-crashes per MVMT for SV struck and SV striking driver factors. 

SV Striking SV Struck 

Driver Factors 

SV lane 
change 
behind 

LV 

LV lane 
change in 
front of 

SV 

Non-lane 
change 

SV 
strikes 

FV lane 
change 
behind 

SV 

SV lane 
change in 
front of 

FV 

Non-lane 
change 

struck SV 
Driver Physical/Mental 
Impairment 1.12 5.50 40.54 0.00 0.00 4.84 
SV Driver Distracted By 0.50 4.48 123.56 0.00 0.00 11.44 
Willful Behavior 2.38 7.73 40.85 0.00 0.00 4.34 
Driver Proficiency 0.75 4.47 155.24 0.00 0.00 15.00 
SV Driver Vision 
Obscured By 1.01 1.06 40.70 0.00 0.00 2.44 

 

Question 3.  What are the frequencies of lane change conflicts for side-sensor--equipped 
vehicles and what were the dynamic conditions (vehicle traveling in blind spot, 

approaching vehicle in adjacent lane) associated with these conditions? 
 
As stated earlier in the chapter, 20 of the leased vehicles were retrofitted with side sensors for the 
last six months of the study.  For the side-sensor-equipped vehicles, data were triggered as 
follows: 

• Side Cutoff:  For this trigger, vehicle speed had to be greater than 8.9 m/s (20 mph) 
and a lane change occurred in front of another car located within 15.2 m (50 ft) of the 
subject vehicle.  Events validated for this trigger were successful lane changes in 
which a vehicle traveling in the adjacent lane at the beginning of the maneuver was 
cut off by the SV. 
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• Turn signal: This trigger occurred when an object was detected by the side radar 
within +/- 1 second of any instance in which the turn signal light was active.  Vehicle 
speed also had to be higher than 6.7 m/s (15 mph) for the trigger to occur.  Events 
validated for this trigger were lane change aborts (SV driver obviously wanted to 
change lanes, but was prevented from doing so by the presence of a vehicle in the 
adjacent blind spot).  

• Side Blind Spot: This trigger occurred only for vehicle speeds greater than 8.9 m/s 
(20 mph) when a lane abort maneuver (as detected by the lane tracker) occurred while 
an object was detected by the side radar. Events validated for this trigger were lane 
change aborts as defined above. 

• Side Yaw: The trigger criterion for yaw rate was any set of values that went from 
neutral (i.e., ~0) yaw rate to +2 degrees/sec, oscillated back to -2 degrees/sec (or vice 
versa: -2 to +2), and then returned to neutral within a 3-second time window.  A 
minimum speed of 6.7 m/s (15 mph) was required for the trigger to activate.  In 
addition, the side radar had to be detecting an object for the trigger to occur. Events 
validated for this trigger were lane change aborts as defined above. 

 
These triggers helped identify a total of 19 lane change abort events (vehicle traveling in blind 
spot) and 261 lane change cutoff events (vehicle traveling in the adjacent lane at the beginning of 
the maneuver was cut off by the SV) as shown in Table 10.7.  The ratio of successful cutoff lane 
changes to lane change aborts was 13.8 to 1.  With 20 vehicles and 6 months of data collection, 
there were 120 months of side radar data collected, resulting in 2.3 lane change events identified 
per vehicle-month (an average of 14 conflicts identified for each leased vehicle over the six-
month time frame).  Four events are not presented in Table 10.7.  In two cases, there were threats 
from both the left and right (a quick swerve around a stopped vehicle with oncoming traffic 
present).  I n the other two cases, the threat was from a guardrail rather than another vehicle; both 
occurred when the SV was traveling too fast on an exit ramp curve and went over the lane line 
towards the guardrail such that it was perceived by the side radar as a threat. 
 

Table 10.7.  Lane change conflict frequencies by direction and type for side sensor-
equipped vehicles. 

Type of Lane Change Conflict Left Right 
Lane change aborts 9 10 

Cutoff vehicle in adjacent lane 166 95 
 
 
Figure 10.9 shows a scatterplot of range and range-rate for cutoff lane change conflicts.  All 
cutoff events but one occurred with an initial range of less than 15.5 m (51 feet).  Events of the 
left half of the graph (negative range rate) indicate cases in which the SV was initially traveling 
slower than the cutoff vehicle.  Note that distances are generally longer for these cases.  That is, 
if the SV had a negative range rate in relation to the cutoff vehicle, it would be considered a valid 
event at a greater distance than would be true for the same event with a positive range rate.  For 
some events with a positive range rate (SV pulling away from the cutoff vehicle), there was also 
a forward threat that the SV was closing on; some of the longer range events on the right side of 
the graph fell into this category.  That is, even though the SV was pulling away from the cutoff 
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vehicle and was a decent distance from the cutoff vehicle, there was another threat (e.g., lead 
vehicle) that made this a valid event.  
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Figure 10.9.  Range and range-rate values for cutoff lane change conflicts. 

 
 

DISCUSSION 

A primary overall goal for the 100-Car Study was to determine the causes and contributing 
factors associated with RE crashes.  An important aspect of fully understanding the rear-end 
crash problem is understanding the pre-event maneuvers and precipitating factors that, in 
conjunction with other contributing factors, lead to RE crashes.  The purpose of the analyses for 
Chapter 10, Goal 6 was to understand the degree to which lane change events, such as cut-ins, 
lead to rear-end conflicts.  This has important implications for the design of future forward 
collision warning systems, since a cut-in vehicle may not provide a radar signature until very late 
in a conflict scenario.  To begin to understand this issue, the RE conflict data were analyzed for 
both lead-vehicle (i.e., subject vehicle as following vehicle) and following-vehicle (i.e., subject 
vehicle as lead vehicle) scenarios.  Frequency distributions were generated to identify the rate 
that these types of scenarios occurred per MVMT, the initial kinematic conditions that occurred 
for each, and the contributing factors that played a role for each type of scenario. 
 
No crashes occurred when there was a lane change as a precipitating factor in front of the subject 
vehicle or when there was a lane change behind the subject vehicle.  There were, however, 64 
near-crashes and 324 incidents that occurred when there was a cut-in to the lane in front of the 
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subject vehicle as compared to only 4 near-crashes and 77 incidents when the SV changed 
behind a lead vehicle.  As will be described in Chapter 11, Goal 7, the subject vehicle drivers 
were judged to more often be impaired (30 incidents more), distracted (44 incidents more) and 
make proficiency-related errors (e.g., inappropriate reaction; 55 more) in the cases when they 
were cut-off.  This seems to support what has been found throughout this report.  At least two 
elements are required for a conflict to occur and most often requires a precipitating maneuver 
plus another contributing factor (often driver state-related) for an event to occur.  In this case, 
there were fewer events when the subject vehicle was the cut-in vehicle because the drivers were 
presumably alert and attentive when they were actively performing the lane change maneuver.    
 
The lane-change-related SV striking events were analyzed according to age grouping.  For lane 
change incidents, the 18- to 20-year-olds had the highest rate for SV lane change behind LV, 
while the other age categories had fairly equal rates for this scenario.  For the LV lane change in 
front of SV scenario, the 21- to 24-year-olds had the highest rate, although the rates were fairly 
even across age groupings.  For near-crashes, 18- to 20-year-olds again had the highest rate for 
the SV lane change behind LV scenario by a factor of 2 to 1 over the next highest age group (35-
44-year-olds).  Rate data for SV striking events by both age and gender were considered next.  
The only clear pattern that emerged from this figure was for the 45+ age grouping.  The male 
drivers in this age group had a rate that was more than twice as high as that for female drivers for 
both lane change scenarios (SV lane change behind LV and LV lane change in front of SV).  The 
gender comparisons were fairly even across the other age groupings.  Almost all of the near-
crashes were of the LV lane change in front of SV type (Figure 10.4).  Males had a noticeably 
higher near-crash rate than females for this scenario in the 18- to 24 and 45+ age groups, while 
females had a higher rate in the 25- to 44 age group.   
 
For lane-change-related SV struck events, three age categories (18-20, 25-34, and 35-44) had 
incident rates that were 1.5 to 3.5 times as high as the other three age groups.  Except for the 21- 
to 24-year-olds, there was also a downward trend in events with increasing age.  For near-
crashes, the three younger age groups had rates 1.5 to 4 times as high as the three older age 
groups.  When both age and gender were considered, females had at least twice the rate as males 
for each of the three age groups.  A similar pattern was observed for near-crashes, except that the 
18- to 24-year-old males and females had virtually identical rates and the remaining differences 
for the other age groups were by at least a 4 to 1 margin (females higher than males). 
 
Roadway and infrastructure factors were considered next.  Traffic density was the factor with the 
highest incident rate for all 4 lane-change-related scenarios, by a factor of at least four in all but 
one case.  Going back to the frequency data, 90 percent of all lane-change-related incidents were 
coded with traffic density as a contributing factor.  Light, traffic control, and relation to junction 
were second, third, or fourth most important for all 4 scenarios.  For the non-lane-related 
incidents, the highest rates were observed for traffic density, relation to junction, traffic control, 
and then light, quite a different pattern than was seen for the lane-change-related incidents.  
When the near-crash data were examined, the lane-change-related scenarios followed similar 
patterns as for incidents.  For near-crashes, the non-lane-related rate pattern was more closely 
aligned to the lane-change-related near-crash data than to the non-lane-related incident data.  
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Driver contributing factors were also examined.  Driver proficiency showed up as a prominent 
factor for the SV struck incident scenarios (higher than the next highest driver factor rate by 4 to 
1).  For the SV striking scenarios, the incident rates for driver factors were fairly even within 
each scenario, and driver proficiency was not even the top factor for the SV lane change behind 
LV scenario (the highest rated factor was willful behavior).  When the near-crash rates were 
examined, driver proficiency and driver distraction also had the highest rates. 
 
Twenty of the leased vehicles were retrofitted with side sensors for the last six months of the 
study.  Four triggers based on the side radar and turn signal, the lane tracker, and the yaw sensor 
helped identify a total of 280 lane change abort (vehicle traveling in blind spot) and lane change 
cutoff (vehicle traveling in the adjacent lane at the beginning of the maneuver was cut off by the 
SV) events.  The ratio of successful cutoff lane changes to lane change aborts was 13.8 to 1.  All 
cutoff events but one occurred with an initial range of less than 15.5 m (51 feet).  Events with an 
initial negative range rate indicated cases in which the SV was initially traveling slower than the 
cutoff vehicle; ranges were generally longer for these cases.  That is, if the SV had a negative 
range rate in relation to the cutoff vehicle, it would be considered a valid event at a greater 
distance than would be true for the same event with a positive range rate.  For some events with a 
positive range rate (SV pulling away from the cutoff vehicle), there was also a forward threat 
that the SV was closing on.  That is, even though the SV was pulling away from the cutoff 
vehicle and was a decent distance from the cutoff vehicle, there was another threat present that 
made this a valid event.  
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CHAPTER 11: GOAL 7, DETERMINE THE DISTRIBUTION OF INATTENTION FOR 
EACH REAR-END LEAD-VEHICLE SCENARIO 

DATA ANALYSIS OVERVIEW 

The purpose of this goal is to analyze the impact of driving inattention on rear-end striking 
crashes, near-crashes, and incidents.  For a more general treatment of driver inattention, refer to 
Chapter 7, Goal 3.  For both this chapter and Chapter 7, Goal 3, driver inattention is 
operationally defined somewhat differently for crashes, near-crashes, and incidents.  For crashes 
and near-crashes, inattention is considered to be present when drowsiness, driving-related 
inattention to forward roadway, secondary task performance, or nonspecific eyeglance away 
from the forward roadway was identified as a contributing factor either during the initial data 
reduction or during the eyeglance data reduction.  For incidents, inattention is present when 
drowsiness, driving-related inattention to forward roadway, or secondary task performance was 
identified as a contributing factor during initial data reduction.  These separate definitions were 
necessary because project resources did not allow eyeglance data reduction for the large number 
of incidents analyzed for this study.     
 
Recall from Chapter 7, Goal 3 that reductionists recorded drowsiness as a contributing factor for 
drivers who exhibited drowsy behaviors, including slow eyelid closures (Wierwille and 
Ellsworth, 1994).  These events represent moderate to severe drowsiness, and are grouped under 
the general heading of driver inattention since they are unable to devote a “safe” level of 
attention to driving due to eyelid closures or the general effects of drowsiness.  Driving-related 
inattention to the forward roadway included those events when the driver was performing a 
driving-relevant task (i.e., checking the speedometer, checking rear-view mirrors, blind spots, or 
looking 90 deg to check for cross traffic), but was not looking at the forward roadway.  
Secondary tasks were recorded by the data reductionists when drivers were engaging in specified 
behaviors within 3 seconds of the onset of the precipitating factor for each event (see Appendix 
D for a list of these behaviors).  Finally, nonspecific eyeglance away from the forward roadway 
was noted for instances when the driver had at least one glance from the roadway just prior to, or 
during the onset of, the precipitating factor.  A nonspecific eyeglance included a glance at a 
location that was toward a non-discernable object either inside or outside the vehicle.  Events for 
this category of inattention were derived from the eyeglance analysis and are thus available only 
for the crashes and near-crashes.  In addition, more than one type of inattention was listed for 
some events; therefore, combinations of inattention types will be listed for some of the figures in 
this chapter.   
 
Five different lead-vehicle kinematic scenarios identified during data reduction were found to 
describe a majority of the lead-vehicle conflicts.  These scenarios are as follows: 

• Lead vehicle stopped greater than 2 seconds. 
• Lead vehicle stopped less than or equal to 2 seconds. 
• Lead vehicle decelerating. 
• Lead vehicle moving at a slower, constant speed. 
• Lead vehicle accelerating, but traveling at a slower rate. 
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Data Included in the Analyses 

For the following analyses, all 241 drivers were used in the frequency counts, since the focus of 
this research goal was to evaluate all inattention-related lead-vehicle events by the 5 kinematic 
scenarios.  With the data reduced to this level of detail, age and gender analyses resulted in many 
empty cells.  Therefore, all drivers (both primary and secondary) were used, and no reduction by 
age, gender, or vehicle miles traveled was conducted for this research objective.  Please note that 
only the lead-vehicle conflicts where the precipitating event was one of the 5 kinematic scenarios 
listed above were used in these analyses. 
  

Question 1.  What is the frequency of each RE scenario for which inattention was a factor 
as compared to those instances for which inattention was not a factor? 

 
The purpose of this question is to examine the effect of inattention on lead-vehicle conflicts and 
compare the occurrence of inattention to those conflicts when the driver remained attentive.  
Event severity (crash, near-crash, or incident) is compared for each lead-vehicle scenario.  Note 
that the information presented below counts the number of events when at least one type of 
inattention occurred.  If multiple inattention tasks occurred in the same event, the combinations 
of inattention are shown.  Also note that evaluating the data at this level resulted in many cells 
with missing values, therefore, only frequencies and percentages are presented. 
 
Figure 11.1 shows the total number of crashes, near-crashes, and incidents associated with at 
least one of the four types of inattention versus those crashes, near-crashes and incidents where 
the driver remained attentive to the forward roadway.  For crashes, those marked as inattentive 
outnumbered those with an attentive driver by 13 to 1.  For near-crashes, the ratio is reduced to 
approximately 2 to 1.  For incidents, this trend is reversed and attentive incidents outnumbered 
inattentive incidents by 2 to 1.  
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Figure 11.1.  Frequency of crashes, near-crashes, and incidents where inattention was a 

factor. 
 
Since there were many more incidents than crashes, Figure 11.2 shows these data in terms of 
percentage for each severity level in order to bring out the interaction between inattention and 
event severity (i.e., percentage of LV crashes marked as inattentive plus the percentage of LV 
crashes marked as inattention is equal to the total number of LV crashes).  Note that 
approximately one-third of the incidents have inattention listed as a contributing factor whereas 
93 percent of the crashes are inattention-related.  The effect is nearly perfectly linear, and seems 
to indicate a strong correlation between inattention and increased severity for lead-vehicle RE 
conflicts. 
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Figure 11.2.  Percentage of lead-vehicle crashes, near-crashes, and incidents for which 

inattention was listed as a contributing factor. 
 
Figure 11.3 shows the total number of crashes and near-crashes associated with the four 
inattention categories as well as the combinations of inattention categories.  Two items are worth 
noting.  First, combinations of different types of inattention are generally low in number, except 
for secondary task + nonspecific eyeglance away from the forward roadway.  Second, 
eyeglances away from the forward roadway contributed to four of the 5 most frequent types of 
inattention for both crashes and near-crashes (driving-related inattention to the forward 
roadway, secondary task + nonspecific eyeglance, drowsiness, and nonspecific eyeglance away 
from the forward roadway).   
 
Figure 11.4 shows the percentage of the inattention categories for crashes and near-crashes.  An 
important finding of this research is that inopportune eyeglances (those that are close in time to 
the precipitating factor) are a primary contributing factor for crashes and near-crashes.   
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Figure 11.3.  The frequency of inattention categories for crashes and near-crashes. 
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Figure 11.4.  The percentage of inattention categories for crashes and near-crashes. 

 
Figure 11.5 shows the number of incidents associated with each type of inattention.  Once again, 
the combinations of inattention types comprised a small number of the total number of incidents.  
The most frequent type of inattention was secondary task engagement, followed by drowsiness 
and driving-related inattention to the forward roadway.  Future reports will incorporate the 
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eyeglance analyses (nonspecific eyeglance away from the forward roadway) for incidents, thus 
providing greater comparability to the crash and near-crash numbers.  
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Figure 11.5.  Frequency of inattention-related lead-vehicle conflict incidents by type of 

inattention or combination of types of inattention. 

 

 Lead-Vehicle Scenario Analysis 

The following analysis discusses the effect of inattention on all lead-vehicle conflicts and 
demonstrates whether inattention may have affected the severity of the events.  For these figures, 
events with at least one type of inattention are included in the frequency count.  Therefore, 
regardless of how many types of inattention may have contributed to these events, each event is 
only counted once.   
 
Figure 11.6 shows lead-vehicle crashes by lead-vehicle scenario type.  Crashes only occurred for 
the two stopped LV scenarios (LV stopped > 2 s and LV stopped < 2 s).  Of the 14 crashes 
shown, inattention was marked as a contributing factor for 13 of lead-vehicle crashes (93%).     
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Figure 11.6.  Frequency of crashes by driver attention and lead-vehicle kinematic scenario.  

 
 
Figure 11.7 presents the lead-vehicle near-crashes by lead-vehicle scenario type and level of 
attention.  For near-crashes, inattention was a factor almost 70 percent of the time, although this 
varied to some extent by LV scenario.  For example, inattention was a factor in 59 percent of LV 
stopped > 2s, 73 percent of LV stopped < 2s, and 68 percent of LV decelerating near-crashes.  
These results indicate that the role of inattention in near-crashes may vary according to the LV 
scenario. 
 
Figure 11.8 presents the lead-vehicle incidents by lead-vehicle scenario type and level of 
attention.  Overall, inattention was a factor more than 34 percent of the time for incidents.  This 
percentage stayed fairly constant (at about 32 to 36%) for each LV scenario examined. 
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Figure 11.7.  Frequency of near-crashes by driver attention level and LV scenario. 
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Figure 11.8.  Frequency of incidents by driver attention level and LV scenario.  
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The previous two figures indicate that the most events overall occurred in the lead-vehicle 
decelerating case, however, no crashes occurred for this scenario.  All of the lead-vehicle 
conflict crashes were categorized as either LV stopped > 2 s or LV stopped < 2 s.  In the LV 
stopped < 2 s case, this suggests that the driver’s expectation regarding LV behavior in the near 
future may have been violated.  That is, drivers might assume that a moving LV is unlikely to 
rapidly decelerate to a stop (expectation based on prior experience).  In some of the LV stopped 
> 2 s crashes, an inopportune glance away from the roadway appeared to significantly delay the 
processing of and response to the rapid closure rate.  This may be due to an interruption in the 
continuity of the “looming” cue that occurs when approaching a stopped lead vehicle.  These 
hypotheses should be tested further, although the data clearly suggest that such analyses would 
be appropriate. 
 

Question 2.  For each RE-Lead-vehicle scenario event involving inattention, what is the 
frequency of each inattentive behavior? 

 
The purpose of this question is to understand how various sources of inattention contribute to 
events in each of the lead-vehicle kinematic scenarios described above.  Please note that for all 
of the following figures, the number of events with any form of inattention listed as a 
contributing factor was counted as often as it was deemed a contributing factor.  Therefore the 
emphasis is looking at the frequency of which particular types of inattention were present (e.g., 
drowsiness) rather than the total number of inattention-related crashes, near-crashes, or incidents.  
For a complete description of the secondary tasks and all subcategories, please refer to Appendix 
D. 
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Lead-vehicle Conflict Overview 
Figure 11.9 shows the frequency of each source of inattention for all secondary task categories.  
This allows comparison of the actual contribution of each of these sources of inattention to lead-
vehicle conflicts.  Wireless devices (primarily cell phones, but including a few PDAs) were the 
most frequent contributing factors for lead-vehicle events, followed by passenger-related 
secondary tasks.   
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Figure 11.9.  Total frequency of secondary task inattention sources for lead-vehicle events. 
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Figure 11.10 shows the frequency of each secondary task by severity.  Note that more lead-
vehicle crashes occurred while drivers were engaged in internal distractions and dining, whereas 
many more lead-vehicle near-crashes and incidents occurred while the drivers were engaging in 
using wireless devices or passenger-related tasks.   
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Figure 11.10.  Total frequency of secondary task type by severity. 
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Figure 11.11 shows the contribution of drowsiness to lead-vehicle crashes, near-crashes, and 
incidents.  Note that only one lead-vehicle crash and 33 lead-vehicle near-crashes had drowsiness 
listed as a contributing factor. 
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Figure 11.11.  Contribution of drowsiness to the overall number of inattention-related lead-

vehicle crashes, near-crashes, and incidents. 
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Figure 11.12 shows the location of drivers’ glances for the inattention category, driving-related 
inattention to the forward roadway.  For all of the lead-vehicle crashes (3) in this inattention 
category, drivers were looking out of the left window, thus degrading their peripheral view of the 
forward roadway.  Left window was also the most common category for incidents, however, 
center mirror glances were most frequent category for near-crashes.  Again, the drivers’ 
peripheral view of the forward roadway would be degraded most often by the right and left 
window glances.  This indicates a slight tendency for an increasing event severity level as the 
glance location becomes more off-roadway-center. 
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Figure 11.12.  Frequency of glance locations for lead-vehicle events categorized as driving-

related inattention. 
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Figure 11.13 presents the crash and near-crash events for nonspecific glances away from the 
forward roadway.  The frequencies presented below represent 23 percent of all inattention-
related lead-vehicle crashes and 21 percent of all inattention-related near-crashes.  Most 
nonspecific eyeglances are at unidentified objects internal to the vehicle.  Internal distractions 
were also the most frequent type of secondary inattention for crashes.  This finding may indicate 
that an eyeglance into the vehicle may reduce peripheral vision of the forward roadway, thus 
leading to more crashes.  
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Figure 11.13.  Frequency of crash and near-crash events for which a glance to a nonspecific 

location was present. 
 
 
Analyses of Inattention-Related Events by Lead-vehicle Kinematic Scenario 
In these analyses, four figures will be presented for each lead-vehicle kinematic scenario to 
better understand how inattention impacts each.  The initial figure will show the frequency 
contributions of each inattention category or combined category for crashes and near-crashes.  A 
second figure will present the frequency of each inattention category for incidents.  The final 
figure will break down the secondary task category (the most frequent type of inattention) into 
the high level secondary task categories.  For this final figure, some events are represented more 
than once, as multiple types of secondary tasks occurred in some events.    

LV Stopped Greater Than 2 s.  For this scenario, secondary tasks are the most common source of 
inattention by a 2 to 1 margin for crashes and a 6 to 1 margin for near-crashes, (Figure 11.14).  
For incidents, secondary tasks are again more frequent than drowsiness by a margin of 3 to 1 and 
more frequent than driving-related inattention by 6 to 1 (Figure 11.15). 
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Figure 11.14.  Frequency of LV stopped >2 s inattention-related events by inattention source 

and event severity.   
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Figure 11.15.  Frequency of LV stopped >2 s inattention-related incidents by inattention. 



 299

Figure 11.16 presents the frequencies for each of the secondary task sources of inattention for 
crashes, near-crashes, and incidents.  If a single crash, near-crash, or incident contained multiple 
secondary tasks as contributing factors, all sources are presented in the figure below.  The types 
of secondary tasks that were contributing factors to the crashes in this scenario are distributed 
over internal distraction, dining, and other.  Internal distraction and wireless devices were the 
most frequent sources of secondary task inattention for near-crashes.  Wireless device tasks 
occurred more frequently than other types of distractions by over 2 to 1 for incidents.  
Passenger-related tasks and internal distraction tasks were also large contributors to incidents.   
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Figure 11.16.  Frequency of secondary task inattention sources for LV stopped >2 s events 

by event severity. 
 
 
LV stopped less than 2 seconds.  The inattention-related events that fell under this kinematic 
scenario were also due primarily to secondary tasks (Figure 11.17).  This was true for crashes, 
near-crashes, and incidents.  Note also that driving-related inattention and secondary task + non 
specific eyeglance accounted for nearly 66 percent of all inattention-related lead-vehicle stopped 
<2 s.  This may suggest that, again, the driver’s eyes being off the forward roadway was a 
significant contributing factor to these crashes.  Drowsiness and driving-related inattention to the 
forward roadway were the next most frequent categories for near-crashes.  For incidents, 
drowsiness contributed to more incidents than did driving-related inattention to the forward 
roadway (Figure 11.18). 
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Figure 11.17.  Frequency of LV stopped < 2 s inattention-related crashes and near-crashes 

by event severity.   
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Figure 11.18.  Frequency of LV stopped < 2 s inattention-related incidents by inattention 

source.   
For the secondary task types, wireless device use was once again the most frequent source of 
inattention for incidents by a factor of 2 over the next most frequent category of passenger-
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related inattention and internal distractions (Figure 11.19).  For near-crashes, wireless devices, 
internal distractions, and passenger-related distractions were the most frequent sources of 
inattention.  For crashes, the types of secondary distraction were equally spread across 5 different 
sources with one case each. 
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Figure 11.19.  Frequency of secondary task inattention sources for LV stopped < 2 s events 

by event severity. 

 
LV decelerating.  This lead-vehicle scenario constituted a majority of the conflicts, however no 
crashes occurred for this kinematic scenario (Figures 11.20 and 11.21).  For near-crashes, 
secondary tasks were still most common, but by a smaller margin than for incidents, and the 
second most common category for near-crashes was driving-related inattention.  For incidents, 
secondary tasks outnumbered drowsiness by over 3 to 1 and for near crashes, outnumbered 
drowsiness by a factor of 4 to 1.  Figure 11.22 shows the frequency of secondary tasks for this 
kinematic scenario.  For incidents, wireless device use is the most frequent source of secondary 
task inattention by about 3: 1.  For near-crashes, the most frequent source of secondary 
distraction was passenger-related inattention.     
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Figure 11.20.  Frequency of LV decelerating inattention-related near-crashes.  Note:  There 

were no crashes in this category. 
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Figure 11.21.  Frequency of LV decelerating inattention-related incidents.   
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Figure 11.22.  Frequency of secondary task inattention sources for LV decelerating events 

by event severity. 
 

LV moving at a slower constant speed.  Secondary tasks again contributed to more incidents for 
this scenario than did drowsiness for incidents (Figures 11.23 and 11.24).  However, the most 
frequent source for near-crashes was driving-related inattention to the forward roadway 
(although there were only 5 near-crash events for this scenario).  The secondary task distribution 
presented in Figure 11.25 shows that cell phone use contributed to the only near-crash that 
occurred for this category.  For incidents, passenger-related tasks outnumbered wireless devices 
and personal hygiene. 
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Figure 11.23.  Frequency of LV moving at slower constant speed inattention-related near-

crashes.  Note:  There were no crashes in this category. 
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Figure 11.24.  Frequency of LV traveling at a slower, constant speed inattention-related 

incidents.   
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Figure 11.25.  Frequency of secondary task inattention sources for LV moving at slower 

constant speed events by event severity. 
 
 
Lead-vehicle accelerating.  There were only 3 cases of lead-vehicle conflicts in which the lead 
vehicle was accelerating and the SV driver was engaged in an inattention-related task.  Each of 
these events involved a different distraction task: wireless device, personal hygiene, and internal 
distraction.  No drowsiness or driving-related inattention sources were identified as contributing 
factors for this type of lead-vehicle conflict.  
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Analysis of the Most Frequent Secondary Tasks 
 
Wireless device analysis.  There were no lead-vehicle crashes attributed to wireless device tasks; 
however, a large percentage of the near-crashes and incidents involved wireless devices, 
especially cell phones.  As shown in Figure 11.26, wireless device use appeared to affect more of 
the incidents and near-crashes in which the lead vehicle was stopped or decelerating, suggesting 
that drivers may have experienced difficulty judging closing rates to the lead vehicle while using 
these devices. 
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Figure 11.26.  Frequency of LV events for wireless devices by scenario and severity. 
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Passenger-related inattention analysis.  Only one crash was attributed to the passenger-related 
inattention secondary task category (Figure 11.27).  More of the near-crashes and incidents 
occurred for the decelerating and stopping categories, which again suggests that drivers may 
have experienced difficulty in judging time-to-collision while engaging in conversation. 
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Figure 11.27.  Frequency of LV events for passenger-related inattention by scenario and 

severity. 

DISCUSSION 

One of the most significant findings of the Chapter 11, Goal 7 analyses is that 93 percent of all 
lead-vehicle crashes occurred when the driver was inattentive.  All crashes occurred when the 
lead vehicle was stopped greater than 2 seconds or lead vehicle was stopped less than or equal 
to 2 s, however, lead-vehicle decelerating was the most frequently occurring kinematic scenario 
for near-crashes and incidents.   
 
Of particular interest was that glances away from the forward roadway contributed to 4 of the 5 
most frequent types of inattention for both crashes and near-crashes.  An important finding of 
this research is that inopportune eyeglances (those close in time to the precipitating factor) are a 
significant contributing factor to crashes and near-crashes. 
 
Secondary tasks generally contributed to the greatest number of lead-vehicle events (65%), while 
drowsiness contributed to 22 percent and driving-related inattention contributed to 12 percent of 
these events.  Cell phone operations and passenger-related distractions were the two most 
frequently occurring secondary task sources.  While cell phone use was a much more frequent 
contributor to incidents and near-crashes than any other secondary task, it did not contribute to 
any lead-vehicle conflict crashes.  However, cell phone use did contribute to several crashes of 
other types, as reported in other chapters of this report. 
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CHAPTER 12: GOAL 8, CHARACTERIZE EACH OF THE 4 RE SCENARIOS IN 
RELATION TO HEINRICH’S TRIANGLE 

BACKGROUND 

Many industrial safety researchers face similar challenges to those experienced by transportation 
researchers when attempting to obtain a measure of safety or predict the probability that an 
accident will occur given certain circumstances.  In most settings, accidents leading to injury or 
death are rare events.  Therefore, a paradox is present in that any method that relies on the 
collection of sufficient accident (or crash) data is reactive and not proactive.  Alternatively, any 
method that relies on indirect indicators of accident (or crash) risk is often not predictive of 
accidents (or crashes).   

 
Heinrich, Petersen, and Roos (1980) developed a hazard analysis technique based on the 
underlying premise that for every injury accident, there were many similar accidents in which no 
injury occurred.  Variations of the hazard analysis technique have been developed for use in 
transportation research and specifically on instrumented vehicles.  This modification involves 
cameras being strategically placed on a vehicle to determine the number of safety-related events 
(crash, near-crash, or incident) for a particular driver (Mollenhauer, 1998; Hanowski et al., 2000; 
Dingus et al., 2001; Wierwille et al., 2002).  Hanowski et al. (2000) and Dingus et al. (2001) 
used this modified version of the hazard analysis technique by videotaping commercial vehicle 
drivers and the surrounding driving environment to identify incidents, near-crashes, and crashes.  
This technique proved useful in identifying the effects of drowsiness in truck driving and in 
determining the prevalence of drowsiness among these commercial truck drivers.    
 
For the 100-Car Study, cameras placed in 100 vehicles ultimately recorded 241 drivers during 
the course of one year.  Previous studies have used this technique, but did not collect sufficient 
crash data to investigate the relationships between incidents, near-crashes, and crashes.  An 
argument can be made that the current study did not collect enough crash data to make relevant 
comparisons between crashes, near-crashes, and incidents for all event types, but it does present 
a landmark study in that events of each type were present from the same drivers in the same 
database.  Moreover, for rear-end crashes, a sufficient number of crashes, near-crashes, and 
incidents were present such that comparisons can be discussed.    

DATA ANALYSIS OVERVIEW 

This analysis was performed for subject vehicles in the striking vehicle role for conflict with 
lead-vehicle events.  It should be noted that although 15 crash events will be used throughout this 
analysis, information on 16 events was recorded.  In one case, a data system failure prevented 
collection of relevant information.  The driver did report the event and post-event information 
was collected.  However, due to the lack of data regarding precipitating factor, this event was not 
considered in the following analysis.  The frequency counts of the various rear-end conflict types 
for the three event severity levels were calculated and are discussed in relation to the levels of 
Heinrich’s Triangle.  
 
Frequency counts were also modeled using the Poisson distribution, which has been used to 
model rare events (i.e., crashes).  This distribution is often employed to model cases in which a 
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number of events occur in a unit of density.  For example, the number of crashes can be modeled 
per MVMT.  The Poisson distribution has a single parameter, often called the intensity or rate, 
which was estimated for the RE scenarios.  This was accomplished using the number of events 
and the estimates for vehicle miles traveled.  In addition, estimates of variability and 95 percent 
confidence intervals were calculated for each of these parameter estimates.  Following Tijerina 
(2004), the 95 percent confidence intervals were based on large sample normal approximations.  
These confidence intervals are further used to determine the relevance of the near-crash to crash 
ratios.  

Data Included in the Analysis 
Lead-vehicle conflict data were used for all 241 drivers who participated in the study and rates 
were calculated based on the mileage collected in the 100-Car Study.   
 
It may be noted that the exposure for MVMT is different for crashes than for near-crashes and 
incidents.  In the study, 1.84 million vehicle miles were calculated based on odometer readings.  
Due to various component failures, it was not possible to determine the incidents and near-
crashes for 0.43 MVMT, leaving 1.37 MVMT.  Nevertheless, when crashes occurred, drivers 
reported them, thereby allowing use of the 1.84 MVMT. 
 
Note that analyses were not conducted for following-vehicle events because there were far fewer 
following-vehicle events as compared to lead-vehicle events.  One reason was the difference in 
the radar signatures for a forward versus rear-facing radar.  Essentially, forward-facing radar has 
many more objects to discern since any static object being approached represents a potential 
threat.  Alternatively, rear-facing radar only needs to produce a signature for objects moving 
toward the vehicle since all other targets are increasing in range as the vehicle moves forward.  A 
second reason was that video confirmation of following-vehicle events was difficult due to rear 
camera placement and angle.  Simply put, the rear-facing camera did not create a natural 
viewpoint from which to judge following events. 

Question 1.  What is the relative frequency of each RE lead-vehicle scenario resulting in a 
crash, near-crash, or incident? 

 
Heinrich’s Triangle for All Lead-vehicle Conflict Types 
Figure 12.1 shows the Heinrich’s Triangle for all lead-vehicle conflict types.  The ratio of 
incidents to near-crashes is approximately 18:1 and approximately 18:1 for near-crashes to 
crashes.   
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Figure 12.1.  Heinrich’s Triangle showing the relative occurrence of lead-vehicle conflict 

events by severity. 
 
The estimates of the Poisson rate per MVMT, variance, and 95 percent confidence intervals are 
shown in Table 12.1.  Each type of RE conflict will be discussed, and comparisons will be made 
to the overall ratios and rate. 

Table 12.1.  Lead-vehicle conflicts modeled using Poisson distribution to determine event 
rate per MVMT, variance, and 95 percent confidence intervals. 

 Count 

Exposure 
per 

MVMT 

Rate  
per 

MVMT 
Variance 

(rate) 
STD 
(rate) 

Lower 95% 
CI for 

rate/MVMT 

Upper 95% 
CI for 

rate/MVMT
RE Crashes 16 1.84 8.7 4.73 2.17 4.43 12.96 
RE Near-Crashes 293 1.37 213.87 156.11 12.49 189.38 238.36 
RE Incidents 5,236 1.37 3,821.90 2,789.71 52.82 3,718.38 3,925.42 

 
These calculations suggest that lead-vehicle crashes occur at a rate of approximately 9 per 
MVMT within an approximate confidence interval of 4 to 12.  This study observed 16 lead-
vehicle crashes, which seems reasonable as the number of vehicle miles traveled is approaching 
2 million miles.  
 
Heinrich’s Triangles by Lead-vehicle Conflict Type 
The following figures show the resulting Heinrich’s Triangles for each lead-vehicle scenario.  
Note that Figure 12.1 represents all of the lead-vehicle conflict types, with a total of 15 crashes. 
However, one of the crashes had a precipitating factor other that differed from the RE conflicts.  
Therefore, only 14 crashes were available for the following analyses, and the Heinrich’s 
Triangles that follow do not sum to the Triangle presented above. 
 
LV stopped > 2 s.  Reductionists identified approximately 1,305 LV stopped > 2 seconds events 
(Figure 12.2).  The ratios between the two levels were 30:1 for incidents to near-crashes and 6:1 
for near-crashes to crashes.  It is interesting to note that the ratio drops dramatically as the 
severity of the event increases, which was not the case for overall lead-vehicle conflicts. 
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Figure 12.2.  Heinrich’s Triangle showing the relative occurrence of LV stopped >2 s events 

by severity. 
 
Using a Poisson distribution, the event rate per MVMT, variance, and 95 percent confidence 
intervals are shown in Table 12.2.  LV stopped >2 s crashes occur at a rate of approximately 4 
per MVMT within a confidence interval of approximately one to 7 crashes per MVMT.   

Table 12.2.  LV stopped >2 s data modeled using Poisson distribution to determine event 
rate per MVMT, variance, and 95 percent confidence intervals. 

 Count 

Exposure 
per 

MVMT 

Rate  
per 

MVMT 
Variance 

(rate) 
STD 
(rate) 

Lower 95% 
CI for 

rate/MVMT 

Upper 95% 
CI for 

rate/MVMT
RE Crashes 7 1.84 3.80 2.07 1.44 0.99 6.62 
RE Near-Crashes 44 1.37 32.12 23.44 4.84 22.63 41.61 
RE Incidents 1305 1.37 952.55 695.30 26.37 900.87 1004.24 

 
LV stopped ≤2 s.  This scenario type was the third most frequent of the lead-vehicle scenario 
types and was the only other lead-vehicle scenario with crashes.  The ratio of critical incidents to 
near-crashes is 13:1 and approximately 12:1 for near-crashes to crashes (Figure 12.3).  For 
overall conflicts, the ratios of incidents to near-crashes and of near-crashes to crashes were very 
similar to those seen for this scenario.   
 

 
Figure 12.3.  Heinrich’s Triangle showing the relative occurrence of LV stopped < 2 s events 

by severity. 
 
Using a Poisson distribution, the event rate per MVMT, variance, and 95 percent confidence 
intervals are shown in Table 12.3.  LV stopped < 2 s crashes occur at a rate of approximately 4 
per MVMT within a confidence interval of approximately 1 to 7.  For crashes, this rate is 
essentially the same as for LV stopped > 2 s.  
 



 312

Table 12.3.  LV stopped < 2 s data modeled using Poisson distribution to determine event 
rate per MVMT, variance, and 95 percent confidence intervals. 

 Count 

Exposure 
per 

MVMT 

Rate  
per 

MVMT 
Variance 

(rate) 
STD 
(rate) 

Lower 95% 
CI for 

rate/MVMT 

Upper 95% 
CI for 

rate/MVMT
RE Crashes 7 1.84 3.80 2.07 1.44 0.99 6.62 
RE Near-Crashes 83 1.37 60.58 44.22 6.65 47.55 73.62 
RE Incidents 1081 1.37 789.05 575.95 24.00 742.01 836.09 

 
LV decelerating.  While this lead-vehicle scenario type was the second most frequently 
occurring, no crashes of this type were reported or identified in the database (Figure 12.4).  
Evidently, while this type of kinematic scenario is a relatively common occurrence, it does not 
appear to pose as great a crash risk as the LV stopped scenarios.  The ratio between incidents and 
near-crashes for the LV decelerating events is 17:1 and is fairly similar to the overall lead-
vehicle conflict ratio as well as LV stopped < 2 s.          
 

 
Figure 12.4.  Heinrich’s Triangle showing the relative occurrence of LV decelerating events 

by severity. 
 
Using a Poisson distribution, the event rate per MVMT, variance, and 95 percent confidence 
intervals are shown in Table 12.4.   

Table 12.4.  LV decelerating data modeled using Poisson distribution to determine event 
rate per MVMT, variance, and 95 percent confidence intervals. 

 Count 

Exposure 
per 

MVMT 

Rate  
per 

MVMT 
Variance 

(rate) 
STD 
(rate) 

Lower 95% 
CI for 

rate/MVMT 

Upper 95% 
CI for 

rate/MVMT
RE Crashes 0 1.84 0.00 0.00 - - - 
RE Near-Crashes 160 1.37 116.79 85.25 9.23 98.69 134.88 
RE Incidents 2713 1.37 1980.29 1445.47 38.02 1905.78 2054.81 

 
LV Moving at a Slower Constant Speed.  Very few valid events were identified in the database 
as lead-vehicle conflicts during which the lead vehicle was moving at a slower, constant speed as 
compared to the subject vehicle (Figure 12.5).  None of crashes identified by reductionists or 
reported by drivers had a slower moving lead vehicle as the precipitating factor.  The ratio of 
incidents to near-crashes (21:1) is slightly higher than the ratio for all lead-vehicle scenarios.  
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However, it would appear that this kinematic condition is not as common and does not pose a 
serious crash threat. 
 

 
Figure 12.5.  Heinrich’s Triangle showing the relative occurrence of LV moving at a slower 

constant speed event by severity. 
 
Using a Poisson distribution, the event rate per MVMT, variance, and 95 percent confidence 
intervals are shown in Table 12.5.   

Table 12.5.  LV moving at slower constant speed data modeled using Poisson distribution to 
determine event rate per MVMT, variance, and 95 percent confidence intervals. 

 Count 

Exposure 
per 

MVMT 

Rate  
per 

MVMT 
Variance 

(rate) 
STD 
(rate) 

Lower 95% 
CI for 

rate/MVMT 

Upper 95% 
CI for 

rate/MVMT
RE Crashes 0 1.84 0.00 0.00 - - - 
RE Near-Crashes 6 1.37 4.38 3.20 1.79 0.88 7.88 
RE Incidents 126 1.37 91.97 67.13 8.19 75.91 108.03 

 
LV Accelerating.  This type of scenario was identified only infrequently by reductionists as 
resulting in valid events (Figure 12.6).  None of the crashes or near-crashes identified by 
reductionists or reported by drivers had an accelerating lead-vehicle.  The low frequency of 
occurrence, as well as no crash data, suggests that this type of kinematic scenario is uncommon 
and not a high crash risk for drivers.       
 

 
Figure 12.6.  Heinrich’s Triangle showing the relative occurrence of LV accelerating events 

by severity. 
 
Using a Poisson distribution, the incident rate per MVMT, variance, and 95 percent confidence 
intervals for incidents are shown in Table 12.6. 
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Table 12.6.  LV accelerating data modeled using Poisson distribution to determine event 
rate per MVMT, variance, and 95 percent confidence intervals 

 Count 

Exposure 
per 

MVMT 

Rate  
per 

MVMT 
Variance 

(rate) 
STD 
(rate) 

Lower 95% 
CI for 

rate/MVMT 

Upper 95% 
CI for 

rate/MVMT
RE Crashes 0 1.84 0.00 0.00 - - - 
RE Near-Crashes 0 1.37 0.00 0.00 - - - 
RE Incidents 11 1.37 8.03 5.86 2.42 3.28 12.77 

DISCUSSION 

When reviewing the frequencies for each lead-vehicle conflict type by severity, an interesting 
finding is that the frequency of incidents for LV decelerating conflicts is roughly twice the 
frequency for LV stopped >2 s and LV stopped <2 s.  Nonetheless, the crash rate for LV 
decelerating conflicts is zero versus 7 for each of the other conflict types. 
 
One possible reason for this result is based on vehicle kinematics.  Since the lead vehicle is still 
moving in the LV decelerating conflicts, the following-vehicle driver has more time to perceive 
the closing rate and adjust vehicle speed accordingly.  A second reason for the result, and one 
that most likely plays a major role, is that drivers are simply better at perceiving the distance of a 
moving vehicle versus a stationary vehicle.  In the case of the LV stopped <2 s, drivers do not 
appear to be particularly adept at judging the point at which the lead vehicle came to a complete 
stop.  Another potential explanation is that drivers are not adept at judging very slow moving 
lead vehicles just prior to stopping.  
 
With rear-signaling systems, the implication for design is that following drivers need information 
to help them discriminate between lead vehicles that are moving slowly, moving very slowly 
(i.e., rolling without use of the accelerator), and stopped.  Additional analysis of the RE conflicts 
should be conducted to examine the relationship between each of these lead-vehicle kinematic 
conditions and the resulting driver response.  Furthermore, the relationship of variables such as 
traffic density, presence of a junction, and others should be evaluated. 
 
The types of analyses applied in this chapter were also conducted by Tijerina (2004) in his 
application of the hazard analysis technique to data collected in the ADVANCE study (Dingus, 
1997; Dingus et al., 1995).  Tijerina’s application of the technique was unsuccessful; however, 
there are a few reasons for this lack of success.  First, as noted by Tijerina, the estimation of 
exposure was weak, since the ADVANCE database contained only 487 vehicle miles of data 
while the 100-Car Study collected 1.84 million vehicle miles.   
 
Second, the crash data used in the analysis by Tijerina were taken from archival records for the 
preceding year based on 75.5 million vehicle miles.  This is in contrast to the 487 vehicle miles 
for the near-crash and incident data.  For the analyses in this chapter, the event data were taken  
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from the same database using the same drivers; therefore, the rates from the 100-Car Study are 
less prone to error.  This inference seems to be confirmed through inspection of the confidence 
intervals for each rate estimate.  As opposed to the Tijerina example, no rate estimates for which 
events were observed have confidence intervals that span zero. 
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CHAPTER 13: GOAL 9, EVALUATE THE PERFORMANCE OF THE HARDWARE, 
SENSORS, AND DATA COLLECTION SYSTEM USED IN PHASE II 

DATA ANALYSIS OVERVIEW 

The 100-Car Study was originally planned as a pilot test to prepare for a Phase IV large-scale 
naturalistic data collection effort.  As such, the purpose of Chapter, 13, Goal 9 is to evaluate the 
hardware, sensors, and data collection systems used in the 100-Car Study and, based on system 
performance and results, determine the best data collection configuration for a large-scale effort.  
The definition of what constitutes a large-scale effort has not yet been precisely defined, but, for 
the purpose of these analyses, the assumption is that 5,000 vehicles will be on the road for a 
period of two years each.   
 
When reviewing this chapter, it is important to note that the results are very closely tied with the 
results of the Goal 10 Report (separate report) in making suggestions for a future Phase IV 
effort.  This research goal describes hardware, sensor, and data collection system performance 
throughout the data collection effort in terms of its reliability, maintainability, and sensitivity to 
event detection.  In other words, this research goal focuses on the aspects of data collection that 
are important to a large-scale study while the Goal 10 Report (separate report) focuses on the 
aspects of data reduction important to a large-scale study. 
 
For Chapter 13, Goal 9, different analyses were used to address each of the three questions.  To 
address Question 1, which included the assessment of hardware failure rates, frequencies of 
equipment failures were tallied based on repair records.  Downtime for these failures was also 
estimated to determine failure rates for different system components. 
 
Question 2, which assessed cost/benefit issues, was addressed by determining the net benefit of 
valid triggers obtained versus all of the cost factors associated with the triggers (including sensor 
costs, installation time, etc.) in a large-scale study.   

 
Question 3 focused on determination of the criteria for data triggers in a large-scale effort.  The 
assumption was made that it will not be possible to collect continuous data for 5,000 vehicles as 
was possible with 100 vehicles.  Therefore, a scheme must be developed to trigger data 
collection for a large-scale effort that minimizes misses and false alarms in the dataset.  To 
address this issue, discriminant analyses and logistic regression were used to determine logical 
trigger settings that contributed maximum event detection without incurring a large number of 
invalid events.  Within the discriminant analysis approach, various techniques were tried, 
including stepwise selection of variables and the use of costs for particular classification errors.  

Data Included in the Analyses 

The analyses described in this chapter used data from vehicle repair logs to determine system 
and component downtime.  In addition, the database of reduced events was used to obtain the 
efficacy of the various sensors and to determine suitable sensors and their corresponding trigger 
settings for inclusion in a future large-scale data collection effort. 
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Question 1.  What were the failure rates for each sensor type and/or hardware equipment? 
 
There are several pieces of information needed to address failure rate for each piece of hardware, 
including: 

• When was each vehicle on the road? 
• What lessons were learned during the data collection period that improved detection 

and repair time and when were these lessons learned? 
• What kind of failures occurred? 
• When did failures occur? 
• When were failures detected? 
• What were repair times for failures as well as the failure rate for components? 

 
The answers to these questions are not independent.  For example, the repair time for each failure 
was greatly dependent on the lessons learned during the data collection period that improved the 
efficiency with which repairs were detected and made.  The time to make a repair changed 
depending on when it occurred during the course of the study.  In addition, other factors affected 
the estimation of reliability since, for example, a failure was not detected the moment it occurred.  
Instead, a failure was detected via three different methods that occurred at different times during 
data collection.  Thus, reliability must be estimated and the questions that were considered to 
make reasonable reliability estimates are considered in more detail below. 
 
When was Each Vehicle on the Road? 
The first vehicle was put on the road during January 2003.  From that point on, vehicles were 
phased into the study until June 2003.  At this point, all 100 vehicles were on the road collecting 
data.  In January 2004, the phase-out process began with the vehicles that had been in service for 
one year.  The phase-out process concluded in July 2004, after private vehicles had been on the 
road for a minimum of one year and leased vehicles had been on the road for a minimum of 13 
months.  The following table shows the number of vehicles on the road for each month from 
January 2003 to July 2004. 
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Table 13.1.  Number of vehicles on the road for each month of the study. 

Month Cars on the Road 
(@ end of month) 

January, 2003 6
February, 2003 12
March, 2003 33
April, 2003 65
May, 2003 100
June, 2003 100
July, 2003 98
August, 2003 100
September, 2003 100
October, 2003 99
November, 2003 98
December, 2003 95
January, 2004 96
February, 2004 91
March, 2004 85
April, 2004 67
May, 2004 50
June, 2004 26
July, 2004 0

 
What Lessons Were Learned During the Data Collection Period That Improved Detection and 
Repair Time and When Were These Lessons Learned? 
A very important factor in determining the severity of a particular hardware failure is the amount 
of total downtime for the failure.  The total downtime is a function of: 

1) The time it took to detect the failure;  
2) The time to obtain a replacement part(s); and  
3) The time to actually perform the repair needed within the vehicle.   
 

Throughout the 100-Car Study, lessons were learned that reduced these times and made data 
collection more efficient.  The lessons learned to reduce the time to obtain a replacement part 
and to perform repairs are presented in this subsection.  Efforts to reduce the time it took to 
detect a failure are discussed in a different subsection (see the subsequent question in this section 
called “When were failures detected?”). 
 
For the three times affecting a failure described above, the greatest variable tended to be the time 
required to perform the repair.  This timeliness factor was considered an important area in 
reducing downtime throughout the data collection effort, and was therefore the focus of many 
timesaving measures.  The time to acquire repair parts was also minimized to the extent possible 
within the study.  The lessons learned while developing these timesaving measures were initially 
discussed in Chapter 4, Lessons Learned, but are expanded here to provide a more detailed 
framework to support the assumptions made later in the section to calculate estimated failure 
rates for various components. 
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A lesson learned from the beginning of the study was that an effective way to minimize repair 
time was to have replacement parts on-hand at all times.  A key lesson learned, however, was the 
number of spare parts needed in inventory.  For example, it was not anticipated that a larger 
number of radar antennas would be needed due to damage in rear-end crashes.  Throughout the 
study, the time required to acquire a part was eliminated by having a sufficient number of spare 
parts and/or spare systems available when they were needed.  Throughout the data collection 
effort, there was not a single repair instance in which downtime was increased due to the 
unavailability of a particular part. 
 
The replacement time was the most variable and lengthy aspect of the failure downtime.  For an 
estimated 50 percent of the duration of the study, the downtime for failures was approximately 2 
weeks, since bi-monthly trips were scheduled for technicians to travel from Blacksburg to 
northern Virginia to fix all failures that had been identified up to that point in time.  This 
downtime period applied to all failures types: catastrophic, major, and minor.  During this time 
period, methods to increase cost-effectiveness, decrease replacement downtime, and reduce the 
number of active service requests were being explored. 
 
For the remainder of the study, two important measures were taken to reduce the replacement 
time for inoperative hardware.  First, chase vehicle drivers (or data “downloaders”) who were 
already in close contact with the cars were trained to perform minor maintenance procedures 
after gaining access to the car.  Up to this point, the downloaders were only required to notify 
any perceived faults with the equipment.  While effective for fault detection, it was felt that this 
approach was time-inefficient and under-used downloader abilities.   Therefore, for the second 
half of the study, downloaders were also required to watch video from each vehicle when they 
downloaded it and fix any cameras that were inoperative.  This approach reduced the response 
time to minor failures from 2 weeks, up until that point, to a maximum of 1 week.  Second, an 
on-site (i.e., a northern Virginia area) technician was hired to respond to any catastrophic or 
major failures.  In addition, the on-site technician was supplied with replacement systems that 
could be “line-replaced” to decrease overall system downtime.  These actions reduced the 
response time to catastrophic and major failures from two weeks to a maximum of 1 week for the 
second half of the study.  
 
A logical question is why these lessons took several months to be implemented.  Recall that 
vehicles were phased into the study from January 2003 to June 2003.  Until most of the vehicles 
were on the road, it was possible to make repairs quickly.  However, once most of the vehicles 
were on the road, the full burden of repairs became apparent.  It was at this time that new 
measures to address repairs were adopted.  
 
These lessons learned can be used to estimate system downtime.  For approximately the first half 
of the study, the maximum system downtime (combining fault detection and repair) was less 
than three weeks.  For the final part of the study, the maximum system downtime was reduced to 
less than two weeks.  These downtime distributions will be considered when estimating failure 
rates for the DAS hardware. 
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What Kind of Failures Occurred? 
Components of the data collection system can be classified into two general categories: data 
gathering and data storage (in-vehicle).  Both of these functions had several distinct hardware 
items contained within the data acquisition system.  For example, each sensor component had 
three parts: the sensor itself, its associated cable, and the component inside the system box that 
controlled its data collection (see Chapter 2, Method).  The failure of any of these components 
resulted in a sensor failure.  All of these hardware components were subject to failure within the 
data collection period.  However, the failure of a particular hardware component was only as 
significant as the type of data that was lost due to the failure.   
 
Based on the type of data lost, three different classifications for the observed failure can be 
considered: catastrophic, major, or minor.  Catastrophic failures resulted in the loss of data 
already stored within the system and the cessation of further data collection.  Major failures 
caused the loss of a substantial number of data streams without loss of data already stored within 
the system.  For example, the system stopped collecting video due to a malfunction in the video 
board.  However, other data (e.g., throttle position, radar) continued to be collected.  Finally, 
minor failures caused the loss of a small number of data streams without loss of data already 
stored within the system.  For example, the face camera view was not acquired, but the 
remaining camera views were available within the data stream.   
 
There were no catastrophic and major failures requiring a complete system overhaul or 
replacement of the DAS during the course of the study.  Without exception, these failures were 
repaired through the replacement of one or two parts of the DAS, which was then put into service 
again.  System remove/replace operations to fix these failures occurred in 45 instances.  The 
replacement process entailed the removal of the data acquisition system from the vehicle and 
installation of a different DAS.  The malfunctioning part within the unit was then repaired offline 
and the refurbished unit was subsequently used as a replacement.  
 
Based on repair logs and communications between technicians, it is estimated that approximately 
45 catastrophic or major failures occurred within the data collection period.  Causal factors for 
each of these failures are presented in Table 13.2, along with the sensor or subsystem affected 
and the frequency of occurrence.  Note that the frequencies add to more than 45 because in many 
instances failures occurred on more than one sensor or subsystem at the same time. 
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Table 13.2.  Causal factors for catastrophic and major failures. 

Failure Instances Sensor/Subsystem Affected 

System fuse blown 5 Power Control 
Battery Backup 

Car battery draining 
Car failed to start 
System fuse pulled to prevent battery drainage 

28 Power Control 
Battery Backup 

System shuts down during a trip 
Empty data files 34 Acquisition Software 

Hard drive failure 
Hard drive becomes corrupt 33 Acquisition Software 

Download cable failures resulting in incomplete 
downloads 17 Remote Download 

Video problems – No video 22 Real-time Video 

 
Minor failures were, for the most part, constrained to sensors, since loss of data acquisition 
capability entailed a catastrophic or major failure.  A total of 268 minor failures were recorded in 
repair logs or communications between technicians.  These failures, their corresponding sensor 
or subsystem, and their number of occurrences, are listed in Table 13.3. 

Table 13.3.  Causal factors for minor failures. 

Failure Instances Sensor/Subsystem Affected 
Improper camera orientation 34 Real-time Video 
Cameras falling from mount 21 Real-time Video 
Video problems – Single view (other views 

available) 42 Real-time Video 

VORAD – Radar unit 8 Headway Detection 
VORAD – Board / Cable 37 Headway Detection 
Network box 43 Vehicle Network 
Lane tracker 46 Lane Tracker 
Cell phone antenna 8 Remote Vehicle Tracking 
Other cables 3 --- 

Internal (backup) battery 6 Power Control 
Battery Backup 

Broken License Plates 20 --- 
 
When did Failures Occur? 
Extensive logs detailing the timing of fault detection and fault repair were maintained throughout 
the study.  Assuming that fault detection took a set amount of time (i.e., a week), these logs can 
help establish the timing of the repairs.  No particular differences between catastrophic and 
major or minor failures were observed in terms of timing.  Table 13.4 shows the relative number 
of failures detected during each month of the study.  The first failures were detected in March, 
2003, and the last failures were detected a year later.  The month with the largest percentage of 
failures was October 2003.  Also note that the percentages increased initially as the number of 
vehicles on the road ramped-up, and decreased as the vehicles were removed from the road after 
January 2004. 
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Table 13.4.  Percentage of failures for each month of the study. 

Month Percentage of failures 
March, 2003 2.3 
April, 2003 3.6 
May, 2003 6.6 
June, 2003 9.1 
July, 2003 8.4 

August, 2003 7.9 
September, 2003 9.1 

October, 2003 19.5 
November, 2003 7.9 
December, 2003 13.7 
January, 2004 4.6 
February, 2004 3.8 
March, 2004 3.6 

 
When were Failures Detected? 
The time needed to detect a failure was reduced by requesting this information from various 
sources.  Data downloaders were required to identify, via a checklist, any aspects of the 
installation that were visually askew as they downloaded data from the vehicle.  Furthermore, 
participants were also instructed throughout the study to call the study contact person when they 
believed problems existed with any part of the data acquisition system or with the system’s 
interaction with their vehicle.  In addition, as data was downloaded and transferred to the storage 
server, a data reductionist was required to observe a subset of the data and point out any 
problems noted.  It is estimated that these three failure identification methods resulted in a failure 
occurrence to a failure identification average lag time of one week.  Once the problem was 
identified, total downtime became a function of the availability of replacement parts and the 
replacement time. 
 
What was the Repair Time for Failures and the Failure Rate for Components? 
Out of the 45 estimated catastrophic or major failures outlined above, it is estimated that 20 
occurred during the first half of the study (response time less than three weeks) and 25 during the 
second half (response time less than two weeks).  Throughout the study, a total of 4,554 vehicle-
weeks were collected from a total of 102 vehicles.  Thus, the first half of the study resulted in 60 
vehicle-weeks of downtime (20 instances X 3 weeks downtime) while the second half resulted in 
50 vehicle-weeks (25 instances X 2 weeks downtime).  As a result, the total data collection 
downtime due to catastrophic or major failures was 110 vehicle-weeks.  This represents an 
overall catastrophic of major failure rate of 2.4 percent (110 vehicle-weeks downtime / 4,554 
total vehicle-weeks).  The 110 vehicle-weeks of downtime represent, based on an assumed 
weekly mileage rate for the study of 404.0 miles/vehicle-week (assuming 1.84 million VMT for 
the study and 4,554 vehicle-weeks), a total of 44,444.4 miles of data that were not collected due 
to catastrophic or major failures. 
 
Catastrophic and major failure rates per sensor or subsystem were derived from Table 13.2 and 
are shown in Table 13.5.  Sensors and subsystems not mentioned in the table did not exhibit any 
catastrophic or major failures.  A total of 4,554 vehicle-weeks of data collection were used in the 
calculations.  In addition, three weeks of downtime is assumed.  This assumption is based on 
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adding estimates for the time required to detect a failure (~1 week) and estimates for the time to 
perform a repair (~2 weeks).  This estimate is somewhat conservative, since in many instances it 
took fewer than 3 weeks to detect and repair a fault, especially in the latter part of the study.  
Thus, the failure rates presented in this section represent a ceiling for the hardware used in the 
study. 

Table 13.5.  Catastrophic or major failure rates by sensor or subsystem. 

Failing Sensor/Subsystem Instances Failure Rate (%) 
Power Control 
Battery Backup 33 2.2 

Acquisition Software 67 4.4 
Remote Download 17 1.1 
Real-time Video 22 1.4 

 
Minor failure rates per sensor or subsystem, compiled from Table 13.3, are shown in Table 13.6.  
An assumption of three weeks downtime is used, along with a total data collection period of 
4,554 vehicle-weeks.  These 268 minor failures represent 804 vehicle-weeks of incomplete data.  
This means the overall minor failure rate (assuming independent failures and the downtime 
assumptions used before) was 17.7 percent.  A total of 324,816.0 miles of data were incomplete, 
based on the assumed weekly mileage rate for the study of 404.0 miles/vehicle-week.  In some 
cases, this data could still be used in data reduction because a redundant source of data was 
available. 

Table 13.6.  Minor failure rates by sensor or subsystem. 

Failing Sensor/Subsystem Instances Failure Rate (%) 
Power Control 
Battery Backup 6 0.4 

Real-time Video 97 6.4 
Headway Detection 45 3.0 
Vehicle Network 43 2.8 
Lane Tracker 46 3.0 
Remote Vehicle Tracking 8 0.5 

 
Overall, all failure rates were relatively low.  None of the component specific rates were larger 
than 10 percent and the majority of the rates were smaller than 5 percent.  In addition, many 
subsystems (i.e., accelerometer, critical incident button, gyroscope, GPS) had overall failure 
rates of zero.  
 
Assuming that all failures resulted in loss of data, the maximum number of miles lost due to 
failures would have been near 370,000 miles (the sum of miles lost due to all types of failure).  
There are data for 1.37 million miles, with an estimated total number of miles of possible data 
available equal to 1.80 million, a difference of approximately 430,000 miles.  The difference 
between the miles lost due to failure (370,000) and the estimated total miles lost (430,000) is 
60,000 miles.  This discrepancy is probably due to log discrepancies and a few outlier cases in 
which the failure detection took an inordinately long time for one reason or another.  Overall, 
however, this comparison justifies the validity of the rates calculated in this section and serves as 
an error check for any repairs that might have been missed in the logs.  While it is possible that 
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some repairs were never entered, the agreement between miles calculated using different 
approaches supports that the number of these missing repairs would be relatively small (i.e., 
60,000/1,800,000 x 100 = 3.3%).  
 
It is important to note that minor failures were also assumed to result in loss of data.  However, 
certain types of failures, such as vehicle network or network box problems, resulted in data that 
were not analyzed because the trigger criteria relied upon the data generated (e.g., speed).  This 
means that a significant portion of this data can potentially be recovered in the future by 
estimating the associated parameters post hoc.     
 
The failure rates discussed in this section can now be combined with the benefits that would be 
expected from each of the subsystems within a large-scale naturalistic study.  These benefits are 
discussed in Questions 2 and 3 from two different perspectives.  Question 2 discusses the 
benefits that could be expected from different sensors, hardware components, and data collection 
components when compared to their failure rates.  Question 3 addresses how these systems can 
be optimized so that the least amount of hardware produces the best possible results.  

Question 2.  What is the relative cost/benefit for each sensor type and/or hardware 
component? 

 
A large naturalistic study with 5,000 cars on the road for two years would raise a series of unique 
and important issues.  The larger scale of the project makes many of the support mechanisms 
available during the 100-Car Study not feasible due to: (1) the large geographical area in which a 
study like this would need to be conducted, and (2) the sheer number of vehicles and drivers that 
would have to be tracked. 
 
Perhaps the most important of these issues is that chase cars with downloaders would not be 
feasible.  Maintaining a fleet of chase cars and hiring the personnel required would be too costly 
and time-consuming.  Thus, it is foreseen that cars would be released on the road for a period of 
six months.  At the end of six months of data collection, vehicles would return to have the data 
collection system removed.  At that time, the data stored on the vehicle during the data collection 
period would be downloaded and backed up.  Note that there would be an exception to this 
scheme when a crash was detected.  It is envisioned that automated crash detection would be 
available as part of a 5,000-car system and when a crash was detected, the data would be 
immediately downloaded. 
 
This approach poses several challenges.  First, the DAS within the car must be highly reliable 
and resistant to data corruption.  Otherwise, it would be highly possible that data from many 
vehicles would be lost due to system failure.  Second, the sensors and hardware associated with 
the system must have low failure rates to increase the opportunity of acquiring the most data 
possible during the study period.  If any of the sensors is failure-prone, then it will be more likely 
to fail during the course of the study.  Since there would be no interaction with the DAS for six-
month intervals, sensor failures would not be detected and any events occurring after the sensor 
failure would be lost permanently.  Third, the number of sensors and other hardware components 
should be reduced to the largest extent possible in order to minimize failure rates and in-vehicle 
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data storage needs.  A greater number of sensors would increase the likelihood that the DAS 
would run out of in-vehicle storage space before the end of the data collection period. 
 
In-vehicle data storage capacity needs can also be addressed by considering the amount of data 
that are actually collected.  Since it was considered to be a pilot study, the 100-Car Study used 
continuous data collection.  In this case, continuous collection was needed to observe all driving 
behaviors and actions in order to determine which of those actions merited more detailed 
consideration from a traffic safety perspective.  For a large-scale study, this would not be 
feasible or needed.  Thus, data collection would only occur with specific triggers.  The 
development of these triggers and their effectiveness is the focus of Question 3 of this goal and 
discussion of this issue will be deferred until then.  The effectiveness of the sensors and 
hardware suggested for use on a large-scale study at the end of this section have been verified by 
the results presented in Question 3. 
 
The number of sensors and other hardware should also be reduced to decrease system failure 
rates and installation requirements.  It is logical to expect that the fewer sensors and other 
hardware components that are needed, the fewer opportunities there will be for the system to 
break down and stop collecting data.  In addition, fewer hardware components also imply fewer 
wires and fewer control boards within the DAS, which implies easier installation and perhaps 
even a smaller DAS form factor.  Fewer hardware components also mean that installation might 
be possible on a larger variety of vehicle makes and models, an essential aspect of a 5,000-
vehicle study. 
 
DAS components can be split into three categories for this discussion: in-vehicle data storage, 
sensing, and other hardware (e.g., video).  The benefits for each of these components have to be 
considered separately.  In some cases, the benefits can only be presented subjectively, while in 
other cases, quantification of the benefits is possible. 
 
In-vehicle data storage was an essential part of the 100-Car Study and would also be a central 
aspect of any large-scale study.  The goal of any of these studies is to obtain data from drivers in 
a naturalistic setting.  If these data are lost, the study has been unsuccessful.  Thus, the benefits 
of data storage are quite large, albeit difficult to quantify, and efforts should be directed toward 
improving the reliability of this system to the degree possible.  For the 100-Car Study, 
catastrophic and major failures occurred at a rate of 2.4 percent.  For a 5,000 vehicle study, this 
would imply that 120 cars would lose their ability to collect or store data throughout the study.  
Thus, improvement in this figure is probably desirable.   
 
The next important component of any large-scale DAS is the array of sensors included within the 
system.  The benefit for each of these sensors relies on the number of triggers that the sensor is 
able to support, as well as the effectiveness of these triggers.  Maximizing these aspects of the 
DAS is the focus of Question 3; however, these aspects are initially discussed here because they 
are directly relevant to determining the benefit provided by each of the sensors that could be used 
on a large-scale naturalistic study. 
 
Each of the events (i.e., crashes, near-crashes, and incidents) that were collected for the 100-Car 
Study was selected as a function of one or more triggers.  These triggers, in turn, depended on 



 326

the sensors or subsystems that collected the data against which the triggers were contrasted.  This 
section examines the effectiveness of each trigger type (and thus each underlying sensor or 
subsystem type) in correctly identifying a valid event.  More details about each of the triggers 
can be found in the discussion for Question 3. 
 
The database of reduced events included 69 crashes, 761 near-crashes, and 8,295 incidents.  
Table 13.7 lists each of the sensors or subsystems used in the data acquisition system and the 
percentage, by severity, of the valid events detected by each trigger.  These parameters are 
indicative of the first measure of benefit for a trigger, which is the proportion of valid events that 
would be detected.  In a large-scale study without continuous data collection, a failure of a 
trigger to activate for an event would mean the loss of the event.  Thus, the higher the percentage 
of valid events that a trigger captures, the better that particular trigger is considered to be.  Note 
that each sensor is independent in the number of events that are detected, meaning that the 
percentages are not additive for any column. 

Table 13.7.  Sensor or subsystem benefits in terms of valid events captured.  

 Severity 

Sensor/Subsystem 

Crashes 
Detected 

% 
(Instances) 

Near-crashes 
Detected 

% 
(Instances) 

Incidents 
Detected 

% 
(Instances) 

Valid Events 
Detected* 

% 
(Severe 

Instances) 
(All instances) 

Accelerometer 
(Lateral) 

18.8% 
(13)  

3.2% 
(24) 

0.6% 
(48) 

3.5% 
(85) 

(316) 

Accelerometer 
(Long.) 

58.0% 
(40) 

61.9% 
(471) 

37.6% 
(3,089) 

44.7% 
(3,600) 
(4,078) 

Critical Incident 
Button 

18.8% 
(13) 

16.0% 
(122) 

5.2% 
(434) 

8.4% 
(569) 
(762) 

Range/Range Rate 
Detection – Fwd. 

24.6% 
(17) 

42.8% 
(326) 

57.5% 
(4,768) 

56.5% 
(5,111) 
(5,158) 

Range/Range Rate 
Detection – Rear 

2.9% 
(2) 

7.6% 
(58) 

4.4% 
(363) 

4.6% 
(423) 
(424) 

Gyroscope  (Yaw 
Rate) 

24.6% 
(17) 

25.0% 
(190) 

17.2% 
(1,423) 

21.7% 
(1,630) 
(1,983) 

Lane Tracker 0.0% 
(0) 

0.5% 
(4) 

0.1% 
(5) 

0.6% 
(9) 

(82) 

Radar – Side  0.0% 
(0) 

0.3% 
(2) 

3.0% 
(251) 

3.1% 
(253) 
(280) 

*Severe instances include crashes, near-crashes, and incidents.  All instances also include non-
conflict incidents.  The percentage provided is based on all instances. 
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Only the forward headway detection sensor was able to identify more than 50 percent of the 
valid events (56.5%), with the longitudinal acceleration sensor identifying the second largest 
percentage of valid events (44.7%).  When event severities are considered, some could be 
predicted more than 50 percent of the time by the data from some sensors.  The longitudinal 
accelerometer sensor performed best in crashes, correctly marking as an event 58.0 percent of all 
of the crashes in the dataset.  This sensor was also the most effective in identifying valid near-
crash events (61.9%).  The forward headway detection sensor correctly triggered for 57.5 percent 
of all incidents.  Finally, all three severity levels had reasonably high detection rates triggered 
from the gyroscope sensor.   
 
It is important to note that the lane tracker and side radars are not fairly represented in Table 
13.7.  The side radars were only present on one fifth of the fleet (20 leased vehicles) for 6 
months.  Thus, their rate should be less than 10 percent of any of the other sensors.  However, 
the inclusion of side radars for a full-scale 5,000 vehicle fleet would probably be impractical due 
to cost and installation requirements. 
 
However, the lane tracker may present a different case.  The lane tracker is software-based and 
uses the same forward camera already present for the study.  While it does increase computer 
processing requirements, the cost is fairly minimal.  In addition, due to the focus of the current 
study on rear-end crashes, there was not a great deal of effort made to determine the feasibility of 
using the lane tracker as a trigger.  Early attempts did show that the lane tracker signal was noisy 
both for reasons of road marking visibility and driver behavior (i.e., many drivers exceeded lane 
boundaries on purpose or relaxed standards in the absence of other traffic).  Therefore, a lane 
tracker may turn out to be a very valuable addition to a study that is more broadly focused and 
when more time and resources are available to improve the signal filtering. 
 
Another measure of benefit from a trigger relates to its ability to capture only valid events, which 
in turn indicates the level of noise (i.e., invalid events) that will exist within the stored data in a 
large-scale study.  Triggers that perform poorly in this regard will overload the in-vehicle data 
storage equipment with useless data and could compromise the capacity of the system to store 
important events occurring after the in-vehicle data storage unit is full.  Table 13.8 shows the rate 
at which invalid events were found for each trigger.  A lower rate indicates better trigger 
performance for this measure.  In addition, the catastrophic/major and minor failure rates were 
noted.  Note that each sensor is independent regarding the number of events detected; thus, the 
percentages are not additive for any column.  Also note that for the side radar, the same failure 
rates used for headway detection are used, given that the same technology was applied. 
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Table 13.8.  Sensor or subsystem benefits in terms of proportion of invalid events.  

Sensor/Subsystem 
Invalid Events 

Detected % 
(Instances) 

Failure Rate (%) 
(Catastrophic & 
Major / Minor) 

Accelerometer (Lateral) 91.3% 
(3,325) 0 / 0 

Accelerometer (Long.) 66.4% 
(8,047) 0 / 0 

Critical Incident Button 69.9% 
(1,773) 0 / 0 

Headway Detection – Fwd. 83.4% 
(25,833) 0 / 3.0 

Headway Detection – Rear 59.9% 
(633) 0 / 3.0 

Gyroscope  (Yaw Rate) 91.1% 
(20,217) 0 / 0 

Lane Tracker 96.1% 
(2,532) 0 / 3.0 

Radar – Side 96.5% 
(13,808) 0 / 3.0 

 
These higher sensitivities to valid events were not necessarily accompanied by good negative 
predictive ability.  The forward headway detection sensor had a rate of invalid events of 83.4 
percent, near the top of the list for this category.  The longitudinal acceleration sensor fared 
better, with 69.9 percent of all the events that it triggered being classified invalid (second from 
the bottom of the list for this category).  The rear headway detection sensor had the lowest rate of 
invalid events, at 59.9 percent.   
 
Perhaps the single most important sensor present in the 100-Car Study data collection system 
was video.  The benefit and value of video is very large, given the aid it provides to data 
reductionists in determining the validity of triggered events.  Given that invalid events seem 
unavoidable based on current sensor technology (see the discussion for Question 3 for more on 
this issue), it seems that some video views would be absolutely necessary in a large-scale 
naturalistic study to aid in the data reduction process.  This issue is discussed in more detail 
under the Goal 10 Report (separate report).  However, note that even with a failure rate of 6.4 
percent, video is considered an important piece of hardware to be included on a large-scale study 
due to its data validation benefit.  A logical concern would be that with this relatively high 
failure rate, video might become problematic to include in a large-scale study.  While this 
concern is justified, the failure rate can be reduced by including only camera views that are 
absolutely necessary (which may also reduce in-vehicle data storage requirements).  
Justifications for the elimination of certain camera views are presented in the Goal 10 Report . 
 
Other subsystems not shown in Tables 13.7 or 13.8 were not used to collect any trigger 
information or validate events.  Rather, they served to support the data collection function or the 
remote vehicle tracking function.  These functions contributed to the success of the overall 
system and their absence in this analysis simply indicates that they had no direct bearing on the 
selection of particular events for further analysis, which is the main source of benefit 
information.  For example, RF and glare sensors were installed in vehicles, but their data were 
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not considered essential or useful in triggering for events.  These sensors are part of a category 
that can be deemed optional, whose use depends on the specificity of the data desired within any 
larger-scale study.  Their usefulness and corresponding benefit lies in providing the ability to 
characterize events better than by simply looking at a video.  However, this ability has to be 
weighed against their cost, expected effectiveness, and required maintenance.  Whereas the 
effectiveness for the sensors considered above in this section can be determined based on their 
performance, the effectiveness of optional sensors is more subjective, and depends on the value 
of the information to the stakeholders for a particular data collection effort.  Costs of 
maintenance did not seem to be high, based on their absence from repair logs.  However, some of 
these sensors can be noisy, and care should be taken in ensuring that the quality of data from any 
of them included in a large-scale study is sufficient to justify their expense in terms of cost and 
of in-vehicle data storage. 
  
The data available for all of these in-vehicle data storage components, sensors, and hardware 
components are limited in terms of benefits, since most of the benefit gathered from the 
components is difficult to quantify.  The costs, in terms of failure rate (i.e., required maintenance 
and repairs), in-vehicle data storage needs, and classification effectiveness, while somewhat 
more quantifiable, are also subject to some degree of interpretation.   
 
When benefits and costs are observed as a whole, several technologies stand out for inclusion in 
a large-scale naturalistic study.  Accelerometers, yaw rate sensors, and range/range rate sensors 
(particularly forward) seem essential to the real-time classification of valid events for a larger-
scale study using a trigger-based data collection system.  Video is also necessary to allow for 
screening the invalid events that will inevitably be collected.  If these technologies are combined 
using algorithms that aggregate their data (as discussed in Question 3), they should be able to 
collect an acceptable number of valid events while minimizing the number of invalid events that 
are stored and have to be eliminated manually. 

Question 3.  Based on data collection in Phase II, what are the optimum sensor values that 
should be used for a triggered data collection system? 

 
As discussed in Question 2, an important aspect of a large-scale naturalistic data collection effort 
would be its trigger-based nature.  While the 100-Car Study collected data continuously, a larger-
scale study would not likely have the storage and data management support structure that the 
100-Car Study had.  Question 2 already evaluated the sensors and equipment needed to create 
these triggers in terms of their individual contributions to the event detection task.  More 
information on that process is presented here and augmented with techniques to aggregate the 
data from various sensors in order to further improve event classification accuracy. 
 
Thus, the goal of this sensitivity analysis was to determine an array of sensor and/or sensor 
thresholds that could be used to identify the largest possible number of crashes and near-crashes 
while minimizing the number of invalid events that are misclassified.  As has been discussed 
elsewhere, equipment within the car was able to measure lateral and longitudinal acceleration, 
yaw rate, forward time-to-collision, rear time-to-collision, headway, and lane busts.  Each of 
these measures was foreseen as a possible indicator of a crash or near-crash under particular 
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circumstances, but the appropriateness of this sensor suite and potential threshold settings had to 
be determined using the empirical data available.  
 
This section also describes, when feasible, trigger performance as a function of crashes, near-
crashes, and incidents.  Note that a large number of incidents were recorded and compared to the 
number of crashes and near-crashes obtained in the study.  It is possible that incidents would not 
be desired in a large-scale study in order to reduce the total number of events (valid and invalid) 
for which data are collected.  This issue is also explored within this question. 
 
Trigger-Based Sensitivity Analysis 
Initial work to address this question leveraged on the activities performed to define the set of 
trigger settings used to select the events that were reduced by analysts.  These activities involved 
the creation and testing, within a limited initial dataset, of several trigger settings.  The goal of 
these initial analyses was to minimize the number of missed events with less regard for the 
number of invalid events that were selected.  These analyses provided substantial insight into the 
arrangement of the data and had important implications for the methods used to carry out the 
sensitivity analysis for the larger subset of the data. 
 
The results of these analyses were used to synthesize a set of triggers that are described in Table 
13.9.  These triggers were used for the detection of events within the full dataset.  Each table 
entry also presents, broadly, the characteristics of other less effective iterations of the triggers, 
based on the initial testing performed within a limited dataset.  Unless otherwise noted, triggers 
were only recorded when the vehicle was moving (speed greater than 0.0 m/s).  The 
effectiveness obtained from each of these triggers is repeated here and it was also addressed in 
Question 2.  These effectiveness values, initially discussed in Question 2, represent reasonable 
estimates of the maximum effectiveness that can be obtained with each trigger.  They also serve 
as an upper limit on the effectiveness that can be obtained from considering sensor outputs 
independently.   
 
Unfortunately, the effectiveness numbers for each trigger are substantially lower than the 90 
percent valid event retention and 5 percent invalid event retention that were originally proposed 
as goals for a large-scale study.  Fortunately, as will be discussed in the next section on data 
reduction, a larger percentage of invalid triggers add only marginal cost to a large-scale effort.  
The downfall of simple, highly effective trigger criteria is the amount of individual variability 
present in light vehicle driving.  (Prior studies, such as Dingus et al., 2002, had greater success 
with heavy vehicles.)  This variability proved to be too large to be handled by set triggers based 
on a relatively simple logic.  Statistical methods to improve these classification accuracies by 
using aggregate sensor data are discussed in the next section. 
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Table 13.9.  Trigger characteristics for the 100-Car Study. 

Trigger Type Description Unsuccessful Alternative Trigger 
Setting Tried 

Valid Events Detected 
(%) 

Rate of Invalid Events 
within the Trigger (%) 

1. Lateral 
Acceleration 

• Trigger setting had to be set very high 
to avoid the misclassification of a large 
number of invalid events. 

• The final trigger criterion was set at ± 
0.7 g 

• Suitability of this trigger might 
improve with the presence of side 
sensors that aid in identifying adjacent 
vehicles in lane change or merge 
events (see Side Sensor Triggers 
section below). 

• Data filtering 
• Smaller threshold values 

3.5 91.3 

2. Longitudinal 
Acceleration 

• Vehicle’s longitudinal acceleration 
reached a value <-0.52 g at any single 
point in time, with other levels of 
acceleration contributing to a trigger 
depending on data from other sensors 
(see the discussion for the Forward 
TTC). 

• Data filtering 
• Less extreme thresholds (e.g., -0.3 

g) 
• Using acceleration measured over a 

larger sample (e.g., 5 samples) 
44.7 66.4 

3. Event Button 

• This trigger occurred whenever 
participants pushed a button within the 
cabin.  The trigger depended on driver 
willingness to inform the researchers 
about the occurrence of an incident, 
and could be noisy due to drivers 
abusing of the feature to point out 
irrelevant events. 

• N/A 

8.4 69.9 

4. Forward Time-
to-Collision 

• Forward TTC value was based on the 
standard TTC equation using range, 
range rate, and acceleration 

• Filtered to exclude: 
o Any approaching object. 
o Any triggers that had a 

corresponding yaw signal that was 
>4 degrees per seconds and 

• Speed dependent TTC boundary 
line. 

56.5 86.4 
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occurred simultaneously (within 3 s) 
with the Forward TTC trigger while 
the vehicle was traveling at 8.9 m/s 
(20 mph) or less (i.e., indicating 
vehicle turning). 

o Any signal from the radar that did 
not maintain a consistent signature 
for a minimum of 7 frames. 

o If an initial positive Forward TTC 
trigger was observed, the peak 
longitudinal acceleration was 
determined across a 6 seconds time 
sample, 3 seconds prior to and 
following the Forward TTC trigger.  

o All peak longitudinal accelerations 
smaller than -0.5 g that were 
coupled with a Forward TTC of 4 
seconds or less represented a 
trigger. 

o All longitudinal accelerations 
between 
-0.4 g and -0.5 g represented a 
trigger provided that the Forward 
TTC value was <4 seconds and that 
the corresponding forward range 
value at the minimum Forward TTC 
was < 30.5 m (100 ft). 

5. Rear Time-to-
Collision 

• Calculated using range, range rate, and 
acceleration 

• Ignored targets with a speed >44.7 m/s 
(100 mph) 

• Used a trigger value of two seconds or 
less, as long as the corresponding rear 
range was <15.2 m (50 ft) and the peak 
longitudinal acceleration of the 
following vehicle was <-0.4 g.  The 
peak longitudinal acceleration of the 
following vehicle was sampled at +/- 2 
seconds around the TTC trigger. 

• Considering Rear TTC values by 
themselves, without consideration 
of the following vehicle 
deceleration or speed.  

4.6 59.9 

6. Yaw rate • Used to identify a change in heading • Speed dependent boundary line.  21.7 91.1 
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that was immediately followed by a 
return to the same general heading. 

• This filter was suitable for determining 
when the driver performed a sudden 
steering maneuver and not a cornering 
maneuver. 

• The trigger criterion for yaw rate was 
any set of values that went from neutral 
(i.e., ~0) yaw rate to +4 degrees/s, 
oscillated back to -4 degrees/s (or vice 
versa: -4 to +4), and then returned to 
neutral within a 3-second time window.  
Thus, the vehicle was required to return 
to the same general direction of travel 
within the 3-second window.   

• A minimum speed of 6.7 m/s (15 mph) 
was required for the trigger to activate. 
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The triggers in Table 13.9 represent the best performing triggers, but there were other triggers 
that resulted in detection of very large numbers of invalid events, or for which only a limited 
amount of data were collected.  These triggers included criteria from the lane tracker and the side 
radars. 
 
The lane tracker resulted in valuable data used during the data reduction process to understand 
both the type and severity of the events.  In addition, triggers were attempted to capture lane 
abort and lane bust events.  A lane bust occurred when the vehicle crossed a solid lane line.  This 
trigger was set to occur when the vehicle moved a minimum of 3 ft outside of a lane boundary 
while traveling at a speed >20.1 m/s (45 mph) and underwent several unsuccessful revisions.  
The lane abort trigger was activated when a vehicle crossed a dashed line and returned to the 
original position.  This trigger also underwent several revisions that failed to improve its 
performance.  The lane abort trigger was set to occur when the vehicle moved a minimum of 3 ft 
outside of a lane boundary (60 in from center of lane) while traveling at a speed >20.1 m/s (45 
mph) and the vehicle did not complete the lane change.  Altogether, these triggers correctly 
classified 0.6 percent of all valid events.  A total of 96.1 percent of all events captured by this 
trigger were invalid.  
 
The vehicles that were instrumented with side sensors allowed the establishment of additional 
triggers that provided more detailed information on side conflicts.  Four separate triggers were 
developed based on the data for these sensors: 

• Turn Signal Light: This trigger occurred when an object was detected by the side 
radar within +/- 1 second of any instance in which the turn signal was active.  Vehicle 
speed also had to be higher than 6.7 m/s (15 mph) for the trigger to occur.   

• Side Cutoff:  This trigger was only activated when vehicle speed was faster than 8.9 
m/s (20 mph) and a lane change occurred in front of another car located within 15.2 
m (50 ft) of the vehicle.  

• Side Blind Spot: This trigger occurred only for vehicle speeds >8.9 m/s (20 mph) 
when a lane abort maneuver (as detected by the lane tracker) occurred while an object 
was detected by the side radar.  

• Side Yaw: The trigger criterion for yaw rate was any set of values that went from 
neutral (i.e., ~0) yaw rate to +2 degrees/s, oscillated back to -2 degrees/s (or vice 
versa: -2 to +2), and then returned to neutral within a 3-second time window.  A 
minimum speed of 6.7 m/s (15 mph) was required for the trigger to activate.  In 
addition, the side radar had to detect an object for the trigger to occur. 

 
Altogether, these triggers correctly classified 3.1 percent of all valid events.  A total of 96.5 
percent of all events captured by this trigger were invalid.   
 
Multivariate Statistical Sensitivity Analysis  
Given that the univariate (albeit multiple, sequentially filtered) triggers did not yield the desired 
levels of identification performance, multivariate statistical approaches were tried.  These 
approaches exploited the relationship between the variables of interest to make classification 
decisions.  These decisions are not dependent on a single pass/fail value for a particular sensor 
(or combination thereof), but consider the overall contribution of each sensor available in 
determining the likelihood of identifying a crash or near-crash.  In simple terms, these 
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approaches build complex classification matrices by mathematically synthesizing the data that 
are available.  This complexity also hinders their ease of understanding.  While it is easy to 
imagine that there is a high probability that an event occurred if a longitudinal acceleration 
greater than 0.9 g is observed, it is less intuitive to understand that a longitudinal acceleration of 
0.3 g might indicate an event if the forward time to collision is less than 0.7 seconds, the speed is 
less than 15.6 m/s (35 mph), and the lateral acceleration is lower than 0.2 g.  These complex if-
then relationships are synthesized by these statistical approaches and put into the forms of simple 
linear equations producing the desired classification results.  
 
All of the crashes and near-crashes, as well as a portion of the triggered events that were found to 
be invalid, were selected for use in these multivariate statistical analyses.  Two approaches were 
considered, based on their adequacy for the problem of interest: logistic regression and 
discriminant analysis.  Both of these approaches are able to take a large number of variables and 
use them to either classify observations (discriminant analysis) or determine the probability of 
group membership for any observation (logistic regression).  The main difference between these 
two techniques is that discriminant analysis provides classification for continuous dependent 
variables that preferably fit a multivariate normal distribution.  Logistic regression can use 
continuous or discrete variables and makes no multivariate normality assumption. 
 
Initial analysis approaches considered the full dataset of valid events, without filtering, by event 
severity.  A random sample of invalid events was also included within the analysis dataset.  The 
sample consisted of 17,625 invalid triggers, representing 12.9 percent of the overall number of 
invalid triggers in the study.   
 
The dataset included 8 seconds of data per event (valid or invalid), centered around the instant in 
which the first trigger for the event occurred.  Thus 4s of the data for each event occurred before 
the trigger and 4s occurred after the trigger.  If a valid event had more than one positive trigger, 
the data for the event was centered on the first trigger in the time sequence. 
 
From the 8 seconds of data per event, a series of dependent variables were calculated for 
inclusion in subsequent analyses.  Unless otherwise noted, all of these variables were used in 
each of the analyses.  These variables included: 

• Forward TTC considering lead-vehicle acceleration – minimum through the 8 
seconds of data for the event. 

• Forward TTC without considering lead-vehicle acceleration – minimum through the 8 
seconds of data for the event. 

• Range at the minimum Forward TTC (not considering lead-vehicle acceleration). 
• Rear TTC considering following-vehicle acceleration – minimum through the 8 

seconds of data for the event. 
• Rear TTC without considering following-vehicle acceleration – minimum through the 

8 seconds of data for the event. 
• Range at the minimum Rear TTC (not considering following-vehicle acceleration). 
• Maximum difference between yaw rates – calculated between the maximum and 

minimum values obtained for the 8 seconds of data. 
• Time between maximum and minimum yaw rates – for the 8 seconds of data for the 

event. 
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• Yaw variance – for the 8 seconds of data for the event. 
• Longitudinal acceleration – mean, minimum (recall that a deceleration is negative), 

and variance for the 8 seconds of data. 
• Absolute lateral acceleration – mean, maximum, and variance for the eight seconds of 

data. 
• Speed – mean and variance for the 8 seconds of data. 

 
Discriminant Analysis.  Discriminant analysis is descriptive of a particular statistical process 
with a large number of associated options.  The discriminant analyses discussed are the end 
product of a large number of trial runs exploring the options that could best be used to model the 
data at hand.  For example, an important parameter for discriminant analysis is the rule used.  
The analyses in this section employed a quadratic discriminant rule.  For many of the analyses 
discussed, other rule options, including a linear discriminant rule and nearest neighbor rule 
(which does not depend on multivariate normality) were tried.  No cases were found in which 
their performance was better than the quadratic discriminant rule. 
 
Since the lack of multivariate normality in the data was a source of concern when applying this 
procedure, transformations of the variables were also attempted to attain multivariate normality.  
These transformations did not result in any improvements to the classification accuracy of the 
discriminant analysis. 
 
Another discriminant analysis option is the method used to estimate the probabilities of 
misclassification.  The analyses in this section employed the cross-validation method because 
this approach produced nearly unbiased estimates of the true probabilities of correct and 
incorrect classifications. 
 
Finally, discriminant analysis also allowed the introduction of expected probabilities of events 
within the dataset.  These probabilities, as will be shown later in this section, could have a large 
effects on the classification accuracies of the procedure.  Unless otherwise noted, the analyses 
discussed assume no knowledge of prior probability, and allow the analysis to use the 
probabilities that it detected within the dataset as the expected classifier probability. 
 
Some manipulation of the available data also occurred.  Since the variables being used were 
kinematic in nature, it was considered necessary to initially split the data between compact and 
mid-size automobiles (“cars”) and sport-utility vehicles (“SUVs”).  These two vehicle types can 
have differing kinematic behaviors and differing driver responses to control them.  Thus, this 
additional source of variability within the data was isolated by the data split. 
 
The initial discriminant analyses, considering cars and SUVs separately, included all variables 
except yaw variance, longitudinal acceleration variance, and lateral acceleration variance.  These 
variables were added to later analyses to attempt, unsuccessfully, to improve classification 
accuracy.  For this set of analyses, events of all severities were included as valid events. 
 
Results here and throughout this section are shown in terms of a confusion matrix.  The rows in 
the matrix indicate the correct classification for the event.  The columns in the matrix indicate 
the classification provided by the discriminant analysis.  The numbers within the matrix cells 
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indicate the percentage of observations for a row that were classified in each particular category.  
The percentages total 100 percent for each row.  The table’s diagonal (starting at the upper left 
corner) is bold-faced to indicate correct classifications.  Results for the discriminant analysis on 
data for passenger cars are shown in Table 13.10.  

Table 13.10.  Confusion matrix for passenger cars. 

  Event classified as: 
  Invalid Valid 

Invalid 76.4 23.6 Event was: Valid 54.6 45.4 
 

Results for the discriminant analysis on the data for SUVs are shown in Table 13.11. 

Table 13.11.  Trigger Confusion matrix for SUVs 

  Event classified as: 
  Invalid Valid 

Invalid 81.3 18.7 Event was: Valid 41.2 58.8 
 
These numbers were discouraging, as less than 60 percent of valid events could be detected.  
Perhaps even more discouraging, even at this high miss rate, was that more than 15 percent of all 
invalid events would have to be reduced, because the system would collect them as valid data.  
Given the overwhelming presence of invalid events in the data (i.e., in which at least one of the 
triggers was active in a situation when no event occurred), this would result in a large number of 
invalid events that would have to be reduced for each valid event (approximately 15:1).  
However, given the broadness of the data, it was thought that variability due to the nature of the 
event could be influencing the results.  The kinematic conditions for a conflict with a lead 
vehicle that was a near-crash, for example, could be different from the kinematic conditions for a 
conflict with a following vehicle that was a near-crash.  Forcing the discriminant analysis to 
lump these two categories into the same general classification (i.e., valid event) could hinder the 
overall classification ability. 
 
Initial support for this hypothesis was obtained from graphs of the dependent variables for 
crashes, with crashes grouped by nature.  Some differences in vehicle kinematics could be 
observed as a function of event nature.  To determine whether these observations could translate 
into a better classification scheme, a discriminant analysis was created to classify events based 
on their nature.  Five different nature categories were collapsed from the broader set of 
categories employed by data reductionists: 

1. Conflict with a lead vehicle (CLV). 
2. Conflict with a following vehicle (CFV). 
3. Side conflict (CS). 
4. Conflict with non-vehicle or parked vehicle (CNV). 
5. Single vehicle conflict (SVC). 

 
In addition, a sixth category was included that grouped invalid events (INV).  This analysis only 
considered crashes and near-crashes.  Any separation in kinematics that might be useful for 
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classification would be intensified on these event severities (when compared to incidents, the 
remaining type of valid event).  If the analysis showed good classification performance for 
crashes and near-crashes, it could be extended to include incidents.  This philosophy was 
maintained for the remainder of the analyses in this section. 
 
This analysis also considered both cars and SUVs through the use of an artificial variable within 
the set of predictors.  Thus, possible variance due to vehicle type was accounted for without the 
need for separate discriminant analyses for each vehicle type. 
 
As for the previous analysis, yaw variance, longitudinal acceleration variance, and lateral 
acceleration variance were not included.  These variables were added on later analyses to 
attempt, unsuccessfully, to improve classification accuracy.  To simplify the matrix, counts are 
not provided.  Table 13.12 shows the results for this discriminant analysis. 

Table 13.12.  Confusion matrix for different event types. 

  Event classified as: 
  CFV INV CLV CNV CS SVC 

CFV 1.3 76.6 10.4 0.0 7.8 3.9 
INV 1.0 92.7 2.8 0.3 1.8 1.5 
CLV 1.6 82.3 10.3 1.6 3.4 0.8 
CNV 2.7 75.7 13.5 2.7 0.0 5.4 
CS 2.0 72.6 5.6 1.0 15.7 2.9 

Event was: 

SVC 1.5 61.8 0.0 2.9 10.3 23.5 
 
While the approach classified a large number of invalid events correctly, it also tended to classify 
the majority of all other types of events as invalid.  Thus, while the number of invalid events that 
would be observed by data reductionists would be smaller, a large number of valid events would 
be missed. 
 
At this point, it was possible that prediction of the discriminant analysis could perform better for 
crashes than near-crashes, so these two severities were separated.  In addition, the yaw variance, 
longitudinal acceleration variance, and lateral acceleration variables were added to the analysis 
to attempt improving the classification accuracy.  As for the previous analysis, cars and SUVs 
were both included in the analysis via an artificial variable.  For this table, the total number of 
crashes expected was 69 and the total number of near-crashes expected was 761.  Results for this 
discriminant analysis are shown in Table 13.13. 
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Table 13.13.  Confusion matrix for different event severities. 

  Event classified as: 
  Crash Invalid Near   

Crash 
Crash 15.0 60.0 25.0 
Invalid 2.5 94.3 3.2 Event was: 

Near-crashes 4.6 64.8 30.6 
 
Thus, the discriminant function classified near-crashes two times more accurately than crashes.  
However, both crashes and near-crashes were classified as invalid close to 60 percent of the 
time.  The difference in classification accuracy between crashes and near-crashes was due to 
crashes being classified as near-crashes. 
 
For some discriminant analyses, stepwise selection of variables can help by eliminating variables 
from the analysis that are either not contributing to the discrimination, or that are contributing the 
same information as other variables.  At this stage of the analysis, a stepwise discriminant 
analysis was performed to determine if this was a possibility with the dataset.  The stepwise 
discriminant analysis retained all of the original variables. 
 
The conclusion from these efforts was that it might be useful to separate and analyze events 
according to their event nature.  These analyses were performed only for conflict with lead 
vehicle and conflict with following vehicle, as these were the two most frequent categories of 
valid events.  Remaining categories occurred less frequently by a factor of at least two.  Again, 
SUVs and cars were considered within the same analysis via an artificial variable.  Results of the 
discriminant analysis for conflict with lead vehicle are shown on Table 13.14. 

Table 13.14.  Confusion matrix for conflict with lead-vehicle events. 

  Event classified as: 
  Invalid Valid 

Invalid 89.7 10.3 Event was: Valid 44.3 55.7 
 
Results for conflict with following vehicle are shown on Table 13.15. 

Table 13.15.  Confusion matrix for conflict with following-vehicle events. 

  Event classified as: 
  Invalid Valid 

Invalid 99.2 0.8 Event was: Valid 94.9 5.1 
 
While the percentages of correct invalid classifications are large, the percentages of incorrect 
invalid classifications are small, at 55.7 percent for conflicts with lead vehicles and 5.1 percent 
for conflicts with following vehicle. 
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A final option to improve the performance of the discriminant analysis was to modify the 
expected probabilities of valid and invalid events within the dataset.  Until this stage, those 
probabilities were being calculated from the data used.  Given that some knowledge of these 
probabilities was possible, it was foreseeable that they could be set instead of calculated.  The 
analyses that follow consider only conflicts with lead vehicles, as they are exploratory in nature.  
Similar levels of performance could be obtained for conflicts with following vehicles, if needed, 
by using slightly different expected probabilities. 
 
These analyses include SUVs and cars via the inclusion of an artificial variable within the 
analysis.  Results of the discriminant analysis for conflict with lead vehicle with equal 
probability of valid and invalid events are shown on Table 13.16. 

Table 13.16.  Confusion matrix for conflict with lead-vehicle events, equal event 
probability. 

  Event classified as: 
  Invalid Valid 

Invalid 41.1 58.9 
Event was: Valid 11.1 88.9 

 
In this case, 76.9 percent and 89.3 percent of crashes and near-crashes are classified correctly.  If 
the expected probability of an invalid event is increased to 0.7 (from 0.5 in the previous 
analysis), the results are shown on Table 13.17. 

Table 13.17.  Confusion matrix for conflict with lead-vehicle events, 0.7 invalid event 
probability. 

  Event classified as: 
  Invalid Valid 

Invalid 50.8 49.2 Event was: Valid 15.1 84.9 
 
Now, 76.9 percent and 85.2 percent of crashes and near-crashes are classified correctly.  Note 
that the adjustment in cost did not affect the classification accuracy of crashes.  The percentage 
of correctly classified invalid events increased.  If the expected probability of an invalid event is 
further increased to 0.9 (from 0.7 in the previous analysis), the results are shown on Table 13.18. 

Table 13.18.  Confusion matrix for conflict with lead-vehicle events, 0.9 invalid event 
probability. 

  Event classified as: 
  Invalid Valid 

Invalid 72.2 27.8 Event was: Valid 23.9 76.1 
 
Crashes are still being classified correctly 76.9 percent of the time, but near-crash correct 
classification now drops to 76.1 percent.  However, the percentage of invalid events classified 
correctly increases to 72.2 percent. 
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Overall, these analyses suggest that expected probabilities can be used to tradeoff missed valid 
events with a sufficiently small number of invalid events that will be included in the dataset.  
This concept was then combined with additional filtering of the data that personalized the 
analysis for each participant, as discussed below. 
 
The purpose of these filters was to invalidate data before the discriminant analysis process.  To 
limit the scope of the analysis, only conflicts with lead and following vehicles were considered 
(see rationale above).  However, results suggested that the filtering approach hindered the 
performance of the analyses for conflicts with following vehicles.  Thus, results for that 
particular set of analyses are not presented here; instead, only results for conflict with lead 
vehicle are shown.  In addition, the personalization created by a portion of the filtering process 
required that only primary drivers were used in the analysis. 
 
The initial filter was applied to the data to attempt to reduce the number of invalid events 
considered.  This filter required any valid triggers to have a minimum Forward TTC of less than 
10s, with a maximum range of 50 m (164 ft) and at least one observation when the range rate 
was negative.  This filter was applied to data across participants, and reduced the number of valid 
events by 36.0 percent and the number of invalid events by 30.1 percent.  In raw numbers for the 
samples used, however, this translates to 131 lost valid events (out of 364) versus 5,100 invalid 
events that would be correctly ignored (out of 16,927), a large practical difference. 
 
The second filter, which was implemented in addition to the Forward TTC filter described above, 
attempted to account for some of the individual differences between drivers before the 
discriminant analysis was performed.  This approach assumes that a DAS used in a large-scale 
study would have some sort of learning capability that would tailor the triggers to each driver.  
The idea for this approach comes from experimental observations discussed elsewhere in this 
report. What was normal driving for some drivers represented a critical incident or near-crash for 
others.  This variability increases the noise in a discriminant analysis that is examining aggregate 
data.   
 
The personalized filter consisted of eliminating from consideration observations that exceeded 
preset longitudinal deceleration thresholds for each driver.  Table 13.19 lists the effects of the 
filter depending on the deceleration threshold selected.  Even when the percentile threshold was 
set as high as 50 percent, a small number of additional valid events were lost (22 when compared 
to those lost due to the Forward TTC filter by itself) when compared to the 2,913 additional 
invalid events that would not have to be reduced.  
 



 342

Table 13.19.  Valid events remaining as a function of deceleration threshold selected for 
pre-discriminant analysis filter. 

Deceleration 
Threshold 

(Calculated for 
Each Driver) 

Number of Valid 
Events Evaluated 

Percentage of Valid 
Events Lost (%) 

Number of Invalid 
Events Evaluated 

Percentage of 
Invalid Events 

Correctly Rejected 
(%) 

10th percentile 231 36.5 10,511 37.9 
20th percentile 229 37.1 10,268 39.3 
30th percentile 223 38.7 9,941 41.3 
40th percentile 217 40.4 9,481 44.0 
50th percentile 211 42.0 8,914 47.3 

 
These filtering processes also had, as expected, some positive effects on the results from the 
discriminant analyses.  Table 13.20 combines the 40th and 50th percentiles filters with different 
values for expected probabilities.  Classification accuracies can be improved by manipulating 
these probabilities, as was shown before.  The improvements followed similar patterns for both 
percentile threshold settings.  Results also improved when compared to the pre-filtering numbers, 
previously presented.  While the percentage of correct invalid events tended to be larger than it 
was for the pre-filtered data, this was mainly due to the large number of invalid events that were 
removed by the filtering procedure.  There are a fewer number of incorrectly classified invalid 
events for the filtering approach than for the approach that did not filter the data. 

Table 13.20.  Discriminant analysis classification results as a function of expected 
probability and percentile threshold. 

 50th Percentile Threshold 40th Percentile Threshold 

Probability of 
Valid/Probability of 

Invalid 

Invalid 
Classified as 
Invalid (%) 

Valid 
Classified as 

Valid (%) 

Invalid 
Classified as 
Invalid (%) 

Valid 
Classified as 

Valid (%) 
Based on Sample 79.5 72.5 79.8 71.9 

0.1 / 0.9 56.8 82.5 58.9 82.5 
0.2 / 0.8 46.9 87.2 49.4 86.2 
0.3 / 0.7 41.8 88.1 43.7 87.6 
0.4 / 0.6 37.7 89.6 39.8 87.6 
0.5 / 0.5 34.5 90.5 36.4 90.8 

 
Results for the analyses described in this section point to several conclusions that are relevant for 
a large-scale naturalistic data collection effort.  First, crashes and near-crashes should be the 
focus of such an effort.  Incidents are observed at a much higher rate than crashes and near-
crashes; a total of 90.9 percent of all valid events were classified as incidents.  Including 
incidents would likely overwhelm any data reduction effort for a large-scale study.  Incidents are 
also closer in terms of kinematic signature to many invalid events than are crashes and near-
crashes, making their discrimination more difficult.   
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Second, assuming that crashes and near-crashes are the focus of a large-scale study, tradeoffs 
concerning loss of valid events should focus on losing a minimal number of near-crashes.  Based 
on the results of the discriminant analyses, changes in the sensitivity of the analysis had minimal 
effects on the number of crashes detected, but affected to a larger extent the number of near-
crashes detected.  Maximizing the number of near-crashes detected while minimizing the number 
of invalid events also tends to maximize the number of crashes detected. 
 
Third, it seems that tailoring the triggering algorithms to particular individuals is a feasible 
partial solution to minimizing the number of invalid triggers collected, when it is combined with 
appropriately selected expected probabilities.  In the analyses above, this process was very 
effective in reducing the number of invalid events detected.  Assuming that the 40th percentile 
longitudinal acceleration threshold is used along with expected probabilities based on our current 
sample, only 20.2 percent of invalid events would be kept, compared to 71.9 percent of the valid 
events, as shown on Table 13.21. 

Table 13.21.  Confusion matrix for conflict with lead-vehicle events, 40th percentile 
longitudinal acceleration, probabilities based on sample. 

  Event classified as: 
  Invalid Valid 

Invalid 79.8 20.2 Event was: Valid 28.1 71.9 
 
It would also be expected that the majority of the valid events lost would be near-crashes, rather 
than crashes, given particular aspects of the crash event severity (e.g., longitudinal acceleration 
spikes) that make them easy to identify. 
 
Achieving this tailoring process in a large-scale study would require some initial data collection 
on each participant’s driving habits that would then be used to tailor the triggers for that driver, 
which should always be the primary driver for the vehicle.  This data collection period might be 
as short as a week, based on the data obtained for this study.  While a small additional 
investment would be required to achieve this goal, the benefit gained by shortening the data 
reduction effort seems attractive. 
 
Table 13.21 represents a reasonable tradeoff between missing valid events and avoiding 
numerous invalid events.  As shown throughout this section, various settings can produce drastic 
changes in the composition of the table.  The percentage of valid events collected can reach 90 
percent in some cases (40th percentile threshold, 0.5/0.5 expected probabilities), but this occurs at 
a considerable cost in terms of the percentage of invalid events that have to be reduced (~60%).  
Compared to Table 13.21, this implies that an additional 40 percent of invalid events would have 
to be reduced to gain less than 20 percent for the number of valid events detected.  Therefore, 
tradeoffs can be made, depending on the goal of a large-scale data collection effort.  However, 
provided the large number of cars that would be on the road in such a case (~5,000), losing a 
relatively small percentage of near-crash events seems a reasonable cost to substantially reduce 
the data reduction effort.  Chapter 14, Goal 10 (separate report) presents a sample data reduction 
savings calculation based on the percentages suggested in Table 13.21. 
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Logistic Regression.  Logistic regression was explored as an alternative to discriminant analysis.  
Recall that discriminant analysis has an implicit requirement of multivariate normality, which 
was not always present within the predictor variables used.  Logistic regression relaxes this 
requirement. 
 
Regardless of this advantage, logistic regression performed poorly on all the prediction trials for 
which it was used.  While it was run on different sets of data, similar to those discussed for 
discriminant analysis, logistic regression always performed much more poorly than discriminant 
analysis.  For example, for events of a conflict with lead-vehicle nature, considering SUVs and 
cars, and classifying events as either valid or invalid, the results are summarized in the following 
confusion matrix: 

Table 13.22.  Confusion matrix for conflict with lead-vehicle events using the logistic 
regression approach. 

  Event classified as: 
  Invalid Valid 

Invalid 99.9 0.1 Event was: Valid 92.7 7.3 
 
This result was typical of the logistic regression approach.  Invalid events were classified 
correctly a large percentage of the time, but valid events were predicted correctly a very small 
percentage of the time (7.3%). 
 
Summary 
Overall, using the aggregate sensor data produced higher levels of performance than data from 
any one sensor.  This was not surprising, given that different events had different natures.  Each 
of these event natures had a particular set of kinematic characteristics that best identified it.  For 
example, conflicts with lead vehicles can be expected to exhibit larger longitudinal decelerations 
than conflicts with side vehicles, when the lateral acceleration is expected to be higher.  Any 
method that aggregates the data from the different sensors should therefore be able to 
discriminate better than data from a single sensor. 
 
The tradeoff between collecting events of various severities is also important.  Incidents occurred 
at a much higher rate than crashes and near-crashes, and they were not considered in many of the 
analyses of this section.  For a large-scale naturalistic data collection effort, it seems that the 
number of incidents, if collected, would be higher than necessary and would place an undue 
burden on any data reduction capabilities.  They also exhibit closer kinematic profiles to invalid 
events, making discrimination much more difficult.  This is a lesser problem with near-crashes 
and a much smaller problem for crashes.  As evidence, note the stability in the number of crashes 
correctly classified by the discriminant analysis, even when expected probabilities for the events 
were changed.  This stability was reduced for near-crashes and would be expected to be further 
reduced for incidents. 
 
It is important to note that the presence of a crash was typically indicated by a variety of sources 
for this study and this would also likely be true in the next study.  These sources included:  
subject self-reports, notations from data downloaders, and greater-than 1.0g acceleration spikes 
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in the data stream.  Thus, the classification problem for a large-scale study would primarily be 
one of correct identification of near-crash events. 
 
Based on the results of the best classification scheme obtained, it seems that the acceleration, 
forward headway, and yaw rate sensors resulted in the most effective classification performance 
when considered independently.  Their performance is increased by aggregating their 
information.  It seems that a suite of these sensors and the appropriate signal processing (i.e., 
filtering and combining sensor inputs) could yield a system that collects a relatively high 
percentage of valid events and a comparatively small percentage of invalid events.  Data 
reduction would still be needed, but reductionists would have to sift through a smaller number of 
invalid events for each valid event found.  This is particularly true when an algorithm can be 
tuned for an individual driver using their first week of driving data to increase or reduce 
sensitivity to likely near-crash event signatures. 
 
Based on the initial multivariate discriminant algorithms described above, (which are fairly 
consistent with the kinematic “minimum error” criteria discussed in Chapter 6, Goal 2), one 
could expect to capture virtually all of the crashes and at least 72 percent of the near-crash events 
in a large-scale study while rejecting 80 percent of the invalid events.  For a 5,000 vehicle, 
10,000 driving-year large-scale study, this would result in a database of roughly 2,400 
crashes/collisions (of all severities as defined here) and almost 50,000 (out of 65,000 total) near-
crash events, excluding any sampling of other incidents, specific circumstances of interest, or 
baseline events.    

DISCUSSION 

The DAS used in this study purposefully contained a large number of sensors, some of which 
were redundant, with the goal of maximizing the level of redundancy within the system and 
obtaining a dataset that represented a nearly best-case scenario of data availability.  This large 
number of sensors may not be needed for a larger-scale study.  The events of interest may be 
more narrowly targeted or the magnitude of the data large enough that missing a few valid events 
is not as important as minimizing the number of invalid events that contaminate the dataset and 
increase the data reduction effort. 
 
A larger-scale study would also magnify any system repair and/or maintenance needs.  Thus, 
reducing the number of sensors and selecting sensors with low associated failure rates would be 
an important aspect of such an effort.  Most of the sensors used in the data collection effort 
reported herein had very low failure rates, which will likely be even lower as technology 
progresses.  The most problem-prone sensors were video and radar.   
 
Given the advantages of video, however, it seems that its place as a sensor in a larger-scale study 
is necessary, albeit a smaller number of cameras might be acceptable (see the Goal 10 Report for 
further discussion of this issue).  While the performance of the sensors in discriminating between 
valid and invalid events can be increased by data analysis methods, this increase is not large 
enough to warrant the elimination of the only method available for event verification. 
 
The failure rate for radar was lower than for video.  While there are problems with radar data, the 
radar units have to be carefully installed, and they are usually damaged in crashes, the relative 
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position and speed of leading traffic are important factors to consider for triggering to obtain 
valid events.  Thus, despite the failure rate, the technology would be needed for a larger-scale 
study.  Of course, if other technologies could sense the same data with a lower failure rate, they 
should be considered.  At this time, however, no such technology exists at a reasonable price. 
 
Other sensors, including accelerometers and gyros (for yaw rate), had negligible failure rates, 
undetectable for the current study.  These sensors also provided data that proved very useful for 
valid event discrimination, as discussed in Question 3.  These sensors should be included in the 
sensor suite for a large-scale study. 
 
The triggers used in such an array of sensors would likely take values similar to those discussed 
in this goal, and the discrimination process using aggregate data would likely be equivalent.  
However, some of these triggers may become more stringent if higher accuracy sensors are used 
or if the data collection rate for some of the sensors is increased.  Thus, the numbers suggested in 
this section for future use represent good starting values and their performance should be tested 
within the final system in which they are included. 
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 CHAPTER 14: GENERAL CONCLUSIONS 

 
The 100-Car Naturalistic Driving Study is the first instrumented vehicle study undertaken with 
the primary purpose of collecting large-scale naturalistic driving data.  Two hundred forty-one 
participants between the ages of 18 and 73 drove for a total of over 2.1 MVMT and 42,300 hours 
over an 18-month data collection period.  Drivers were given no special instructions, no 
experimenter was present, and the data collection instrumentation was unobtrusive.  In addition, 
the majority of the drivers drove their own vehicle (78 out of 100 vehicles).  As described 
throughout this document, there is every indication that the drivers rapidly disregarded the 
presence of the instrumentation.  Thus, the resulting database contains many extreme cases of 
driving behavior and performance including extreme drowsiness, impairment, judgment error, 
risk taking, willingness to engage in secondary tasks, aggressive driving, and traffic violations, 
among others, that have been heretofore greatly attenuated by other empirical techniques.  

ADVANTAGES TO THE NATURALISTIC APPROACH 

Five channels of digitally compressed video and numerous electronic sensors including radars 
and accelerometers comprised the data collection system.  A variety of data reduction and 
analysis tools were created to allow for efficient utilization of the resulting six-terabyte raw 
database.  Using both the video and electronic sensor data, an “event” database consisting of 
crash, near-crash and crash-relevant conflict events was created.  This database, consisting of 
almost 10,000 such events, was used to address 10 specific objectives ranging from the factors 
that contribute to rear-end and lane change events, to the prevalence of distraction and 
drowsiness in crashes and near-crashes, to precise analysis of the factors leading up to a crash or 
near-crash event.  The specific results and conclusions associated with these 10 objectives are 
described in Chapters 4 through 13 of this report.  In addition, these results are summarized in 
the Report Overview presented at the beginning of this document. 
 
A real strength of this approach is that the event database can be potentially for years to come, to 
address a multitude of additional research questions beyond those originally conceptualized.  As 
of this writing, the database is being expanded to answer additional research objectives.  This 
expansion includes the development of a statistically valid baseline to assess exposure for 
evaluation of findings.  This first baseline includes 20,000 random samples of segments of 
driving behavior.   
 
Another significant advantage of this approach over existing approaches is that the video allows 
direct viewing of all of the pre-event and during-event parameters, including the pre-event 
driver behaviors such as distraction, drowsiness, error, and so forth.  In addition, this technique 
allows the precise calculation of parameters such as vehicle speed, vehicle headway, time-to-
collision, and driver reaction time. 
 
Naturalistic methods have the potential to fill a void in our existing driving safety research.  
Specifically, it provides much more detailed and accurate information regarding near-crash, pre-
crash, and crash events than is currently available, even after a detailed crash investigation.  
Police reports and crash investigations rely on eyewitness accounts.  Such data have been shown 
to be limited in accuracy.  For example, drivers often do not remember specific details that occur 
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very rapidly as a crash or near-crash scenario unfolds.  This is exacerbated by cases in which the 
drivers or passengers have been dazed in a crash event, or are trying to hide the details of what 
occurred due to reasons of embarrassment or fear of prosecution.   
 
Furthermore, the data provides much greater external validity relative to the larger context of 
driving when compared to empirical methods such as test tracks or simulators. Unlike empirical 
methods, naturalistic studies allow the consideration of many factors simultaneously including 
questions such as,  “How do drivers modify their risk to situations where they choose to engage 
in a potentially distracting task?”  “Do drivers increase headway, reduce speed, or wait for a 
straight stretch of road thereby mitigating their crash risk?”  “When they do exhibit such 
adaptation behavior, do drivers tend to over- or under-compensate for a given situation?”  These 
questions cannot be effectively addressed using conventional empirical methods.  This has 
always limited our ability to fully understand the relationship between surrogate measures of 
safety, such as lane keeping performance or eyeglance behavior, and crash risk.  Furthermore, as 
demonstrated repeatedly in the 100-Car Study, the absence of an experimenter avoids potential 
modification of drivers’ performance and behavior that may occur in contrived empirical 
circumstances.   
 
For the first time, we are collecting detailed information on large numbers of near-crash events.  
These events were operationally defined for this study as having the presence of identical 
elements to a crash scenario, with the exception of the presence of a successful evasive 
maneuver.  These types of events have two important features that crash data do not.  First, they 
occur much more frequently (e.g., 15 times more than crashes).  Second, near-crash events are 
cases where a driver successfully performed an evasive maneuver.  Understanding these cases 
may give additional insight into the factors that allow drivers to be effective defensive drivers, as 
well as potential countermeasures to aid these drivers. 

IMPLICATIONS FOR A LARGE-SCALE EFFORT 

Despite the massive scope of the current effort, it was designed to also serve as a pilot to a much 
larger future study.  From an epidemiological viewpoint, the study was small with the presence 
of 15 police-reported and 82 total crashes and minor collisions.  Furthermore, drivers were 
recruited from only one area of the country (Northern Virginia/Washington, DC, metro area).  
One purpose of a larger-scale study would be to have a statistically representative sample of 
crashes (perhaps 2,000) and a more representative subject/environment sample. 
 
Since a primary purpose of the 100-Car Study was to serve as a pilot for a larger-scale (e.g., a 
5,000-car) study, a goal was to evaluate the process and results of the 100-Car Study to assess 
the feasibility of such an undertaking.  Based upon the results of the evaluations conducted, it is 
believed that a large-scale database would be an enormous asset and would be used by 
transportation researchers for many years.  Such an undertaking would allow researchers to gain 
insight and understanding into a wide array of driving behavior issues and potentially serve as a 
basis for decision making and program development within both the government and business 
sectors.  This belief is based upon the robustness of these pilot results and the anticipation that 
these data will continue to be analyzed and the results made available, from a variety of 
researchers and research organizations for, at least, the next 5 to 10 years.  Clearly, these data 
can provide unique insights into issues that have eluded the highway safety community. 
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SUMMARY 

It is believed that the database that has resulted from this study can be useful for a variety of 
purposes for a number of years.  In addition, the initial event database described above can be 
continually enhanced, since all of the video and electronic data for the entire study have been 
archived.  The current project specified 10 objectives or goals that would be addressed through 
the initial analysis of the event database.  This report addresses these 10 goals.  Some of most 
important findings addressed as part of the analysis of these 10 goals are presented below: 
 

• This study allowed, perhaps for the first time, the capture of crash and collision events 
that included minor, non-property-damage contact.  These low-severity collisions provide 
very valuable information and occur much more frequently than more severe crashes.  As 
a result, crash/collision-involvement was much higher than expected in that 82 total 
crashes/collisions were reported in this study, while only 15 of these crashes were 
reported to the police.  For urban/suburban settings, this suggests that total crash/collision 
involvement may be over five times higher than police-reported crashes.   

 
• Almost 80 percent of all crashes and 65 percent of all near-crashes involved the driver 

looking away from the forward roadway just prior to the onset of the conflict.  Prior 
estimates related to “distraction” as a contributing factor have been in the range of 25 
percent. 

 
• Inattention, which was operationally defined as including: (1) secondary task distraction, 

(2) driving-related inattention to the forward roadway (e.g., blind spot checks), (3) 
moderate to extreme drowsiness, and (4) other non-driving-related eyeglances, was a 
contributing factor for 93 percent of the conflict with lead vehicle crashes and minor 
collisions.  In 86 percent of the lead vehicle crashes/collisions, the headway at the onset 
of the event was greater than 2.0 seconds.  

 
• For scenarios involving conflict with a lead vehicle, the most frequent cases of lower 

severity conflicts (i.e., incidents and near-crashes) occurred in lead-vehicle moving 
scenarios, while 100 percent of the crashes (14 total) occurred when the lead vehicle was 
stopped.  This indicates that drivers have sufficient awareness and ability to perform 
evasive maneuvers when closing rates are lower and/or expectancies about the flow of 
traffic are not violated. 

 
• The rate of inattention-related crash and near-crash events decreases dramatically with 

age, with the rate being as much as four times higher for the 18- to 20-year-old age group 
relative to some of the older driver groups (i.e., 35 and up). 

 
• The use of hand-held wireless devices (primarily cell phones but including a small 

amount of PDA use) was associated with the highest frequency of secondary-task 
distraction-related events.  This was true for both events of lower severity (i.e., incidents) 
and for events of higher severity (i.e., near-crashes).  Wireless devices were also among 
the categories associated with the highest frequencies of crashes and minor collisions, 
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along with looking at/reaching for an object in vehicle and passenger-related secondary 
tasks. 

 
• Drowsiness also appears to affect crashes and collisions at much higher rates than is 

reported using existing crash databases.  Drowsiness was a contributing factor in 12 
percent of all crashes and 10 percent of near-crashes, while most current database 
estimates place drowsiness-related crashes at approximately 2 percent to 4 percent of 
total crashes. 

 
• The lead-vehicle crash and near-crash data clearly show that development of purely 

quantitative near-crash criteria (i.e., not requiring at least some degree of verification by a 
human analyst) is not currently feasible.  A primary reason for this was that vehicle 
kinematics associated with near-crashes were virtually identical to common driving 
situations that were not indicative of crash risk.  Thus, qualitative and quantitative criteria 
are dependent upon one another to some degree.  Fortunately, advances in digital video 
compression and storage technology, and the advancement of data reduction software, 
have made video verification feasible for large numbers of events.  

 
• Results from the analysis investigating driver adaptation to instrumented vehicles 

indicates that even when the same driver was switched from a private vehicle to a leased 
vehicle, there were still more events per mile in the leased vehicle than in the private 
vehicle.  If there was an effect of adaptation, it was extinguished before the first week of 
driving was completed.  In addition, drivers appeared to adapt to the presence of the 
unobtrusive instrumentation within the first hour of driving. 

 
In addition to the 10 high-priority goals addressed as part of this report, there are 3 additional 
research contracts in place to perform further data reduction and analysis efforts for the purpose 
of addressing another 8 goals.  There is also considerable interest in using the data for even more 
purposes from researchers in several disciplines.  Progressing toward this potential for a multi-
purpose, highly flexible and adaptable tool for driving safety may be the most important aspect 
of this study. 
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Visual Acuity Test 
Snellen Eye Chart: 

Right Eye: ___________________ 

Left Eye:   ___________________ 

Ishihara’s Test for Color Deficiency: 

Plate 1: _________ 

Plate 2: _________ 

Plate 3: _________ 

Plate 4: _________ 

Plate 5: _________ 

Plate 6: _________ 

Plate 7: _________ 

Plate 8: _________ 

Plate 9: _________ 

Plate 10: ________ 

Plate 11: ________ 

Plate 12: ________ 

Plate 13: ________ 

Plate 14: ________ 

 

Comments:______________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

Contrast Sensitivity Test: 

Left Eye: 

 Row A: _______________ 

 Row B: _______________ 

 Row C: _______________ 

 Row D: _______________ 

 Row E: _______________ 

Right Eye: 

 Row A: _______________ 

 Row B: _______________ 

 Row C: _______________ 

 Row D: _______________ 

 Row E: _______________ 

 

Comments:________________________________________________________________________________

__________________________________________________________________________________________

____________________________________ 



Audiogram Air Conduction Test 
 
Check all that apply 
 
____Known hearing loss   ____Right ____Left 

____Uses hearing aids   ____Right ____Left 

____History of ear problems   ____Right ____Left 

____Ear surgery    ____Right ____Left 

____Tinnitus (ringing)   ____Right ____Left 

____Fullness feeling in the ears  ____Right ____Left 

____Ear wax buildup    ____Right ____Left 

____Ear pain     ____Right ____Left 

____Ear drainage problems   ____Right ____Left 

____Diabetes     ____Right ____Left 

____Kidney problems    ____Right ____Left 

____Noise exposure     

 ____work ____military  ____hobby ____other 

 

____Vertigo/dizziness 

____Head injury/loss of consciousness 

____High blood pressure 

____Family history of hearing loss 

____Family members with hearing loss 

 
 
Comments: 
__________________________________________________________________________________________
__________________________________________________________________________________________
____________________________________ 
 
 
 
 
 
 
 
 
 

 



Hearing Test 
 
 
 
Audiometer:  Welch Allyn AM 232 Manual Audiometer 
 
Last acoustical calibrations:________________ 
 
Tester:_______________ 
 
Date of Testing:_______________ 
 
 
BASELINE HEARING TEST 
 

LEFT EAR 
 
125 250 500 750 1000 1500 2000 3000 4000 6000 8000 
           
 
Comments:________________________________________________________________________________
__________________________________________________________________________________________
____________________________________ 
 
 

RIGHT EAR 
 
125 250 500 750 1000 1500 2000 3000 4000 6000 8000 
           
 
Comments:________________________________________________________________________________
__________________________________________________________________________________________
____________________________________ 
 
 



 
Medical Health Assessment 

 
To the Participant: Please note that your responses to the following questions will in no way affect your ability 
to participate in the study.  Your honest answers are appreciated 
 

1. Do you have a history of any of the following?   
a. Stroke          Y    N 
b. Brain tumor      Y    N 
c. Head injury      Y    N 
d. Epileptic seizures     Y    N 
e. Respiratory disorders     Y    N 
f. Motion sickness     Y    N 
g. Inner ear problems     Y    N 
h. Dizziness, vertigo, or other balance problems Y    N 
i. Diabetes      Y    N 
j. Migraine, tension headaches    Y    N 
k. Depression      Y    N 
l. Anxiety      Y    N 
m. Other psychiatric disorders    Y    N 
n. Arthritis       Y    N 
o. Auto-immune disorders    Y    N 
p. High blood pressure     Y    N 
q. Heart arrhythmias      Y    N 
r. Chronic fatigue syndrome    Y    N 
s. Chronic stress      Y    N 

 
If yes to any of the above, please explain? 
____________________________________________________________________________________
____________________________________________________________________________________
____________________________________________________________________________________
____________ 

 
2. Are you currently taking any medications on a regular basis?   Y    N 

If yes, please list them. 
____________________________________________________________________________________
____________________________________________________________________________________
______________________________ 
 

3. (Females only) Are you currently pregnant?       Y    N 
 
4. Height __________ 

 
5. Weight __________lbs. 

 



Walter Reed Army Institute of Research Preliminary Sleep Questionnaire 
 
Using the following rating scale, to what extent do you currently experience the following? 
 
             None    Moderate           Severe 
 

Daytime sleepiness   1      2      3      4      5      6      7      8      9      10 
 

Snoring     1      2      3      4      5      6      7      8      9      10 
 

Difficulty falling asleep  1      2      3      4      5      6      7      8      9      10 
 

Difficulty staying asleep    1      2      3      4      5      6      7      8      9      10 
 

Difficulty waking up   1      2      3      4      5      6      7      8      9      10 
 

Daytime sleepiness     1      2      3      4      5      6      7      8      9      10 
 

Obtain too little sleep   1      2      3      4      5      6      7      8      9      10 
 
 
Read through the following questions carefully, answer each as accurately as possible 
 
1. When you are working:  
what time do you go to bed  ____:____ a.m./p.m. and wake up ____:____ a.m./p.m. 
 
2. When you are not working:  
what time do you go to bed  ____:____ a.m./p.m. and wake up ____:____ a.m./p.m. 
 
3. Do you keep a fairly regular sleep schedule?  Yes_____     No_____ 
 
4. How many hours of actual sleep do you usually get? ________ 
 
5. Do you consider yourself a light, normal, or heavy sleeper? _______________ 
 
6. Do you feel uncomfortably sleepy during the day?  Never_____      every day_____     
    more than once per week_____       once per week _____      a few times a month _____ 
    once a month or less_____ 
 
7. Do you ever have an irresistible urge to sleep or find that you fall asleep in unusual/ 
    inappropriate situations?  Never_____       every day_____      more than once per week_____ 
    once per week _____       a few times a month _____       once a month or less_____ 

 
8. Do you usually nap during the day (or between major sleep periods)?  
    Yes_____     No_____ 
 
9. Do you drink caffeinated beverages (coffee, tea, Coca Cola, Mountain Dew, Jolt Cola)?  
    Yes_____     No_____ 
 
18. If yes, how many cups/glasses per day? __________________ 
 
 



19. How often do you drink alcohol?   Never_____     every day_____     
      more than once per week_____      once per week _____      once a month or less_____ 
 
22. Do you smoke cigarettes, cigars, pipe or chew or snuff tobacco? Yes_____   No_____ 
 
23. If yes, how often? __________________________ 
 
PRIMARY SLEEP DISORDERS 
 
24. Have you ever been diagnosed with or suffer from any of the following sleep disorders?  
 

Narcolepsy    Yes No  
 

Sleep apnea    Yes No 
 

Periodic limb movement  Yes No 
  

Restless leg syndrome  Yes No 
 

Insomnia                                             Yes      No 
  
 
 
 
 



Dula Dangerous Driving Index 
 

Please answer each of the following items as honestly as possible.  Please read each item carefully and then 
circle the answer you choose on the form.  If none of the choices seem to be your ideal answer, then select the 
answer that comes closest.  THERE ARE NO RIGHT OR WRONG ANSWERS.  Select your answers quickly 
and do not spend too much time analyzing your answers.  If you change an answer, erase the first one well. 
 

 

1.   I drive when I am angry or upset.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

2.   I lose my temper when driving.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

3.   I consider the actions of other drivers to be inappropriate or “stupid.”  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

4.   I flash my headlights when I am annoyed by another driver.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

5.   I make rude gestures (e.g., giving “the finger”; yelling curse words) toward drivers  

who annoy me.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

6.   I verbally insult drivers who annoy me.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

7.   I deliberately use my car/truck to block drivers who tailgate me.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

8.   I would tailgate a driver who annoys me.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

9. I “drag race” other drivers at stop lights to get out front.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

10. I will illegally pass a car/truck that is going too slowly.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

11. I feel it is my right to strike back in some way, if I feel another driver has been aggressive toward me.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

12. When I get stuck in a traffic jam I get very irritated.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

13. I will race a slow moving train to a railroad crossing.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

14. I will weave in and out of slower traffic.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

 



15. I will drive if I am only mildly intoxicated or buzzed.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

16. When someone cuts me off, I feel I should punish him/her.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

17. I get impatient and/or upset when I fall behind schedule when I am driving.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

18. Passengers in my car/truck tell me to calm down.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

19. I get irritated when a car/truck in front of me slows down for no reason.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

20. I will cross double yellow lines to see if I can pass a slow moving car/truck.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

21. I feel it is my right to get where I need to go as quickly as possible.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

22. I feel that passive drivers should learn how to drive or stay home.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

23. I will drive in the shoulder lane or median to get around a traffic jam.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

24. When passing a car/truck on a 2-lane road, I will barely miss on-coming cars.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

25. I will drive when I am drunk.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

26. I feel that I may lose my temper if I have to confront another driver.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

27. I consider myself to be a risk-taker.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

28. I feel that most traffic “laws” could be considered as suggestions.  

 A. Never B. Rarely C. Sometimes  D. Often E. Always 

 



Driver Stress Inventory 
 
Please answer the following questions on the basis of your usual or typical feelings about driving.  Each 
question asks you to answer according to how strongly you agree with one of two alternative answers.  Please 
read each of the two alternatives carefully before answering.  To answer, circle the number which expresses 
your answer most accurately.   
 
Example: Are you a confident driver? 
 1 2  3  4  5  6  7  8 9  10  
    Not at all                   Very Much 
 

1. Does it worry you to drive in bad weather? 
1 2 3 4 5 6 7 8 9 10 

      Very Much             Not at all 
 

2. I am disturbed by thoughts of having an accident or the car breaking down. 
1 2 3 4 5 6 7 8 9 10 

      Very Rarely                       Very Often 
 

3. Do you lose your temper when another driver does something silly? 
1 2 3 4 5 6 7 8 9 10 

      Not at all              Very much 
 

4. Do you think you have enough experience and training to deal with risky situations on the road safely? 
1 2 3 4 5 6 7 8 9 10 

      Not at all              Very much 
 

5. I find myself worrying about my mistakes and the things I do badly when driving. 
1 2 3 4 5 6 7 8 9 10 

      Very rarely             Very often 
 

6. I would like to risk my life as a racing driver. 
1 2 3 4 5 6 7 8 9 10 

      Not at all              Very much 
 

7. My driving would be worse than usual in an unfamiliar rental car. 
1 2 3 4 5 6 7 8 9 10 

      Not at all              Very much 
 

8. I sometimes like to frighten myself a little while driving. 
1 2 3 4 5 6 7 8 9 10 

Very much               Not at all 
 
9. I get a real thrill out of driving fast. 

1 2 3 4 5 6 7 8 9 10 
      Very much               Not at all 
 
 



10. I make a point of carefully checking every side road I pass for emerging vehicles. 
1 2 3 4 5 6 7 8 9 10 

      Very Much               Not at all 
 

11. Driving brings out the worst in people. 
1 2 3 4 5 6 7 8 9 10 

      Not at all               Very much 
 

12. Do you think it is worthwhile taking risks on the road? 
1 2 3 4 5 6 7 8 9 10 

      Very much               Not at all 
 

13. At times, I feel like I really dislike other drivers who cause problems for me. 
1 2 3 4 5 6 7 8 9 10 

      Very much               Not at all 
 

14. Advice on driving from a passenger is generally: 
1 2 3 4 5 6 7 8 9 10 

       Useful              Unnecessary 
 

15. I like to raise my adrenaline levels while driving. 
1 2 3 4 5 6 7 8 9 10 

      Not at all                          Very much 
 

16. It’s important to show other drivers that they can’t take advantage of you. 
1 2 3 4 5 6 7 8 9 10 

Not at all               Very much 
 

17. Do you feel confident in your ability to avoid an accident? 
1 2 3 4 5 6 7 8 9 10 

      Not at all               Very much 
 

18. Do you usually make an effort to look for potential hazards when driving? 
1 2 3 4 5 6 7 8 9 10 

      Not at all               Very much 
 

19. Other drivers are generally to blame for any difficulties I have on the road. 
1 2 3 4 5 6 7 8 9 10 

      Not at all               Very much 
 

20. I would enjoy driving a sports car on a road with no speed limit. 
1 2 3 4 5 6 7 8 9 10 

      Very much                Not at all 
 

21. Do you find it difficult to control your temper when driving? 
1 2 3 4 5 6 7 8 9 10 

      Very much                Not at all 
 
 



22. When driving on an unfamiliar road do you become more tense than usual? 
1 2 3 4 5 6 7 8 9 10 

      Very much                Not at all 
 

 
23. I make a special effort to be alert even on roads I know well. 

1 2 3 4 5 6 7 8 9 10 
      Very much                Not at all 
 

24. I enjoy the sensation of accelerating rapidly. 
1 2 3 4 5 6 7 8 9 10 

      Not at all                Very much 
 

25. If I make a minor mistake when driving, I feel it’s something I should be concerned about 
1 2 3 4 5 6 7 8 9 10 

      Very much                Not at all 
 

26. I always keep an eye on parked cars in case somebody gets out of them, or there are pedestrians behind 
them. 
1 2 3 4 5 6 7 8 9 10 

Not at all                Very much 
 

27. I feel more anxious than usual when I have a passenger in the car. 
1 2 3 4 5 6 7 8 9 10 

Not at all                           Very much 
 

28. I become annoyed if another car follows very close behind mine for some distance 
1 2 3 4 5 6 7 8 9 10 

Very much                Not at all 
 

29. I make an effort to see what’s happening on the road a long way ahead of me. 
1 2 3 4 5 6 7 8 9 10 

Not at all                Very much 
 

30. I try very hard to look out for hazards even when it’s not strictly necessary. 
1 2 3 4 5 6 7 8 9 10 

Not at all                Very much 
 

31. Are you usually patient during the rush hour? 
1 2 3 4 5 6 7 8 9 10 

Very much                Not at all 
 

32. When you pass another vehicle do you feel in command of the situation? 
1 2 3 4 5 6 7 8 9 10 

Not at all                Very much 
 

33. When you pass another vehicle do you feel tense or nervous? 
1 2 3 4 5 6 7 8 9 10 

Not at all                Very much 



 
34. Does it annoy you to drive behind a slow moving vehicle? 

1 2 3 4 5 6 7 8 9 10 
Very much                Not at all 
 
35. When you’re in a hurry, other drivers usually get in your way. 

1 2 3 4 5 6 7 8 9 10 
Not at all                Very much 

 
36. When I come to negotiate a difficult stretch of road, I am on the alert. 

1 2 3 4 5 6 7 8 9 10 
Very much                Not at all 

 
37. Do you feel more anxious than usual when driving in heavy traffic? 

1 2 3 4 5 6 7 8 9 10 
Not at all                Very much 

 
38. I enjoy cornering at high speeds. 

1 2 3 4 5 6 7 8 9 10 
Not at all                Very much 

 
39. Are you annoyed when the traffic lights change to red when you approach them? 

1 2 3 4 5 6 7 8 9 10 
Very much                Not at all 

 
40. Does driving, usually make you feel aggressive? 

1 2 3 4 5 6 7 8 9 10 
Very much                Not at all 

 
41. Think about how you feel when you have to drive for several hours, with few or no breaks from driving.  

How do your feelings change during the course of the drive? 
 
a) More uncomfortable            1     2     3     4     5     6     7     8     9     10   No change 

physically (e.g. headache        
or muscle pains) 
 

b) More drowsy or sleepy           1     2     3     4     5     6     7     8     9     10   No change 
 
c) Maintain speed of reaction     1     2     3     4     5     6     7     8     9     10   Reactions to other traffic  

         becomes increasingly slower 
 

d) Maintain attention to road  1     2     3     4     5     6     7     8     9     10   Become increasingly  
signs                    inattentive to road signs 
 

e) Normal vision   1     2     3     4     5     6     7     8     9     10   Vision becomes less clear  
 

f) Increasingly difficult to  1     2     3     4     5     6     7     8     9     10   Normal judgment of speed 
judge your speed          
 



g) Interest in driving does not 1     2     3     4     5     6     7     8     9     10   Increasingly bored and fed up 
change 
 

h) Passing becomes increasing- 1     2     3     4     5     6     7     8     9     10   No change 
ly risky and dangerous 
 
 

 
 



Life Stress Inventory  
 

Please read through the following events carefully.  Mark each event which occurred within the 
past year. 
 
____ Death of spouse or parent 
             
____ Divorce  
     
____ Marital separation or separation  from  
         living partner 
 
____ Jail term  
     
____ Death of close family member  
  
____ Personal injury or illness 
  
____ Fired from job  
    
____ Marital or relationship reconciliation 
  
____ Retirement  
    
____ Change in health of family member 
  
____ Pregnancy  
    
____ Sex difficulties  
    
____ Gain of new family member 
   
____ Business readjustment   
 
____ Change in financial state  
 
____ Death of close friend  
  
____ Change to different line of work or  
         study                     
                                                              
____ Change in number of arguments with               
         spouse or partner 
 
____ Mortgage or loan for major purchase   
         (home, etc.) 
 
____ Foreclosure of mortgage or loan    
____ Change in responsibilities at work   

 
____ Son or daughter leaves 
 
____ Trouble with in-laws/partner’s family 
 
____ Outstanding personal achievement 
 
____ Mate begins or stops work 
 
____ Change in living conditions 
 
____ Marriage/establishing life partner 
 
____ Change in personal habit 
 
____ Trouble with boss 
 
____ Change in work hours or conditions 
 
____ Change in residence 
 
____ Change in schools 
 
____ Change in church activities 
 
____ Change in recreation 
 
____ Change in social activities 
 
____ Minor loan (car, TV, etc) 
 
____ Change in sleeping habits 
 
____ Change in number of family get- 
         togethers 
 
____ Change in eating habits 
 
____ Vacation 
 
____ Christmas (if approaching) 
 
____ Minor violation of the law



 
[Part 8 of this appendix is a PDF, which goes here] 



WayPoint Test 
 
Test Name: WayPoint 
 
Objective: Used to identify drivers who are at high risk of being in a crash.  
 
Description/Procedure: Measures the speed of information processing and a person's 
vigilance.   The test is done by computer and consists of 4 different levels of sequential 
"connect-the-dots" type activities.  The subject is required to start at 1 then find A, then 2, 
then B, and so on.  The different levels get consecutively harder, in the last level 
distracters are add to test the subject’s response to a novel situation.  The subjects risk 
level is measured by using their reaction times from the 4 activities to gauge his/her 
channel capacity and situational awareness level. 
 
Rationale:   WayPoint has been administered and used is several validation trials to 
measure its accuracy rate for over-the-road trucks, transit buses, Army enlisted personnel 
automobile drivers, and teenage drivers.  In a study sponsored by NHTSA, WayPoint's 
predictive value was tested on elderly drivers.  The report states that WayPoint's hit rate 
(identifying high-risk drivers) is 62.2% and its false-alarm rate (mistakenly identifying 
low risk drivers as high risk) is 19.9% 
 
Comments:   Based on its validity and hit rate, this could be a useful tool during the 
subject screening or in-processing process. 
 



Useful-Field-of-View Test 
 
Test Name: Useful Field of View (UFOV) 
 
Objective:  Used to measure a driver's risk for accident involvement  
 
Description/Procedure: The UFOV is a computer based test that measures central vision 
and processing speed, divided attention, and selective attention.  The participant is 
required to select rapidly presented target objects that are flesh on the computer screen 
while simultaneously attending to other stimuli.  The program then prints out a report that 
assigns a crash risk level for the participant. 
 
Rationale:  UFOV has been used in many studies of older drivers and has been shown to 
be a good measure of visual processing and attention.  As reported by the NIH, a driver’s 
risk rises 16 percent for every 10 points of visual reduction in the driver's useful field of 
view for drivers 55 and older.   
 
Comments:  Most studies using this measure are conducted on those 55 and older, 
however, this test may be a useful tool to help predict and classify which participants 
have a higher risk of accident, near-crash, and critical incident involvement.  Although 
this test is usually used on the elderly it is also used on those that have concerns about 
their driving due to multiple accident involvement, head trauma, and memory disorders.   
 



Debriefing Questionnaire 
Driver # _________ 

 
 
Please answer the following questions as accurately as possible.  You may need to take 
some time to think about each question for a few minutes.  Remember, all responses are 
completely confidential. 
 
1a. Over the past year, how often were you very or extremely fatigued while driving? 
 
___  Never (if the answer is never, skip to question 2) 
___  Once or twice over the year 
___  3 or 4 times over the year 
___  Monthly 
___  Once per week 
___  More than once per week 
___  Almost daily or daily 
 
1b. When you drive very or extremely fatigued, is the fatigue due to (select all that 
apply): 
___  Too little sleep the night before 
___  A chronic problem of too little sleep 
___  Driving after a long day (so that it is late at night) 
___  Stress at home or work 
___  Illness 
___  Drugs/alcohol/partying 
___  Other (explain)  
___________________________________________________________ 
 
1c. When you drive very or extremely fatigued, how often do have you fallen asleep 
at the wheel? 
___  Once or twice over the year 
___  3 or 4 times over the year 
___  Monthly 
___  Once per week 
___  More than once per week 
___  Almost daily or daily 
 
1d. During times you have driven very or extremely fatigued, in all of your 
experience driving, how many times have you had a crash or hit something with your 
car? 
___  0 
___  1 
___  2 
___  3 
___  4 
 



1e. How many times have you driven very or extremely fatigued during this study 
and had a crash or hit something with your car? 
___  0 
___  1 
___  2 
___  3 
___  4 
 
1f. During times you have driven very or extremely fatigued, in all of your 
experience driving, how many times have you had a near-crash or close call?  For 
example, running off the road or drifting into an oncoming lane. 
___  0 
___  1 
___  2 
___  3 
___  4 
 
1g. How many times have you driven very or extremely fatigued during this study 
and had a near-crash or close call? 
___  0 
___  1 
___  2 
___  3 
___  4 
___  more 
 
1h. How dangerous or risky would you say it is to drive while very or extremely 
fatigued? 
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
risky 

 Slightly 
risky 

 Moderately 
risky 

 Very 
risky 

 Extremely 
risky 

 
2a. Over the past year, how often were you under the influence of drugs or alcohol 
while driving? 
___  Never (if the answer is never, skip to question 3) 
___  Once or twice over the year 
___  3 or 4 times over the year 
___  Monthly 
___  Once per week 
___  More than once per week 
___  Almost daily or daily 



 
2b. When you drive under the influence of drugs or alcohol, is this due to (select all 
that apply): 
___  You believed that you were still a safe driver 
___  You were too intoxicated to know better 
___  You did not care 
___  You did not have a designated driver and needed to be someplace 
___  Other (explain) 
_____________________________________________________________ 
 
2c. During times you have driven under the influence, in all of your experience 
driving, how many times have you had a crash or hit something with your car? 
___  0 
___  1 
___  2 
___  3 
___  4 
 
2d. How many times have you driven under the influence during this study and had 
a crash or hit something with your car? 
___  0 
___  1 
___  2 
___  3 
___  4 
 
2e. During times you have driven under the influence, in all of your experience 
driving, how many times have you had a near-crash or close call?  For example, 
running off the road or drifting into an oncoming lane. 
___  0 
___  1 
___  2 
___  3 
___  4 
 
2f. How many times have you driven under the influence during this study and had 
a near-crash or close call? 
___  0 
___  1 
___  2 
___  3 
___  4 
___  more 



 
2g. How dangerous or risky would you say it is to drive while under the influence of 
drugs or alcohol? 
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
risky 

 Slightly 
risky 

 Moderately 
risky 

 Very 
risky 

 Extremely 
risky 

 
2h.       How dangerous or risky would you say it is to drive while using a cell phone?  
__________ 
            (where Not Risky = 0, Slightly Risky = 1, Moderately Risky = 2, Very Risky = 3, 
and Extremely Risky = 4) 
            (if you fall somewhere in between, it is appropriate to respond with a .5 
designation following your ranking). 
  
  
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
risky 

  Slightly 
risky 

  Moderately 
risky 

  Very 
risky 

  Extremely 
risky 

  
2i.         How many times have you driven while talking on your cell phone? 
  
_____   Never 
_____   Once per month 
_____   More than once per month 
_____   Once per week 
_____   More than once per week 
_____   Almost daily or daily 
 
 
3a. How often do you wear your safety belt when driving? 
___  Never  
___  Rarely 
___  Occasionally 
___  Usually 
___  Always, I never drive without my safety belt on 
 
3b. Why do you think this is your pattern of safety belt use? 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
__________________ 
 



3c. If your answer was other than always, what do you think it would take to get you 
to wear your safety belt more often?  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
__________________ 
 
3d. Why do you not always wear your safety belt?  (Check all that apply) 
___  I don’t believe it makes me safer 
___  I am concerned about getting trapped in a crash 
___  It is inconvenient 
___  It is uncomfortable 
___  I forget to put it on 
 
4a. On average, how much stress did you feel during the last year?  
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
stressed 

 Slightly 
stressed 

 Moderately 
stressed 

 Very 
stressed 

 Extremely 
stressed 

 
4b. How much is your driving affected by stress? 
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
affected 

 Slightly 
affected 

 Moderately 
affected 

 Very 
affected 

 Extremely 
affected 

 
5a. To what degree do you think your driving was altered or different because you 
were participating in this study and your driving was monitored? 
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
altered 

 Slightly 
altered 

 Moderately 
altered 

 Very 
altered 

 Extremely 
altered 

         
 
 
 
 
 
 
5b. How would you rate how safely you drove in the past year compared to all of 
your previous years of driving? 
 



________________________________________________________________________
________ 

│ │ │ │ │ │ │ │ │ 
Not 
safe 

 Slightly 
safe 

 Moderately  
safe 

 Very 
safe 

 Extremely 
safe 

 
5c. How would you rate your driving compared to other drivers? 
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
better 

 Slightly 
better 

 Moderately  
better 

 Very 
better 

 Extremely 
better 

 
5d. For drivers of leased vehicles, to what degree do you think your driving was 
altered or different because you were driving a vehicle that was not your own? 
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
altered 

 Slightly 
altered 

 Moderately 
altered 

 Very 
altered 

 Extremely 
altered 

 
6a. Is there any event or incident that happened in the past year that you would like to 
report at this time? 
Approximate date:   _______________________  Approximate time:  
_____________________ 
Description:  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
__________________ 
7a. Is there any event or incident that happened in the past year where you pushed the 
critical incident button that you would like to tell me about? 
Approximate date:   _______________________  Approximate time:  
_____________________ 
Description:  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
__________________ 
 



8a. How favorably would you rate your experience of participating in this study? 
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
favorabl

y 

 Slightly 
favorabl

y 

 Moderate
ly 

favorably 

 Very 
favorabl

y 

 Extreme
ly 

favorabl
y 

 
 
8b. Is there anything in particular that you would like to bring to our attention?  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________ 
 
9a. For drivers of private vehicles, how would you rate your experience with 
Hurleys? 
 
________________________________________________________________________

________ 
│ │ │ │ │ │ │ │ │ 

Not 
favorabl

y 

 Slightly 
favorabl

y 

 Moderate
ly 

favorably 

 Very 
favorabl

y 

 Extreme
ly 

favorabl
y 

 
9b. Is there anything in particular that you would like to bring to our attention?  
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________ 
 
 
 



Driver Demographic Information 
 

Subject ID # ___________ 
 

Please answer each of the following items. 
 

1. What is your age in years: _________ 
 
2. Gender: _____ Male  _____ Female 

 
 
3. What is your highest level of education?  

a. Didn’t complete high school 
b. High school graduate 
c. Some college 
d. 2-year college degree/trade school 
e. 4-year college degree 
f. Masters degree 
g. Professional degree 
h. Doctorate degree 
 

4. What is your occupation: ____________________ 
 

5. What group do you identify yourself with 
a. Latino/Latina 
b. African-American 
c. Caucasian 
d. Middle Eastern 
e. Pacific Islander 
f. Asian 
g. Other ________________ 

   
6. How many years have you been driving? ______________ 

 
7. What type of driving do you usually do? (please indicate all that apply) 

a. Around town driving 
b. Commuting on freeways 
c. Commuting on other main roads 
d. Short distance travel (50-200 mile round trip) 
e. Middle distance travel (201-500 mile round trip) 
f. Long distance travel  (>500 mile round trip) 



Driving History – Subject Interview 
 

In the past year, how many moving or traffic violations have you had? ___________ 
   
What type of violation was it? 

(1). ____________________ 
(2). ____________________ 
(3). ____________________ 
(4). ____________________ 
(5). ____________________ 
 

In the past year how many accidents have you been in?  ________________ 
 
For each accident indicate the severity of the crash (select highest) 

a. Injury 
b. Tow-away (any vehicle) 
c. Police-reported 
d. Damage (any), but no police report 

  
Using the diagram indicate each of the following: Category, Configuration, Accident type 
 

 
 Accident 

1 
Accident 

2 
Accident 

3 
Accident 

4 
Accident 

5 
Accident 
Severity 

     

Accident 
Category 

     

Accident 
Configuration 

     

Accident 
Type 

     

 
 

 
Comments: ______________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 



Post-Crash Interview Form 
 
100-Car Crash Variables 
 
Subject No.______________________ 
 
Interviewer _______________________ 
 
Date ____________ 
 
 
Driver’s description of crash: 

 
1.  List the most Severe Injury in Crash  

0 = No injury (O) 
1 = Fatal (K) 
2 = Visible signs of injury; e.g., bleeding wound or distorted member, or carried 
from scene (A). 
3 = Other visible injury as bruises, abrasions, swelling, limping, etc. (B) 
4 = No visible injury but complaint of pain or momentary unconsciousness (C) 

 
  
2.  What other vehicles/non-motorists were involved  

1 = 1 vehicle (Subject vehicle only) 
2 = 2 vehicles 
3 = 3 vehicles 
4 = 4 or more vehicles 
5 = Subject vehicle + pedestrian 
6 = Subject vehicle + pedalcyclist 
7 = Subject vehicle + animal 
8 = Other, specify 
 

 
6. Date of crash  
 
7.  Day of week of crash   
 
8.  Time of crash 
  
10. Jurisdiction where crash occurred  

1 = Virginia 
2 = Maryland 
3 = DC 
4 = other 

 



11. Traffic control device present? 
1 = No traffic control 
2 = Officer or watchman 
3 = Traffic signal 
4 = Stop sign 
5 = Slow or warning sign 
6 = Traffic lanes marked 
7 = No passing signs 
8 = Yield sign 
9 = One way road or street 
10 = Railroad crossing with markings or signs 
11 = Railroad crossing with signals 
12 = Railroad crossing with gate and signals 
13 = Other 

 
12. Alignment of roadway at the scene? 

1 = Straight level 
2 = Curve level 
3 = Grade straight 
4 = Grade curve 
5 = Hillcrest straight 
6 = Hillcrest curve 
7 = Dip straight 
8 = Up curve [need definition] 
9 = Other 

 
13. Weather at the time of crash? 

1 = Clear 
2 = Cloudy 
3 = Fog 
4 = Mist 
5 = Raining 
6 = Snowing 
7 = Sleeting 
8 = Smoke [or?] dust 
9 = Other 

 
14. Surface condition of the roadway at the time of crash? 

1 = Dry 
2 = Wet 
3 = Snowy 
4 = Icy 
5 = Muddy 
6 = Oily 
7 = Other 

 
15. Light level at the time of the crash? 

1 = Dawn 



2 = Daylight 
3 = Dusk 
4 = Darkness, lighted 
5 = Darkness, not lighted 

 
16. Kind of locality at the crash scene? 

1 = School 
2 = Church 
3 = Playground 
4 = Open country 
5 = Business/industrial 
6 = Residential 
7 = Interstate 
8 = Other 
9= Construction zone [Added][?] 

 
17. Where in relation to a junction did the crash occur? 
 Non-Interchange Area 

00 = Non-Junction 
01 = Intersection 
02 = Intersection-related 
03 = Driveway, alley access, etc. 
04 = Entrance/exit ramp 
05 = Rail grade crossing 
06 = On a bridge 
07 = Crossover related 
08 = Other, non-interchange area 
09 = Unknown, non-interchange 
20 = Parking lot [Added] 
 
Interchange Area 
10 = Non-Junction 
11 = Intersection 
12 = Intersection-related 
13 = Driveway, alley access, etc. 
14 = Entrance/exit ramp 
16 = On a bridge 
17 = Crossover-related 
18 = Other location in interchange area 
19 = Unknown, interchange area 
99 = Unknown if interchange 
 
 
 

 
18. What was the trafficway flow at the time of the crash? 

1 = Not divided 
2 = Divided (median strip or barrier) 



3 = One-way traffic 
 

19. What was the number of travel lanes at the time of the crash? 
1 = 1 
2 = 2 
3 = 3 
4 = 4 
5 = 5 
6 = 6  
7 = 7 
8 = 8+ 

 
21. What was the type of collision  

1 = Rear-end (striking) 
1b = Rear-end (struck) 
2 = Angle 
3 = Head-on 
4 = Sideswipe, same direction 
5 = Sideswipe, opposite direction 
6 = Fixed object in road 
7 = Train 
8 = Noncollision 
9 = Fixed object – off road 
10 = Deer 
11 = Other animal 
12 = Pedestrian 
13 = Bicyclist 
14 = Motorcyclist 
15 = Backed into 
16 = Other 

 
Driver/Vehicle 1 File 
 
4. How many occcupants in your vehicle? 
 
6. What were you (driver) doing prior to the crash? 

1 = Going straight ahead, constant speed 
2 = Making right turn 
3 = Making left turn 
4 = Making U-turn 
5 = Slowing or stopping 
6 = Starting in traffic lane 
7 = Starting from parked position 
8 = Stopped in traffic lane] 
9 = Ran off road right 
10 = Ran off road left 
11 = Parked 



12 = Backing 
13a = Passing left 
13b = Passing right 
14 = Changing lanes 
15 = Other 
16 = Accelerating in traffic lane 
17 = Entering a parked position 
18 = Negotiating a curve 
19a = Merging left 
19b = Merging right 

 
9. What was the action by you or other driver that started the sequence of 
events leading to the crash? (Most likely filled out by Heather based on the driver’s 
narrative) 
 

This Vehicle Loss of Control Due to: 
001 = Blow-out or flat tire 
002 = Stalled engine 
003 = Disabling vehicle failure (e.g., wheel fell off) 
004 = Minor vehicle failure 
005 = Poor road conditions (puddle, pothole, ice, etc.) 
006 = Excessive speed 
007 = Other or unknown reason 
008 = Other cause of control loss 
009 = Unknown cause of control loss 

This Vehicle Traveling: 
XXX = Ahead, stopped on roadway more than 2 seconds  
XXX = Ahead, decelerated and stopped on roadway 2 seconds or less 
XXX = Ahead, traveling in same direction and decelerating 
XXX = Ahead, traveling in same direction and accelerating 
XXX = Ahead, traveling in same direction with slower constant speed 
XXX = Behind, traveling in same direction and accelerating 
XXX = Behind, traveling in same direction with higher constant speed 
XXX = Behind, stopped on roadway 
010 = Over the lane line on the left side of travel lane 
011 = Over the lane line on right side of travel lane 
012 = Over left edge of roadway 
013 = Over right edge of roadway 
014 = Unknown which edge 
015 = End departure 
016 = Turning left at intersection 
017 = Turning right at intersection 
018 = Crossing over (passing through) intersection 
018 = This vehicle decelerating 
019 = Unknown travel direction 
020a = From adjacent lane (same direction), over left lane line behind lead 
vehicle, rear-end crash threat 



020b = From adjacent lane (same direction), over right lane line behind lead 
vehicle, rear-end crash threat 

Other Vehicle in Lane: 
030 = Ahead, stopped on roadway more than 2 seconds  
031 = Ahead, decelerated and stopped on roadway 2 seconds or less 
032 = Ahead, traveling in same direction and decelerating 
033 = Ahead, traveling in same direction and accelerating 
034 = Ahead, traveling in same direction with slower constant speed 
035 = Behind, traveling in same direction and accelerating 
036 = Behind, traveling in same direction with higher constant speed 
037 = Behind, stopped on roadway 
050 = Stopped on roadway 
051 = Traveling in same direction with lower steady speed 
052 = Traveling in same direction while decelerating 
053 = Traveling in same direction with higher speed 
054 = Traveling in opposite direction 
055 = In crossover 
056 = Backing 
057 = Unknown travel direction of the other motor vehicle 

Another Vehicle Encroaching into This Vehicle’s Lane: 
060a = From adjacent lane (same direction), over left lane line in front of this 
vehicle, rear-end crash threat 
060b = From adjacent lane (same direction), over left lane line behind this 
vehicle, rear-end crash threat 
060c = From adjacent lane (same direction), over left lane line, sideswipe threat 
060d = From adjacent lane (same direction), over right lane line, sideswipe 
threat 
060e = From adjacent lane (same direction), other 
061a = From adjacent lane (same direction), over right lane line in front of this 
vehicle, rear-end crash threat 
061b = From adjacent lane (same direction), over right lane line behind this 
vehicle, rear-end crash threat 
061c = From adjacent lane (same direction), other 
062 = From opposite direction over left lane line. 
063 = From opposite direction over right lane line 
064 =  From parallel/diagonal parking lane 
065 = Entering intersection—turning in same direction 
066 = Entering intersection—straight across path 
067 = Entering intersection – turning into opposite direction 
068 = Entering intersection—intended path unknown  
070 = From driveway, alley access, etc – turning into same direction 
071 = From driveway, alley access, etc – straight across path 
072 = From driveway, alley access, etc – turning into opposite direction 
073 = From driveway, alley access, etc – intended path unknown 
074 = From entrance to limited access highway 
078 = Encroaching details unknown  

Pedestrian, Pedalcyclist, or other Nonmotorist: 
080 = Pedestrian in roadway 



081 = Pedestrian approaching roadway 
082 = Pedestrian in unknown location 
083 = Pedalcyclist/other nonmotorist in roadway 
084 = Pedalcyclist/other nonmotorist approaching roadway 
085 = Pedalcyclist/or other nonmotorist unknown location 
086 = Pedestrian/pedalcyclist/other nonmotorist—unknown location 

Object or Animal: 
087 = Animal in roadway 
088 = Animal approaching roadway 
089 = Animal unknown location 
090 = Object in roadway 
091 = Object approaching roadway 
092 = Object unknown location 

Other: 
098 = Other event/not applicable 
099 = Unknown critical event 

 
10. What corrective action did you attempt to make prior to the crash? 

0 = No driver present 
1 = No avoidance maneuver 
2 = Braking (no lockup) 
3 = Braking (lockup) 
4 = Braking (lockup unknown) 
5 = Releasing brakes 
6 = Steered to left 
7 = Steered to right 
8 = Braked and steered to left 
9 = Braked and steered to right 
10 = Accelerated 
11 = Accelerated and steered to left 
12 = Accelerated and steered to right 
98 = Other actions 
99 = Unknown if driver attempted any corrective action 
 



Did your vehicle successfully respond to this corrective action or was this 
vehicular control maintained? 
 
0 = No driver present 
1 = Vehicle control maintained after corrective action 
2 = Vehicle rotated (yawed) clockwise 
3 = Vehicle rotated (yawed) counter-clockwise 
4 = Vehicle slid/skid longitudinally – no rotation 
5 = Vehicle slid/skid laterally – no rotation 
9 = Vehicle rotated (yawed) unknown direction 
20 = Combination of 2-9 
94 = More than two vehicles involved 
98 = Other or unknown type of vehicle control was lost after corrective action 
99 = Unknown if vehicle control was lost after corrective action. 
 

 
14. Were you physically or mentally impaired? 

0 = None apparent 
1 = Drowsy, sleepy, asleep, fatigued 
2 = Ill, blackout 
3a = Angry 
3b = Other emotional state 
4a = Drugs-medication 
4b = Drugs-alcohol 
5 = Other drugs (marijuana, cocaine, etc.) 
6 = Restricted to wheelchair 
7 = Impaired due to previous injury 
8 = Deaf 
50 = Hit-and-run vehicle 
97 = Physical/mental impairment – no details  
98 = Other physical/mental impairment 
99 = Unknown physical/mental condition 

 
21. Did you (driver) consume any alcohol prior to crash? 

0 = None  
1 = In vehicle without overt effects on driving 
2 = In vehicle with overt effects on driving 
3 = Reported by police 
4 = Use not observed or reported, but suspected based on driver behavior.   
 

22. Was your vision obscured by any obstacle prior to the crash? 
0 = No obstruction 
1 = Rain, snow, fog, smoke, sand, dust 
2a = Reflected glare 
2b = Sunlight 
2c = Headlights 
3 = Curve or hill 
4 = Building, billboard, or other design features (includes signs, embankment) 



5 = Trees, crops, vegetation 
6 = Moving vehicle (including load) 
7 = Parked vehicle 
8 = Splash or spray of passing vehicle [any other vehicle] 
9 = Inadequate defrost or defog system 
10 = Inadequate lighting system 
11 = Obstruction interior to vehicle 
12 = Mirrors 
13 = Head restraints 
14 = Broken or improperly cleaned windshield 
15 = Fog 
50 = Hit-and- run vehicle 
95 = No driver present 
96 = Not reported 
97 = Vision obscured – no details 
98 = Other obstruction 
99 = Unknown whether vision was obstructed 

 
23. Were you distracted? 

1) Cognitive distraction 
a. Lost in thought 
b. Looked but did not see 

2) Passenger in vehicle 
a. Passenger in adjacent seat 
b. Passenger in rear seat 
c. Child in adjacent seat 
d. Child in rear seat 

3) Object/animal/insect in Vehicle 
a. Moving object in vehicle (i.e., object fell off seat when driver stopped 

hard at a traffic light) 
b. Insect in vehicle 
c. Pet in vehicle 
d. Object dropped by driver 
e. Reaching for object in vehicle (not cell phone) 

4) Cell phone operations 
a. Locating/reaching/answering cell phone 
b. Dialing hand-held cell phone 
c. Dialing hand-held cell phone using quick keys 
d. Dialing hands-free cell phone using voice-activated software 
e. Talking/listening 

5) PDA operations 
a. Locating/reaching PDA 
b. Operating PDA 
c. Viewing PDA 

6) In-vehicle system operations 
a. Adjusting climate control 
b. Adjusting the radio 
c. Inserting/retrieving cassette 



d. Inserting/retrieving CD 
e. Adjusting other devices integral to vehicle (unknown which device) 
f. Adjusting other known in-vehicle devices (text box to specify) 

7) Dining 
a. Eating 
b. Drinking 

8) Smoking 
a. Reaching for cigar/cigarette 
b. Lighting cigar/cigarette 
c. Smoking cigar/cigarette 
d. Extinguishing cigar/cigarette 

9) External Distraction 
a. Looking at previous crash or highway incident 
b. Pedestrian located outside the vehicle 
c.  Animal located outside the vehicle 
d. Object located outside the vehicle 
e. Construction zone 

 
24. Were you engaging any unsafe driving behaviors that may have contributed 
to the crash? 

Note: Analyst may code up to 3, in order of importance. 
0 = None 
1 = Exceeded speed limit 
2= Inattentive or distracted 
3 = Exceeded safe speed but not speed limit 
4 = Driving slowly; below speed limit 
5 = Driving slowly in relation to other traffic; not below speed limit 
6 = Illegal passing (i.e., across double line) 2 = Inattentive or distracted (coded in 
previous variable) 
7 = Passing on right 
8 = Other improper or unsafe passing 
9 = Cutting in, too close in front of other vehicle 
10 = Cutting in, too close behind other vehicle 
11 = Making turn from wrong lane (e.g., across lanes) 
12 = Did not see other vehicle during lane change or merge 
13 = Driving in other vehicle’s blind zone 
14 = Aggressive driving, specific, directed menacing actions 
15 = Aggressive driving, other; i.e., reckless driving without directed menacing 
actions  
16 = Wrong side of road, not overtaking 
17 = Following too close 
18 = Failed to signal, or improper signal 
19 = Improper turn: wide right turn 
20 = Improper turn: cut corner on left turn 
21 = Other improper turning 
22 = Improper backing, did not see 
23 = Improper backing, other 
24 = Improper start from parked position 



25 = Disregarded officer or watchman 
26 = Signal violation, apparently did not see signal 
27 = Signal violation, intentionally ran red light 
28 = Signal violation, tried to beat signal change 
29 = Stop sign violation, apparently did not see stop sign 
30 = Stop sign violation, intentionally ran stop sign at speed 
31 = Stop sign violation, “rolling stop” 
32 = Other sign (e.g., Yield) violation, apparently did not see sign 
33 = Other sign (e.g., Yield) violation, intentionally disregarded 
34 = Other sign violation 
35 = Non-signed crossing violation (e.g., driveway entering roadway) 
36 = Right-of-way error in relation to other vehicle or person, apparent recognition 
failure (e.g., did not see other vehicle) 
37 = Right-of-way error in relation to other vehicle or person, apparent decision 
failure (i.e., did see other vehicle prior to action but misjudged gap) 
38 = Right-of-way error in relation to other vehicle or person, other or unknown 
cause 
39 = Sudden or improper stopping on roadway 
40 = Parking in improper or dangerous location; e.g., shoulder of Interstate 
41 = Failure to signal with other violations or unsafe actions 
42 = Failure to signal, without other violations or unsafe actions 
43 = Speeding or other unsafe actions in work zone 
44 = Failure to dim headlights 
45 = Driving without lights or insufficient lights 
46 = Avoiding pedestrian 
47 = Avoiding other vehicle 
48 = Avoiding animal 
49 = Apparent unfamiliarity with roadway 
50 = Apparent unfamiliarity with vehicle; e.g., displays and controls 
51 = Apparent general inexperience driving 
52 = Use of cruise control contributed to late braking 
53 = Other, specify 

 
25. Were there any vehicle malfunctions that contributed to the crash? 

0 = None 
1 = Tires 
2 = Brake system 
3 = Steering system 
4 = Suspension 
5 = Power train 
6 = Exhaust system 
7 = Headlights 
8 = Signal lights 
9 = Other lights 
10 = Wipers 
11 = Wheels 
12 = Mirrors 
13 = Driver seating and controls 



14 = Body, doors 
15 = Trailer hitch 
50 = Hit-and-run vehicle 
97 = Vehicle contributing factors, no details 
98 = Other vehicle contributing factors 
99 = Unknown if vehicle had contributing factors 

 
26. Did you have a reason for avoiding, swerving, sliding?  

0 = Not avoiding, swerving, or sliding 
1 = Severe crosswind 
2 = Wind from passing truck 
3 = Slippery or loose surface 
4 = Tire blow-out or flat  
5 = Debris or objects in road 
6 = Ruts, holes, bumps in road 
7 = Animals in road 
8 = Vehicle in road 
9 = Phantom vehicle 
10 = Pedestrian, pedalcyclist, or other non-motorist in road 
11 = Water, snow, oil slick in road 
50 = Hit and run vehicle 
97 = Avoiding, swerving, or sliding, no details 
98 = Other environmental contributing factor 
99 = Unknown action 

 
35. Were you using your cruise control?  What speed? 

0 = Cruise control off 
1-97 = Set speed of cruise control, if activated. 
98 = Cruise control activated, unknown set speed 
99 = Unknown if cruise control is activated. 

 
36.  What was the duration of the latest principal sleep period? 
 
 
37.  How long have you been awake since this principal sleep period? 
 
 
38. Did you take a nap prior to crash?  What was the duration of nap prior to 
collision?  

 
 
39.  How long have you been awake since your nap?  

 
 

V1 Occupant File 
 
 Information on occupants – number, seating position, injuries, etc. – will be 
available only for crashes.  In-vehicle cameras will not show occupants other than the 



driver, and thus no information regarding these other occupants will be available for near-
crashes, incidents, and baseline epochs. 
 

 
2. What were the occupant seating position(s)?  
 
3. V1 Occupant Sex(C) 

1 = Male 
2 = Female 
3 = Unknown  

 
4. V1 Occupant Age (C) 
 
5. V1 Occupant Safety Belt Usage (C) 

1 = Lap/shoulder belt 
2 = Child safety/booster seat with safety belt 
3 = Child safety/booster seat without safety belt 
4 = Other safety belt used (describe) 
5 = None used 
99 = Unknown if used. 

 
6. V1 Occupant Injury Severity (C) 

0 = No injury (O) 
1 = Fatal (K) 
2 = Visible signs of injury; e.g., bleeding wound or distorted member, or carried 
from scene (A). 
3 = Other visible injury as bruises, abrasions, swelling, limping, etc. (B) 
4 = No visible injury but complaint of pain or momentary unconsciousness (C) 
 
 

7. V1 Occupant Injury Narrative (C) 
 
 



Driver/Vehicle 2 File 
 
1. What other type of vehicles were involved in the crash? 

1 = Automobile 
2 = Van (minivan or standard van) 
3 = Pickup truck 
4 = Bus (transit or motor coach) 
5 = School bus 
6 = Single-unit straight truck 
7 = Tractor-trailer  
8 = Motorcycle or moped 
9 = Emergency vehicle (police, fire, EMS) in service 
10 = Other vehicle type 
11 = Pedestrian 
12 = Cyclist 
13 = Animal 
99 = Unknown vehicle type 

 
2. What was the other driver(s) gender? 

1 = Male 
2 = Female 
3 = Unknown  
 

3. What were the other driver/pedestrian age(s)? 
 

4. What was Vehicle 2 doing prior to the collision? (Repeat for each other 
vehicle listed by participant) 

1 = Going straight ahead 
2 = Making right turn 
3 = Making left turn 
4 = Making U-turn 
5 = Slowing or stopping 
6 = Starting in traffic lane 
7 = Starting from parked position 
8 = Stopped in traffic lane] 
9 = Ran off road right 
10 = Ran off road left 
11 = Parked 
12 = Backing 
13 = Passing 
14 = Changing lanes 
15 = Other 
16 = Accelerating in traffic lane 
17 = Entering a parked position 
18 = Negotiating a curve 
19 = Merging 
 



7. What corrective action was taken by Vehicle 2?  (Repeat for all other 
vehicles) 

0 = No driver present 
1 = No avoidance maneuver 
2 = Braking (no lockup) 
3 = Braking (lockup) 
4 = Braking (lockup unknown) 
5 = Releasing brakes 
6 = Steered to left 
7 = Steered to right 
8 = Braked and steered to left 
9 = Braked and steered to right 
10 = Accelerated 
11 = Accelerated and steered to left 
12 = Accelerated and steered to right 
98 = Other actions 
99 = Unknown if driver attempted any corrective action 
 

8. Did you believe that driver 2 was mentally or physically impaired? (Repeat 
for other vehicle drivers) 

0 = None apparent 
1 = Drowsy, sleepy, asleep, fatigued 
2 = Ill, blackout 
3a = Angry 
3b = Other emotional state 
4 = Drugs-medication 
5 = Other drugs (marijuana, cocaine, etc.) 
6 = Restricted to wheelchair 
7 = Impaired due to previous injury 
8 = Deaf 
50 = Hit-and-run vehicle 
97 = Physical/mental impairment – no details  
98 = Other physical/mental impairment 
99 = Unknown physical/mental condition 
 

9. Do you believe or suspect alcohol use? 
0 = None known 
1 = Observed or reported by police 
2 = Purported (e.g., by Subject Driver) 

 
10.  Do you believe that driver 2’s vision was obscured?  By what?  

0 = No obstruction 
1 = Rain, snow, fog, smoke, sand, dust 
2a = Reflected glare 
2b = Sunlight 
2c = Headlights 
3 = Curve or hill 
4 = Building, billboard, or other design features (includes signs, embankment) 



5 = Trees, crops, vegetation 
6 = Moving vehicle (including load) 
7 = Parked vehicle\ 
8 = Splash or spray of passing vehicle [any other vehicle] 
9 = Inadequate defrost or defog system 
10 = Inadequate lighting system 
11 = Obstruction interior to vehicle 
12 = Mirrors 
13 = Head restraints 
14 = Broken or improperly cleaned windshield 
15 = Fog 
50 = Hit-and-run vehicle 
95 = No driver present 
96 = Not reported 
97 = Vision obscured – no details 
98 = Other obstruction 
99 = Unknown whether vision was obstructed 

 
11. Do you believe driver 2 was distracted? 

0 = Not distracted 
1 = Looked but did not see 
2 = NOT USED [for consistency with GES] 
3 = By other occupants 
4 = By moving object in vehicle 
5 = While talking or listening to phone 
6 = While dialing phone 
7 = While adjusting climate control 
8a = While adjusting radio 
8b = While adjusting cassette or CD 
9 = While using other devices integral to vehicle 
10 = While using or reaching for other devices 
11 = Drowsy, sleepy, asleep, fatigued 
12a = Previous crash or highway incident 
12b = Other outside person or object 
13a = Eating 
13b = Drinking 
14 = Smoking related 
95 = No driver present 
96 = Not reported 
97 = Inattentive or lost in thought 
98 = Other distraction or inattention 
99 = Unknown if distracted 

 
12. Do you believe that Driver 2 was exhibiting any unsafe actions? 

Note: Analyst may code up to 3, in order of importance. 
0 = None 
1 = Exceeded speed limit 
2 = Inattentive or distracted (coded in previous variable) 



3 = Exceeded safe speed but not speed limit 
4 = Driving slowly; below speed limit 
5 = Driving slowly in relation to other traffic; not below speed limit 
6 = Illegal passing (i.e., across double line) 
7 = Passing on right 
8 = Other improper or unsafe passing 
9 = Cutting in, too close in front of other vehicle 
10 = Cutting in, too close behind other vehicle 
11 = Making turn from wrong lane (e.g., across lanes) 
12 = Did not see other vehicle during lane change or merge 
13 = Driving in other vehicle’s blind zone 
14 = Aggressive driving, specific, directed menacing actions 
15 = Aggressive driving, other; i.e., reckless driving without directed menacing 
actions  
16 = Wrong side of road, not overtaking 
17 = Following too close 
18 = Failed to signal, or improper signal 
19 = Improper turn: wide right turn 
20 = Improper turn: cut corner on left turn 
21 = Other improper turning 
22 = Improper backing, did not see 
23 = Improper backing, other 
24 = Improper start from parked position 
25 = Disregarded officer or watchman 
26 = Signal violation, apparently did not see signal 
27 = Signal violation, intentionally ran red light 
28 = Signal violation, tried to beat signal change 
29 = Stop sign violation, apparently did not see stop sign 
30 = Stop sign violation, intentionally ran stop sign at speed 
31 = Stop sign violation, “rolling stop” 
32 = Other sign (e.g., Yield) violation, apparently did not see sign 
33 = Other sign (e.g., Yield) violation, intentionally disregarded 
34 = Other sign violation 
35 = Non-signed crossing violation (e.g., driveway entering roadway) 
36 = Right-of-way error in relation to other vehicle or person, apparent recognition 
failure (e.g., did not see other vehicle) 
37 = Right-of-way error in relation to other vehicle or person, apparent decision 
failure (i.e., did see other vehicle prior to action but misjudged gap) 
38 = Right-of-way error in relation to other vehicle or person, other or unknown 
cause 
39 = Sudden or improper stopping on roadway 
40 = Parking in improper or dangerous location; e.g., shoulder of Interstate 
41 = Failure to signal with other violations or unsafe actions 
42 = Failure to signal, without other violations or unsafe actions 
43 = Speeding or other unsafe actions in work zone 
44 = Failure to dim headlights 
45 = Driving without lights or insufficient lights 
46 = Avoiding pedestrian 



47 = Avoiding other vehicle 
48 = Avoiding animal 
49 = Apparent unfamiliarity with roadway 
50 = Apparent unfamiliarity with vehicle; e.g., displays and controls 
51 = Apparent general inexperience driving 
52 = Use of cruise control contributed to late braking 
53 = Other, specify 

 
13. Do you believe that there were any vehicle malfunctions on Vehicle 2 that 
contributed to the crash? 

0 = None 
1 = Tires 
2 = Brake system 
3 = Steering system 
4 = Suspension 
5 = Power train 
6 = Exhaust system 
7 = Headlights 
8 = Signal lights 
9 = Other lights 
10 = Wipers 
11 = Wheels 
12 = Mirrors 
13 = Driver seating and controls 
14 = Body, doors 
15 = Trailer hitch 
50 = Hit-and-run vehicle 
97 = Vehicle contributing factors, no details 
98 = Other vehicle contributing factors 
99 = Unknown if vehicle had contributing factors 

 
14. Do you believe that Driver 2 was avoiding, swerving, or sliding for a specific 
reason? 

0 = Not avoiding, swerving, or sliding 
1 = Severe crosswind 
2 = Wind from passing truck 
3 = Slippery or loose surface 
4 = Tire blow-out or flat  
5 = Debris or objects in road 
6 = Ruts, holes, bumps in road 
7 = Animals in road 
8 = Vehicle in road 
9 = Phantom vehicle 
10 = Pedestrian, pedalcyclist, or other nonmotorist in road 
11 = Water, snow, oil slick in road 
50 = Hit and run vehicle 
97 = Avoiding, swerving, or sliding, no details 
98 = Other environmental contributing factor 



99 = Unknown action 
 

V2 Occupant File 
 
 Information on V2 occupants – number, seating position, injuries, etc. – will be 
available only for crashes.  Subject vehicle cameras will not show occupants of the other 
vehicle, and thus no information regarding these other occupants will be available for 
near-crashes, incidents, and baseline epochs.  Crash PARs, and comparable data collected 
for non-police-reported crashes, will be the source of occupant information. 
 
1. How many occupants in vehicle 2?  (Repeat for each vehicle involved) 

 
2. Where were the occupant seating position(s)? 
 
3. What was the gender of the occupant(s)?? 
 
4. What was the approximate or specific age of these occupants? 
 
5. Were the occupants using safety belts? 

1 = Lap/shoulder belt 
2 = Child safety/booster seat with safety belt 
3 = Child safety/booster seat without safety belt 
4 = Other safety belt used (describe) 
5 = None used 
99 = Unknown if used. 

 
6. Were the occupants injured? 

0 = No injury (O) 
1 = Fatal (K) 
2 = Visible signs of injury; e.g., bleeding wound or distorted member, or carried 
from scene (A). 
3 = Other visible injury as bruises, abrasions, swelling, limping, etc. (B) 
4 = No visible injury but complaint of pain or momentary unconsciousness (C) 
 

 



Air Bag Deployment 
 

1.  At the time of the accident, what was your body/head position?  Were you 
leaning forward, back on the head rest, etc.??? 

 
2.  Did you have radio on?  What was the general volume, could you hold a 

conversation with it on? 
 
3. Were the windows up or down? 
 
 



Safety Belt Questionnaire 
 

1) In general, how often do you use your safety belt? 
a. Always use my safety belt 
b. Typically use my safety belt, with a few exceptions 
c. Occasionally use my safety belt 
d. Rarely use my safety belt 
e. Never use my safety belt 
f. Don’t know 

      
If you answered a or b, please continue with Question 2-4. 
If you answered c, d, or e, please skip to Question 5. 

 
2) For how long have you been wearing a safety belt regularly? 

a. Started within the last month 
b. One to six months 
c. Six months to a year 
d. 1-3 years 
e. More than 3 years 
f. Don’t know 

 
3) Was there a particular event that caused you to wear your belt more? 

a. No 
b. Yes, I had an accident 
c. Yes, I was stopped by police for not wearing a belt 
d. Yes, I received a lot of pressure from family/friends to do so 
e. Yes, other (please specify):  ___________________________________ 
f. Don’t know 

       
4) Since you started wearing your safety belt more often, do passengers wear theirs 

more when they ride with you? 
a. Yes, because I ask them 
b. Yes, they seem to buckle up when I do 
c. No 
d. About the same as before 
e. Don’t know/haven’t paid attention 
 

(full-time/majority users are now finished with safety belt questions) 
 
 
 
 
 
 
 
 

5) When you don’t use your safety belt why don’t you?  (Circle all that apply) 
a. Forget 



b. Uncomfortable/doesn’t fit properly 
c. Messes clothing 
d. Only needed on certain road types 
e. Just a short trip 
f. No safety benefit/won’t do any good 
g. Hassle/annoying to use 
h. Hazardous/more dangerous than not wearing belt 
i. Not using is my choice/doesn’t affect anyone else 
j. When it’s my time to go, it won’t matter whether I have my belt on  
k. Other (please specify) _________________________________________ 
l. Don’t know 

        
6) Below are some ways of encouraging people to wear their safety belts more.  

Which would be effective in getting you to wear your safety belt? 
a. Primary law, where police can pull you over just for not wearing a safety 

belt 
b. Advanced safety belt reminders, which would include lights and/or a 

sound and stay on up to one minute after starting the vehicle or you 
fastened your belt 

c. Advanced safety belt reminders, which would include lights and/or a 
sound and stay on until you fasten your belt 

d. Other (please specify): _________________________________________ 
e. Nothing would get me to wear my belt more 
f. Don’t know 

 
       7)  Of those you chose in Question 6, which would be most effective?      a   b   c   d  



APPENDIX A: INFORMED CONSENT FOR DRIVERS OF LEASED VEHICLES 
 

INFORMED CONSENT FOR PARTICIPANTS IN RESEARCH PROJECTS INVOLVING HUMAN 
SUBJECTS 

 
Title of Project:  Naturalistic Driving Study  
 
Research Conducted by:  Virginia Tech Transportation Institute (VTT) 
 
Research Sponsored by:   National Highway Traffic Safety Administration (NHTSA) 
 
Investigators:  Dr. Tom Dingus, Dr. Vicki Neale, Sheila Klauer, Dr. Ron 

Knipling, Heather Foster 
 
I. PURPOSE OF THIS RESEARCH PROJECT 
 
The objective of this study is to collect data on driving behavior.  There are no special 
tasks for the driver to perform; instead, the driver is requested to merely drive as they 
regularly would to their normal destinations.  This instrumentation is designed such that it 
will in no way interfere with the driving performance of the vehicle and will not obstruct 
the driver in any way.  Due to the number of vehicles that are being instrumented and the 
time period involved, it is likely that crashes and the events leading up to them will be 
recorded. 
 
One hundred high-mileage drivers are being recruited to participate in this research.  All 
age groups and both men and women are being asked to participate.  To participate, 
drivers must have a valid drivers’ license and own a vehicle of which they are the 
primary driver for the experimental period of one year. 
 
II. PROCEDURES AND SUBJECT RESPONSIBILITIES 
 
The following describes procedures for the study and participant responsibilities: 
 
Preparation for study: 

1. Review entire study information package. 
2. Read this informed consent form carefully; make a note of any questions.  You 

may call Heather Foster of VTTI (703-538-8447) to discuss any questions. 
3. Sign and date this form. 
4. Ensure that any person likely to drive the instrumented vehicle has signed this 

consent form.  (If you wish to add another driver at a later time, an informed-
consent form can be obtained from VTTI.) 

5. Provide close-up pictures (head-shots) of all consenting drivers. 
 
In-processing (requires two hours): 

6. Call Heather Foster of VTTI at 703-538-8447 to schedule an appointment for in-
processing. 
In-processing will ordinarily be scheduled for 8-10 a.m. or 4-6 p.m. on selected 

weekdays, and 9-11 a.m. on Saturdays, at the VT Northern Virginia Center, 7054 



Haycock Road, Falls Church, VA 22043.  (Parking is available in the Visitors Parking 
Lot.) 

7. Bring the following to the subject in-processing: 
  Signed informed consent form (this document) 

Valid driver’s license 
Social Security Number 
Two forms of identification 

8. Listen to a short overview orientation to the study, and “Q&A” discussion.  Sign 
remaining administrative forms; a copy of all signed forms will be provided to 
you for your records. 

9. Review insurance protocol for the leased vehicle. 
10. Take a vision exam.  
11. Take a hearing exam.  (Note: a free hearing exam is available for all prospective 

drivers, family members, and other frequent passengers, provided they agree to 
the re-testing in the event of an air bag deployment.)  

12. Complete surveys regarding your health, sleep hygiene, stress levels, overall 
personality, and driving behaviors and practices. 

13. Take one or more brief performance tests. 
14. Schedule VTTI delivery of the leased vehicle to your home or workplace.  

 
Data collection during driving: 

15. Wear your safety belt at all times. 
16. Drive your vehicle as you normally would. 
17. Do not wear sunglasses unless absolutely necessary. 
18. In the event of a safety-related incident, [i.e. a crash, near-crash, driving error, or 

unsafe condition involving you vehicle or adjacent vehicles], press the red 
incident button located above the rear-view mirror after the incident as soon as it 
is safe to do so.  For one minute, a microphone (directed toward the driver) will 
be activated; during this time, please briefly describe what happened, and why.  In 
particular, what was the driving error that caused the incident? 

 
Data downloading: 
Note: the location of your vehicle will be known to VTTI researchers via a radio 
transmitter providing Global Positioning System (GPS) coordinates.  This information 
will be used to locate vehicles for data downloading. 

19. Permit VTTI researchers to access the vehicle (at your home or work location) 
every 1-4 weeks to download data.  Most data downloads will require a data line 
to be plugged into a data port near the vehicle’s rear license plate on the outside of 
the vehicle.  (No access to the inside of the vehicle is required.)  Subject to your 
approval, data downloads will be completed between 7 a.m. and 11 p.m. 

 
Equipment and vehicle maintenance: 

20. In the event of equipment malfunction or damage, notify VTTI as soon as 
possible. 

21. Permit a service call at your home or office for repairs (if preferred, vehicle may 
be brought to Hurley’s).   If repairs cannot be made in a service call, bring the 
vehicle to Hurley’s for repairs. VTTI will provide $10 to cover Metro fare or 
other transportation needs. 



22. Buy regular, unleaded gasoline for the vehicle.  Perform regular safety checks; 
e.g., once monthly, check tire pressure, oil level, and other fluids.  Have oil 
changes and other preventive maintenance performed per a schedule and 
instructions provided to you by VTTI. 

 
In the event of a crash: Study Procedures (applies to all collisions, regardless of severity); 

23. Contact VTTI as soon as possible after the crash.  (Accident reporting instructions 
and phone numbers will be left in the glove box of the leased vehicle.)   

24. Participate in a short phone interview with VTTI about the crash.  In addition, 
since you are driving a vehicle owned by the State of Virginia, there are two 
reporting requirements following accidents, one for this study and one for the 
state (Virginia Tech Motor Pool),  which will be explained to you during in-
processing. 

25. Schedule an appointment for hearing re-testing, to be conducted as soon as 
possible after the crash.  Re-testing is conducted at Professional Hearing Services 
(6231Leesburg Pike Suite 512 Falls Church, VA 22044 Phone 703-536-1666). 
Re-testing results will be provided to you and to VTTI.  

26. Encourage all passengers whose hearing has been tested to schedule this re-
testing. 

27. If the crash is police reported, request a copy of the Police Accident Report from 
the police, and provide a copy to VTTI.   VTTI will remove all personal 
identifiers to ensure confidentiality.   “Personal identifiers” include names, 
addresses, phone numbers, and license plate numbers. 

28. Request and provide copies of medical report(s) associated with your crash 
injuries and treatment.  For some crashes, crash and injury information may 
already be available to NHTSA, and thus to this study, in conjunction with other 
NHTSA-sponsored studies in the Northern Virginia area.  

29. Permit VTTI and/or Hurley’s to check and test the vehicle instrumentation. 
 
In the event of a crash: Virginia Tech Motor Pool Procedures 

30. Follow the instructions in the glove compartment. 
31. Contact VTTI as soon as possible, we will assist you in filing the Virginia Tech 

Motor Pool accident report. 
 
 

In the event of an air bag deployment: 
32. Permit a Special Crash Investigation team from NHTSA to inspect the vehicle. 
33. Participate in an in-person interview with the Crash Investigation team. 

 
Vehicle Return: 
VTTI will contact you at the end of the 12-month study, to schedule out-processing and 
return of the leased vehicle. 

34. Bring your leased vehicle to the VT North Virginia Center to return. VTTI will 
provide $10 to cover Metro fare or other transportation. 

 
Out-processing/study completion (requires one hour): 

35. Complete out-processing administrative paperwork. 
36. Complete short questionnaires regarding stress levels, driving behavior and 



performance over the past year, and study evaluation. 
 
Equipment Installation and Data Collection 
 
You are being asked to drive with the instrumentation for approximately one year.  The 
data on the vehicle will be downloaded via a data port located behind the rear license 
plate or via short range wireless communication (if there is no access to the vehicle).  
Once the data is downloaded, it will be stored on a project specific data server that will be 
accessed only by research staff affiliated with the project. 
 
The data collection system is designed to require no maintenance and will not require you to perform any 
maintenance.  However, if a diagnostic check of the data confirms a disruption of the data collection, a 
hardware engineer will be assigned to correct the problem.  To perform the maintenance, VTTI or Hurley’s 
will contact you to receive permission to work on the vehicle and schedule the repair.  We will try to avoid 
interfering with your commuting schedule. 
 
Automobile Insurance 
 
In the Commonwealth of Virginia, responsibility for automobile insurance resides with the owner of the 
vehicle. 
In the event of an accident or injury in a Virginia Tech automobile, the University will provide automobile 
liability coverage for property damage and personal injury. The total policy amount per occurrence is 
$2,000,000.  This coverage (unless the other party was at fault, which would mean all expense would go to 
the insurer of the other party’s vehicle) would apply in case of an accident for all volunteers and would 
cover medical expenses up to the policy limit.  In the event of an accident, you must notify the police and 
the VT Motor Pool (contact information will be left in the glove compartment of the leased vehicle).  
 
VT also carries as a part of its automobile liability insurance a "Med Pay" endorsement that will pay up to 
$5,000 in medical expenses, until fault in an accident is determined, at which time all medical expenses 
would go to the insurer of the vehicle at fault. 
 
If you are working as an employee for another company, you may be deemed to be driving in the course of 
your employment, and your employer's worker's compensation provisions may apply in lieu of the Virginia 
Tech and Commonwealth of Virginia insurance provisions, in case of an accident.  The particular 
circumstances under which worker's compensation would apply are specified in Virginia law.  If worker's 
compensation provisions do not apply in a particular situation, then Virginia Tech and Commonwealth of 
Virginia insurance will provide coverage. 
 
 
Medical Insurance 
 
Participants in a study are considered volunteers, regardless of whether they receive payment for their 
participation; under Commonwealth of Virginia law, workers compensation does not apply to volunteers; 
therefore, if not in an automobile, the participants are responsible for their own medical insurance for 
bodily injury. Appropriate health insurance is strongly recommended to cover these types of expenses. 
 
If you should become injured in an accident, whether in or out of an automobile, the medical treatment 
available to you would be that provided to any person by emergency medical services in the vicinity where 
the accident occurs. 
 
A Virginia Tech automobile accident report form is located in the glove compartment of the vehicle you 
will be driving and outlines what you should do if you become involved in an accident and are not 
incapacitated. 
 
Automatic Collision Notification 



 
The vehicle will also be equipped with an automatic collision notification system, triggered by collision 
impacts.  The system is intended to notify VTTI in the event of a collision impact.  When serious impacts 
are detected by VTTI staff, they will notify local emergency services.  However, VTTI cannot guarantee 
continuous 24-hour coverage or coverage of all vehicle locations.  Therefore, in the event of a crash, you 
should not expect an emergency response based on this system.  Notify police and emergency services as 
you otherwise would following a crash.  However, this automatic collision notification system may enable 
emergency service to be dispatched to you faster after a crash.  
 
III. RISKS 
 
The risk to you is no more than you would normally incur while driving.  All data collection equipment is 
mounted such that, to the greatest extent possible, it does not pose a hazard in any foreseeable way.  None 
of the data collection equipment will interfere with any part of your normal field of view.  The addition of 
the data collection systems to the vehicle will in no way affect the operating or handling characteristics of 
the vehicle. 
 
Please note that you are being asked not to wear sunglasses unless absolutely necessary; however, if at any 
time you are suffering from glare problems (e.g., from the sun shining directly into your face) and cannot 
see the roadway and your surrounding environment, sunglasses are recommended. 
 
IV. BENEFITS  
 
While there are no direct benefits to you from this research, you may find the experiment interesting.  No 
promise or guarantee of benefits is being made to encourage participation.  Your participation will help to 
improve the body of knowledge regarding driving behavior and performance. 
 
V. EXTENT OF ANONYMITY AND CONFIDENTIALITY 
 
Video information will be taken during the course of data collection.  The data gathered 
in this experiment will be treated with confidentiality.  Driver names will be separated 
from the collected data.  A coding scheme will be employed to identify the data by 
subject number only (e.g., Driver No. 3).  
 
While you are driving the vehicle, a camera will record your face and the left exterior 
side of vehicle, the right exterior side of the vehicle, the forward view, the rear-view, and 
the instrument panel view.  This is shown below.  Note that no other passengers in the 
vehicle will be within the camera view.  Also, there is audio recording capability in the 
vehicle, but it will only record for one minute when you activate the incident push button.  
Please note that the audio microphone is directional and will only record your voice from 
the driver’s seat. 

 



 
 

Camera mounted on 
passenger-side A-pillar 
facing outward will capture  
the right side of the vehicle 
 

2 cameras  
mounted at center 
rear-view mirror 

•Forward View 

• Driver 
Face/Left Side 

Camera mounted near dome 
light:  over the shoulder, 
arms/hands and feet view

The data from this study will be stored in a secured area at the Virginia Tech 
Transportation Institute.  Access to the data will be under the supervision of Dr. Tom 
Dingus, Dr. Vicki Neale, Sheila Klauer, Dr. Ron Knipling, and Heather Foster.  Data 
reductionists assigned to work on this project will also have access to your data.  Data 
reduction will consist of examining driving performance under various conditions.  
During the course of this study, the video will not be released to anyone other than 
individuals working on the project without your written consent.  Following the study, 
some data may be made available to the contact sponsor, the National Highway Traffic 
Safety Administration, for research purposes only.  Please note that NHTSA is under the 
same obligation to keep your data confidential.   
 
If you are involved in a crash while participating in this study, the data collection 
equipment in your vehicle will likely capture the events leading up to the event.  The data 
collection equipment SHOULD NOT be given to police officers or any other party.  You 
are under NO LEGAL OBLIGATION to mention that you are participating in this study.   
 
We will do everything we can to keep others from learning about your participation in the 
research. To further help us protect your privacy, the investigators have obtained a 
Confidentiality Certificate from the Department of Health and Human Services.  With 
this Certificate, the investigators cannot be forced (for example by court subpoena) to 
disclose information that may identify you in any Federal, State, or local civil, criminal, 
administrative, legislative, or other proceedings.  Disclosure will be necessary, however, 
upon request of DHHS for audit or program evaluation purposes. 
 



You should understand that a Confidentiality Certificate does not prevent you or a 
member of your family from voluntarily releasing information about yourself or your 
involvement in this research. Note however, that if an insurer, employer, or someone else 
learns about your participation, and obtains your consent to receive research information, 
then the investigator may not use the Certificate of Confidentiality to withhold this 
information.  This means that you and your family must also actively protect your own 
privacy.  In addition to the Confidentiality Certificate, we have also obtained approval 
through the NHTSA Human Use Review Panel for your protection.   

Finally, you should understand that the investigator is not prevented from taking steps, 
including disclosing information to authorities, to prevent serious harm to yourself or 
others.  For example, if we learned about offenses such as child abuse or habitual driving 
under the influence, we would take appropriate action to protect you and someone else, 
even though we will still maintain privacy of the data.    
 
VI. COMPENSATION 
 
You will be compensated $125 per month for approximately 12 months of participation 
in this study.  If you choose to withdraw from participation prior to the 12-month period, 
you will be compensated for the proportion of time that you have participated.  You will 
also receive a $300 study completion bonus at the end of the 12-month period and 
equipment de-installation.  This bonus will be provided at the out-processing. 

 
In addition to this compensation, you will be given $10 for travel on the days that 
instrumentation is installed and removed. 

 
VII. FREEDOM TO WITHDRAW 
 
You are free to withdraw from the study at any time without penalty. If you choose to 
withdraw, you will be compensated for the portion of the time of the study.  

VTTI has the right to terminate your participation in the study at any time.  For example, 
VTTI may withdraw you from the study if the quantity or quality of data is insufficient 
for study purposes or if you pose a threat to yourself or to others.  Subjects withdrawn 
from the study will receive pro-rated payment (at $125 per month) and will be required to 
schedule equipment de-installation as soon as possible. 

 
 
 
VIII. APPROVAL OF RESEARCH  
 
This research project has been approved, as required, by the Institutional Review Board 
for Research Involving Human Subjects at Virginia Polytechnic Institute and State 
University, by the Virginia Tech Transportation Institute.  
 
_____________________________      _____________________________ 
IRB Approval Date Approval Expiration Date 



 
        
IX. DRIVER'S RESPONSIBILITIES  
 
I voluntarily agree to participate in this study.  I understand the procedures and 
responsibilities described above, in particular in Section II, Procedures and Subject 
Responsibilities. 
 
X. DRIVER'S PERMISSION 
 
I have read and understand the Informed Consent and conditions of this project. I have 
had all my questions answered. I hereby acknowledge the above and give my voluntary 
consent:  
 
 
Signature of Driver: ________________________________________
 Date:_____________ 
 
 
 
 
 
 
 
Signature of Additional Driver: 
 
_________________________________________________________ Date: 
_____________ 
Signature of Legal Guardian if any additional driver is minors: 
 
_________________________________________________________ Date: 
_____________ 
 
 
 
Signature of Additional Driver: 
 
_________________________________________________________ Date: 
_____________ 
Signature of Legal Guardian if any additional driver is minors: 
 
_________________________________________________________ Date: 
_____________ 
 
 
 
Signature of Additional Driver: 
 



_________________________________________________________ Date: 
_____________ 
Signature of Legal Guardian if any additional driver is minors: 
 
_________________________________________________________ Date: 
_____________ 
 
 
Should I have any questions about this research or its conduct, I may contact: 
 
 
Heather Foster 703-538-8447  hfoster@vtti.vt.edu
Research Specialist/Northern Virginia Center, Virginia Tech Transportation Institute 
 
Dr. Ronald R. Knipling 703-538-8439 rknipling@vtti.vt.edu 
Northern Virginia Site Manager/Falls Church, Virginia Tech Transportation Institute 
 
Dr. Vicki L. Neale 540-231-1514 vneale@vtti.vt.edu 
Co- Principal Investigator, Virginia Tech Transportation Institute 
 
Dr. David M. Moore 540-231-4991 moored@vt.edu  
Chair, IRB 
Office of Research Compliance   
Research & Graduate Studies   
   
 
All drivers must be given a complete copy (or duplicate original) of the signed 
Informed Consent. 
 
 

mailto:538-8447%20%20hfoster@vtti.vt.edu


[REVISED 10-22-02] 
 

APPENDIX A: INFORMED CONSENT FOR DRIVERS OF PRIVATE 
VEHICLES 

 
INFORMED CONSENT FOR PARTICIPANTS IN RESEARCH PROJECTS INVOLVING HUMAN 

SUBJECTS 
 

Title of Project:  Naturalistic Driving Study  
 
Research Conducted by:  Virginia Tech Transportation Institute (VTTI) 
 
Research Sponsored by:   National Highway Traffic Safety Administration (NHTSA) 
 
Investigators:  Dr. Tom Dingus, Dr. Vicki Neale, Sheila Klauer, Dr. Ron 

Knipling, Heather Foster 
 
 
I. PURPOSE OF THIS RESEARCH PROJECT 
 
The objective of this study is to instrument drivers’ personal vehicles to collect data on 
driving behavior.  There are no special tasks for the driver to perform; instead, the driver 
is requested to merely drive as they regularly would to their normal destinations.  This 
instrumentation is designed such that it will in no way interfere with the driving 
performance of the vehicle and will not obstruct the driver in any way.  Due to the 
number of vehicles that are being instrumented and the time period involved, it is likely 
that crashes and the events leading up to them will be recorded. 
 
One hundred high-mileage drivers are being recruited to participate in this research.  All 
age groups and both men and women are being asked to participate.  To participate, 
drivers must have a valid drivers’ license and own a vehicle of which they are the 
primary driver for the experimental period of one year. 
 
II. PROCEDURES AND SUBJECT RESPONSIBILITIES 
 
The following describes procedures for the study and participant responsibilities: 
 
Preparation for study: 

1. Review entire study information package 
2. Read this informed consent form carefully; make a note of any questions.  You may 

call Heather Foster of VTTI (703-538-8447) to discuss any questions. 
3. Sign and date this form.  
4. Ensure that any person likely to drive the instrumented vehicle has signed this 

informed consent form.  (If you wish to add another driver at a later time, an 
informed consent form can be obtained from VTTI.) 

5. Provide close-up pictures (head-shots) of all consenting drivers. 
 
In-processing (requires two hours): 



6. Call Heather Foster of VTTI at 703-538-8447 to schedule an appointment for in-
processing. 

In-processing will ordinarily be scheduled for 8-10 a.m. or 4-6 p.m. on weekdays, 
and 9-11 a.m. on Saturdays, at the VT Northern Virginia Center, 7054 Haycock Road, 
Falls Church, VA 22043. (Parking is available in the Visitors Parking Lot) 

7. Bring the following to the subject in-processing: 
Signed informed consent form (this document) 
Valid driver’s license 
Proof of insurance for your vehicle 
Vehicle registration  

 
Social Security Number 
Two forms of identification 

8. Listen to a short overview orientation to the study, and Q&A discussion.  Sign 
remaining administrative forms; a copy of all signed forms will be provided to you 
for your records. 

9. Take a vision exam. 
10. Take a hearing exam.  (Note: A free hearing exam is available for all prospective 

drivers, family members, and other frequent passengers, provided they agree to the 
re-testing in the event of a crash.) 

11. Complete surveys regarding your health, sleep hygiene, stress levels, overall 
personality, and driving behaviors and practices. 

12. Take one or more brief performance tests. 
13. Schedule your vehicle for equipment installation. (see below) 
 

Equipment installation:  
14. Bring your vehicle to Hurley’s Auto Audio (1524 Springhill Road, McLean, VA 

22102, Phone 703-790-8744) for equipment installation this will require a full day.  
We will provide $10 to cover Metro fare or other transportation needs.   

 
Data collection during driving: 

15. Wear your safety belt at all times. 
16. Drive your vehicle as you normally would. 
17. Do not wear sunglasses unless absolutely necessary 
18. In the event of a safety-related incident, [i.e. a crash, near-crash, driving error, or 

unsafe condition involving your vehicle or adjacent vehicles], press the red incident 
button located above the rear-view mirror after the incident as soon as it is safe to 
do so.  For one minute, a microphone (directed toward the driver) will be activated; 
during this time, please briefly describe what happened, and why.  In particular, 
what was the driving error that caused the incident? 

 
Data downloading: 
Note:  the location of your vehicle will be known to VTTI researchers via a radio 
transmitter providing Global Positioning System coordinates.  This information will be 
used to locate vehicles for data downloading. 

19. Permit VTTI researchers to access your vehicle (at your home or work location) 
every 1-4 weeks to download data.  Most data downloads will require a data line to 
be plugged into a data port near the vehicle license plate on the outside of the 



vehicle.  (No access to the inside of the vehicle is required.)  Subject to your 
approval, data downloads will be completed between 7 a.m. and 11 p.m. 

 
Equipment maintenance: 

20. In the event of equipment malfunctioning or damage, notify VTTI as soon as 
possible. 

21. Permit a service call at your home or office for repairs (if preferred, vehicle may be 
brought to Hurley’s).  If repairs cannot be made in a service call, bring the vehicle 
in to Hurley’s for repairs.  We will provide $10 to cover Metro fare or other 
transportation needs.   

 
In the event of a crash (applies to all collisions, regardless of severity): 

22. Contact VTTI as soon as possible after the crash. (Accident reporting instructions 
and phone numbers will be placed in glove box during equipment installation.)  

23. Participate in a short phone interview with VTTI about the crash. 
24. Schedule an appointment for hearing re-testing, to be conducted as soon as possible 

after the crash.  Re-testing is conducted at Professional Hearing Services (6231 
Leesburg Pike Suite 512 Falls Church, VA 22044 Phone 703-536-1666). Re-testing 
results will be provided to you and to VTTI. 

25. Encourage all passengers whose hearing has been tested to schedule this re-testing.  
26. If the crash is police-reported, request a copy of the Police Accident Report from 

the police, and provide a copy to VTTI.  VTTI will remove all personal identifiers 
to ensure confidentiality.   “Personal identifiers” include names, addresses, phone 
numbers, and license plate numbers. 

27. Request and provide copies of medical report(s) associated with your crash injuries 
and treatment.  For some crashes, crash and injury information may already be 
available to NHTSA, and thus to this study, in conjunction with other NHTSA-
sponsored studies in the Northern Virginia area.  

28. Permit VTTI and/or Hurley’s to check and test the vehicle instrumentation. 
 
 
In the event of an air bag deployment:  

29. Permit a Special Crash Investigation team from NHTSA to inspect the vehicle. 
30. Participate in an in-person interview with the Crash Investigation team. 

 
Equipment de-installation: 
VTTI will contact you at the end of the 12-month study, to schedule equipment de-
installation and out-processing. 

31. Bring your vehicle to Hurley’s Auto Audio for equipment de-installation, which 
will require a full day.  We will provide $10 to cover Metro fare or other 
transportation needs.   

32. Inspect your vehicle at Hurley’s and sign form to verify that all recording 
equipment has been removed, and that the vehicle has been restored to its original 
state.  Keep copy for your records. 

 
Out-processing/study completion (requires one hour): 

33. Complete out-processing administrative paperwork. 
34. Complete short questionnaires regarding stress levels and driving behavior and 



performance over the past year, and study evaluation. 
35. Receive final payment for your participation. 

 
Equipment Installation and Data Collection 
 
You are being asked to drive with the instrumentation for approximately one year.  No 
holes will be drilled into your vehicle to mount equipment.  Instead, holes holding 
existing apparatus will be used. The data collection system is approximately 8” x 18” x 
24.”  The computer/data storage system is housed in the back of the trunk and mounted to 
the trunk “roof” (not to the trunk lid).  A camera module will be mounted above the rear-
view mirror and an incident push-button will be located on the camera module.  This will 
be done without drilling holes or making any permanent modifications to the vehicle.  
Wires will not be visible.  
 
As part of the data collection system, forward- and rearward-looking radar will be 
installed behind the front and rear license plates.  For the radar to function, we will need 
to replace you state license plate with plastic plates for the duration of the study.  You 
will be provided with a temporary registration and an authorization letter from the state 
DMV for your records.   At the end of the study your original license plates will be 
reinstalled on the vehicle.    
  
The data on the vehicle will be downloaded via a data port located behind the rear license 
plate or via short range wireless communication (if there is no access to the vehicle).  
Once the data is downloaded, it will be stored on a project specific data server that will be 
accessed only by research staff affiliated with the project. 
 
The data collection system is designed to require no maintenance and will not require you to perform any 
maintenance.  However, if a diagnostic check of the data confirms a disruption of the data collection, a 
technician will be assigned to correct the problem.  To perform the maintenance, VTTI or Hurley’s will 
contact you to receive permission to work on the vehicle and schedule the repair.    We will try to avoid 
interfering with your commuting schedule. 
 
Insurance 
 
Please note that since you are driving your own vehicle, Virginia Tech is not liable for the expenses 
incurred in any accident you may have.  In the event of an accident, you are not responsible for coverage of 
the instrumentation in the vehicle. 
 
Participants in a study are considered volunteers, regardless of whether they receive payment for their 
participation. Under Commonwealth of Virginia law, workers compensation does not apply to volunteers; 
therefore, the participants are responsible for their own medical insurance for bodily injury. Appropriate 
health insurance is strongly recommended to cover these types of expenses. 
 
If you should become injured in an accident, whether in or out of an automobile, the medical treatment 
available to you would be that provided to any person by emergency medical services in the vicinity where 
the accident occurs. 
 
Automatic Collision Notification 
 
The vehicle will also be equipped with an automatic collision notification system, triggered by collision 
impacts.  The system is intended to notify VTTI in the event of a collision impact.  When serious impacts 
are detected by VTTI staff, they will notify local emergency services.  However, VTTI cannot guarantee 



continuous 24-hour coverage or coverage of all vehicle locations.  Therefore, in the event of a crash, you 
should not expect an emergency response based on this system.  Notify police and emergency services as 
you otherwise would following a crash.  However, this automatic collision notification system may enable 
emergency service to be dispatched to you faster after a crash. 
  
III. RISKS 
 
The risk to you is no more than you would normally incur while driving.  All data collection equipment is 
mounted such that, to the greatest extent possible, it does not pose a hazard in any foreseeable way.  None 
of the data collection equipment will interfere with any part of your normal field of view.  The addition of 
the data collection systems to the vehicle will in no way affect the operating or handling characteristics of 
the vehicle. 
 
Please note that you are being asked not to wear sunglasses unless absolutely necessary; however, if at any 
time you are suffering from glare problems (e.g., from the sun shining directly into your face) and cannot 
see the roadway and your surrounding environment, sunglasses are recommended. 
 
IV. BENEFITS  
 
While there are no direct benefits to you from this research, you may find the experiment interesting.  No 
promise or guarantee of benefits is being made to encourage participation.  Your participation will help to 
improve the body of knowledge regarding driving behavior and performance. 
 
V. EXTENT OF ANONYMITY AND CONFIDENTIALITY 
 
Video information will be taken during the course of data collection.  The data gathered 
in this experiment will be treated with confidentiality.  Drivers’ names will be separated 
from the collected data.  A coding scheme will be employed to identify the data by 
subject number only (e.g., Driver No. 3).  
 
While you are driving the vehicle, a camera will record your face and the left exterior 
side of vehicle, the right exterior side of the vehicle, the forward view, the rear-view, and 
the instrument panel view.  This is shown below.  Note that no other passengers in the 
vehicle will be within the camera view.  Also, there is audio recording capability in the 
vehicle, but it will only record for one minute when you activate the incident push button.  
Please note that the audio microphone is directional and will only record your voice from 
the driver’s seat. 
 



 
 

Camera mounted on 
passenger-side A-pillar 
facing outward will capture  
the right side of the vehicle 
 

2 cameras  
mounted at center 
rear-view mirror 

•Forward View 

• Driver 
Face/Left Side 

Camera mounted near dome 
light:  over the shoulder, 
arms/hands and feet view

Rear-facing camera mounted 
near CHMSL will also  
capture left of vehicle 

The data from this study will be stored in a secured area at the Virginia Tech 
Transportation Institute.  Access to the data will be under the supervision of Dr. Tom 
Dingus, Dr. Vicki Neale, Sheila Klauer, Dr. Ron Knipling, and Heather Foster.  Data 
reductionists assigned to work on this project will also have access to your data.  Data 
reduction will consist of examining driving performance under various conditions.  
During the course of this study, the video will not be released to anyone other than 
individuals working on the project without your written consent.  Following the study, 
some data may be made available to the contact sponsor, the National Highway Traffic 
Safety Administration (NHTSA), for research purposes only.  Please note that NHTSA is 
under the same obligation to keep your data confidential.   
 
If you are involved in a crash while participating in this study, the data collection 
equipment in your vehicle will likely capture the events leading up to the event.  The data 
collection equipment SHOULD NOT be given to police officers or any other party.  You 
are under NO LEGAL OBLIGATION to mention that you are participating in this study.   
 
We will do everything we can to keep others from learning about your participation in the 
research. To further help us protect your privacy, the investigators have obtained a 
Confidentiality Certificate from the Department of Health and Human Services.  With 
this Certificate, the investigators cannot be forced (for example by court subpoena) to 
disclose information that may identify you in any federal, state, or local civil, criminal, 
administrative, legislative, or other proceedings.  Disclosure will be necessary, however, 
upon request of DHHS for audit or program evaluation purposes. 
 



You should understand that a Confidentiality Certificate does not prevent you or a 
member of your family from voluntarily releasing information about yourself or your 
involvement in this research. Note however, that if an insurer, employer, or someone else 
learns about your participation, and obtains your consent to receive research information, 
then the investigator may not use the Certificate of Confidentiality to withhold this 
information.  This means that you and your family must also actively protect your own 
privacy.  In addition to the Confidentiality Certificate, we have also obtained approval 
through the NHTSA Human Use Review Panel for your protection.   

Finally, you should understand that the investigator is not prevented from taking steps, 
including disclosing information to authorities, to prevent serious harm to yourself or 
others.  For example, if we learned about offenses such as child abuse or habitual driving 
under the influence, we would take appropriate action to protect you and someone else, 
even though we will still maintain privacy of the data.    

VI. COMPENSATION 
 
You will be compensated $125.00 per month for approximately 12 months of 
participation in this study.  If you choose to withdraw from participation prior to the 12-
month period, you will be compensated for the proportion of time that you have 
participated.  You will also receive a $300 study completion bonus at the end of the 12-
month period and equipment de-installation.  This bonus will be provided at the out-
processing. 

 
In addition to this compensation, you will be given $10 for travel on the days that 
instrumentation is installed and removed. 

 
VII. FREEDOM TO WITHDRAW 
 
You are free to withdraw from the study at any time without penalty. If you choose to 
withdraw, you will be compensated for the portion of the time of the study.  
 
VTTI has the right to terminate your participation in the study at any time.  For example, 
VTTI may withdraw you from the study if the quantity or quality of data is insufficient 
for study purposes or if you pose a threat to yourself or to others.  Subjects withdrawn 
from the study will receive pro-rated payment (at $125 per month) and will be required to 
schedule equipment de-installation as soon as possible. 

 
 
 



VIII. APPROVAL OF RESEARCH  
 
This research project has been approved, as required, by the Institutional Review Board 
for Research Involving Human Subjects at Virginia Polytechnic Institute and State 
University, by the Virginia Tech Transportation Institute.  
 
_____________________________      _____________________________ 
IRB Approval Date Approval Expiration Date 

 
        
IX. DRIVER'S RESPONSIBILITIES  
 
I voluntarily agree to participate in this study.  I understand the procedures and 
responsibilities described above, in particular in Section II, Procedures and Subject 
Responsibilities. 
 
X. DRIVER'S PERMISSION 
 
I have read and understand the Informed Consent and conditions of this project. I have 
had all my questions answered. I hereby acknowledge the above and give my voluntary 
consent:  
 
 
Signature of Driver: _____________________________________Date:_____________ 
 
 
 
Signature of Additional Driver: 
 
______________________________________________________Date: _____________ 
Signature of Legal Guardian if any additional driver is minors: 
 
_____________________________________________________ Date: _____________ 
 
 
 
Signature of Additional Driver: 
 
________________________________________________ Date: _____________ 
Signature of Legal Guardian if any additional driver is minors: 
 
______________________________________________________Date: _____________ 
 
Signature of Additional Driver: 
 
_______________________________________________________Date:____________ 



Signature of Legal Guardian if any additional driver is minors: 
 
_____________________________________________________Date: _____________ 
 
 
Should I have any questions about this research or its conduct, I may contact: 
 
Heather Foster 703-538-8447 hfoster@vtti.vt.edu
Research Specialist/Northern Virginia Center, Virginia Tech Transportation Institute 
 
Dr. Ronald R. Knipling 703-538-8439 rknipling@vtti.vt.edu 
Northern Virginia Site Manager/Falls Church, Virginia Tech Transportation Institute  
 
Dr. Vicki L. Neale 540-231-1514 vneale@vtti.vt.edu 
Co-Principal Investigator, Virginia Tech Transportation Institute 
 
Dr. David M. Moore 540-231-4991 moored@vt.edu  
Chair, IRB 
Office of Research Compliance   
Research & Graduate Studies   
   
 
All drivers must be given a complete copy (or duplicate original) of the signed 
Informed Consent. 
 
 

mailto:538-8447%20hfoster@vtti.vt.edu
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APPENDIX B 
 

Data Reduction Variables 
 
1. Vehicle Number 
 
Comment:  Each vehicle will be assigned a vehicle number.  Information will 
originate in the raw data stream. 
 

        FORMAT:  Integer value. 
 

2. Epoch Number 
The Epoch file number is arranged by vehicle identification number, date and time.  
The first three numbers represent the vehicle identification number, the next two 
numbers represent the year (Ex. 03 for 2003), the next two numbers represents the 
month (Ex. 03 for March), the next two numbers represent the day of the month, the 
next four numbers represent the time in military time.  The last six numbers are the 
epoch ID 

 
002 03 02 28 1209 000000 

 
Comment:  Each valid driving performance trigger will be assigned to an epoch.  An 
epoch will consist of 1 minute of video prior and 30 seconds of video after the initial 
onset of a trigger.  If a second trigger occurs within this 1.5-minute segment, the 
epoch will extend to include a full one minute prior to the onset of the initial trigger 
and 30 seconds after the onset of the last trigger. 
 
3.  Event Severity – A general term referring to all valid triggered occurrences of an 

incident, near-crash, or crash that begins at the precipitating event and ends when 
the evasive maneuver has been completed. 

 
o Invalid trigger – Any instance where a trigger appears but no safety-

relevant event is present. 
 
 Non-subject conflict - Any safety-relevant event captured on video 

(incident, near-crash, or crash) that does not involve the driver.   
 
o Non-conflict - Any event that increases the level of risk associated with 

driving, but does not result in a crash, near-crash, or incident, as defined 
below.  Examples include: driver control error without proximal hazards 
being present; driver judgment error such as unsafe tailgating or excessive 
speed; or cases in which drivers are visually distracted to an unsafe level. 

 
o Proximity Event - Any circumstance resulting in extraordinarily close 

proximity of the subject vehicle to any other vehicle, pedestrian, cyclist, 



animal, or fixed object where, due to apparent unawareness on the part of 
the driver(s), pedestrians, cyclists or animals, there is no avoidance 
maneuver or response.  Extraordinarily close proximity is defined as a 
clear case where the absence of an avoidance maneuver or response is 
inappropriate for the driving circumstances (including speed, sight 
distance, etc.). 
 

o Crash-Relevant - Any circumstance that requires a crash avoidance 
response on the part of the subject vehicle.  Any other vehicle, pedestrian, 
cyclist, or animal that is less severe than a rapid evasive maneuver (as 
defined above), but greater in severity than a “normal maneuver” to avoid 
a crash.  A crash avoidance response can include braking, steering, 
accelerating, or any combination of control inputs.  A “normal maneuver” 
for the subject vehicle is defined as a control input that falls inside of the 
99% confidence limit for control input as measured for the same subject. 
 

o Near-crash - Any circumstance that requires a rapid, evasive maneuver by 
the subject vehicle, or any other vehicle, pedestrian, cyclist, or animal to 
avoid a crash.  A rapid, evasive maneuver is defined as a steering, braking, 
accelerating, or any combination of control inputs that approaches the 
limits of the vehicle capabilities.  As a guide: subject vehicle braking 
greater than 0.5 g, or steering input that results in a lateral acceleration 
greater than 0.4 g to avoid a crash, constitutes a rapid maneuver. 
 

o Crash - Any contact with an object, either moving or fixed, at any speed, 
in which kinetic energy is measurably transferred or dissipated.  Includes 
other vehicles, roadside barriers, objects on or off the roadway, 
pedestrians, cyclists or animals. 

 
Comment:  Initial coding step.  Invalid events result in no further coding.  Non-
subject and non-conflicts will only result in a brief narrative written, but no other 
coding.  Other coding choices will determine which specific subset of variables 
that will be coded.  Specified at early onset of data reduction software.   

 
4.  Trigger Type (C-N-I) 

The triggers were specific data signatures that were specified during the 
sensitivity analysis performed after 10 percent of the data were collected.  The 
specific data signatures that were used to identify valid events are as follows: 

 
• Lateral acceleration - Lateral motion equal or greater than 0.7 g. 
• Longitudinal acceleration - Acceleration or deceleration equal or 

greater than 0.6 g.   
• CI button – Activated by the driver upon pressing a button located on 

the dashboard when an incident occurred that the driver deemed 
critical. 

 



• Forward Time To Collision (FTTC) - Acceleration or deceleration 
equal to or greater than 0.5 g coupled with a forward TTC of 4 seconds 
or less. 

• All longitudinal decelerations between 0.4 g and 0.5 g coupled with a 
forward TTC value of ≤ 4 seconds and that the corresponding forward 
range value at the minimum TTC is not greater than 100 ft. 

• Rear Time To Collision (RTTC) - Any rear TTC trigger value of 2 
seconds or less that also has a corresponding rear range distance of ≤ 
50 ft. AND any rear TTC trigger value where the absolute acceleration 
of the following vehicle is greater than 0.3 g. 

• Side object detection – Detects presence of other vehicles/objects in 
the adjacent lane. 

• Lane change cut-off – Identifies situations in which the subject vehicle 
cuts in too close either behind or in front of another vehicle by using 
closing speed and forward TTC.  

• Yaw rate  – Any value greater than or equal to a plus AND minus 4 
deg change in heading (i.e., vehicle must return to the same general 
direction of travel) within a 3-second window of time. 

 
5. Driver Subject Number (C-N-I-B)  
 All primary drivers’ subject number will be a 3-digit number followed by the letter 
“A.”  Any secondary drivers should be given the same 3-digit number followed by 
the letters “B,” “C,” and so on.  
 
6.  Onset of Precipitating Factor  
Using video frame numbers, the reductionists will determine the onset of the 
precipitating event (i.e., onset of lead vehicle brake lights for a lead vehicle conflict). 

 
7. Resolution of the Event 
Using video frame numbers, the reductionists will determine when the evasive 
maneuver (or lack thereof) has been executed and the level of danger has returned to 
normal. 

 
Event Variables 
 

1. Event Nature (C-N-I)  
This variable specified the type of crash, near-crash, or incident that occurred.  The 
reductionists chose from the following variables that were modified from GES 
variables “Manner of Collision” and “Most Harmful Event.” 
 

1=Conflict with a lead vehicle 
2=Conflict with a following vehicle 
3=Conflict with an oncoming traffic 
4=Conflict with a vehicle in adjacent lane 
5=Conflict with a merging vehicle 
6=Conflict with a vehicle turning across subject vehicle path (same  



                 Direction) 
7=Conflict with a vehicle turning across subject vehicle path (opposite direction) 
8=Conflict with a vehicle turning into subject vehicle path (same direction) 
9=Conflict with a vehicle turning into subject vehicle path (opposite direction) 
10 =Conflict with a vehicle moving across subject vehicle path (through intersection) 
11=Conflict with a parked vehicle 
12=Conflict with a pedestrian 
13=Conflict with a pedal cyclist 
14=Conflict with an animal 
15=Conflict with an obstacle/object in roadway 
16=Single vehicle conflict 
17=Other 
18=No known conflict (for RF sensor trigger) 
99=Unknown conflict 

 
2. Incident Type (Coded for Crashes and Near-Crashes only) 

 
1 = Rear-end, striking 
2 = Rear-end, struck 
3 = Road departure (left or right) 
4 = Road departure (end) 
5 = Sideswipe, same direction (left or right) 
6 = Opposite direction (head-on or sideswipe) 
7 = Violation of stop sign or signal at intersection 
8 = Straight crossing path, not involving sign/signal violation 
9 = Turn across path 
10 = Turn into path (same direction) 
11 = Turn into path (opposite direction) 
12 = Backing, fixed object 
13 = Backing into traffic 
14 = Pedestrian 
15 = Pedalcyclist 
16 = Animal 
17 = Other (specify) 
99 = Unknown 

        
       3. Pre-Event Maneuver (GES Variable Vehicle 1 Maneuver Prior to Event) 
       This represents the last action that the subject vehicle driver engaged in just prior to  
       the point that the driver realized impending danger.  Note that the variables in italics  
       are those GES variables that were expanded. 
 

1a = Going straight, constant speed 
1b = Going straight ahead, accelerating 
1c = Going straight, but with unintentional “drifting” within lane or across lanes 
2 = Decelerating in traffic lane 
3 = Accelerating in traffic lane 



4 = Starting in traffic lane 
5 = Stopped in traffic lane 
6 = Passing or overtaking another vehicle 
7 = Disabled or parked in travel lane 
8 = Leaving a parked position 
9 = Entering a parked position 
10 = Turning right 
11 = Turning left 
12 = Making U-turn 
13 = Backing up (other than for parking purposes) 
14 = Negotiating a curve 
15 = Changing lanes 
16 = Merging 
17 = Successful corrective action to previous action 
18a = Maneuvering to avoid an animal 
18b = Maneuvering to avoid a pedestrian/pedalcyclist 
18c = Maneuvering to avoid an object 
18d = Maneuvering to avoid a vehicle 
97 = Other 
99 = Unknown 
 
Source/comment: GES Variable V21, Movement Prior to Critical Event.  Also, very 
similar to VA PAR Variable 19/20. 
FORMAT: Integer value as listed above.  

 
4. Judgment of Vehicle 1 Maneuver Prior to Event 
This variable provided additional information about the pre-event maneuver as to 
whether this maneuver was either safe or legal. 
 
1 = Safe and legal 
2 = Unsafe but legal 
3 = Safe but illegal 
4 = Unsafe and illegal 
99 = Unknown 

 
5.  Precipitating Factor (GES Variable V26, Critical Event) 

      The driver behavior or state of the environment that begins the event and the     
      subsequent sequence of actions that result in a crash, near-crash, or incident,    
      independent of who caused the event (driver at fault).  The precipitating factor occurs  
      outside the vehicle and does not include driver distraction, fatigue, or disciplining  
      child while driving.  

 
 
 
 
 



A. This Vehicle Loss of Control Due to: 
 
001 = Blow-out or flat tire 
002 = Stalled engine 
003 = Disabling vehicle failure (e.g., wheel fell off) 
004 = Minor vehicle failure 
005 = Poor road conditions (puddle, pothole, ice, etc.) 
006 = Excessive speed 
007 = Other or unknown reason 
008 = Other cause of control loss 
009 = Unknown cause of control loss 
 

B. This Vehicle Traveling: 
 

018a = Ahead, stopped on roadway more than 2 seconds  
018b = Ahead, decelerated and stopped on roadway 2 seconds or less 
021 = Ahead, traveling in same direction and decelerating 
022 = Ahead, traveling in same direction with slower constant speed 
010 = Over the lane line on the left side of travel lane 
011 = Over the lane line on right side of travel lane 
012 = Over left edge of roadway 
013 = Over right edge of roadway 
014 = End departure 
015 = Turning left at intersection 
016 = Turning right at intersection 
017 = Crossing over (passing through) intersection 
019 = Unknown travel direction 
020a = From adjacent lane (same direction), over left lane line behind lead 
vehicle, rear-end crash threat 
020b = From adjacent lane (same direction), over right lane line behind lead 
vehicle, rear-end crash threat 
 

C. Other Vehicle in Lane: 
 

050a = Ahead, stopped on roadway more than 2 seconds  
050b = Ahead, decelerated and stopped on roadway 2 seconds or less 
051 = Ahead, traveling in same direction with slower constant speed 
052 = Ahead, traveling in same direction and decelerating 
053 = Ahead, traveling in same direction and accelerating 
054 = Traveling in opposite direction 
055 = In crossover 
056 = Backing 
059 = Unknown travel direction of the other motor vehicle 
 

 
 



D. Another Vehicle Encroaching into This Vehicle’s Lane: 
 

060a = From adjacent lane (same direction), over left lane line in front of this 
vehicle, rear-end crash threat 
060b = From adjacent lane (same direction), over left lane line behind this 
vehicle, rear-end crash threat 
060c = From adjacent lane (same direction), over left lane line, sideswipe threat 
060d = From adjacent lane (same direction), over right lane line, sideswipe 
threat 
060e = From adjacent lane (same direction), other 
061a = From adjacent lane (same direction), over right lane line in front of this 
vehicle, rear-end crash threat 
061b = From adjacent lane (same direction), over right lane line behind this 
vehicle, rear-end crash threat 
061c = From adjacent lane (same direction), other 
062 = From opposite direction over left lane line. 
063 = From opposite direction over right lane line 
064 = From parallel/diagonal parking lane 
065 = Entering intersection—turning in same direction 
066 = Entering intersection—straight across path 
067 = Entering intersection – turning into opposite direction 
068 = Entering intersection—intended path unknown  
070 = From driveway, alley access, etc – turning into same direction 
071 = From driveway, alley access, etc – straight across path 
072 = From driveway, alley access, etc – turning into opposite direction 
073 = From driveway, alley access, etc – intended path unknown 
074 = From entrance to limited access highway 
078 = Encroaching details unknown  
 

E.  Pedestrian, Pedalcyclist, or other Non-Motorist: 
 

080 = Pedestrian in roadway 
081 = Pedestrian approaching roadway 
082 = Pedestrian in unknown location 
083 = Pedalcyclist/other non-motorist in roadway 
084 = Pedalcyclist/other non-motorist approaching roadway 
085 = Pedalcyclist/or other non-motorist unknown location 
086 = Pedestrian/pedalcyclist/other non-motorist—unknown location 
 

F. Object or Animal: 
 

087 = Animal in roadway 
088 = Animal approaching roadway 
089 = Animal unknown location 
090 = Object in roadway 
091 = Object approaching roadway 



092 = Object unknown location 
099 = Unknown critical event 

  
6.  Evasive Maneuver (GES Variable V27 Corrective Action Attempted) 
     The subject vehicle driver’s reaction to the precipitating factor.  

 
     0 = No driver present 

   1 = No avoidance maneuver 
   2 = Braking (no lockup) 
   3 = Braking (lockup) 
   4 = Braking (lockup unknown) 
   5 = Releasing brakes 
   6 = Steered to left 
   7 = Steered to right 
   8 = Braked and steered to left 
   9 = Braked and steered to right 
   10 = Accelerated 
   11 = Accelerated and steered to left 
   12 = Accelerated and steered to right 
   98 = Other actions 

      99 = Unknown if driver attempted any corrective action 
 

7.  Vehicle Control After Corrective Action (GES Variable V28—Coded only     
      for Near-crashes and crashes): 
 
      0 = No driver present 
      1 = Vehicle control maintained after corrective action 
      2 = Vehicle rotated (yawed) clockwise 
      3 = Vehicle rotated (yawed) counter-clockwise 
      4 = Vehicle slid/skid longitudinally – no rotation 
      5 = Vehicle slid/skid laterally – no rotation 
      9 = Vehicle rotated (yawed) unknown direction 
      20 = Combination of 2-9 
      94 = More than two vehicles involved 
      98 = Other or unknown type of vehicle control was lost after corrective action 
      99 = Unknown if vehicle control was lost after corrective action. 

 
Contributing Factors 
 

1. Driver Behavior: Driver 1 Actions/Factors Relating to the Event (VA PAR 
Variable 17/18)   
This variable provides a descriptive label to the driver’s actions that may or may not 
have contributed to the event. 

 
      0 = None 
      1 = Exceeded speed limit 



      2= Inattentive or distracted 
      3 = Exceeded safe speed but not speed limit 
      4 = Driving slowly: below speed limit 
      5 = Driving slowly in relation to other traffic: not below speed limit 
      6 = Illegal passing (i.e., across double line)  
      7 = Passing on right 
      8 = Other improper or unsafe passing 
      9 = Cutting in, too close in front of other vehicle 
     10 = Cutting in, too close behind other vehicle 
     11 = Making turn from wrong lane (e.g., across lanes) 
     12 = Did not see other vehicle during lane change or merge 
     13 = Driving in other vehicle’s blind zone 
     14 = Aggressive driving, specific, directed menacing actions 

  15 = Aggressive driving, other, i.e., reckless driving without directed menacing      
          actions  
  16 = Wrong side of road, not overtaking 
  17 = Following too close 
  18 = Failed to signal, or improper signal 
  19 = Improper turn - wide right turn 
  20 = Improper turn - cut corner on left turn 
  21 = Other improper turning 
  22 = Improper backing, did not see 
  23 = Improper backing, other 
  24 = Improper start from parked position 
  25 = Disregarded officer or watchman 
  26 = Signal violation, apparently did not see signal 
  27 = Signal violation, intentionally ran red light 
  28 = Signal violation, tried to beat signal change 
  29 = Stop sign violation, apparently did not see stop sign 
  30 = Stop sign violation, intentionally ran stop sign at speed 
  31 = Stop sign violation, “rolling stop” 
  32 = Other sign (e.g., Yield) violation, apparently did not see sign 
  33 = Other sign (e.g., Yield) violation, intentionally disregarded 
  34 = Other sign violation 
  35 = Non-signed crossing violation (e.g., driveway entering roadway) 
  36 = Right-of-way error in relation to other vehicle or person, apparent    
          recognition failure (e.g., did not see other vehicle) 

       37 = Right-of-way error in relation to other vehicle or person, apparent decision  
               failure (i.e., did see other vehicle prior to action but misjudged gap) 

  38 = Right-of-way error in relation to other vehicle or person, other or unknown  
          cause 
  39 = Sudden or improper stopping on roadway 
  40 = Parking in improper or dangerous location, e.g., shoulder of Interstate 
  41 = Failure to signal with other violations or unsafe actions 
  42 = Failure to signal, without other violations or unsafe actions 
  43 = Speeding or other unsafe actions in work zone 



  44 = Failure to dim headlights 
  45 = Driving without lights or insufficient lights 
  46 = Avoiding pedestrian 
  47 = Avoiding other vehicle 
  48 = Avoiding animal 
  49 = Apparent unfamiliarity with roadway 
  50 = Apparent unfamiliarity with vehicle, e.g., displays and controls 
  51 = Apparent general inexperience driving 
  52 = Use of cruise control contributed to late braking 

     53 = Other, specify 
 
2. Driver 1 Physical/Mental Impairment (GES Variable D3: Driver 
Physical/Mental Condition)  

 
       0 = None apparent 

  1 = Drowsy, sleepy, asleep, fatigued 
  2 = Ill, blackout 
  3a = Angry 
  3b = Other emotional state 
  4a = Drugs-medication 
  4b = Drugs-Alcohol 
  5 = Other drugs (marijuana, cocaine, etc.) 
  6 = Restricted to wheelchair 
  7 = Impaired due to previous injury 
  8 = Deaf 
  50 = Hit and run vehicle 
  97 = Physical/mental impairment – no details  
  98 = Other physical/mental impairment 
  99 = Unknown physical/mental condition 

 
Source: GES D3, Driver Physical/Mental Condition.  Element 3 expanded to  
separate anger from other emotions.  Element 50 not applicable. 
Coded in General State Variables:  Driver’s General State, Causal/Contributing  
Factors, & Precipitating Event. 
FORMAT: 16-bit encoded value(s) as listed above.  

 
3. Driver 1 Distracted By (GES Variable D7: Driver Distracted By) 
 This variable was recorded if the reductionists observed the drivers engaging in    
   any of the following secondary tasks 5 to 10 seconds prior to the onset of the  
   precipitating factor.  For a complete definition of these tasks, see Appendix D. 
 

00 = Not Distracted 
 
15 = Cognitive distraction 
         97 = Lost in thought 
         01 = Looked but did not see 



         15a = Reading 
         15b = Talking/singing without obvious passenger 
         15c = Dancing to the radio 
         15d = Reading 
 
03 = Passenger in vehicle 
         3a = Passenger in adjacent seat 
         3b = Passenger in rear seat 
         3c = Child in adjacent seat 
         3d = Child in rear seat 
 

04 = Object/Animal/Insect in Vehicle 
         4a = Moving object in vehicle (i.e. object fell off seat when driver stopped  

        hard at a traffic light) 
         4b = Insect in vehicle 
         4c = Pet in vehicle 
         4d = Object dropped by driver 
         4e = Reaching for object in vehicle (not cell phone) 
 
5 = Cell phone operations 
         05a =  Talking/listening 
         06a = Dialing hand-held cell phone 
         06b = Dialing hand-held cell phone using quick keys 
         06c = Dialing hands-free cell phone using voice activated software 
         06d = Locating/reaching/answering cell phone 
 
17 = PDA operations 
         15a = Locating/reaching PDA 
         15b = Operating PDA 
         15c = Viewing PDA 

             
            16 = In-vehicle system operations 

         7 = Adjusting climate control 
         8a = Adjusting the radio 
         8b = Inserting/retrieving cassette 

           8c = Inserting/retrieving CD 
         9 = Adjusting other devices integral to vehicle (unknown which device) 
         9a = Adjusting other known in-vehicle devices (text box to specify) 
 
12 = External Distraction 
          12a = Looking at previous crash or highway incident 
          12b = Pedestrian located outside the vehicle 
          12c = Animal located outside the vehicle 
         12d = Object located outside the vehicle 
         12e = Construction zone 

 



13 = Dining 
         13a = Eating with a utensil 
         13b = Eating without a utensil 
         13c = Drinking from a covered container (i.e. straw) 
         13d = Drinking from an uncovered container 
 

14 = Smoking 
         14a = Reaching for cigar/cigarette 
         14b = Lighting cigar/cigarette 
         14c = Smoking cigar/cigarette 

           14d = Extinguishing cigar/cigarette 
 

18. Personal Hygiene 
         18a = Combing/brushing/fixing hair 
         18b = Applying make-up 
         18c = Shaving 
         18d = Brushing/flossing teeth 
         18e = Biting nails/cuticles 
         18f = Removing/adjusting jewelry 
         18g = Removing/inserting contact lenses 
         18h = Other 
 

19. Inattention to the Forward Roadway 
        19a = Left window 
        19b = Left rear-view mirror 
        19c = Center rear-view mirror 
        19d = Right rear-view mirror 
        19e = Right passenger window  

 
3a. Time Distraction Began 

Reductionists entered the video frame number corresponding to the time at 
which the driver became distracted or began to engage in the distracting 
task. 
 

3b. Time Distraction Ended 
Reductionists entered the video frame number corresponding to the time at 
which the driver disengaged from the distracting task or the driver’s 
attention returned to the forward roadway. 
 

3c. Outcome (of Incident) Impacted 
Reductionists also marked whether they believed that the secondary task 
that was present at the onset of the precipitating factor impacted the 
severity or the outcome of the event.  Note that all distraction analyses 
conducted in this report only used those secondary tasks that were marked 
“yes” or “not able to determine.” 
  



1 = Yes 
 2 = No 
 3 = Not able to determine 
 99 = Unknown 

 
4. Willful Behavior   
Reductionists marked this variable when they believed that the driver was aware 
or cognizant of their poor behavior.  There were 3 options, written in sequential 
order of increasingly willful or aggressive behavior. 
 
1 = Aggressive driving 
2 = Purposeful violation of traffic laws 
3 = Use of vehicle for improper purposes (Intimidation/weapon) 
99 = Unknown 

 
Source/comment:  This variable came from the Light/Heavy Vehicle Interaction 
Study Taxonomy. 

 
5. Driver Proficiency  
Reductionists marked this variable when it was believed that the driver was 
generally unaware of their poor driving behavior.  There are 4 options, written in 
order of decreasing levels of proficiency (the last is the most drastic measure of 
poor driving proficiency). 
 

1 = Violation of traffic laws 
2 = Driving techniques (incompetent to safely perform driving maneuver) 
3 = Vehicle kinematics (incompetent handling the vehicle) 
4 = Driver capabilities (incompetent on what maneuvers are safe and  
      appropriate) 

 
Source/comment:  This variable came from the Light/Heavy Vehicle Interaction 
Study Taxonomy. 

 
6.  Driver 1 Drowsiness Rating (Coded for Crashes and Near-Crashes only) 
An observer rating of drowsiness will be assigned for the 30 seconds prior to the 
event based on review of driver videos.  For drowsiness levels above a criterion 
level of and ORD of 60 or above, a manual calculation of PERCLOS will be 
measured by the analyst.  This variable will be coded for all crashes and near-
crashes (Wierwille and Ellsworth, 1994). 

 
7. Driver 1 Vision Obscured by (GES Variable D4: Vision Obscured by) 
Reductionists will ascertain to the best of their ability whether the driver’s vision 
was obscured by any of the following: 
 

0 = No obstruction 
1 = Rain, snow, fog, smoke, sand, dust 



2a = Reflected glare 
2b = Sunlight 
2c = Headlights 
3 = Curve or hill 
4 = Building, billboard, or other design features (includes signs,  
       embankment) 
5 = Trees, crops, vegetation 
6 = Moving vehicle (including load) 
7 = Parked vehicle 
8 = Splash or spray of passing vehicle [any other vehicle] 
9 = Inadequate defrost or defog system 
10 = Inadequate lighting system 
11 = Obstruction interior to vehicle 
12 = Mirrors 
13 = Head restraints 
14 = Broken or improperly cleaned windshield 
15 = Fog 
50 = Hit & run vehicle 
95 = No driver present 
96 = Not reported 
97 = Vision obscured – no details 
98 = Other obstruction 
99 = Unknown whether vision was obstructed 

 
8. Vehicle Contributing Factors (GES Variable V12, Vehicle contributing 
factors) 
Reductionists will determine if any of the following contributed to the severity or 
the presence of an event. 
 

0 = None 
1 = Tires 
2 = Brake system 
3 = Steering system 
4 = Suspension 
5 = Power train 
6 = Exhaust system 
7 = Headlights 
8 = Signal lights 

     9 = Other lights 
10 = Wipers 
11 = Wheels 
12 = Mirrors 
13 = Driver seating and controls 
14 = Body, doors 
15 = Trailer hitch 
50 = Hit and run vehicle 



97 = Vehicle contributing factors, no details 
98 = Other vehicle contributing factors 
99 = Unknown if vehicle had contributing factors 

 
Environmental Factors: Driving Environment 

 
1. Weather (GES Variable A20I, Atmospheric condition and VA PAR Variable 
4) 
Reductionists will determine the type of weather using the video and record as part 
of the data reduction process. 
 

1 = Clear 
2 = Cloudy 
3 = Fog 
4 = Mist 
5 = Raining 
6 = Snowing 
7 = Sleeting 
8 = Smoke dust 
9 = Other 
99 = Unknown 

 
2. Light (GES Variable A19I, Light Condition and VA PAR Variable 7) 

Reductionists will determine the type of ambient light conditions are present using 
the video and record as part of the data reduction process. 

 
1 = Dawn 
2 = Daylight 
3 = Dusk 
4 = Darkness, lighted 
5 = Darkness, not lighted 
99 = Unknown 

 
3. Windshield Wiper Activation  
Analysts will determine the windshield wiper activation through video reduction. 
 
  0 = Off 
  1 - On 
  99 = Unknown 

 
4. Surface Condition (VA PAR Variable 5) 
Reductionists will determine the type of surface condition at the onset of the  
precipitating factor and record as part of the data reduction process. 
 

1 = Dry 
2 = Wet 



3 = Snowy 
4 = Icy 
5 = Muddy 
6 = Oily 
7 = Other 
99 = Unknown 

 
5. Traffic Density (Level of Service) 
Reductionists will determine the level of traffic density at the time of the precipitating 
factor and record as part of the data reduction process. 
 

1 = LOS A:  free flow 
2 = LOS B:  Flow with some restrictions 
3 = LOS C:  Stable flow, maneuverability and speed are more restricted 
4 = LOS D:  Unstable flow – temporary restrictions substantially slow  
       driver 
5 = LOS E:  Flow is unstable, vehicles are unable to pass, temporary  
       stoppages, etc. 
6 = LOS F:  Forced traffic flow condition with low speeds and traffic  
       volumes that are below capacity.  Queues forming in particular  
       locations. 
99 = Unknown 

 
Driving Environment:  Infrastructure 

1. Kind of Locality (VA PAR Variable 8) 
Reductionists will determine the kind of locality at the onset of the precipitating 
factor and record as part of the data reduction process. 
 

1 = School 
2 = Church 
3 = Playground 
4 = Open Country 
5 = Business/industrial 
6 = Residential 
7 = Interstate 
8 = Other 
9= Construction Zone (Added) 
99 = Unknown 

 
2. Relation to Junction (GES Variable A9) 
Reductionists will determine the whether the precipitating factor occurred near a 
roadway junction and record as part of the data reduction process. 

 
 Non-Interchange Area 

00 = Non-Junction 
01 = Intersection 



02 = Intersection-related 
03 = Driveway, alley access, etc. 
04 = Entrance/exit ramp 
05 = Rail grade crossing 
06 = On a bridge 
07 = Crossover-related 
08 = Other, non-interchange area 
09 = Unknown, non-interchange 
20 = Parking lot [Added] 

 
FORMAT: Integer value as listed above. 
 
Interchange Area 

10 = Non-Junction 
11 = Intersection 
12 = Intersection-related 
13 = Driveway, alley access, etc. 
14 = Entrance/exit ramp 
16 = On a bridge 
17 = Crossover-related 
18 = Other location in interchange area 
19 = Unknown, interchange area 
99 = Unknown if interchange 

 
3. Trafficway Flow (GES Variable A11) 
Reductionists will determine the whether the roadway was divided at the time of the 
precipitating factor and record as part of the data reduction process. 
 

1 = Not divided 
2 = Divided (median strip or barrier) 
3 = One-way traffic 
99 = Unknown 

 
4. Number of Travel Lanes (GES Variable A12) 
Reductionists will determine the number of travel lanes at the time of the 
precipitating factor and record as part of the data reduction process. 
 

1 = 1 
2 = 2 
3a = 3 lanes in direction of travel (divided or one-way trafficway) 
3b = Undivided highway, 3 lanes total, 2 in direction of travel 
3c = Undivided highway, 3 lanes total, 1 in direction of travel 
4 = 4 
5 = 5 
6 = 6  
7 = 7+ 



99 = Unknown 
 
5. Traffic Control (VA PAR Variable 1) 
Reductionists will determine whether there was a traffic control device present and 
record as part of the data reduction process. 
  

 1 = No traffic control 
2 = Officer or watchman 
3 = Traffic signal 
4 = Stop sign 
5 = Slow or warning sign 
6 = Traffic lanes marked 
7 = No passing signs 
8 = Yield sign 
9 = One way road or street 
10 = Railroad crossing with markings or signs 
11 = Railroad crossing with signals 
12 = Railroad crossing with gate and signals 
13 = Other 
99 = Unknown 

 
Source:  VA PAR Variable 1. 
Coded in General State Variables: Road/Traffic Variables. 
FORMAT: Integer value as listed above.  
 
6. Alignment (VA PAR Variable 3) 
Reductionists will determine whether there what the road alignment was at the onset 
of the precipitating factor and record as part of the data reduction process. 
 

1 = Straight level 
2 = Curve level 
3 = Grade straight 
4 = Grade curve 
5 = Hillcrest straight 
6 = Hillcrest curve 
7 = Dip straight 
8 = Up curve [need definition] 
9 = Other 
99 = Unknown 

   
 
  
 
 
 
 



 
Driver State Variables 

1. Driver 1 Hands on Wheel (C-N-I-B) 
Reductionists will the number of hands the driver had on the steering wheel at the 
time of the precipitating factor and record as part of the data reduction process. 

 
0 = None 
1 = Left hand only 
2 = Both hands 
3 = Right hand only 
99 = Unknown 

 
2. Occupant Safety Belt Usage (C) 
Reductionists will determine whether the driver had a safety belt fastened at the 
time of the precipitating factor and record as part of the data reduction process. 
 

1 = Lap/shoulder belt 
2 = Lap belt only 
3 = Shoulder belt only 
5 = None used 
99 = Unknown if used. 

 
3. Driver 1 Alcohol Use (GES Variable V92) 
Reductionists will determine whether drivers were using alcohol or under the 
influence of alcohol at the time of the precipitating factor and record as part of the 
data reduction process. 
 

1a = Use observed in vehicle without overt effects on driving 
1b = Use observed in vehicle with overt effects on driving 
1c = Use not observed but reported by police 
1d = Use not observed or reported, but suspected based on driver behavior. 
2 = None known 
99 = Unknown 

  
4. Fault Assignment 

1 = Driver 1 (subject vehicle) 
2 = Driver 2 
3 = Driver 3 
4 = Driver 4 
5 = Driver 5 
6 = Driver 6 
7 = Driver 7 
8 = Driver 8 
9 =   Driver 9  
10 = Driver 10 
11 = Other (textbox) 



99 = Unknown 
 

5. Average PERCLOS (Percentage Eyes Closed) (C, N) 
For crashes and near-crashes where the driver’s observer rating of drowsiness is 
above a criterion level an ORD of 60, the average PERCLOS value for the 30-second 
pre-event period will be obtained through video reduction.  
 

6.  Driver 1 Eye Glance Reconstruction (C-N) 
Eye glances for the previous 30 seconds will be classified using the following 
categories and described as a timed, narrative sequence of the following numbers: 

1 = Center forward 
2 = Left forward 
3 = Right forward 
4 = Left mirror 
5 = Right mirror 
6 = Left window 
7 = Right window 
8 = Instrument panel 
9 = Passenger 
10 = Object 
11 = Cell Phone 
12 = Other  

 
Comment:  The analysis will include a recording of time the driver’s eyes were not 
“on the road,” i.e., straight ahead, forward right, or forward left.  When possible, eye 
glances will be characterized in greater detail than the general directions and areas 
listed above, e.g., when known, the specific object of regard will be noted in the 
narrative.  For the instrument panel, for example, specific components such as the 
radio/CD will be noted in the narrative.  When applicable and possible, the eye 
glance reconstruction will also include an assessment of driver reaction time to a 
stimulus, e.g., braking reaction time following a potential crash-precipitating event.  

 
Driver/Vehicle 2 
 

1. Number of other Vehicle/Person (s) 
Reductionists will identify the number of vehicles in the immediate environment and  
then record the following variables. 
 
2. Location of other Vehicle/Persons 
Reductionists will identify the location of vehicles in the immediate environment with 
respect to the subject vehicle and then record the following variables. 
 
A = In front of subject vehicle 
B = In front and to the immediate right of the subject vehicle 
C = On the right side of the subject vehicle, closer to front seat of the vehicle. 
D = On the right side of the subject vehicle, closer to rear seat of the vehicle. 



E = Behind and to the immediate right of the subject vehicle. 
F = Behind the subject vehicle 
G = Behind and to the immediate left of the subject vehicle. 
H = On the left side of the subject vehicle, closer to the rear seat of the vehicle. 
I = On the left side of the subject vehicle, closer to the front seat of the vehicle. 
J = In front and to the immediate left of the subject vehicle. 
 
3. Vehicle/Person 2 Type (Modified version of GES Variable V5, Body Type) 
Data reductionists will record what type of vehicles that are in the subject vehicle’s 
immediate surroundings. 
 

1 = Automobile 
14 = Sport utility vehicles 
20 = Van-based truck (minivan or standard van) 
30 = Pickup truck 
50 = School bus  
58a = Transit bus 
58b = Greyhound bus 
58c = Conversion bus 
64a = Single-unit straight truck: Multistop/step van 
64b = Single-unit straight truck: Box 
64c = Single-unit straight truck: Dump 
64d = Single-unit straight truck: Garbage/recycling 
64e = Single-unit straight truck: Concrete mixer 
64f = Single-unit straight truck: Beverage 
64g =Single-unit straight truck: Flatbed 
64h =Single-unit straight truck: Tow truck 
64i = Single-unit straight truck: Other 
64j = Single-unit straight truck: Unknown 
64k = Straight Truck + Trailer 
66 = Tractor only 
66a = Tractor-trailer: Enclosed box 
66b =  Tractor-trailer: Flatbed 
66c = Tractor-trailer: Tank 
66d = Tractor-trailer: Car carrier 
66e = Tractor-trailer: Livestock 
66f = Tractor-trailer: Lowboy trailer 
66g = Tractor-trailer: Dump trailer 
66h = Tractor-trailer: Multiplel trailers/enclosed box 
66i = Tractor-trailer: Multiple trailers/grain 
66e = Tractor-trailer: Other 
93 = Other Large Construction Equipment 
8 = Motorcycle or moped 
9a = Ambulance 
9b = Fire truck 
9c = Police 



10 = Other vehicle type 
11 = Pedestrian 
12 = Cyclist 
13 = Animal 
99 = Unknown vehicle type 

4. Vehicle 2 Maneuver (GES Variable V21, Movement Prior to Critical Event) 
Reductionists will record what the other vehicle’s actions were just prior to the onset 
of the precipitating factor. 
 

1 = Going straight ahead 
2 = Making right turn 
3 = Making left turn 
4 = Making U-turn 
5 = Slowing or stopping 
6 = Starting in traffic lane 
7 = Starting from parked position 
8 = Stopped in traffic lane] 
9 = Ran off road right 
10 = Ran off road left 
11 = Parked 
12 = Backing 
13 = Passing 
14 = Changing lanes 
15 = Other 
16 = Accelerating in traffic lane 
17 = Entering a parked position 
18 = Negotiating a curve 
19 = Merging 
99 = Unknown 

 

5.  Driver/Vehicle 2 Corrective Action Attempted (GES V27, Corrective Action 
Attempted) 
Reductionists will record the corrective action attempted for each vehicle 
immediately surrounding the subject vehicle. 
 

0 = No driver present 
1 = No avoidance maneuver 
2 = Braking (no lockup) 
3 = Braking (lockup) 
4 = Braking (lockup unknown) 
5 = Releasing brakes 
6 = Steered to left 
7 = Steered to right 
8 = Braked and steered to left 
9 = Braked and steered to right 



10 = Accelerated 
11 = Accelerated and steered to left 
12 = Accelerated and steered to right 
98 = Other actions 
99 = Unknown if driver attempted any corrective action 

 
Coded:  From PAR and/or video. 
Source: GES V27, Corrective Action Attempted. 
Coded in General State Variables: Driver/Vehicle 2. 
FORMAT: Integer value as listed above. 
 
6. Driver/Vehicle 2 Physical/Mental Impairment (GES D3, Driver 
Physical/Mental Condition) 
Reductionists will mark only for those crashes that a police accident report form is 
collected from the subject. 
 

0 = None apparent 
1 = Drowsy, sleepy, asleep, fatigued 
2 = Ill, blackout 
3a = Angry 
3b = Other emotional state 
4 = Drugs-medication 
5 = Other drugs (marijuana, cocaine, etc.) 
6 = Restricted to wheelchair 
7 = Impaired due to previous injury 
8 = Deaf 
50 = Hit-and-run vehicle 
97 = Physical/mental impairment – no details  
98 = Other physical/mental impairment 
99 = Unknown physical/mental condition 

 
7.  Driver 2 Actions/Factors Relating to Crash/Incident (VA PAR Variable 
17/18) 
Reductionists will code this for crashes and near-crashes only for each vehicle 
immediately surrounding the subject vehicle.  

 
0 = None 
1 = Exceeded speed limit 
2 = Inattentive or distracted (coded in previous variable) 
3 = Exceeded safe speed but not speed limit 
4 = Driving slowly: below speed limit 
5 = Driving slowly in relation to other traffic: not below speed limit 
6 = Illegal passing (i.e., across double line) 
7 = Passing on right 
8 = Other improper or unsafe passing 
9 = Cutting in, too close in front of other vehicle 



10 = Cutting in, too close behind other vehicle 
11 = Making turn from wrong lane (e.g., across lanes) 
12 = Did not see other vehicle during lane change or merge 
13 = Driving in other vehicle’s blind zone 
14 = Aggressive driving, specific, directed menacing actions 
15 = Aggressive driving, other, i.e., reckless driving without directed  
        menacing actions  
16 = Wrong side of road, not overtaking 
17 = Following too close 
18 = Failed to signal, or improper signal 
19 = Improper turn: wide right turn 
20 = Improper turn: cut corner on left turn 
21 = Other improper turning 
22 = Improper backing, did not see 
23 = Improper backing, other 
24 = Improper start from parked position 
25 = Disregarded officer or watchman 
26 = Signal violation, apparently did not see signal 
27 = Signal violation, intentionally ran red light 
28 = Signal violation, tried to beat signal change 
29 = Stop sign violation, apparently did not see stop sign 
30 = Stop sign violation, intentionally ran stop sign at speed 
31 = Stop sign violation, “rolling stop” 
32 = Other sign (e.g., Yield) violation, apparently did not see sign 
33 = Other sign (e.g., Yield) violation, intentionally disregarded 
34 = Other sign violation 
35 = Non-signed crossing violation (e.g., driveway entering roadway) 
36 = Right-of-way error in relation to other vehicle or person, apparent  
        recognition failure (e.g., did not see other vehicle) 
37 = Right-of-way error in relation to other vehicle or person, apparent  
        decision failure (i.e., did see other vehicle prior to action but  
        misjudged gap) 
38 = Right-of-way error in relation to other vehicle or person, other or  
        unknown cause 
39 = Sudden or improper stopping on roadway 
40 = Parking in improper or dangerous location, e.g., shoulder of  
        Interstate 
41 = Failure to signal with other violations or unsafe actions 
42 = Failure to signal, without other violations or unsafe actions 
43 = Speeding or other unsafe actions in work zone 
44 = Failure to dim headlights 
45 = Driving without lights or insufficient lights 
46 = Avoiding pedestrian 
47 = Avoiding other vehicle 
48 = Avoiding animal 
49 = Apparent unfamiliarity with roadway 



50 = Apparent unfamiliarity with vehicle, e.g., displays and controls 
51 = Apparent general inexperience driving 
52 = Use of cruise control contributed to late braking 
53 = Other, specify 
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CONFLICT WITH ANIMAL
CRASH

(2)

INCIDENT TYPE:
CRASH

(2)

Precipitating Factor
(2) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(2) 100%

Avoidance Maneuver
(2) 100%

DF

IF

VF

animal
(2) 100%

Post Avoidance 
Maneuver

(2) 100%

going straight 
constant speed

(2) 100%

animal in roadway
(2) 100%

braking
(no lockup)
(2) 100%

control maintained
(2) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with animal crash

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(2)

none
(2) 100%

none
(2) 100%

DF

none
(2) 100%

Conflict with animal crash

2



Weather
(2) 100%

Surface Condition
(2) 100%

DRIVING ENVIRONMENT
(2)

dry
(2) 100%

clear
(2) 100%

Lighting
(2) 100%

daylight
(1) 50%

DE

darkness 
not lighted

(1) 50%

Traffic Density
(2) 100%

free flow
(2) 100%

Conflict with animal crash

3



Trafficway Flow
(2) 100%

Traffic Control 
Device
(2) 100%

INFRASTRUCTURE
(2)

divided
(1) 50%

not-divided
(1) 50%

none
(2) 100%

I

Locality
(2) 100%

open country
(2) 100%

Road Alignment/
Road Profile

(2) 100%

Relation to 
Junction
(2) 100%

straight level
(2) 100%

non-junction
(2) 100%

Conflict with animal crash

4



VEHICLE FACTORS
(2)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(2)

none
(2) 100%

none
(2) 100%

VF IF

Visual Obstructions
(2) 100%

Infrastructure 
Factors 
(2) 100%

none
(2) 100%

Conflict with animal crash

5



CONFLICT WITH ANIMAL 
 INCIDENT

(56)

Precipitating Factor
(56) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver
(56) 100%

DF

IF

VF

PM

animal approaching 
roadway
(13) 23.2

animal in roadway
(42) 75%

animal in unknown 
location
(1) 1.8%

braked and 
steered left
(7) 12.5%

braked and 
steered right

(4) 7.1%

braking
(no lockup)
(36) 64.3%

steered to left
(7) 12.5%

steered to right
(2) 3.6%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with animal incident

1



PRE-EVENT MANEUVER
(56) 100%

changing lanes
(2) 3.6%

decelerating 
in traffic lane

(1) 1.8%

going straight –
accelerating
(11) 19.6%

going straight –
constant speed

(37) 66.1%

negotiating a curve
(4) 7.1%

turning right
(1) 1.8%

PM

Conflict with animal incident

2



Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(56)

drowsy, sleepy, 
fatigued

(7) 12.5%

driving proficiency 
error

(3) 5.4%

none
(56) 100%

DF

none
(53) 94.6%none

(44) 78.6%

Inattention to 
forward roadway

DT

unknown
(5) 8.9%

Conflict with animal incident

3



Secondary Task
(5) 8.9%

INATTENTION TO
FORWARD ROADWAY

(56) 100%

DT

talking/listening
(1) 1.8%

passenger in 
adjacent seat

(1) 1.8%

reaching for object
(not cell phone)

(1) 1.8%

Passenger-
Related Task

(1) 1.8%

Dining
(1) 1.8%

eating 
without utensils

(1) 1.8%

other external 
distraction
(1) 1.8%

Wireless Devices
(1) 1.8%

Internal-Not 
Vehicle Related 

Task
(1) 1.8%

External 
Distraction

(1) 1.8%

none
(51) 91.1%

Conflict with animal incident

4



Weather
(56) 100%

Surface Condition
(56) 100%

DRIVING ENVIRONMENT
(56)

dry
(54) 96.4%

wet
(2) 3.6%

clear
(53) 94.6%

cloudy
(1) 1.8%

fog
(1) 1.8%

Lighting
(56) 100%

darkness lighted
(9) 16.1%

dawn
(1) 1.8%

dusk
(1) 1.8%

daylight
(10) 17.86%

darkness not 
lighted

(35) 62.5%

DE

snowing
(1) 1.8%

Traffic Density
(56) 100%

restricted flow
(10) 17.9%

stable flow
speed restricted

(1) 1.8%

free flow
(45) 80.4%

Conflict with animal incident

5



Trafficway Flow
(56) 100%

Traffic Control 
Device

(56) 100%

INFRASTRUCTURE
(56)

divided
(11) 19.6%

one-way traffic
(3) 5.4%

none
(54) 96.4%

traffic lanes marked
(1) 1.8%

other
(1) 1.8%

I

not divided
(40) 71.4%

no lanes
(2) 3.6%

Locality
(56) 100%

business/
industrial
(5) 8.9%

interstate
(3) 5.4%

open country
(33) 58.9%

residential
(12) 21.4%

construction zone
(1) 1.8%

playground
(1) 1.8%

other
(1) 1.8%

Road Alignment/
Road Profile

(56) 100%

Relation to 
Junction
(56) 100%

straight grade
(2) 3.6%

curve level
(11) 19.6%

straight level
(42) 75%

entrance/exit ramp
(1) 1.8%

intersection 
related

(1) 1.8%

interchange area
(1) 1.8%

non-junction
(53) 94.6%

straight hillcrest
(1) 1.8%

Conflict with animal incident

6



VEHICLE FACTORS
(56)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(56)

none
(56) 100%

none 
(55) 98.21%

roadway sight 
distance
(1) 1.8%

VF IF

Visual 
Obstructions

(56) 100%

none
(54) 96.4%

curve or hill
(1) 1.8%

sunlight glare
(1) 1.8%

Infrastructure 
Factors
(56) 100%

Conflict with animal incident

7



CONFLICT WITH ANIMAL 
NEAR CRASH

(10)

Precipitating Factor
(10) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(10) 100%

Avoidance Maneuver
(10) 100%

Post Avoidance 
Maneuver
(10) 100%

DF

IF

VF

going straight 
accelerating

(1) 10%

going straight 
constant speed

(7) 70%

negotiating a curve
(1) 10%

turning left
(1) 10%

animal approaching 
roadway
(1) 10%

animal in roadway
(9) 90%

braking
(lockup unknown)

(2) 20%

braking
(no lockup)

(8) 80%

control maintained
(10) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with animal near crash

1



Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(10)

drowsy, sleepy, 
fatigued
(4) 40%

none
(10) 100%

none
(10) 100%

DF

none
(3) 30%

Inattention to 
Forward 
Roadway

unknown
(3) 30%

DT

Conflict with animal near crash

2



Wireless Devices
(1) 10%

talking/listening
(1) 10%

Secondary Task
(3) 30%

INATTENTION TO FORWARD
ROADWAY
(10) 100%

DT

Passenger-
Related Task

(2) 20%

passenger in 
adjacent seat

(2) 20%

none
(7) 70%

Conflict with animal near crash

3



Weather
(10) 100%

Surface Condition
(10) 100%

DRIVING ENVIRONMENT
(10)

dry
(10) 100%

clear
(9) 90%

Lighting
(10) 100%

darkness 
lighted

(3) 30%

daylight
(1) 10%

darkness 
not lighted
(6) 60%

DE

cloudy
(1) 10%

Traffic Density
(10) 100%

free flow
(10) 100%

Conflict with animal near crash

4



Trafficway Flow
(10) 100%

Traffic Control 
Device

(10) 100%

INFRASTRUCTURE
(10)

divided
(2) 20%

no lanes
(1) 10%

none
(10) 100%

I

not divided
(7) 70%

Locality
(10) 100%

business/industrial
(1) 10%

open country
(5) 50%

construction zone
(1) 10%

residential
(3) 30%

Road Alignment/
Road Profile

(10) 100%

Relation to Junction
(10) 100%

curve level
(3) 30%

straight level
(7) 70%

non-junction
(10) 100%

Conflict with animal near crash

5



VEHICLE FACTORS
(10)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(10)

none
(10) 100%

none 
(10) 100%

VF IF

Visual Obstructions
(10) 100%

none
(9) 90%

curve or hill
(1) 10%

Infrastructure 
Factors
(10) 100%

Conflict with animal near crash

6



rear end striking
(12) 100%

CONFLICT WITH 
FOLLOWING VEHICLE 

 CRASH
(12)

INCIDENT TYPE:
CRASH

(12)

Precipitating Factor
(12) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver
(12) 100%

Post Avoidance 
Maneuver
(12) 100%

DF

IF

VF

PM

subject vehicle ahead 
slowed and stopped 
less than 2 seconds

(3) 25%

subject ahead but 
decelerating
(4) 33.3%

subject ahead stopped 
on roadway more than 2 

seconds
(5) 41.7%

no reaction
(7) 58.3%

braked 
and steered left

(1) 8.3%

braking
(no lockup)
(4) 33.3%

skidded 
longitudinally

(1) 8.3%

control maintained
(11) 91.7%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict w following vehicle crash

1



PRE-EVENT MANEUVER
(12) 100%

PM

going straight 
accelerating

(1) 8.3%

going straight 
constant speed

(1) 8.3%

decelerating in 
traffic lane
(6) 50%

starting in traffic lane
(1) 8.3%

stopped in a traffic 
lane

(2) 16.7%

merging
(1) 8.3%

Conflict w following vehicle crash

2



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(12)

Drowsy, sleepy, 
fatigued
(1) 8.3%

none
(10) 83.3%

driving proficiency 
error

(4) 33.3%

none
(8) 66.7%

none
(11) 91.7%

aggressive driving
(1) 8.3%

DF

DT

Inattention to 
Forward Roadway

unknown
(1) 8.3%

Conflict w following vehicle crash

3



Secondary Task
(1) 8.3%

Driving Related 
Inattention

(3) 25%

INATTENTION TO FORWARD
ROADWAY
(12) 100%

DT

left window
(2) 16.7%

talking/listening
(1) 8.3%

Wireless Devices
(1) 8.3%

none
(8) 66.7%

Conflict w following vehicle crash

4



Weather
(12) 100%

Surface Condition
(12) 100%

DRIVING ENVIRONMENT
(12)

dry
(10) 83.3%

wet
(2) 16.7%

clear
(8) 66.7%

cloudy
(4) 33.3%

Lighting
(12) 100%

darkness 
lighted

(2) 16.7%

daylight
(10) 83.3%

DE

Traffic Density
(12) 100%

restricted flow
(4) 33.3%

stable flow
speed restricted

(3) 25%

free flow
(4) 33.3%

unstable flow –
temporary restrictions 

slow driver
(1) 8.3%

Conflict w following vehicle crash

5



Trafficway Flow
(12) 100%

Traffic Control 
Device

(12) 100%

INFRASTRUCTURE
(12)

divided
(9) 75%

not-divided
(1) 8.3%

one-way traffic
(2) 16.7%

none
(2) 16.7%

traffic 
signal

(7) 58.3%

yield sign
(1) 8.3%

stop sign
(2) 16.7%

I

Locality
(12) 100%

business/industrial
(10) 83.3%

interstate
(1) 8.3%

construction zone
(1) 8.3%

Road Alignment/
Road Profile

(12) 100%

Relation to 
Junction
(12) 100%

curve level
(5) 41.7%

straight level
(7) 58.3%

entrance/exit ramp
(2) 16.7%

intersection 
related

(4) 33.3%

intersection
(4) 33.3%

non-junction
(2) 16.7%

Conflict w following vehicle crash

6



VEHICLE FACTORS
(12)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(12)

none
(12) 100%

roadway 
delineation
(1) 8.3%

none 
(11) 91.7%

VF IF

Visual 
Obstructions

(12) 100%

none
(11) 91.7%

unknown
(1) 8.3%

Infrastructure 
Factors
(12) 100%

Conflict w following vehicle crash

7



CONFLICT WITH FOLLOWING 
VEHICLE

 INCIDENT
(764)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

PM AMPF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with following vehicle incident

1



PRE-EVENT MANEUVER
(764) 100%

PM

changing lanes
(46) 6%

decelerating 
in traffic lane
(240) 31.4%

negotiating a 
curve

(10) 1.3%

going straight 
accelerating
(130) 17%

going straight 
constant speed

(301) 39.4%

going straight with 
unintentional drift

(1) 0.1%

turning Left
(1) 0.1%

turning right
(1) 0.1%

starting
in traffic lane

(6) 0.8%

stopped
in traffic lane

(23) 3%

maneuvering to 
avoid a vehicle

(1) 0.1%

merging
(4) 0.5%

Conflict with following vehicle incident

2



PRECIPITATING FACTOR
(764) 100%

Other Vehicle is 
Changing Lanes

(11) 1.4%

Other Vehicle Entering 
Intersection

(3) 0.4%

Subject Vehicle is 
Changing Lanes

(350) 45.7%

Subject Vehicle off the 
Roadway
(5) 0.7%

left –
behind subject

(2) 0.3%

left – other
(1) 0.1%

right –
in front of subject

(3) 0.4%

right –
behind subject

(5) 0.7%

left turn across 
path

(1) 0.1%

turning into 
same direction

(1) 0.1%

left in front of 
vehicle

(209) 27.4%

right behind 
vehicle

(1) 0.1%

subject over 
left lane line

(1) 0.1%

PF

Subject Vehicle in 
Intersection

(7) 0.9%

Subject Vehicle is Lead 
Vehicle

(263) 34.3%

straight across 
path

(1) 0.1%

accelerating
(1) 0.1%

left other
(4) 0.5%

right in front of 
vehicle

(134) 17.5%

right other
(2) 0.3%

subject over 
right lane line

(4) 0.5%
decelerating
(234) 30.6%

slowed and 
stopped less 

than 2 seconds
(53) 6.9%

stopped on 
roadway more 
than 2 seconds

(73) 9.6%

at slower 
constant speed

(23) 3.0%
passing through

(1) 0.1%

turning left
(3) 0.4%

turning right
(3) 0.4%

other vehicle from 
parallel/diagonal 

parking lane
(1) 0.1%

pedalcyclist or non-
motorist in roadway

(1) 0.1%

unknown
(2) 0.3%

Conflict with following vehicle incident

3



AVOIDANCE MANEUVER
(764) 100%

accelerated and 
steered left

(7) 0.9%

accelerated and 
steered right

(9) 1.2%

braked and 
steered left
(20) 2.6%

braked and 
steered right

(20) 2.6%

braking 
(lockup)
(3) 0.4%

steered to left
(15) 2%

steered to right
(14) 1.8%

AM

accelerated
(39) 5.1%

released brakes
(1) 0.1%

no reaction
(349) 45.7%

other actions
(1) 0.1%

braking 
(291)

braking 
(lockup unknown)

(1) 0.1%

braking 
(no lockup)
(285) 37.3%

Conflict with following vehicle incident

4



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(764)

drowsy, sleepy, 
fatigued

(33) 4.3%

driving proficiency 
error

(374) 49%

none
(390) 50.9%

none
(689) 90.2%

angry
(8) 1.1%

aggressive driving
(75) 9.8%

DF

impaired due to 
previous injury

(1) 0.1%

other
(2) 0.3%

DT

Inattention to 
Forward Roadway

none
(640) 83.8%

unknown
(80) 10.5%

Conflict with following vehicle incident

5



Secondary Task
(82) 10.7%

Driving Related 
Inattention

(8) 1%

right window
(5) 0.7%

INATTENTION TO FORWARD
ROADWAY
(764) 100%

ST

DT

left window
(1) 0.1%

center mirror
(2) 0.3%

none
(674) 88%

Conflict with following vehicle incident

6



passenger in 
adjacent seat

(18) 2.3%

moving object in 
vehicle

(2) 0.3%

Passenger-
Related Task

(30) 3.9%

Dining
(4) 0.5%

drinking with lid 
and straw
(1) 0.1%

eating without 
utensils
(3) 0.4%

Personal Hygiene
(2) 0.3%

adjusting radio
(2) 0.3%

other personal 
hygiene
(2) 0.3%

Vehicle-Related 
Task

(5) 0.7%

adjusting other in-
vehicle devices

(1) 0.1%

External 
Distraction

(4) 0.5%

SECONDARY TASK
(82) 10.7%

ST

Internal-Not 
Vehicle Related 

Task
(5) 0.7%

other external 
distraction
(2) 0.3%

Smoking
(2) 0.3%

passenger in 
rear seat
(3) 0.4%

distracted by 
construction

(1) 0.1%

in vehicle controls 
- other

(2) 0.3%

Wireless Devices
(30) 3.9%

lighting cigar/
cigarette
(1) 0.1%

looking at 
pedestrian
(1) 0.1%

smoking cigar/
cigarette
(1) 0.1%

child in 
rear seat
(2) 0.3%

CP

talking/singing
(7) 0.9%

reading
(1) 0.1%

writing - other
(2) 0.3%

Conflict with following vehicle incident
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WIRELESS DEVICES
(30) 3.9%

operating PDA
(1) 0.1%

dialing hand held 
cell phone
(5) 0.7%

dialing with quick 
keys

(1) 0.1%

talking/listening
(23) 3%

CP

Cell Phone Operations
(29) 3.8%

PDA Operations
(1) 0.1%

Conflict with following vehicle incident
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Weather
(764) 100%

Surface Condition
(764) 100%

DRIVING ENVIRONMENT
(764)

dry
(708) 92.7%

snowy
(1) 0.1%

wet
(53) 6.9%

clear
(668) 87.4%

cloudy
(57) 7.4%

raining
(36) 4.7%

mist
(1) 0.1%

Lighting
(764) 100%

darkness lighted
(83) 10.9%

dawn
(15) 2%

dusk
(64) 8.4%

daylight
(570) 74.6%

darkness not 
lighted

(32) 4.2%

DE

unknown
(2) 0.3%

fog
(2) 0.3%

Traffic Density
(764) 100%

unstable flow 
- temporary stoppages 
vehicle unable to pass

(31) 4.1%

restricted flow
(273) 35.7%

stable flow
speed restricted

(262) 34.2%

unstable flow -temporary 
restrictions slow driver

(115) 15%

free flow
(81) 10.6%

unknown
(2) 0.3%

Conflict with following vehicle incident
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Trafficway Flow
(764) 100%

Traffic Control 
Device

(764) 100%

INFRASTRUCTURE
(764)

divided
(591) 77.4%

not-divided
(158) 20.7%

one-way traffic
(12) 1.6%

none
(569) 74.5%

stop sign
(16) 2.1%

traffic lanes 
marked

(25) 3.3%

traffic signal
(140) 18.3%

yield sign
(4) 0.5%

unknown
(4) 0.5%

officer/watchman
(1) 0.1%

other
(5) 0.7%

I

unknown
(3) 0.4%

Locality
(764) 100%

business/
industrial

(321) 41.9%

interstate
(273) 35.7%

open country
(79) 10.3%

residential
(76) 10%

construction zone
(10) 1.3%

church
(2) 0.3%

unknown
(3) 0.4%

Road Alignment/
Road Profile

(764) 100%

Relation to 
Junction
(764) 100%

straight grade
(10) 1.3%

curve level
(37) 4.8%

straight level
(709) 92.8%

entrance/exit ramp
(35) 4.6%

intersection 
related

(91) 11.9%

driveway alley 
access

(1) 0.1%

interchange area
(10) 1.3%

intersection
(89) 11.6%

non-junction
(534) 69.9%

unknown
(4) 0.5%

curve grade
(5) 0.7%

curve hillcrest
(1) 0.1%

unknown
(2) 0.3%

Conflict with following vehicle incident
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VEHICLE FACTORS
(764)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(764)

none
(764) 100%

unknown
(3) 0.4%

none 
(748) 97.9%

road geometry
(3) 0.4%

road delineation
(5) 0.7%

VF IF

road sight distance
(2) 0.3%

weather, visibility
(3) 0.4%

Visual 
Obstructions

(764) 100%

none
(716) 93.8%

sunlight glare
(33) 4.3%

inadequate 
roadway lighting

(1) 0.1%

moving vehicle
(1) 0.1%

other obstruction
(2) 0.3%

rain, snow, fog, 
smoke, sand, dust

(9) 1.2%

road infrastructure
(1) 0.1%

unknown
(1) 0.1%

Infrastructure 
Factors

(764) 100%

Conflict with following vehicle incident
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CONFLICT WITH 
FOLLOWING VEHICLE 

NEAR CRASH
(70)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver
Post Avoidance 

Maneuver
(70) 100%

DF

IF

VF

AMPFPM

control maintained
(70) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict w following vehicle near crash
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PRE-EVENT MANEUVER
(70) 100%

PM

changing lanes
(6) 8.6%

decelerating in 
traffic lane
(25) 35.7%

going straight 
accelerating

(6) 8.6%

going straight constant 
speed

(24) 34.3%

merging
(3) 4.3%

negotiating a curve
(1) 1.4%

starting in traffic lane
(2) 2.9%

stopped in traffic lane
(3) 4.3%

Conflict w following vehicle near crash
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PRECIPITATING FACTOR
(70) 100%

Subject Vehicle 
is Lead Vehicle

(51) 72.9%

Subject is in 
Intersection

(1) 1.4%

Subject Vehicle 
is Changing Lanes

(17) 24.3%

left 
in front of vehicle

(10) 14.3%

right 
In front of vehicle

(7) 10%

accelerating
(1) 1.4%

turning right
(1) 1.4%

PF

decelerating
(32) 28.6%

slowed and stopped 
less than 2 seconds

(18) 22.9%

pedestrian 
approaching roadway

(1) 1.4%

Conflict w following vehicle near crash
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accelerated
(3) 4.3%

accelerated and 
steered right

(1) 1.4%

braked and 
steered left

(5) 7.1%

braked and 
steered right

(4) 5.7%

braking 
(lockup unknown)

(2) 2.9%

braking 
(no lockup)
(32) 45.7%

steered 
to right

(2) 2.9%

braking
(34)

no reaction
(21) 30%

AVOIDANCE MANEUVER
(70) 100%

AM

Conflict w following vehicle near crash
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Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(70)

Drowsy, sleepy, 
fatigued

(9) 12.9%

none
(41) 58.6%

driving proficiency 
error

(34) 48.6%

none
(36) 51.4%

none
(58) 82.9%

other emotional
(1) 1.4%

aggressive driving
(12) 17.1%

DF

DT

Inattention to 
Forward Roadway

angry
(1) 1.4%

unknown
(18) 25.7%

Conflict w following vehicle near crash
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Secondary Task
(18) 25.7%

Driving Related 
Inattention

(2) 2.9%

center mirror
(1) 1.4%

INATTENTION TO FORWARD
ROADWAY
(70) 100%

ST

DT

left window
(1) 1.4%

none
(50) 71.4%

Conflict w following vehicle near crash
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SECONDARY TASK
(18) 25.7%

passenger in 
adjacent seat

(4) 5.7%

insect in vehicle
(1) 1.4%

Passenger-
Related Task

(4) 5.7%

Dining
(2) 2.9%

eating 
without utensils

(2) 2.9%

adjusting radio
(1) 1.4%

Wireless Devices
(6) 8.6%

Internal-Not 
Vehicle Related 

Task
(2) 2.9%

Vehicle-Related 
Task

(1) 1.4%

Personal Hygiene
(3) 4.3%

other personal 
hygiene
(1) 1.4%

ST

applying makeup
(2) 2.9%

locating/reaching/
answering cell phone

(1) 1.4%

dialing hand held 
cell phone
(1) 1.4%

talking/listening
(4) 5.7%

writing - other
(1) 1.4%

Conflict w following vehicle near crash
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WIRELESS DEVICES
(6) 8.6%

locating/reaching/
answering cell phone

(1) 1.4%

dialing hand held 
cell phone
(1) 1.4%

talking/listening
(4) 5.7%

CP

Conflict w following vehicle near crash
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Weather
(70) 100%

Surface Condition
(70) 100%

Dry
(60) 85.7%

Wet
(10) 14.3%

Clear
(53) 75.7%

Cloudy
(8) 11.4%

Raining
(8) 11.4%

Mist
(1) 1.4%

Lighting
(70) 100%

Darkness 
Lighted
(6) 8.6%

Dawn
(2) 2.9%

Dusk
(8) 11.4%

Daylight
(51) 72.9%

Darkness 
not Lighted

(3) 4.3%

DRIVING ENVIRONMENT
(70)

DE

Traffic Density
(70) 100%

Unstable flow 
- temporary stoppages 
Vehicle unable to pass

(5) 7.1%

Restricted Flow
(20) 28.6%

Forced Flow with low 
speeds and traffic 

volumes
(1) 1.4%

Stable Flow
Speed restricted

(19) 27.1%

Unstable flow -
temporary restrictions 

w slow driver
(9) 12.9%

Free Flow
(16) 22.9%

Conflict w following vehicle near crash
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Trafficway Flow
(70) 100%

Traffic Control 
Device

(70) 100%

Divided
(45) 64.3%

Not-divided
(21) 30%

One-way traffic
(4) 5.7%

None
(52) 74.3%

Stop sign
(2) 2.9%

Traffic 
lanes marked

(3) 4.3%

Traffic signal
(12) 17.1%

Yield sign
(1) 1.4%

INFRASTRUCTURE
(70)

I

Locality
(70) 100%

Business/
Industrial

(27) 38.6%

Interstate
(33) 47.1%

Open Country
(6) 8.6%

Residential
(3) 4.3%

Other
(1) 1.4%

Road Alignment/
Road Profile

(70) 100%

Curve Grade
(1) 1.4%

Curve Level
(7) 10%

Straight level
(62) 88.6%

Relation to 
Junction
(70) 100%

Entrance/Exit 
Ramp

(4) 5.7%

Intersection 
related

(10) 14.3%

Interchange area
(3) 4.3%

Intersection
(9) 12.9%

Non-junction
(44) 62.9%

Conflict w following vehicle near crash
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VEHICLE FACTORS
(70)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(70)

None
(70) 100%

None 
(69) 98.6%

Road sight 
distance
(1) 1.4%

VF IF

Visual 
Obstructions

(70) 100%

None
(65) 92.9%

Curve or hill
(1) 1.4%

Moving Vehicle
(1) 1.4%

Sunlight glare
(3) 4.3%

Infrastructure 
Factors
(70) 100%

Conflict w following vehicle near crash
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CONFLICT WITH LEAD VEHICLE 
INCIDENT

(5783)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

AMPM PF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with lead vehicle incident
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PRE-EVENT MANEUVER
(5783) 100%

changing lanes
(312) 5.4%

decelerating 
in traffic lane
(1778) 30.8%

going straight –
accelerating
(904) 15.6%

going straight –
constant speed
(2556) 44.2%

maneuvering 
to avoid a vehicle

(1) 0%

merging
(16) 0.3%

negotiating a curve
(77) 1.3%

starting 
in traffic lane

(71) 1.2%

stopped 
in traffic lane

(28) 0.5%

turning left
(20) 0.4%

turning right
(12) 0.2%

PM

going straight 
unintentional drift

(6) 0.1%

other
(1) 0%

unknown
(1) 0%

Conflict with lead vehicle incident
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PRECIPITATING FACTOR
(5783) 100%

Other Vehicle is 
Changing Lanes

(362) 6.3%

Other Vehicle Entering 
Intersection
(29) 0.5%

Other Vehicle from 
Driveway/Another Lane

(15) 0.3%

Other Vehicle is Lead 
Vehicle

(5236) 90.5%

Subject Vehicle is 
Changing Lanes

(101) 1.7%

Subject Vehicle Off 
the Roadway

(7) 0.1%

left –
in front of subject

(145) 2.5%

left –
Other

(7) 0.1%

right –
in front of subject

(200) 3.5%

right –
other

(10) 0.2%

left turn across 
path

(5) 0.1%

turning into 
same direction

(17) 0.3%

left behind vehicle
(37) 0.6%

left in front of 
vehicle

(3) 0.1%

right behind 
vehicle

(44) 0.8%

subject over 
left lane line

(3) 0.1%

at slower 
constant speed

(126) 2.2%

decelerating
(2713) 46.9%

slowed and stopped 
less than 2 seconds

(1081) 18.7%

stopped more 
than 2 seconds
(1305) 22.6%

from driveway –
turning into 

same direction
(3) 0.1%

from parallel/
diagonal parking lane

(8) 0.1%

PF

turning onto 
opposite direction

(2) 0%

intended path 
unknown
(3) 0.1%

straight across 
path

(2) 0% `

from driveway -
straight across path

(1) 0%

from driveway -
Intended path 

unknown
(2) 0%

from another lane
(1) 0%

accelerating
(11) 0.2%

left other
(7) 0.1%

right in front of 
vehicle
(1) 0%

right other
(9) 0.2%

subject over 
right lane line

(4) 0.1%

same direction 
changing lanes

(2) 0%

subject vehicle in 
intersection –

passing through
(6) 0.1%

pedestrian in 
roadway
(1) 0%

object in roadway
(1) 0%

none
(1) 0%

other vehicle backing
(16) 0.3%

Subject Vehicle is 
Lead Vehicle

(2) 0%

slowed and stopped 
less than 2 seconds

(1) 0%

stopped on 
roadway more than 

2 seconds
(1) 0%

unknown
(4) 0.1%

Conflict with lead vehicle incident
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AVOIDANCE MANEUVER
(5783) 100%

accelerated and 
steered left
(38) 0.7%

accelerated and 
steered right

(31) 0.5%

braked and 
steered left
(254) 4.4%

braked and 
steered right
(285) 4.9%

braking 
(lockup unknown)

(4) 0.1%

braking 
(lockup)

(10) 0.2%

braking 
(no lockup)
(4916) 85%

steered to left
(109) 1.9%

steered to right
(98) 1.7%

AM

unknown
(1) 0%

no reaction
(29) 0.5%

other actions
(7) 0.1%

released brakes
(1) 0%

braking
(4930)

Conflict with lead vehicle incident
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Driver Proficiency 
Error

Willful Behavior Driver Impairments

DRIVER FACTORS
(5783)

Drowsy, sleepy, 
fatigued

(441) 7.6%

impaired due to 
previous injury

(3) 0.1%

driving proficiency 
error

(3526) 61%

none
(2257) 39%

none
(5201) 89.94%

angry
(21) 0.4%

other emotional state
(12) 0.2%

aggressive driving
(576) 10%

DF

DT

none
(3861) 66.8%

other
(15) 0.3%

unknown
(6) 0.1%

Inattention to 
Forward 
Roadway

unknown
(1430) 24.7%

Conflict with lead vehicle incident
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Driving Related 
Inattention
(228) 3.9%

center mirror
(54) 0.9%

left mirror
(14) 0.2%

left window
(90) 1.6%

right mirror
(3) 0.1%

right window
(67) 1.2%

Secondary Task
(1379) 23.8%

INATTENTION TO FORWARD
ROADWAY

(5783) 100%

DT

ST

none
(4176) 72.2%

Conflict with lead vehicle incident
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lost in thought
(4) 0.1%

looked but 
did not see
(5) 0.1%

Daydreaming
(9) 0.2%

passenger in 
adjacent seat
(194) 3.4%

object in vehicle -
other

(29) 0.5%

child in rear seat
(12) 0.2%

moving object in 
vehicle

(7) 0.1%

Passenger-
Related Task

(309) 5.3%

Dining
(97) 1.7%

drinking from open 
container
(16) 0.3%

eating without 
utensils
(59) 1%

Personal Hygiene
(114) 2%

adjusting radio
(91) 1.6%

Applying Makeup
(27) 0.5%

Other Personal 
Hygiene

(45) 0.8%

Vehicle-Related 
Task

(124) 2.1%

adjusting climate 
control

(11) 2.1%

adjusting other 
devices
(5) 0.1%

Biting Nails
(10) 0.2%

Brushing
/Flossing Teeth

(1) 0%

child 
in adjacent seat

(1) 0%

Combing 
fixing hair
(25) 0.4%

drinking with lid 
and straw
(14) 0.2%

drinking with lid no 
straw

(3) 0.1%

eating with 
utensils
(5) 0.1%

in vehicle controls 
- other

(15) 0.3%

Inserting retrieving 
CD

(1) 0%

inserting retrieving 
cassette
(1) 0%

lighting cigar 
cigarette
(2) 0%

object dropped by 
driver
(1) 0%

passenger 
in rear seat
(22) 0.4%

pet in vehicle
(6) 0.1%

reaching cigar 
cigarette
(6) 0.1%

reaching object –
not cell phone

(44) 0.8%

smoking cigar 
cigarette
(30) 0.5%

External 
Distraction

(68) 1.2%

CP
SECONDARY TASK

(1379) 23.8%

ST

Internal-Not 
Vehicle Related 

Task
(144) 2.5%

Removing/inserting 
contact lenses

(6) 0.1%

Smoking
(38) 0.7%

other external 
distraction
(63) 1.1%

looking at previous 
crash/incident

(1) 0%

looking at an object
(2) 0%

looking at 
pedestrian

(2) 0%

Wireless Devices
(476) 8.2%

insect in vehicle
(2) 0%

passenger 
in vehicle

(2) 0%

writing - other
(23) 0.4%

talking/singing
(78) 1.3%

reading
(32) 0.6%

Conflict with lead vehicle incident
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WIRELESS DEVICES
(476) 8.2%

operating PDA
(4) 0.1%

cell phone – other
(13) 0.2%

dialing hand held cell 
phone

(67) 1.2%

locating/reaching/
answering cell phone

(11) 0.2%

talking/listening
(364) 6.3%

dialing hand free w 
voice activation

(6) 0.1%

dialing with quick keys
(3) 0.1%

other - cell phone 
(6) 0.1%

viewing PDA
(1) 0%

CP

Cell Phone Operations
(470) 8.1%

PDA Operations
(6) 0.1%

other PDA
(1) 0%

Conflict with lead vehicle incident
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Weather
(5783) 100%

Surface Condition
(5783) 100%

DRIVING ENVIRONMENT
(5783)

dry
(5314) 91.89%

snowy
(9) 0.16%

wet
(456) 7.89%

clear
(5094) 88.1%

cloudy
(372) 6.4%

raining
(303) 5.2%

snowing
(1) 0%

Lighting
(5783) 100%

darkness lighted
(779) 13.5%

dawn
(66) 1.1%

dusk
(396) 6.9%

daylight
(4320) 74.7%

darkness not 
lighted

(219) 3.8%

DE

other
(1) 0%

unknown
(3) 0.1%

unknown
(3) 0.1%

fog
(3) 0.1%

mist
(7) 0.1%

unknown
(2) 0%

other
(1) 0%

Traffic Density
(5783) 100%

unstable flow 
- temporary stoppages 
vehicle unable to pass

(260) 4.5%

restricted flow
(2675) 46.3%

forced flow with 
low speeds and traffic 

volumes
(7) 0.1%

stable flow speed 
restricted

(1598) 27.6%

unstable flow -
temporary restrictions 

slow driver
(798) 13.8%

free flow
(443) 7.7%

unknown
(2) 0%

Conflict with lead vehicle incident
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Trafficway Flow
(5783) 100%

Traffic Control 
Device

(5783) 100%

INFRASTRUCTURE
(5783)

divided
(3814) 66%

not-divided
(1756) 30.4%

one-way traffic
(194) 3.4%

none
(4091) 70.7%

stop sign
(230) 4%

traffic lanes marked
(97) 1.7%

traffic signal
(1263) 21.8%

yield sign
(45) 0.8%

no lanes
(18) 0.3%

unknown
(8) 0.1%

officer/watchman
(2) 0%

other
(30) 0.5%

slow or warning sign
(10) 0.2%

I

unknown
(1) 0%

no passing sign
(1) 0%

one way road/street
(2) 0%

railroad crossing 
with gate & signals

(1) 0%

railroad crossing with 
markings & signs

(1) 0%

railroad crossing 
with Signals

(2) 0%

Locality
(5783) 100%

business/
industrial

(2763) 47.78%

interstate
(1386) 24%

open country
(822) 14.2%

residential
(692) 12%

construction zone
(89) 1.5%

church
(2) 0%

unknown
(4) 0.1%

other
(12) 0.2%

school
(13) 0.2%

Road Alignment/
Road Profile

(5783) 100%

Relation to 
Junction

(5783) 100%

straight grade
(54) 0.9%

curve level
(394) 6.8%

straight level
(5298) 91.6%

entrance/exit ramp
(195) 3.4%

intersection 
related

(1540) 26.6%

driveway alley 
access

(83) 1.4%

interchange area
(44) 0.8%

intersection
(343) 5.9%

non-junction
(3544) 61.3%

other
(4) 0.1%

parking lot
(26) 0.5%

rail grade crossing
(2) 0%

curve grade
(24) 0.4%

curve hillcrest
(1) 0%

unknown
(2) 0%

straight hillcrest
(10) 0.2%

unknown
(2) 0%

Conflict with lead vehicle incident
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VEHICLE FACTORS
(5783)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(5783)

none
(5777) 99.9%

unknown
(12) 0.2%

none 
(5693) 98.4%

road geometry
(32) 0.6%

road delineation
(15) 0.3%

VF
IF

unknown
(6) 0.1%

road sight distance
(16) 0.3%

traffic control device
(3) 0.1%

weather, visibility
(12) 0.2%

Visual 
Obstructions

(5783) 100%

none
(5354) 92.6%

parked vehicle
(2) 0%

moving vehicle
(5) 0.1%

rain/snow/fog/
smoke/sand dust

(46) 0.80%

reflected glare
(2) 0%

sunlight glare
(338) 5.8%

curve or hill
(9) 0.2%

headlight glare
(2) 0%

obstruction interior 
to vehicle

(2) 0%

other obstruction
(4) 0.1%

splash spray 
from other vehicle

(1) 0%

trees crops 
vegetation

(2) 0%

unknown
(16) 0.3%

Infrastructure 
Factors

(5783) 100%

Conflict with lead vehicle incident
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rear end strike
(14) 93.3%

road departure
(left/right)
(1) 6.7%

CONFLICT WITH LEAD 
VEHICLE IN 

CRASH
(15)

INCIDENT TYPE:
CRASH

(15)

Precipitating Factor
(15) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver
Post Avoidance 

Maneuver
(15) 100%

DF

IF

VF

AMPM

other vehicle lane 
change – left other

(1) 6.7%

other vehicle stopped 
on roadway more than 

2 seconds
(7) 46.7%

other vehicle slowed 
and stopped less than 

2 seconds
(7) 46.7%

vontrol maintained
(13) 86.7%

skidded laterally 
and rotated in 

unknown direction
(1) 6.7%

skidded longitudinally
(1) 6.7%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict w lead vehicle in crash

1



PRE-EVENT MANEUVER
(15) 100%

PM

decelerating in 
traffic lane
(6) 40%

merging
(2) 13.3%

entering a parked 
position
(1) 6.7%

going straight 
accelerating
(2) 13.3%

going straight 
constant speed

(2) 13.3%

starting 
in traffic lane

(1) 6.7%

stopped 
in a traffic lane

(1) 6.7%

Conflict w lead vehicle in crash

2



AVOIDANCE MANEUVER
(15) 100%

braked and 
steered left

(1) 6.7%

braking 
(lockup unknown)

(1) 6.7%

braking 
(lockup)
(1) 6.7%

braking 
(no lockup)
(4) 26.7%

AM

no reaction
(7) 46.7%

unknown
(1) 6.7%

braking 
(6)

Conflict w lead vehicle in crash

3



Driver Proficiency ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(15)

drowsy, sleepy, 
fatigued
(1) 6.7%

drugs / alcohol
(1) 6.7%

driving 
proficiency error

(2) 13.3%

none
(13) 86.7%

none
(15) 100%

DF

DT

unknown
(2) 13.3%

Inattention to 
Forward Roadway

none
(11) 73.3%

Conflict w lead vehicle in crash
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left mirror
(1) 6.7%

left window
(3) 20%

DT

Driving Related 
Inattention
(4) 26.7%

INATTENTION TO FORWARD
ROADWAY
(15) 100%

Secondary Task
(11) 73.3%

ST

Conflict w lead vehicle in crash

5



Daydreaming
(1) 6.7%

Vehicle-Related 
Task

(1) 6.7%

Dining
(2) 14%

lost in thought
(1) 6.7%

object in vehicle -
other

(2) 13.3%

passenger in 
adjacent seat

(1) 6.7%

reaching for object 
(not cell phone)

(2) 13.3%

eating without 
utensils
(1) 6.7%

drinking from open 
container
(1) 6.7%

in vehicle controls 
- other

(1) 6.7%

SECONDARY TASK
(11) 73.3%

Passenger-
Related Task

(1) 6.7%

Internal-Not 
Vehicle Related 

Task
(5) 33.3%

External 
Distraction

(1) 6.7%

other external 
distraction
(1) 6.7%

ST

writing - other
(1) 6.7%

Conflict w lead vehicle in crash
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Weather
(15) 100%

Surface Condition
(15) 100%

DRIVING ENVIRONMENT
(15)

dry
(8) 53.3%

snowy
(1) 6.7%

wet
(6) 40%

clear
(8) 53.3%

cloudy
(1) 6.7%

raining
(5) 33.3%

snowing
(1) 6.7%

Lighting
(15) 100%

darkness 
lighted

(2) 13.3%

dawn
(1) 6.7%

dusk
(1) 6.7%

daylight
(10) 66.7%

DE

darkness 
not lighted
(1) 6.7%

Traffic Density
(15) 100%

free flow
(5) 33.3%

restricted flow
(4) 26.7%

stable flow
speed restricted

(1) 6.7%

unstable –
temporary stoppages 
vehicle unable to pass

(2) 13.3%

unstable -temporary 
restrictions with slow 

driver
(2) 13.3%

forced flow with low 
speeds and traffic 

volumes
(1) 6.7%

Conflict w lead vehicle in crash
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Trafficway Flow
(15) 100%

Traffic Control 
Device

(15) 100%

INFRASTRUCTURE
(15)

divided
(8) 53.3%

not-divided
(6) 40%

one-way traffic
(1) 6.7%

none
(8) 53.3%

stop sign
(1) 6.7%

traffic lanes marked
(1) 6.7%

traffic signal
(4) 26.7%

yield sign
(1) 6.7%

I

Locality
(15) 100%

business/industrial
(6) 40%

interstate
(5) 33.3%

open country
(3) 20%

residential
(1) 6.7%

Road Alignment/
Road Profile

(15) 100%

Relation to 
Junction
(15) 100%

curve grade
(1) 6.7%

curve Level
(1) 6.7%

straight level
(13) 86.7%

entrance/exit ramp
(3) 20%

intersection 
related

(4) 26.7%

non-junction
(7) 46.7%

intersection
(1) 6.7%

Conflict w lead vehicle in crash
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VEHICLE FACTORS
(15)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(15)

none
(15) 100%

none
(14) 93.3%

weather, visibility
(1) 6.7%

VF IF

Visual 
Obstructions

(15) 100%

reflected glare
(1) 6.7%

none
(14) 93.3%

Infrastructure 
Factors
(15) 100%

Conflict w lead vehicle in crash
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CONFLICT WITH LEAD 
VEHICLE IN 

NEAR CRASH
(380)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver Post Avoidance 
Maneuver

DF

IF

VF

AMPM PF

control maintained
(374) 98.4%

skidded laterally
(2) 0.5%

skidded 
longitudinally

(1) 0.3%

unknown
(3) 0.8%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict w lead vehicle in Near Crash

1



PRE-EVENT MANEUVER
(380) 100%

changing lanes
(37) 9.7%

decelerating 
in traffic lane
(79) 20.8%

going straight –
accelerating
(62) 16.3%

going straight –
constant speed

(177) 46.6%

maneuvering 
to avoid a vehicle

(1) 0.3%

merging
(3) 0.8%

negotiating a curve
(4) 1.1%

starting 
in traffic lane

(5) 1.3%

stopped 
in traffic lane

(7) 1.8%

turning left
(4) 1.1%

turning right
(1) 0.3%

PM

Conflict w lead vehicle in Near Crash

2



PRECIPITATING FACTOR
(380) 100%

Other Vehicle 
is Changing Lanes

(69) 18.2%

Other Vehicle 
Entering Intersection

(7) 1.8%

Other Vehicle 
from Another Lane

(3) 0.8%

Other Vehicle 
is Lead Vehicle

(293) 77.1%

Subject Vehicle 
is Changing Lanes

(5) 1.3%

Subject Vehicle 
Off the Roadway

(1) 0.3%

left –
in front of subject

(34) 9%

right –
in front of subject

(34) 9%

right –
other

(1) 0.3%

left turn across path
(2) 0.5%

turning same 
direction
(5) 1.3%

left behind other 
vehicle

(2) 0.5%

right behind other 
vehicle

(3) 0.8%

subject over 
left lane line

(1) 0.3%

at slower constant 
speed

(6) 1.6%

decelerating
(160) 42.1%

slowed and stopped 
less than 2 seconds

(83) 21.8%

stopped more 
than 2 seconds

(44) 11.6%

from driveway-turning 
into same direction

(2) 0.5%

from parallel/diagonal 
parking lane

(1) 0.3%

PF

subject vehicle is 
lead vehicle but 

decelerating
(2) 0.5%

Conflict w lead vehicle in Near Crash

3



AVOIDANCE MANEUVER
(380) 100%

AM

accelerated and 
steered left

(2) 0.5%

accelerated and 
steered right

(2) 0.5%

braked and 
steered left
(36) 9.5%

braked and 
steered right
(68) 17.9%

braking 
(lockup unknown)

(33) 8.7%

braking 
(lockup)
(4) 1.1%

braking 
(no lockup)
(228) 60%

steered 
to left

(5) 1.3%

steered 
to right

(2) 0.5%

braking 
(265)

Conflict w lead vehicle in Near Crash
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Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(380)

Drowsy, sleepy, 
fatigued
(38) 10%

none
(324) 85.3%

driving proficiency 
error

(182) 48%

none
(198) 52%

none
(328) 86.3% angry

(5) 1.3%

other emotional
(2) 0.5%

aggressive driving
(52) 13.7%

DF

DT

Inattention to 
Forward Roadway

unknown
(11) 3%

Conflict w lead vehicle in Near Crash

5



Secondary Task
(124) 32.6%

Driving Related 
Inattention
(49) 12.9%

center mirror
(12) 3.2%

left mirror
(6) 1.6%

left window
(19) 5%

right mirror
(1) 0.3%

right window
(11) 2.9%

INATTENTION TO
FORWARD ROADWAY

(380) 100%

DT

ST

none
(207) 54.5%

Conflict w lead vehicle in Near Crash
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lost in thought
(4) 1.1%

looked 
but did not see

(2) 0.5%

Daydreaming
(6) 1.6%

passenger in 
adjacent seat

(16) 4.2%

reaching for object
(not cell phone)

(6) 1.6%

object in vehicle -
other

(8) 2.1%

child in rear seat
(1) 0.3%

moving object in 
vehicle

(2) 0.5%

Passenger-
Related Task

(24) 6.3%

Dining
(11) 2.9%

drinking from 
open container

(2) 0.5%

eating 
without utensils

(9) 2.4%

adjusting radio
(8) 2.1%

applying 
makeup
(3) 0.8%

other personal 
hygiene
(5) 1.3%

other external 
distraction
(8) 2.1%

looking at previous 
crash/incident

(1) 0.3%

Wireless Devices
(36) 9.5%

Internal-Not 
Vehicle Related 

Task
(22) 5.8%

Vehicle-Related 
Task

(8) 2.1%

External 
Distraction

(9) 2.4%

Personal 
Hygiene
(8) 2.1%

SECONDARY TASK
(124) 32.6%

ST

cell phone – other
(3) 0.8%

dialing hand held 
cell phone
(10) 2.6%

locating/reaching/
answering cell phone

(1) 0.3%

talking/listening
(21) 5.5%

writing - other
(2) 0.5%

talking/singing
(7) 1.8%

reading
(4) 1.1%

Conflict w lead vehicle in Near Crash
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WIRELESS DEVICES
(36) 9.5%

operating PDA
(1) 0.3%

cell phone – other
(3) 0.8%

dialing hand held 
cell phone
(10) 2.6%

locating/reaching/
answering cell phone

(1) 0.3%

talking/listening
(21) 5.5%

CP

Cell Phone 
Operations

(35) 9.2%

PDA Operations
(1) 0.3%

Conflict w lead vehicle in Near Crash
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Weather
(380) 100%

Surface Condition
(380) 100%

DRIVING ENVIRONMENT
(380)

dry
(334) 87.9%

wet
(46) 12.1%

clear
(303) 79.7%

cloudy
(48) 12.6%

raining
(28) 7.4%

snowing
(1) 0.3%

Lighting
(380) 100%

darkness 
lighted

(74) 19.5%

dawn
(7) 1.8%

dusk
(33) 8.7%

daylight
(242) 63.7%

darkness 
not lighted
(24) 6.3%

DE

Traffic Density
(380) 100%

unstable flow 
- temporary stoppages 
vehicle unable to pass

(16) 4.2%

restricted flow
(128) 33.7%

forced flow with low 
speeds & traffic volumes

(1) 0.3%

stable flow
speed restricted

(113) 29.7%

unstable flow -temporary 
restrictions w slow driver

(44) 11.6%

free flow
(78) 20.5%

Conflict w lead vehicle in Near Crash
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Trafficway Flow
(380) 100%

Traffic Control 
Device

(380) 100%

INFRASTRUCTURE
(380)

divided
(252) 66.3%

not-divided
(115) 30.3%

one-way traffic
(11) 2.9%

stop sign
(7) 1.8%

traffic 
lanes marked

(8) 2.1%

traffic signal
(56) 14.7%

yield sign
(1) 0.3%

no lanes
(2) 0.5%

officer/watchman
(1) 0.3%

other
(4) 1.1%

slow or 
warning sign

(1) 0.3%

I

unknown
(1) 0.3%

none
(301) 79.2%

Locality
(380) 100%

business/industrial
(161) 42.4%

interstate
(122) 32.1%

open country
(65) 17.1%

residential
(27) 7.1%

construction zone
(4) 1.1%

other
(1) 0.3%

Road Alignment/
Road Profile

(380) 100%

Relation to 
Junction
(380) 100%

straight grade
(9) 2.4%

curve level
(42) 11.1%

straight level
(329) 86.6%

entrance/exit ramp
(14) 3.7%

intersection 
related

(43) 11.3%

driveway alley 
access

(4) 1.1%

interchange area
(8) 2.1%

intersection
(40) 10.5%

non-junction
(265) 69.7%

other
(1) 0.3%

parking lot
(5) 1.3%

Conflict w lead vehicle in Near Crash
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VEHICLE FACTORS
(380)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(380)

none
(379) 99.7%

other
(1) 0.3%

unknown
(2) 0.5%

none 
(374) 98.4%

road geometry
(1) 0.3%

road delineation
(3) 0.8%

VF IF

Visual 
Obstructions

(380) 100%

none
(348) 91.6%

parked vehicle
(1) 0.3%

moving vehicle
(5) 1.3%

rain/snow/rog/
smoke/sand dust

(1) 0.3%

reflected glare
(1) 0.3%

sunlight glare
(24) 6.3%

Infrastructure 
Factors

(380) 100%

Conflict w lead vehicle in Near Crash
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CONFLICT WITH MERGING 
VEHICLE INCIDENT

(18)

Precipitating Factor Contributing Factors

Vehicle Factors

Infrastructure/
Driving 

Environment 
Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver
(18) 100%

DF

VF

IF

PFPM

accelerated
(1) 5.6%

braked and 
steered left
(2) 11.1%

braking
(no lockup)
(12) 66.7%

no reaction
(1) 5.6%

steered to left
(1) 5.6%

steered to right
(1) 5.6%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with merging vehicle incident

1



PRE-EVENT MANEUVER
(18) 100%

changing lanes
(1) 5.6%

decelerating 
in traffic lane

(3) 16.7%

going straight –
accelerating
(4) 22.2%

going straight –
constant speed

(7) 38.9%

negotiating a curve
(2) 11.1%

PM

stopped 
in traffic lane

(1) 5.6%

Conflict with merging vehicle incident

2



PRECIPITATING FACTOR
(18) 100%

Other vehicle is 
changing lanes

(16) 88.9%

PF

left in front of 
subject

(2) 11.1%

right in front of 
subject
(9) 50%

Subject vehicle is 
changing lanes

(2) 11.1%

right behind 
subject

(1) 5.6%

right other
(1) 5.6%

right sideswipe 
threat

(3) 16.7%

left sideswipe 
threat

(1) 5.6%

right sideswipe 
threat

(1) 5.6%

Conflict with merging vehicle incident

3



Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(18)

driver proficiency 
error

(6) 33.3%

none
(17) 94.4%

aggressive Driving
(1) 5.6%

DF

unknown
(5) 27.8%

none
(13) 76.5%

none
(12) 66.7%

Inattention to 
Forward Roadway

DT

Conflict with merging vehicle incident

4



Internal-Not Vehicle 
Related Task

(1) 5.6%

Wireless Devices
(2) 11.1%

object in vehicle -
other

(1) 5.6%

Passenger-Related 
Task

(1) 5.6%

passenger in 
adjacent seat

(1) 5.6%

Secondary Task
(4) 22.2%

INATTENTION TO FORWARD
ROADWAY
(18) 100%

DT

talking/Listening
(2) 11.1%

Driving related 
inattention

(1) 5.6%

left window
(1) 5.6%

none
(13) 76.5%

Conflict with merging vehicle incident
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Weather
(18) 100%

Surface Condition
(18) 100%

DRIVING ENVIRONMENT
(18)

dry
(17) 94.4%

wet
(1) 5.6%

clear
(15) 83.3%

cloudy
(2) 11.1%

raining
(1) 5.6%

Lighting
(18) 100%

darkness lighted
(1) 5.6%

dusk
(4) 22.2%

daylight
(12) 66.7%

darkness 
not Lighted

(1) 5.6%

DE

Traffic Density
(18) 100%

restricted flow
(8) 44.4%

stable flow
speed restricted

(6) 33.3%

unstable flow -
temporary restrictions 

slow driver
(2) 11.1%

free flow
(2) 11.1%

Conflict with merging vehicle incident

6



Trafficway Flow
(18) 100%

Traffic Control 
Device

(18) 100%

INFRASTRUCTURE
(18)

divided
(15) 83.3%

none
(16) 88.9%

yield sign
(2) 11.1%

I

not divided
(2) 11.1%

one-way traffic
(1) 5.6%

Locality
(18) 100%

business/
industrial
(6) 33.3%

interstate
(11) 61.1%

open country
(1) 5.6%

Road Alignment/
Road Profile

(18) 100%

straight grade
(1) 5.6%

curve level
(1) 5.6%

straight level
(16) 88.9%

Relation to 
Junction
(18) 100%

intersection 
related

(1) 5.6%

non-junction
(1) 5.6%

entrance/exit ramp
(16) 88.9%

Conflict with merging vehicle incident
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VEHICLE FACTORS
(18)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(18)

none
(18) 100

none 
(18) 100%

VF IF

Visual 
Obstructions

(18) 100%

none
(18) 100%

Infrastructure 
Factors
(18) 100%

Conflict with merging vehicle incident
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CONFLICT WITH MERGING 
VEHICLE 

NEAR CRASH
(6)

Precipitating Factor
(6) 100% Contributing Factors

Vehicle Factors

Infrastructure/
Driving 

Environment 
Factors

Driver Factors

Pre-event Maneuver
(6) 100%

Avoidance Maneuver
(6) 100%

Post Avoidance 
Maneuver

(6) 100%

DF

VF

IF

Associated Vehicle/
Roadway States

Driving 
Environment

Infrastructure

DE

I

decelerating in 
traffic lane
(1) 16.7%

going straight 
constant speed

(3) 50%

negotiating a curve
(2) 33.3

other vehicle entering 
intersection – turning 

same direction
(1) 16.7%

other vehicle lane 
change – left in front of 

subject
(1) 16.7%

other vehicle lane 
change – right in front of 

subject
(2) 33.3%

other vehicle lane 
change – right 

sideswipe threat
(2) 33.3%

braked and steered 
left

(4) 66.7%

braking
(no lockup)
(2) 33.3%

control maintained
(6) 100%

Conflict with merging vehicle near crash

1



Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(6)

none
(6) 100%

none
(5) 83.3%

aggressive driving
(1) 16.7%

DS

angry
(1) 16.7%

none
(5) 83.3%

Conflict with merging vehicle near crash
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Weather
(6) 100%

Surface Condition
(6) 100%

DRIVING ENVIRONMENT
(6)

dry
(6) 100%

clear
(6) 100%

Lighting
(6) 100%

darkness 
lighted

(1) 16.7%

daylight
(5) 83.3%

DE

Traffic Density
(6) 100%

restricted flow
(2) 33.3%

stable flow
speed restricted

(2) 33.3%

free flow
(2) 33.3%

Conflict with merging vehicle near crash
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Trafficway Flow
(6) 100%

Traffic Control 
Device
(6) 100%

INFRASTRUCTURE
(6)

divided
(6) 100%

none
(4) 66.7%

yield sign
(2) 33.3%

I

Locality
(6) 100%

business/industrial
(3) 50%

interstate
(2) 33.3%

open country
(1) 16.7%

Road Alignment/
Road Profile

(6) 100%

straight level
(3) 50%

curve level
(3) 50%

Relation to 
Junction
(6) 100%

intersection
(1) 16.7%

entrance/exit ramp
(4) 66.7%

interchange area
(1) 16.7%

Conflict with merging vehicle near crash
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VEHICLE FACTORS
(6)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(6)

none
(6) 100%

none 
(4) 66.7%

VF IF

road geometry 
(1) 16.7%

roadway sight 
distance 

(1) 16.7%

Visual 
Obstructions

(6) 100%

none
(4) 66.7%

sunlight glare
(1) 16.7%

roadway 
infrastructure

(1) 16.7%

Infrastructure 
Factors
(6) 100%

Conflict with merging vehicle near crash
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CONFLICT WITH VEHICLE MOVING 
ACROSS SUBJECT VEHICLE PATH 

THROUGH INTERSECTION INCIDENT
(158)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

PM PF AM

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with vehicle moving across subject vehicle path through intersection incident

1



PRE-EVENT MANEUVER
(158) 100%

Changing lanes
(2) 1.3%

Decelerating 
in traffic lane
(42) 26.6%

Going straight –
accelerating
(23) 14.6%

Going Straight –
constant speed

(55) 34.8%

Negotiating a curve
(1) 0.6%

Starting 
in traffic lane

(13) 8.2%

Turning left
(11) 7%

Turning right
(1) 0.6%

PM

Stopped 
in traffic lane

(10) 6.3%

Conflict with vehicle moving across subject vehicle path through intersection incident

2



Precipitating Factor
(158) 100%

Other vehicle entering 
intersection
(142) 89.9%

Other vehicle is lead 
vehicle

(1) 0.6%

Intended path 
unknown
(11) 7%

PF

Subject vehicle in 
intersection

(9) 5.7%

Other vehicle from 
another lane/driveway

(4) 2.5%

From driveway -
Intended path 

unknown
(1) 0.6%

Turning left
(6) 3.8%

Straight across 
path

(84) 53.2%
From driveway –

straight across path
(3) 1.9%

Stopped on roadway 
more than 2 seconds

(1) 0.6%

Left turn across 
path

(42) 26.6%

Turning onto 
opposite direction

(5) 3.2%

Other vehicle is 
changing lanes

(1) 0.6%

Right other
(1) 0.6%

Passing through
(2) 1.3%

Turning right
(1) 0.6%

Unknown
(1) 0.6%

Conflict with vehicle moving across subject vehicle path through intersection incident
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AVOIDANCE MANEUVER
(158) 100%

Braked and 
steered left

(7) 4.4%

Braked and 
steered right

(14) 8.9%

Braking 
(no lockup)
(112) 70.9%

Steered to left
(9) 5.7%

Steered to right
(6) 3.8%

AM

Accelerated and 
steered right

(1) 0.6%

No reaction
(3) 1.9%

Accelerated and 
steered left

(2) 1.3%

Other actions
(1) 0.6%

Accelerated
(3) 1.9%

Conflict with vehicle moving across subject vehicle path through intersection incident
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Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(158) 100%

Drowsy, sleepy, 
fatigued
(11) 7%

Driving Proficiency 
Error

(60) 38%

None
(149) 94.3%

Other
(1) 0.6%

Aggressive Driving
(9) 5.7%

DF

Other emotional 
state

(1) 0.6%

None
(115) 73.7%

None
(98) 62%

Inattention to 
Forward Roadway

DT

Angry
(3) 1.9%

Drugs/alcohol
(1) 0.6%

Unknown
(26) 16.5%

Conflict with vehicle moving across subject vehicle path through intersection incident
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Secondary Task
(23) 14.6%

INATTENTION TO FORWARD
ROADWAY
(158) 100%

DT

left window
(3) 1.9%

right window
(2) 1.3%

Driving Related 
Inattention 

(5) 3.2%

ST

none
(130) 82.3%

Conflict with vehicle moving across subject vehicle path through intersection incident
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Personal Hygiene
(1) 0.6%

Wireless Devices
(9) 5.7%

biting nails
(1) 0.6%

Dining
(2) 1.3%

eating without 
utensils
(2) 1.3%

SECONDARY TASK
(23) 14.6%

Passenger-Related 
Task

(9) 5.7%

passenger in 
adjacent seat

(7) 4.4%

passenger in rear 
seat

(1) 0.6%

Vehicle-Related 
Task

(1) 0.6%

adjusting radio
(1) 0.6%

Internal-Not Vehicle 
Related Task

(1) 0.6%

reaching for object
(not cell phone)

(1) 0.6%

ST

talking/Listening
(8) 5.1%

dialing hand held 
cell phone
(1) 0.6%

talking/singing
(1) 0.6%

Conflict with vehicle moving across subject vehicle path through intersection incident
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WIRELESS DEVICES
(9) 5.7%

talking/Listening
(8) 5.1%

dialing hand held cell 
phone

(1) 0.6%

CP

Conflict with vehicle moving across subject vehicle path through intersection incident
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Weather
(158) 100%

Surface Condition
(158) 100%

DRIVING ENVIRONMENT
(158)

dry
(147) 93%

wet
(11) 7%

clear
(141) 89.2%

cloudy
(8) 5.1%

raining
(9) 5.7%

Lighting
(158) 100%

darkness lighted
(27) 17.1%

dawn
(2) 1.3%

dusk
(10) 6.3%

daylight
(117) 74.1%

darkness 
not Lighted

(2) 1.3%

DE

Traffic Density
(158) 100%

restricted flow
(87) 55.1%

stable flow
speed restricted

(19) 12%

unstable flow -
temporary restrictions 

slow driver
(1) 0.6%

free flow
(51) 32.3%

Conflict with vehicle moving across subject vehicle path through intersection incident
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Trafficway Flow
(158) 100%

Traffic Control 
Device

(158) 100%

INFRASTRUCTURE
(158)

divided
(63) 39.9%

stop sign
(37) 23.4%

traffic signal
(45) 28.5%

traffic lanes marked
(1) 0.6%

I

not divided
(83) 52.5%

no lanes
(6) 3.8%

one-way traffic
(6) 3.8%

other
(1) 0.6%

slow or warning 
sign

(1) 0.6%

yield sign
(2) 1.3%

none
(71) 44.9%

Locality
(158) 100%

business/
industrial

(107) 67.7%

interstate
(1) 0.6%

open country
(16) 10.1%

residential
(30) 19%

other
(1) 0.6%

construction 
zone

(3) 1.9%

Road Alignment/
Road Profile

(158) 100%

Relation to 
Junction
(158) 100%

straight grade
(1) 0.6%

curve level
(6) 3.8%

straight level
(150) 94.9%

intersection 
related

(13) 8.2%

intersection
(121) 76.6%

non-junction
(1) 0.6%

driveway, alley, 
access

(7) 4.4%

parking lot
(16) 10.1%

curve grade
(1) 0.6%

Conflict with vehicle moving across subject vehicle path through intersection incident
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VEHICLE FACTORS
(158)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(158)

none
(158) 100%

traffic control 
device

(2) 1.3%

none 
(145) 91.8%

road geometry
(9) 5.7%

road delineation
(2) 1.3%

VF IF

Visual 
Obstructions

(158) 100%

none
(136) 86.1%

parked vehicle
(7) 4.4%

sunlight glare
(6) 3.8%

trees crops 
vegetation
(1) 0.6%

moving vehicle
(3) 1.9%

other
(1) 0.6%

roadway 
infrastructure

(1) 0.6%

unknown
(3) 1.9%

Infrastructure 
Factors

(158) 100%

Conflict with vehicle moving across subject vehicle path through intersection incident
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CONFLICT WITH VEHICLE MOVING ACROSS
SUBJECT VEHICLE PATH THROUGH

INTERSECTION
NEAR CRASH

(27)

Precipitating Factor
(27)  100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(27) 100%

Avoidance Maneuver
(27)  100%

Post Avoidance 
Maneuver
(27) 100%

DF

IF

VF

control 
maintained
(27) 100%

braked and 
steered left
(3) 11.1%

braked and 
steered right

(4) 14.8%

braking (lockup 
unknown)
(2) 7.4%

braking
(lockup)
(1) 3.7%

braking
(no lockup)
(16) 59.3%

no reaction
(1) 3.7%

decelerating in 
Traffic lane
(5) 18.5%

going straight
accelerating
(4) 14.8%

going straight
constant speed

(8) 29.6%

turning left
(3) 11.1%

stopped in 
traffic lane
(7) 25.9%

other vehicle entering 
intersection – left turn 

across path
(6) 22.2%

other vehicle entering 
intersection – straight 

across path
(12) 44.4%

other vehicle entering 
intersection – turning 

onto opposite direction
(2) 7.4%

other vehicle from 
driveway – straight 

across path
(1) 3.7%

subject in intersection –
turning left
(5) 18.5%

subject in intersection –
turning right

(1) 3.7%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with vehicle moving across subject vehicle path through intersection in near crash
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Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(27)

none
(19) 70.4%

driving proficiency 
error

(10) 37%

none
(17) 63%none

(23) 85.2%

aggressive Driving
(4) 14.8%

DF

unknown
(8) 29.6%

Inattention to 
Forward 
Roadway

DT

Conflict with vehicle moving across subject vehicle path through intersection in near crash
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passenger in 
adjacent seat

(4) 14.8%

Passenger-
Related Task

(6) 22.2%

Dining
(2) 7.4%

eating without 
utensils
(2) 7.4%

Wireless Devices
(1) 3.7%

Secondary Task
(10) 37%

INATTENTION TO FORWARD
ROADWAY
(27) 100%

DT

talking/listening
(1) 3.7%

reaching for object
(not cell phone)

(1) 3.7%

Internal-Not 
Vehicle Related 

Task
(1) 3.7%

none
(17) 63%

talking/Singing
(2) 7.4%

Conflict with vehicle moving across subject vehicle path through intersection in near crash
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Weather
(27) 100%

Surface Condition
(27) 100%

DRIVING ENVIRONMENT
(27)

dry
(19) 70.4%

clear
(18) 66.7%

Lighting
(27) 100%

darkness 
lighted

(4) 14.8%

daylight
(18) 16.7%

DE

wet
(7) 25.9%

dawn
(1) 3.7%

dusk
(4) 14.8%

cloudy
(6) 22.2%

raining
(4) 14.8%

snowy
(1) 3.7%

fog
(4) 14.8%

snowing
(4) 14.8%

Traffic Density
(27) 100%

restricted flow
(9) 33.3%

stable flow
speed restricted

(6) 22.2%

free flow
(11) 40.7%

unstable flow –
temporary restrictions 

with slow driver
(1) 3.7%

Conflict with vehicle moving across subject vehicle path through intersection in near crash
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Trafficway Flow
(27) 100%

Traffic Control 
Device

(27) 100%

INFRASTRUCTURE
(27)

divided
(6) 22.2%

one-way traffic
(2) 7.4%

none
(12) 44.4%

traffic signal
(10) 37%

stop sign
(5) 18.5%

I

not-divided
(18) 66.7%

no lanes
(1) 3.7%

Locality
(27) 100%

business/industrial
(20) 74.1%

interstate
(1) 3.7%

open country
(4) 14.8%

residential
(2) 7.4%

Road Alignment/
Road Profile

(27) 100%

Relation to 
Junction
(27) 100%

curve Level
(2) 7.4%

straight level
(25) 92.6%

intersection
(24) 88.9%

parking lot
(1) 3.7%

driveway, alley, 
access

(1) 3.7%

intersection -
related

(1) 3.7%

Conflict with vehicle moving across subject vehicle path through intersection in near crash

5



VEHICLE FACTORS
(27)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(27)

none
(27) 100%

none 
(24) 88.9%

VF IF

roadway 
delineation
(1) 3.7%

traffic control 
device

(1) 3.7%

Visual 
Obstructions

(27) 100%

none
(21) 77.8%

moving vehicle
(3) 11.1%

parked vehicle
(1) 3.7%

rain, snow, fog, 
smoke, sand, dust

(1) 3.7%

unknown
(1) 3.7%

Infrastructure 
Factors
(27) 100%

road geometry
(1) 3.7%

Conflict with vehicle moving across subject vehicle path through intersection in near crash
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backing fixed 
object

(1) 11.1%

CONFLICT WITH OBSTACLE 
OBJECT IN 

 CRASH
(9)

INCIDENT TYPE: 
CRASH

(9)

Precipitating Factor
(9) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(9) 100%

Avoidance Maneuver
(9) 100%

Post Avoidance 
Maneuver

(9) 100%

DS

IF

VF

other
(7) 77.8%

road departure 
(left/right)
(1) 11.1%

backing up
(not parking)

(1) 11.1%

decelerating in 
traffic lane
(2) 22.2%

going straight –
constant speed

(3) 33.3%

making u-turn
(1) 11.1%

turning right
(2) 22.2%

end departure
(1) 11.1%

lost control –
excessive speed

(2) 22.2%

subject over right 
lane line

(1) 11.1%

object in roadway
(5) 55.6%

other precipitating 
event categories

(0) 0%

no reaction
(1) 11.1%

braked 
and steered left

(2) 22.2%

braking
(no lockup)
(3) 33.3%

other actions
(1) 11.1%

control maintained
(8) 88.9%

skidded laterally
(1) 11.1%

braking
(lockup unknown)

(2) 22.2%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with obstacle object crash
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Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(9)

Drowsy, sleepy, 
fatigued

(1) 11.1%

none
(3) 33.3%

driving proficiency 
error

(4) 44.4%

none
(5) 55.6%

none
(6) 66.7%

aggressive driving
(3) 33.3%

DF

DT

Inattention to 
Forward Roadway

unknown
(5) 55.6%

Conflict with obstacle object crash
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Secondary Task
(3) 33.3%

Driving Related 
Inattention

(2) 22.2%

INATTENTION TO FORWARD
ROADWAY
(9) 100%

DT

left window
(2) 22.2%

object in vehicle -
other

(1) 11.1%

Internal-Not Vehicle 
Related Task

(1) 11.1%

talking/listening
(2) 22.2%

Wireless Devices
(2) 22.2%

none
(4) 44.4%

Conflict with obstacle object crash
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dry
(8) 88.9%

snowy
(1) 11.1%

clear
(9) 100%

darkness 
lighted

(5) 55.6%

daylight
(2) 22.2%

darkness 
not lighted
(1) 11.1%

dusk
(1) 11.1%

Weather
(9) 100%

Surface Condition
(9) 100%

DRIVING ENVIRONMENT
(9)

Lighting
(9) 100%

DE

Traffic Density
(9) 100%

restricted flow
(3) 33.3%

free flow
(6) 66.7%

Conflict with obstacle object crash
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Trafficway Flow
(9) 100%

Traffic Control 
Device
(9) 100%

INFRASTRUCTURE
(9)

divided
(3) 33.3%

not-divided
(2) 22.2%

one-way traffic
(3) 33.3%

none
(5) 55.6%

traffic lanes marked
(1) 11.1%

other
(2) 22.2%

officer or watchman
(1) 11.1%

I

no lanes
(1) 11.1%

business/industrial
(2) 22.2%

interstate
(2) 22.2%

residential
(2) 22.2%

open country
(2) 22.2%

other
(1) 11.1%

Locality
(9) 100%

curve level
(1) 11.1%

straight level
(7) 77.8%

driveway, alley, 
access

(1) 11.1%

other
(1) 11.1%

non-junction
(4) 44.4%

parking lot
(3) 33.3%

curve grade
(1) 11.1%

Road Alignment/
Road Profile

(9) 100%

Relation to 
Junction
(9) 100%

Conflict with obstacle object crash
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VEHICLE FACTORS
(9)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(9)

none
(9) 100%

none
(6) 66.7%

roadway 
delineation
(1) 11.1%

VF IF

road geometry
(1) 11.1%

traffic control 
device

(1) 11.1%

none
(5) 55.6% 

trees, crops, 
vegetation
(1) 11.1%

Visual 
Obstructions

(9) 100%

moving vehicle
(1) 11.1%

unknown
(2) 22.2%

Infrastructure 
Factors
(9) 100%

Conflict with obstacle object crash
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CONFLICT WITH OBSTACLE/
OBJECT IN 
 INCIDENT

(394)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver State

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

PM AMPF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with obstacle object incident
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PRE-EVENT MANEUVER
(394) 100%

PM

starting
in traffic lane

(4) 1%

merging
(1) 0.3%

going straight 
constant speed

(198) 50.3%

turning right
(5) 1.3%

changing lanes
(6) 1.5%

decelerating 
in traffic lane
(76) 19.3%

negotiating a curve
(11) 2.8%

going straight 
accelerating
(88) 22.3%

turning left
(5) 1.3%

Conflict with obstacle object incident
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PRECIPITATING FACTOR
(394) 100%

Subject Vehicle Lost 
Control Due to

(76) 19.3%

poor road conditions
(71) 18%

other cause
(1) 0.3%

unknown cause
(1) 0.3%

PF

excessive speed
(3) 0.8%

object in roadway
(277) 70.3%

object in unknown 
location

(39) 9.9%

subject over right lane 
line

(1) 0.3%

object approaching 
roadway
(1) 0.3%

Conflict with obstacle object incident
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AVOIDANCE MANEUVER
(394) 100%

accelerated and 
steered left

(4) 1%

accelerated and 
steered right

(2) 0.5%

braked and 
steered left
(55) 14%

braked and 
steered right
(41) 10.4%

braking 
(lockup)
(1) 0.3%

steered to left
(105) 26.7%

steered to right
(76) 19.3%

AM

unknown
(2) 0.5%

no reaction
(45) 11.4%

other actions
(2) 0.5%

braking 
(62)

braking 
(no lockup)
(61) 15.5%

Conflict with obstacle object incident
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Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(394)

drowsy, sleepy, 
fatigued

(21) 5.3%

driving proficiency 
error

(80) 20.3%

none
(314) 79.7%

none
(385) 97.7%

angry
(1) 0.3%

aggressive 
driving

(9) 2.3%

DF

drugs, alcohol
(1) 0.3%

DT

Inattention to 
Forward Roadway

none
(309) 78.4%

unknown
(62) 15.7%

Conflict with obstacle object incident
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Secondary Task
(54) 13.7%

Driving Related 
Inattention

(7) 1.8%

right window
(3) 0.8%

INATTENTION TO FORWARD
ROADWAY
(394) 100%

ST

DT

left window
(3) 0.8%

center mirror
(1) 0.3%

none
(333) 84.5%

Conflict with obstacle object incident

6



passenger in 
adjacent seat

(12) 3.1%

object in vehicle -
other

(2) 0.5%

Passenger-
Related Task

(18) 4.6%

Dining
(3) 0.8%

eating without 
utensils
(3) 0.8%

Personal Hygiene
(3) 0.8%

adjusting radio
(3) 0.8%

other personal 
hygiene
(2) 0.5%

Vehicle-Related 
Task

(3) 0.8%

talking/singing
(4) 1%

External 
Distraction

(3) 0.8%

SECONDARY TASK
(54) 13.7%

ST

Internal-Not 
Vehicle Related 

Task
(4) 1%

other external 
Distraction
(2) 0.5%

passenger in 
rear seat
(2) 0.5%

looking at previous 
crash or incident

(1) 0.3%

Wireless Devices
(20) 5.1%

biting nails
(1) 0.3%

pet in vehicle
(1) 0.3%

talking/listening
(17) 4.3%

dialing hand held 
cell phone
(3) 0.8%

reading
(1) 0.3%

Conflict with obstacle object incident
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WIRELESS DEVICES
(20) 5.1%

dialing hand held cell 
phone

(3) 0.8%

talking/listening
(17) 4.3%

CP

Conflict with obstacle object incident
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dry
(328) 83.3%

snowy
(3) 0.8%

wet
(47) 11.9%

clear
(337) 85.5%

cloudy
(26) 6.6%

raining
(30) 7.6%

darkness lighted
(74) 18.8%

dawn
(1) 0.3%

dusk
(25) 6.4%

daylight
(248) 62.9%

darkness not 
lighted

(46) 11.7%

icy
(1) 0.3%

snowing
(1) 0.3%

muddy
(1) 0.3%

other
(14) 3.6%

Weather
(394) 100%

Surface 
Condition
(394) 100%

DRIVING ENVIRONMENT
(394)

Lighting
(394) 100%

DE

Traffic Density
(394) 100%

restricted flow
(114) 28.9%

stable flow
speed restricted

(23) 5.8%

unstable flow -
temporary restrictions 

slow driver
(4) 1%

free flow
(249) 63.2%

unknown
(4) 1%

Conflict with obstacle object incident
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Trafficway Flow
(394) 100%

Traffic Control 
Device

(394) 100%

INFRASTRUCTURE
(394)

divided
(126) 32%

not-divided
(239) 60.7%

one-way traffic
(23) 5.8%

none
(302) 76.7%

stop sign
(1) 0.3%

traffic lanes marked
(10) 2.5%

traffic signal
(29) 7.4%

slow or warning sign
(11) 2.8%

one way road or street
(1) 0.3%

officer/watchman
(2) 0.5%

other
(35) 8.9%

I

no lanes
(6) 1.5%

railroad crossing 
with gate and signals

(1) 0.3%

railroad crossing 
with markings or signs

(2) 0.5%

business/
industrial

(104) 26.4%

interstate
(50) 12.7%

open country
(109) 27.7%

residential
(98) 24.9%

construction zone
(28) 7.1%

school
(2) 0.5%

other
(3) 0.8%

Locality
(394) 100%

straight grade
(7) 1.8%

curve level
(38) 9.6%

straight level
(341) 86.6%

entrance/exit ramp
(16) 4%

intersection 
related

(13) 3.3%

interchange area
(3) 0.8%

intersection
(28) 7.1%

non-junction
(317) 80.5%

curve grade
(5) 1.3%

dip straight
(3) 0.8%

other
(2) 0.5%

driveway alley 
access

(1) 0.3%

parking lot
(12) 3.1%

rail grade crossing
(2) 0.5%

Road Alignment/
Road Profile

(394) 100%

Relation to 
Junction
(394) 100%

Conflict with obstacle object incident
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VEHICLE FACTORS
(394)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(394)

none
(394) 100%

none 
(264) 67%

road geometry
(27) 6.9%

road delineation
(97) 24.6%

VF IF

traffic control 
device

(3) 0.8%

weather, visibility
(3) 0.8%

none
(373) 94.7%

moving vehicle
(1) 0.3%

rain/snow/fog/
smoke/sand dust

(3) 0.8%

inadequate 
roadway lighting

(3) 0.8%

sunlight glare
(7) 1.8%

unknown
(4) 1%

trees, crops, 
vegetation
(2) 0.5%

headlight glare
(1) 0.3%

Visual 
Obstructions

(394) 100%

Infrastructure 
Factors

(394) 100%

Conflict with obstacle object incident
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CONFLICT WITH OBSTACLE/
OBJECT NEAR CRASH

(6)

Precipitating Factor
(6) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(6) 100%

Avoidance Maneuver
(6) 100%

Post Avoidance 
Maneuver

(6) 100%

DF

IF

VF

decelerating in 
traffic lane
(1) 16.7%

going straight 
constant speed

(5) 83.3%

object in roadway
(5) 83.3%

object in unknown 
location

(1) 16.7%

braked and 
steered left

(3) 50%

braked and 
steered right

(2) 33.3%

braking
(no lockup)
(1) 16.7%

control maintained
(6) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with obstacle object near crash

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(6)

none
(4) 66.7%

driving proficiency 
error

(1) 16.7%

none
(5) 83.3%

none
(4) 66.7%

aggressive driving
(2) 33.3%

DF

DT

Inattention to 
Forward Roadway

unknown
(2) 33.3%

Conflict with obstacle object near crash

2



Secondary Task
(2) 33.3%

INATTENTION TO FORWARD
ROADWAY
(6) 100%

DT

passenger in 
adjacent seat

(1) 16.7%

Passenger-
Related Task

(1) 16.7%

Dining
(1) 16.7%

eating 
without utensils

(1) 16.7%

none
(4) 66.7%

Conflict with obstacle object near crash

3



Weather
(6) 100%

Surface Condition
(6) 100%

dry
(6) 100%

clear
(6) 100%

Lighting
(6) 100%

daylight
(5) 83.3%

darkness 
not lighted
(1) 16.7%

DRIVING ENVIRONMENT
(6)

DE

Traffic Density
(6) 100%

restricted flow
(3) 50%

stable flow
speed restricted

(2) 33.3%

free flow
(1) 16.7%

Conflict with obstacle object near crash

4



Trafficway Flow
(6) 100%

Traffic Control 
Device
(6) 100%

divided
(5) 83.3%

one-way traffic
(1) 16.7%

none
(4) 66.7%

other
(2) 33.3%

INFRASTRUCTURE
(6)

I

Locality
(6) 100%

business/industrial
(1) 16.7%

interstate
(2) 33.3%

construction zone
(3) 50%

Road Alignment/
Road Profile

(6) 100%

Relation to 
Junction
(6) 100%

straight level
(6) 100%

non-junction
(6) 100%

Conflict with obstacle object near crash

5



VEHICLE FACTORS
(6)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(6)

none
(6) 100%

none 
(4) 66.7%

road geometry
(1) 16.7%

VF IF

roadway 
delineation
(1) 16.7%

Visual 
Obstructions

(6) 100%

none
(5) 83.3%

sunlight glare
(1) 16.7%

Infrastructure 
Factors
(6) 100%

Conflict with obstacle object near crash

6



CONFLICT WITH ONCOMING 
TRAFFIC 

 INCIDENT
(184)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

AMPM PF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with oncoming traffic incident

1



PRE-EVENT MANEUVER
(184) 100%

changing lanes
(3) 1.6%

decelerating in 
traffic lane
(42) 22.8%

going straight –
accelerating
(20) 10.9%

going Straight –
constant speed

(84) 45.7%

passing or overtaking 
another vehicle

(1) 0.5%

negotiating a curve
(9) 4.9%

starting in traffic lane
(3) 1.6%

stopped in traffic lane
(2) 1.1%

turning left
(5) 2.7%

turning right
(4) 2.2%

PM

going straight 
unintentional drift

(3) 1.6%

making U-turn
(1) 0.5%

maneuvering to 
avoid pedestrian/

cyclist
(1) 0.5%

maneuvering to 
avoid an object

(2) 1.1%

maneuvering to 
avoid a vehicle

(4) 2.2%

Conflict with oncoming traffic incident

2



PRECIPITATING FACTOR
(184) 

Other Vehicle is 
Changing Lanes

(1) 0.5%

Other Vehicle Entering 
Intersection

(11) 6%

Other Vehicle from 
Another Lane

(1) 0.5%

Other Vehicle is Lead 
Vehicle

(16) 8.7%

Subject Vehicle is 
Changing Lanes

(4) 2.2%

Subject Vehicle off the 
roadway

(63) 34.2%

left –
sideswipe threat

(1) 0.5%

turning onto 
opposite direction

(3) 1.6%

subject over 
left lane line
(63) 34.2%

at slower 
constant speed

(1) 0.5%

decelerating
(3) 1.6%

stopped more 
than 2 seconds

(12) 6.5%

from parallel/diagonal 
parking lane

(1) 0.5%

PF

Subject Vehicle is in 
intersection
(21) 11.4%

intended path 
unknown
(3) 1.6%

straight across 
path

(1) 0.5%
left other
(4) 2.2%

turning left
(19) 10.3%

turning right
(2) 1.1%

left turn across 
path

(4) 2.2%

lost control – other 
cause

(1) 0.5%

lost control – poor 
road conditions

(1) 0.5%

object in roadway
(1) 0.5%

other vehicle 
traveling in 

opposite direction
(27) 14.7%

unknown
(1) 0.5%

other vehicle 
backing
(1) 0.5%

other vehicle 
oncoming over left 

lane line
(34) 18.5%

other vehicle 
oncoming over right 

lane line
(1) 0.5%

Conflict with oncoming traffic incident

3



AVOIDANCE MANEUVER
(184) 100%

accelerated and 
steered left

(5) 2.7%

accelerated and 
steered right

(3) 1.6%

braked and 
steered left
(13) 7.1%

braked and 
steered right

(57) 31%

braking 
(no lockup)
(34) 18.5%

steered to left
(5) 2.7%

steered to right
(56) 30.4%

AM

accelerated
(1) 0.5%

no reaction
(9) 4.9%

unknown 
(1) 0.5%

Conflict with oncoming traffic incident

4



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(184)

drowsy sleepy 
fatigued
(9) 4.9%

driving proficiency 
error

(67) 36.4%

none
(117) 63.6%

none
(159) 86.4%

angry
(2) 1.1%

aggressive 
driving

(25) 13.6%

DF

none
(130) 70.7%

unknown
(43) 23.4%

Inattention to 
Forward Roadway

DT

Conflict with oncoming traffic incident

5



Secondary Task
(45) 24.5%

Driving Related 
Inattention

(2) 1.1%

right window
(1) 0.5%

INATTENTION TO FORWARD
ROADWAY
(184) 100%

ST

DT

left window
(1) 0.5%

none
(137) 74.5%

Conflict with oncoming traffic incident

6



passenger in 
adjacent seat

(5) 2.7%

object in vehicle -
other

(2) 1.1%

pet in Vehicle
(1) 0.5%

Passenger-
Related Task

(7) 3.8%

Dining
(2) 1.1%

eating without 
utensils
(1) 0.5%

adjusting radio
(1) 0.5%

Vehicle-Related 
Task

(4) 2.2%

reaching object –
not cell phone

(3) 1.6%

External 
Distraction

(7) 3.8%

SECONDARY TASK
(45) 24.5%

ST

Internal-Not 
Vehicle Related 

Task
(7) 3.8%

other external 
distraction
(5) 2.7%

looking at an 
object

(1) 0.5%

Wireless Devices
(16) 8.7%

adjusting devices 
integral to vehicle

(1) 0.5%

Personal Hygiene
(2) 1.1%

combing or 
fixing hair
(1) 0.5%

drinking from open 
container
(1) 0.5%

other personal 
hygiene
(1) 0.5%

adjusting climate 
control

(1) 0.5%

in vehicle controls 
- other

(1) 0.5%

dialing hand held cell 
phone

(1) 0.5%

talking/listening
(14) 7.6%

locating/reaching/
answering cell phone

(1) 0.5%

talking/singing
(2) 1.1%

reading
(1) 0.5%

looking at an 
object

(1) 0.5%

Conflict with oncoming traffic incident

7



dialing hand held cell 
phone

(1) 0.5%

talking/listening
(14) 7.6%

CP

WIRELESS DEVICES
(16) 8.7%

locating/reaching/
answering cell phone

(1) 0.5%

Conflict with oncoming traffic incident

8



Weather
(184) 100%

Surface Condition
(184) 100%

DRIVING ENVIRONMENT
(184)

dry
(155) 84.2%

snowy
(2) 1.1%

wet
(26) 14.1%

clear
(148) 80.4%

cloudy
(18) 9.8%

raining
(17) 9.2%

snowing
(1) 0.5%

Lighting
(184) 100%

darkness lighted
(25) 13.6%

dusk
(11) 6%

daylight
(138) 75%

darkness not 
lighted

(10) 5.4%

DE

other
(1) 0.5%

Traffic Density
(184) 100%

unstable flow 
- temporary stoppages 
Vehicle unable to pass

(2) 1.1%

restricted flow
(98) 53.3%

stable flow
speed restricted

(25) 13.6%

unstable flow -
temporary restrictions 

slow driver
(4) 2.2%

free flow
(55) 29.9%

Conflict with oncoming traffic incident

9



Trafficway Flow
(184) 100%

Traffic Control 
Device

(184) 100%

INFRASTRUCTURE
(184)

divided
(20) 10.9%

not-divided
(152) 82.6%

stop sign
(3) 1.6%

traffic lanes 
marked
(4) 2.2%

traffic signal
(29) 15.8%

yield sign
(1) 0.5%

no lanes
(12) 6.5%

slow or warning 
sign

(2) 1.1%

I

none
(145) 78.8%

Locality
(184) 100%

business/
industrial

(58) 31.5%

interstate
(3) 1.6%

open country
(35) 19%

residential
(87) 47.3%

construction zone
(1) 0.5%

Road Alignment/
Road Profile

(184) 100%

Relation to 
Junction
(184) 100%

straight grade
(5) 2.7%

curve level
(32) 17.4%

straight level
(140) 76.1%

intersection 
related
(11) 6%

intersection
(41) 22.3%

non-junction
(124) 67.4%

other
(1) 0.5%

parking lot
(4) 2.2%

curve grade
(5) 2.7%

other
(1) 0.5%

dip straight
(1) 0.5%

driveway, alley, 
access, etc.

(3) 1.6%

Conflict with oncoming traffic incident

10



VEHICLE FACTORS
(184)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(184)

none
(184) 100%

none 
(148) 80.4%

road geometry
(22) 12%

road delineation
(11) 6%

VF IF

weather , 
visibility
(2) 1.1%

roadway sight 
distance
(1) 0.5%

Visual 
Obstructions

(184) 100%

none
(160) 87%

moving vehicle
(5) 2.7%

rain/snow/fog/
smoke/sand dust

(2) 1.1%

sunlight glare
(5) 2.7%

headlight glare
(4) 2.2%

curve or hill
(2) 1.1%

unknown
(6) 3.3%

Infrastructure 
Factors

(184) 100%

Conflict with oncoming traffic incident

11



CONFLICT WITH ONCOMING 
TRAFFIC 

NEAR CRASH
(27)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver
Post Avoidance 

Maneuver
(27) 100%

DF

IF

VF

DRPM PF

control maintained
(26) 96.3%

unknown
(1) 3.7%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with oncoming traffic near crash

1



PRE-EVENT MANEUVER
(27) 100%

PM

changing lanes
(2) 7.4%

decelerating 
in traffic lane

(4) 14.8%

going straight 
accelerating
(5) 18.5%

going straight 
constant speed

(10) 37%

starting in traffic 
lane

(1) 3.7%

turning left
(2) 7.4%

negotiating a curve
(1) 3.7%

turning right
(2) 7.4%

Conflict with oncoming traffic near crash

2



PRECIPITATING FACTOR
(27) 100%

PF

Other Vehicle is lead 
vehicle

(1) 3.7%

Other Vehicle 
entering intersection

(2) 7.4%

Lost Control
(2) 7.4%

stopped on roadway 
more than 2 seconds

(1) 3.7%

poor road condition
(1) 3.7%

excessive speed
(1) 3.7%

intended path 
unknown
(1) 3.7%

turning into 
opposite direction

(1) 3.7%

subject over left lane 
line

(9) 33.3%

other vehicle from 
driveway turning into 

opposite direction
(1) 3.7%

other vehicle oncoming 
– over left lane line

(8) 29.6%

subject in intersection 
– turning left 

(2) 7.4%

unknown
(1) 3.7%

other vehicle traveling 
in opposite direction

(1) 3.7%

Conflict with oncoming traffic near crash

3



AVOIDANCE MANEUVER
(27) 100%

AM

braked and 
steered left
(4) 14.8%

braked and 
steered right
(11) 40.7%

braking 
(no lockup)
(5) 18.5%

no reaction
(1) 3.7%

steered to right
(6) 22.2%

Conflict with oncoming traffic near crash

4



Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(27)

none
(17) 63%

driving proficiency 
error

(13) 48.1%

none
(14) 51.9%

none
(24) 88.9%

aggressive 
driving

(3) 11.1%

DF

drowsy, sleepy, 
fatigued

(3) 11.1%

Inattention to 
Forward Roadway

DS

unknown
(7) 25.9%

Conflict with oncoming traffic near crash

5



Internal-Not 
Vehicle Related 

Task
(1) 3.7%

passenger in 
adjacent seat

(2) 7.4%

Passenger-
Related Task

(3) 11.1%

Wireless 
Devices
(1) 3.7%

Smoking
(1) 3.7%

smoking cigar/
cigarette
(1) 3.7%

External 
Distraction

(1) 3.7%

looking at an 
object

(1) 3.7%

talking/listening
(1) 3.7%

Secondary Task
(7) 25.9%

INATTENTION TO FORWARD
ROADWAY
(27) 100%

DT

none
(20) 74.1%

talking/singing
(1) 3.7%

reading
(1) 3.7%

Conflict with oncoming traffic near crash

6



DRIVING ENVIRONMENT
(27)

DE

Weather
(27) 100%

Surface Condition
(27) 100%

dry
(17) 63%

wet
(9) 33.3%

clear
(18) 66.7%

cloudy
(5) 18.5%

raining
(3) 11.1%

Lighting
(27) 100%

darkness 
lighted

(6) 22.2%

dusk
(3) 11.1%

daylight
(14) 51.9%

darkness 
not lighted
(4) 14.8%

unknown
(1) 3.7%

unknown
(1) 3.7%

Traffic Density
(27) 100%

restricted flow
(8) 29.6%

stable flow
speed restricted

(4) 14.8%

free flow
(14) 51.9%

unknown
(1) 3.7%

Conflict with oncoming traffic near crash

7



Trafficway Flow
(27) 100%

Traffic Control 
Device

(27) 100%

INFRASTRUCTURE
(27)

divided
(1) 3.7%

unknown
(1) 3.7% none

(20) 74.1%

traffic signal
(4) 14.8%

I

not divided
(24) 88.9%

traffic lanes 
marked
(1) 3.7%

yield sign
(1) 3.7%

no lanes
(1) 3.7%

unknown
(1) 3.7%

Locality
(27) 100%

business/
industrial
(9) 33.3%

church
(1) 3.7%

open country
(11) 40.7%

unknown
(1) 3.7%

residential
(5) 18.5%

Road Alignment/
Road Profile

(27) 100%

Relation to 
Junction
(27) 100%

straight grade
(1) 3.7%

curve level
(8) 29.6%

straight level
(16) 59.3%

unknown
(1) 3.7%

intersection 
related

(3) 11.1%

parking lot
(1) 3.7%

intersection
(6) 22.2%

non-junction
(16) 59.3%

straight hillcrest
(1) 3.7%

unknown
(1) 3.7%

Conflict with oncoming traffic near crash

8



VEHICLE FACTORS
(27)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(27)

none
(27) 100%

none 
(22) 81.48%

road geometry
(4) 14.8%

VF IF

unknown
(1) 3.7%

Visual 
Obstructions

(27) 100%

unknown
(1) 3.7%

none
(22) 81.5%

moving vehicle
(1) 3.7%

rain/snow/fog/
smoke/sand dust

(1) 3.7%

headlight glare
(1) 3.7%

parked vehicle
(1) 3.7%

Infrastructure 
Factors
(27) 100%

Conflict with oncoming traffic near crash

9



CONFLICT WITH OTHER 
 INCIDENT

(13)

Precipitating Factors Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver
(13) 100%

DF

IF

VF

PM PF

accelerated
(1) 7.7%

braked and 
steered right

(1) 7.7%

braking
(no lockup)
(10) 76.9%

no reaction
(1) 7.7%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with other incident

1



PRE-EVENT MANEUVER
(13) 100%

turning left
(1) 7.7%

decelerating 
in traffic lane

(2) 15.4%

going straight –
accelerating
(4) 30.8%

going Straight –
constant speed

(2) 15.4%

negotiating a curve
(1) 7.7%

turning right
(1) 7.7%

PM

stopped in traffic lane
(2) 15.4%

Conflict with other incident

2



PRECIPITATING FACTOR
(13) 100%

PF

Other vehicle from 
driveway/another lane

(2) 15.4%

Other vehicle entering 
intersection

(1) 7.7%

turning into 
same direction

(1) 7.7%

from driveway –
straight across path

(1) 7.7%

from parallel/
diagonal parking lane

(1) 7.7%

Subject vehicle in 
intersection
(3) 23.1%

turning left
(3) 23.1%

other vehicle 
backing

(6) 46.2%

other vehicle ahead 
but decelerating

(1) 7.7%

Conflict with other incident

3



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(13)

none
(10) 76.9%

driving proficiency 
error

(6) 46.2%

none
(12) 92.3%

DF

none
(7) 53.9%

aggressive driving
(1) 7.7%

Inattention to 
Forward Roadway

unknown
(3) 23.1%

DS

Conflict with other incident

4



moving object in 
vehicle

(1) 7.7%

External 
Distraction

(1) 7.7%

looking at 
pedestrian
(1) 7.7%

Internal-Not Vehicle 
Related Task

(1) 7.7%

Wireless Devices
(1) 7.7%

talking/listening
(1) 7.7%

Secondary Task
(3) 23.1%

INATTENTION TO FORWARD
ROADWAY
(13) 100%

DT

none
(10) 76.9%

Conflict with other incident

5



Weather
(13) 100%

Surface Condition
(13) 100%

DRIVING ENVIRONMENT
(13)

dry
(13) 100%

clear
(11) 84.6%

cloudy
(2) 15.4%

Lighting
(13) 100%

darkness lighted
(1) 7.7%

daylight
(11) 84.6%

DE

dusk
(1) 7.7%

Traffic Density
(13) 100%

restricted flow
(4) 30.8%

stable flow
speed restricted

(1) 7.7%

free flow
(7) 53.9%

unstable flow 
- temporary stoppages 
vehicle unable to pass

(1) 7.7%

Conflict with other incident

6



Trafficway Flow
(13) 100%

Traffic Control 
Device

(13) 100%

INFRASTRUCTURE
(13)

none
(11) 84.6%

stop sign
(2) 15.4%

I

not divided
(10) 76.9%

no lanes
(3) 23.1%

Locality
(13) 100%

business/
industrial
(9) 69.2%

open country
(1) 7.7%

residential
(3) 23.1%

Road Alignment/
Road Profile

(13) 100%

Relation to 
Junction
(13) 100%

curve level
(2) 15.4%

straight level
(11) 84.6%

parking lot
(4) 30.8%

interchange area
(1) 7.7%

non-junction
(2) 15.4%

driveway, alley, 
access

(2) 15.4%

intersection
(4) 30.8%

Conflict with other incident

7



VEHICLE FACTORS
(13)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(13)

none
(13) 100%

none 
(12) 92.3%

road geometry
(1) 7.7%

VF IF

Visual 
Obstructions

(13) 100%

none
(11) 84.6%

curve or hill
(1) 7.7%

parked vehicle
(1) 7.7%

Infrastructure 
Factors
(13) 100%

Conflict with other incident

8



CONFLICT WITH OTHER 
NEAR CRASH

(2)

Precipitating Factor
(2) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(2) 100%

Driver Reaction
(2) 100%

Control Maintained
(2) 100%

DF

IF

VF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

decelerating in 
traffic lane
(1) 50%

going straight 
constant speed

(1) 50%

lost control -
excessive speed

(1) 50%

other vehicle 
backing
(1) 50%

braking
(no lockup)

(1) 50%

other actions
(1) 50%

control 
maintained
(2) 100%

Conflict with other near crash

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(2)

driver proficiency 
error

(1) 50%

none
(1) 50%

DF

none
(2) 100%

aggressive 
driving

(1) 50%

none
(1) 50%

Conflict with other near crash

2



Weather
(2) 100%

Surface Condition
(2) 100%

DRIVING ENVIRONMENT
(2)

dry
(2) 100%

clear
(2) 100%

Lighting
(2) 100%

dusk
(1) 50%

daylight
(1) 50%

DE

Traffic Density
(2) 100%

free flow
(1) 50%

restricted flow
(1) 50%

Conflict with other near crash

3



Trafficway Flow
(2) 100%

Traffic Control 
Device
(2) 100%

INFRASTRUCTURE
(2)

divided
(1) 50%

none
(2) 100%

I

not divided
(1) 50%

Locality
(2) 100%

business/industrial
(1) 50%

open country
(1) 50%

Road Alignment/
Road Profile

(2) 100%

Relation to 
Junction
(2) 100%

curve level
(1) 50%

straight level
(1) 50%

intersection
(1) 50%

non junction
(1) 50%

Conflict with other near crash

4



VEHICLE FACTORS
(2)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(2)

none
(2) 100%

none 
(2) 100%

VF IF

Visual 
Obstructions

(2) 100%

none
(1) 50%

parked vehicle
(1) 50%

Infrastructure 
Factors
(2) 100%

Conflict with other near crash

5



CONFLICT WITH PARKED 
VEHICLE 
CRASH

(4)

INCIDENT TYPE: 
CRASH

(4)

Precipitating Factor
(4) 100%

Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(4) 100%

Avoidance Maneuver
(4) 100%

Post Avoidance 
Maneuver

(4) 100%

DF

IF

VF

backing fixed object
(2) 50%

backing into traffic
(1) 25%

sideswipe same 
direction
(1) 25%

leaving a parked 
position
(1) 25%

starting in traffic 
lane

(1) 25%

stopped in traffic 
lane

(2) 50%

end departure
(1) 25%

other vehicle from 
driveway-intended 

path unknown
(1) 25%

subject lane change 
– right sideswipe 

threat
(1) 25%

subject over left 
edge of road

(1) 25%

no reaction
(1) 25%

other actions
(1) 25%

braking
(no lockup)

(2) 50%

control maintained
(4) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with parked vehicle in crash

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(4)

none
(2) 50%

driving proficiency 
error

(1) 25%

none
(3) 75%

DF

aggressive driving
(1) 25%

none
(3) 75%

DT

Inattention to 
Forward Roadway

unknown
(2) 50%

Conflict with parked vehicle in crash

2



Passenger-
Related Task

(1) 25%

passenger in 
adjacent seat

(1) 25%

Internal-Not 
Vehicle Related 

Task
(1) 25%

writing - other
(1) 25%

Secondary Task
(2) 50%

INATTENTION TO FORWARD
ROADWAY
(4) 100%

DT

none
(2) 50%

Conflict with parked vehicle in crash

3



dry
(4) 100%

clear
(4) 100%

darkness lighted
(1) 25%

dusk
(1) 25%

daylight
(2) 50%

Weather
(4) 100%

Surface 
Condition

(4) 100%

DRIVING ENVIRONMENT
(4)

Lighting
(4) 100%

DE

Traffic Density
(4) 100%

free flow
(3) 75%

unstable flow-
temporary restrictions 

slow driver
(1) 25%

Conflict with parked vehicle in crash

4



Trafficway Flow
(4) 100%

Traffic Control 
Device
(4) 100%

INFRASTRUCTURE
(4)

not-divided
(3) 75%

none
(3) 75%

traffic signal
(1) 25%

I

no lanes
(1) 25%

business/
industrial
(1) 25%

residential
(2) 50%

other
(1) 25%

Locality
(4) 100%

straight level
(4) 100%

Road Alignment/
Road Profile

(4) 100%

intersection 
related
(1) 25%

non-junction
(1) 25%

driveway, alley, 
access
(1) 25%

parking lot
(1) 25%

Relation to 
Junction
(4) 100%

Conflict with parked vehicle in crash

5



VEHICLE FACTORS
(4)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(4)

none
(4) 100%

none
(3) 75%

roadway 
delineation

(1) 25%

VF IF

no obstruction
(3) 75%

parked vehicle
(1) 25%

Visual 
Obstructions

(4) 100%

Infrastructure 
Factors
(4) 100%

Conflict with parked vehicle in crash

6



CONFLICT WITH PARKED 
VEHICLE 

 INCIDENT
(83)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

AMPM PF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with parked vehicle incident

1



PRE-EVENT MANEUVER
(83) 100%

PM

changing lanes
(3) 3.6%

decelerating 
in traffic lane
(10) 12.1%

negotiating a curve
(5) 6%

going straight 
accelerating
(19) 22.9%

going straight 
constant speed

(37) 44.6%

passing or overtaking 
another vehicle

(1) 1.2%

turning right
(4) 4.8%

turning left
(4) 4.8%

Conflict with parked vehicle incident

2



PRECIPITATING FACTOR
(83) 100%

Other Vehicle is Lead 
Vehicle

(38) 45.8%

Other Vehicle
(23) 27.7%

Lost Control
(4) 4.8%

Other Vehicle is 
Changing Lanes

(1) 1.2%

Subject Vehicle Off 
the Roadway
(12) 14.4%

traveling in 
opposite direction

(2) 2.4%

backing
(4) 4.8%

right sideswipe 
threat

(1) 1.2%

subject over 
left lane line

(6) 7.2%

other cause
(3) 3.6%

poor road 
conditions
(1) 1.2%

PF

Subject Vehicle in 
Intersection

(4) 4.8%

Other Vehicle Entering 
Intersection

(1) 1.2%

from parallel diagonal 
parking lane
(14) 16.9%

stopped on roadway 
more than 2 seconds

(38) 45.8%

intended path 
unknown
(1) 1.2%

turning left
(3) 3.6%

turning right
(1) 1.2%

subject over 
right lane line

(5) 6%

oncoming over 
left line

(2) 2.4%

from driveway 
Intended path unknown

(1) 1.2%

subject over 
left edge of road

(1) 1.2%

Conflict with parked vehicle incident

3



AVOIDANCE MANEUVER
(83) 100%

accelerated and 
steered left

(3) 3.6%

accelerated and 
steered right

(1) 1.2%

braked and 
steered left
(19) 22.9%

braked and 
steered right

(5) 6%

braking 
(no lockup)
(15) 18.1%

steered to left
(30) 36.1%

steered to right
(6) 7.2%

AM

no reaction
(2) 2.4%

other actions
(2) 2.4%

Conflict with parked vehicle incident

4



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(83)

drowsy, sleepy, 
fatigued
(4) 4.8%

driving proficiency 
error

(32) 38.6%

none
(51) 61.5%

none
(70) 84.3%

aggressive driving
(13) 15.7%

DF

none
(58) 69.9%

DT

Inattention to 
forward roadway

unknown
(21) 25.3%

Conflict with parked vehicle incident

5



Secondary Task
(18) 21.7%

Driving Related 
Inattention

(3) 3.6%

right window
(2) 2.4%

INATTENTION TO FORWARD
ROADWAY
(83) 100%

ST

DT

left window
(1) 1.2%

none
(62) 74.7%

Conflict with parked vehicle incident

6



lost in thought
(1) 1.2%

Daydreaming
(1) 1.2%

passenger in 
adjacent seat

(3) 3.6%

Passenger-
Related Task

(3) 3.6%

Personal Hygiene
(1) 1.2%

other personal 
hygiene
(1) 1.2%

reaching object –
not cell phone

(2) 2.4%

External 
Distraction

(2) 2.4%

SECONDARY TASK
(18) 21.7%

ST

Internal-Not 
Vehicle Related 

Task
(2) 2.4%

other external 
distraction
(1) 1.2%

Wireless Devices
(9) 10.8%

looking at 
pedestrian
(1) 1.2%

dialing hand 
held cell phone

(2) 2.4%

talking/listening
(7) 8.4%

Conflict with parked vehicle incident

7



WIRELESS DEVICES
(9) 10.8%

dialing hand held cell 
phone

(2) 2.4%

talking/listening
(7) 8.4%

CP

Conflict with parked vehicle incident

8



Weather
(83) 100%

Surface Condition
(83) 100%

DRIVING ENVIRONMENT
(83)

dry
(75) 90.4%

snowy
(1) 1.2%

wet
(7) 8.4%

clear
(73) 88%

cloudy
(8) 9.6%

raining
(2) 2.4%

Lighting
(83) 100%

darkness lighted
(16) 19.3%

dawn
(2) 2.4%

dusk
(3) 3.6%

daylight
(59) 71.1%

darkness not 
lighted

(3) 3.6%

DE

Traffic Density
(83) 100%

restricted flow
(42) 50.6%

stable flow
speed restricted

(4) 4.8%

unstable flow -
temporary restrictions 

slow driver
(1) 1.2%

free flow
(36) 43.4%

Conflict with parked vehicle incident

9



Trafficway Flow
(83) 100%

Traffic Control 
Device

(83) 100%

INFRASTRUCTURE
(83)

divided
(8) 9.6%

one-way traffic
(4) 4.8% none

(81) 97.6%

I

not divided
(66) 79.5%

no lanes
(5) 6%

stop sign
(1) 1.2%

traffic signal
(1) 1.2%

Locality
(83) 100%

business/
industrial

(28) 33.7%

interstate
(1) 1.2%

open country
(4) 4.8%

residential
(47) 56.6%

construction zone
(2) 2.4%

other
(1) 1.2%

Road Alignment/
Road Profile

(83) 100%

Relation to 
Junction
(83) 100%

curve Level
(12) 14.5%

straight level
(71) 85.5%

entrance/exit ramp
(1) 1.2%

intersection 
related

(2) 2.4%

intersection
(3) 3.6%

non-junction
(69) 83.1%

driveway alley 
access

(2) 2.4%

parking lot
(6) 7.2%

Conflict with parked vehicle incident

10



VEHICLE FACTORS
(83)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(83)

none
(82) 98.8%

none 
(70) 84.3%

road geometry
(5) 6%

road delineation
(7) 8.4%

VF IF

roadway sight 
distance 
(1) 1.2%

unknown
(1) 1.2%

Visual 
Obstructions

(83) 100%

none
(77) 92.8%

rain/snow/fog/
smoke/sand, dust

(2) 2.4%

inadequate 
roadway lighting

(1) 1.2%

sunlight glare
(2) 2.4%

trees, crops, 
vegetation
(1) 1.2%

Infrastructure
Factors
(83) 100%

Conflict with parked vehicle incident

11



CONFLICT WITH PARKED 
VEHICLE 

NEAR CRASH
(5)

Precipitating Factor
(5) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(5) 100%

Avoidance Maneuver
(5) 100%

Post Avoidance 
Maneuver

(5) 100%

DF

IF

VF

decelerating in 
traffic lane
(2) 40%

going straight 
accelerating

(2) 40%

turning right
(1) 20%

other vehicle backing
(2) 40%

other vehicle ahead 
stopped on roadway 
more than 2 seconds

(1) 20%

other vehicle from 
parallel diagonal 

parking lane
(1) 20%

pedestrians 
approaching roadway

(1) 20%

braked and 
steered left

(2) 40%

braking
(no lockup)

(2) 40%

steered to left
(1) 20%

control maintained
(5) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with parked vehicle in near crash

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(5)

none
(2) 40%

none
(5) 100%

none
(5) 100%

DF

Inattention to 
Forward Roadway

DT

unknown
(3) 60%

Conflict with parked vehicle in near crash

2



External 
Distraction

(1) 20%

looking at 
pedestrian

(1) 20%

Secondary Task
(1) 20%

Driving Related 
Inattention

(2) 40%

INATTENTION TO FORWARD
ROADWAY
(5) 100%

DT

left mirror
(1) 20%

right window
(1) 20%

none
(2) 40%

Conflict with parked vehicle in near crash

3



Weather
(5) 100%

Surface Condition
(5) 100%

DRIVING ENVIRONMENT
(5)

dry
(5) 100%

clear
(5) 100%

Lighting
(5) 100%

darkness 
lighted

(1) 20%

daylight
(4) 80%

DE

Traffic Density
(5) 100%

restricted flow
(2) 40%

free flow
(3) 60%

Conflict with parked vehicle in near crash

4



Trafficway Flow
(5) 100%

Traffic Control 
Device
(5) 100%

INFRASTRUCTURE
(5)

not divided
(4) 80%

no lanes
(1) 20%

none
(5) 100%

I

Locality
(5) 100%

business/industrial
(4) 80%

residential
(1) 20%

Road Alignment/
Road Profile

(5) 100%

straight level
(4) 80%

straight grade
(1) 20%

Relation to Junction
(5) 100%

parking lot
(2) 40%

non-junction
(3) 60%

Conflict with parked vehicle in near crash

5



VEHICLE FACTORS
(5)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(5)

none
(5) 100%

none 
(5) 100%

VF IF

Visual 
Obstructions

(5) 100%

none
(5) 100%

Infrastructure 
Factors
(5) 100%

Conflict with parked vehicle in near crash

6



CONFLICT WITH PEDALCYCLIST 
INCIDENT

(16)

Precipitating Factor
(16) 100%

Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(16) 100%

Avoidance Maneuver
(16) 100%

DF

IF

VF

decelerating in 
traffic lane
(6) 37.5%

going straight 
accelerating
(3) 18.8%

going straight 
constant speed

(5) 31.3%

turning left
(1) 6.3%

turning right
(1) 6.3%

other vehicle is lead 
vehicle – but at slower 

constant speed
(1) 6.3%

pedalcyclist or non-
motorist approaching 

roadway
(3) 18.8%

pedalcyclist or non-
motorist in roadway

(9) 56.3%

pedestrian in roadway
(3) 18.8%

braked and 
steered left

(4) 25%

braked and 
steered right

(3) 18.8%

braking
(no lockup)
(7) 43.8%

steered to left
(2) 12.5%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with pedalcyclist incident

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(16)

driving Proficiency 
Error

(5) 31.3%

none
(16) 100%

DF

none
(15) 93.8%

none
(11) 68.8%

unknown
(1) 6.3%

Inattention to 
Forward Roadway

DT

Conflict with pedalcyclist incident

2



Wireless Devices
(1) 6.3%

Talking/Listening
(1) 6.3%

Secondary Task
(1) 6.3%

INATTENTION TO FORWARD
ROADWAY
(16) 100%

DT

none
(15) 93.8%

Conflict with pedalcyclist incident

3



Weather
(16) 100%

Surface 
Condition
(16) 100%

DRIVING ENVIRONMENT
(16)

dry
(15) 93.8%

wet
(1) 6.3%

clear
(15) 93.8%

raining
(1) 6.3%

Lighting
(16) 100%

darkness lighted
(2) 12.5%

dusk
(1) 6.3%

daylight
(13) 81.3%

DE

Traffic Density
(16) 100%

restricted flow
(9) 56.3%

stable flow
speed restricted

(1) 6.3%

free flow
(6) 37.5%

Conflict with pedalcyclist incident

4



Trafficway Flow
(16) 100%

Traffic Control 
Device

(16) 100%

INFRASTRUCTURE
(16)

divided
(5) 31.3%

none
(10) 62.5%

traffic signal
(4) 25%

I

not divided
(9) 56.3%

one-way traffic
(2) 12.5%

other
(1) 6.3%

traffic lanes marked
(1) 6.3%

Locality
(16) 100%

business/
industrial

(10) 62.5%

open country
(2) 12.5%

residential
(4) 25%

Road Alignment/
Road Profile

(16) 100%

curve Level
(3) 18.8%

straight level
(13) 81.3%

Relation to 
Junction
(16) 100%

intersection 
related

(1) 6.3%

non-junction
(10) 62.5%

intersection
(5) 31.3%

Conflict with pedalcyclist incident

5



VEHICLE FACTORS
(16)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(16)

none
(16) 100%

none 
(15) 93.8%

VF IF

roadway sight 
distance
(1) 6.3%

Visual 
Obstructions

(16) 100%

none
(13) 81.3%

curve or hill
(1) 6.3%

parked vehicle
(1) 6.3%

sunlight glare
(1) 6.3%

Infrastructure 
Factors
(16) 100%

Conflict with pedalcyclist incident

6



CONFLICT WITH PEDESTRIAN 
 INCIDENT

(108)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

AMPM PF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with pedestrian incident

1



PRE-EVENT MANEUVER
(108) 100%

backing up –
not parking

(1) 0.9%

decelerating 
in traffic lane
(31) 28.7%

going straight –
accelerating
(17) 15.7%

going Straight –
constant speed

(42) 38.9%

negotiating a curve
(4) 3.7%

starting in traffic lane
(2) 1.9%

stopped in traffic lane
(3) 2.8%

turning left
(5) 4.6%

turning right
(2) 1.9%

PM

going straight –
with unintentional drift

(1) 0.9%

Conflict with pedestrian incident

2



PRECIPITATING FACTOR
(108) 100%

PF

other vehicle is lead 
vehicle – but 
decelerating

(1) 0.9%

pedestrian
approaching roadway

(16) 14.8%

pedestrian
in roadway
(89) 82.4%

pedestrian
in unknown location

(1) 0.9%

subject vehicle
over left edge of road

(1) 0.9%

Conflict with pedestrian incident

3



AVOIDANCE MANEUVER
(108) 100%

accelerated and 
steered left

(1) 0.9%

braked and 
steered left

(9) 8.3%

braked and 
steered right

(7) 6.5%

braking 
(no lockup)
(67) 62%

steered to left
(19) 17.6%

steered to right
(2) 1.9%

AM

no reaction
(2) 1.9%

other actions
(1) 0.9%

Conflict with pedestrian incident

4



Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(108)

drowsy, sleepy, 
fatigued
(8) 7.4%

driving proficiency 
error

(43) 39.8%

none
(65) 60.2%

none
(101) 93.5%

angry
(2) 1.9%

other emotional 
state

(2) 1.9%

aggressive 
driving

(7) 6.5%

DF

none
(76) 70.4%

unknown
(20) 18.5%

Inattention to 
Forward Roadway

DT

Conflict with pedestrian incident

5



Secondary Task
(18) 16.7%

Driving Related 
Inattention

(2) 1.9%

INATTENTION TO FORWARD
ROADWAY
(108) 100%

ST

DT

left window
(2) 1.9%

none
(88) 81.5%

Conflict with pedestrian incident

6



passenger in 
adjacent seat

(6) 5.6%

Passenger-
Related Task

(9) 8.3%

Dining
(1) 0.9%

eating without 
utensils
(1) 0.9%

adjusting radio
(1) 0.9%

Vehicle-Related 
Task

(1) 0.9%

reaching object –
not cell phone

(1) 0.9%

SECONDARY TASK
(18) 16.7%

ST

Internal-Not 
Vehicle Related 

Task
(2) 1.9%

Wireless Devices
(5) 4.6%

passenger in 
rear seat
(1) 0.9%

dialing hand held 
cell phone
(2) 1.9%

talking/listening
(3) 2.8%

writing -
other

(1) 0.9%

talking/singing
(2) 1.9%

Conflict with pedestrian incident

7



dialing hand held cell 
phone

(2) 1.9%

talking/listening
(3) 2.8%

CP

WIRELESS DEVICES
(5) 4.6%

Conflict with pedestrian incident

8



Weather
(108) 100%

Surface Condition
(108) 100%

DRIVING ENVIRONMENT
(108)

dry
(95) 88%

wet
(12) 11.1%

clear
(97) 89.8%

cloudy
(4) 3.7%

raining
(6) 5.6%

Lighting
(108) 100%

darkness lighted
(33) 30.6%

dawn
(1) 0.9%

dusk
(1) 0.9%

daylight
(69) 63.9%

darkness not 
lighted

(4) 3.7%

DE

snowy
(1) 0.9%

fog
(1) 0.9%

Traffic Density
(108) 100%

restricted Flow
(35) 32.4%

stable flow
speed restricted

(17) 15.7%

unstable flow -
temporary restrictions 

slow driver
(4) 3.7%

free flow
(51) 47.2%

unstable flow 
- temporary stoppages 
vehicle unable to pass

(1) 0.9%

Conflict with pedestrian incident

9



Trafficway Flow
(108) 100%

Traffic Control 
Device

(108) 100%

INFRASTRUCTURE
(108)

divided
(14) 13%

not-divided
(83) 76.9%

one-way traffic
(7) 6.5%

none
(74) 68.5%

stop sign
(7) 6.5%

traffic lanes marked
(4) 3.7%

traffic signal
(15) 13.9%

yield sign
(1) 0.9%

no lanes
(4) 3.7%

officer/watchman
(1) 0.9%

other
(6) 5.6%

I

Locality
(108) 100%

business/
industrial

(60) 55.6%

interstate
(2) 1.9%

open country
(12) 11.1%

residential
(29) 26.9%

construction zone
(4) 3.7%

school
(1) 0.9%

Road Alignment/
Road Profile

(108) 100%

straight grade
(3) 2.8%

curve level
(10) 9.3%

straight level
(95) 88%

Relation to 
Junction
(108) 100%

intersection 
related

(8) 7.4%

entrance/exit ramp
(1) 0.9%

intersection
(28) 25.9%

non-junction
(63) 58.3%

parking lot
(7) 6.5%

other
(1) 0.9%

Conflict with pedestrian incident

10



VEHICLE FACTORS
(108)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(108)

none
(108) 100%

none 
(99) 91.7%

road geometry
(4) 3.7%

road delineation
(3) 2.8%

VF IF

roadway sight 
distance
(1) 0.9%

weather, visibility
(1) 0.9%

Visual 
Obstructions

(108) 100%

none
(92) 85.2%

moving vehicle
(5) 4.6%

headlight glare
(3) 2.8%

sunlight glare
(2) 1.9%

parked vehicle
(1) 0.9%

inadequate 
roadway lighting

(1) 0.9%

rain snow fog 
smoke san dust

(2) 1.9%

unknown
(2) 1.9%

Infrastructure 
Factors

(108) 100%

Conflict with pedestrian incident

11



CONFLICT WITH PEDESTRIAN 
NEAR CRASH

(6)

Precipitating Factor
(6) 100%

Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(6) 100%

Avoidance Maneuver
(6) 100%

Post Avoidance 
Maneuver

(6) 100%

DF

IF

VF

starting 
in traffic lane

(1) 16.7%

going straight 
accelerating
(2) 33.3%

going straight 
constant speed

(2) 33.3%

stopped in 
traffic lane
(1) 16.7%

pedestrian 
approaching roadway

(1) 16.7%

pedestrian 
in roadway
(5) 83.33%

braked and 
steered left
(1) 16.7%

braking
(lockup unknown)

(1) 16.7%

braking
(no lockup)

(3) 50%

steered to left
(1) 16.7%

control 
maintained
(6) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment

DE

I

Conflict with pedestrian near crash

1



Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(6)

driver proficiency 
error

(1) 16.7%

none
(4) 66.7%

aggressive driving
(2) 33.3%

DF

angry
(1) 16.7%

none
(2) 33.3%

unknown
(3) 50%

none
(5) 83.3%

Inattention to 
Forward Roadway

DT

Conflict with pedestrian near crash

2



Wireless Devices
(1) 16.7%

Passenger-Related 
Task

(1) 16.7%

passenger in 
adjacent seat

(1) 16.7%

Secondary Task
(2) 33.3%

INATTENTION TO FORWARD
ROADWAY
(6) 100%

DT

cell phone - other
(1) 16.7%

Driving Related 
Inattention

(2) 33.3%

left window
(2) 33.3%

none
(2) 33.3%

Conflict with pedestrian near crash

3



Weather
(6) 100%

Surface Condition
(6) 100%

DRIVING ENVIRONMENT
(6)

dry
(5) 83.3%

clear
(5) 83.3%

Lighting
(6) 100%

darkness 
lighted

(2) 33.3%

daylight
(4) 66.7%

DE

wet
(1) 16.7%

cloudy
(1) 16.7%

Traffic Density
(6) 100%

restricted flow
(1) 16.7%

free flow
(4) 66.67%

unstable flow -
temporary restrictions 

slow driver
(1) 16.7%

Conflict with pedestrian near crash

4



Trafficway Flow
(6) 100%

Traffic Control 
Device
(6) 100%

INFRASTRUCTURE
(6)

divided
(1) 16.7%

one-way traffic
(1) 16.7%

none
(3) 50%

traffic signal
(2) 33.3%

I

not divided
(4) 66.67%

traffic lanes marked
(1) 16.7%

Locality
(6) 100%

business/industrial
(4) 66.7%

residential
(2) 33.3%

Road Alignment/
Road Profile

(6) 100%

straight level
(6) 100%

Relation to 
Junction
(6) 100%

intersection
(3) 50%

non-junction
(3) 50%

Conflict with pedestrian near crash

5



VEHICLE FACTORS
(6)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(6)

none
(6) 100%

none 
(6) 100%

VF IF

Visual 
Obstructions

(6) 100%

reflected glare
(1) 16.7%

moving vehicle
(1) 16.7%

parked vehicle
(1) 16.7%

none
(3) 50%

Infrastructure 
Factors

(6)

Conflict with pedestrian near crash

6



other
(2) 8.3%

road departure
(left or right)
(22) 91.7% 

SINGLE-VEHICLE CONFLICT 
CRASH

(24)

INCIDENT TYPE:
CRASH

(24)

Precipitating Factor
(24) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver
Post Avoidance 

Maneuver
(24) 100%

DF

IF

VF

AMPM

lost control
- excessive speed

(2) 8.3%

lost control - poor 
road conditions

(4) 16.7%

subject over 
left edge of road

(4) 16.7%

subject over right 
edge of road
(14) 58.3%

skidded laterally 
and rotated in 

unknown direction
(1) 4.2%

control maintained
(17) 70.8%

rotated counter-
clockwise
(1) 4.2%

skidded laterally
(5) 20.8%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Single vehicle conflict in crash

1



PRE-EVENT MANEUVER
(24) 100%

PM

changing lanes
(1) 4.2%

decelerating 
in traffic lane

(1) 4.2%

making u-turn
(1) 4.2%

entering a parked 
position
(1) 4.2%

unknown
(1) 4.2%

maneuvering to 
avoid a vehicle

(1) 4.2%

going straight 
accelerating
(4) 16.7%

going straight 
constant speed

(6) 25%

turning left
(4) 16.7%

turning right
(4) 16.7%

Single vehicle conflict in crash

2



AVOIDANCE MANEUVER
(24) 100%

braked 
and steered left

(3) 12.5%

braking 
(no lockup)

(1) 4.2%

AM

no reaction
(2) 8.3%

unknown 
(2) 8.3%

braking 
(2)

braked 
and steered right

(3) 12.5%

steered to left
(10) 41.7%

steered to right
(2) 8.3%

braking 
(lockup unknown)

(1) 4.2%

Single vehicle conflict in crash

3



Driver Proficiency ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(24)

drowsy, sleepy, 
fatigued

(5) 20.8%

none
(5) 20.8%

driving 
proficiency error

(8) 33.3%

none
(16) 66.7%

aggressive driving
(5) 20.8%

DF

none
(19) 79.2%

Inattention to Forward 
Roadway

DT

unknown
(14) 58.3%

Single vehicle conflict in crash

4



DT

Secondary Task
(11) 45.9% 

INATTENTION TO FORWARD
ROADWAY
(24) 100% 

ST

none
(13) 54.1% 

Single vehicle conflict in crash

5



Dining
(1) 4.2%

object in vehicle -
other

(2) 8.3%

passenger in 
adjacent seat

(2) 8.3%

drinking from open 
container
(1) 4.2%

SECONDARY TASK
(11) 45.9% 

Passenger-Related 
Task

(4) 16.7%

Internal-Not Vehicle 
Related Task

(3) 12.5%

moving object in 
vehicle

(1) 4.2%

Wireless Devices
(3) 12.5%

talking/listening
(3) 12.5%

passenger in 
rear seat
(1) 4.2%

ST

talking/singing
(1) 4.2%

Single vehicle conflict in crash

6



Weather
(24) 100%

Surface Condition
(24) 100%

DRIVING ENVIRONMENT
(24)

dry
(17) 70.8%

snowy
(2) 8.3%

wet
(4) 16.7%

clear
(21) 87.5%

cloudy
(1) 4.2%

raining
(2) 8.3%

Lighting
(24) 100%

darkness 
lighted

(6) 25%

daylight
(16) 66.7%

DE

darkness 
not lighted
(2) 8.3%

icy
(1) 4.2%

Traffic Density
(24) 100%

free flow
(20) 83.3%

restricted flow
(3) 12.5%

stable flow
speed restricted

(1) 4.2%

Single vehicle conflict in crash

7



Trafficway Flow
(24) 100%

Traffic Control Device
(24) 100%

INFRASTRUCTURE
(24)

divided
(8) 33.3%

not-divided
(16) 66.7%

none
(16) 66.7%

stop sign
(1) 4.2%

traffic lanes marked
(1) 4.2%

traffic signal
(5) 20.8%

officer/watchman
(1) 4.2%

I

Locality
(24) 100%

business/industrial
(9) 37.5%

other
(3) 12.5%

open country
(6) 25%

residential
(6) 25%

Road Alignment/
Road Profile

(24) 100%

curve grade
(1) 4.2%

curve Level
(6) 25%

straight level
(16) 66.7%

straight grade
(1) 4.2%

Relation to 
Junction
(24) 100%

entrance/exit ramp
(1) 4.2%

intersection 
related

(2) 8.3%

non-junction
(10) 41.7%

intersection
(9) 37.5%

parking lot
(2) 8.3%

Single vehicle conflict in crash
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VEHICLE FACTORS
(24)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(24)

none
(23) 95.8%

none
(17) 70.8%

weather, visibility
(2) 8.3%

VF IF

unknown
(1) 4.2% road geometry

(3) 12.5%

roadway delineation
(2) 8.3%

Visual 
Obstructions

(24) 100%

reflected glare
(1) 4.2%

none
(21) 87.5%

sunlight glare
(1) 4.2%

other 
obstruction
(1) 4.2%

Infrastructure 
Factors
(24) 100%

Single vehicle conflict in crash

9



SINGLE VEHICLE CONFLICT  
INCIDENT

(191)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

AMPM PF

Associated Vehicle/
Roadway States

Infrastructrue

Driving 
Environment DE

I

Single Vehicle Conflict in Incident

1



PRE-EVENT MANEUVER
(191) 100%

PM

changing lanes
(1) 0.5%

decelerating 
in traffic lane
(30) 15.7%

making u-turn
(3) 1.6%

leaving a parked 
position
(1) 0.5%

maneuvering to 
avoid a vehicle

(1) 0.5%

merging
(1) 0.5%

negotiating a 
curve

(18) 9.4%

going straight 
accelerating
(24) 12.6%

going straight 
constant speed

(83) 43.5%

going straight with 
unintentional drift

(11) 5.8%

turning left
(5) 2.6%

turning right
(5) 2.6%

starting
in traffic lane

(5) 2.6%

stopped
in traffic lane

(3) 1.6%

Single Vehicle Conflict in Incident

2



PRECIPITATING FACTOR
(191)

Subject Vehicle in 
Intersection
(19) 9.9%

Lost Control
(79) 41.3%

Subject Vehicle is 
Changing Lanes

(4) 2.1%

Subject Vehicle Off 
the Roadway
(81) 42.5%

passing through
(1) 0.5%

turning right
(9) 4.7%

subject over 
left lane line
(17) 8.9%

subject over 
left edge of road

(12) 6.3%

other cause
(27) 14.1%

poor road 
conditions
(31) 16.2%

unknown
(5) 2.6%

PF

Subject Vehicle is Lead 
Vehicle
(3) 1.5%

turning left
(9) 4.7%

excessive speed
(16) 8.4%

left other
(1) 0.5%

right other
(3) 1.6%

subject over 
right lane line

(19) 10%

decelerating
(1) 0.5%

slowed and stopped 
less than 2 seconds

(1) 0.5%

stopped on road 
more than 2 seconds

(1) 0.5%

subject over 
right edge of road

(33) 17.3%

object in roadway
(1) 0.5%

unknown
(1) 0.5%

no precipitating event
(3) 1.6%

Single Vehicle Conflict in Incident

3



AVOIDANCE MANEUVER
(191) 100%

accelerated and 
steered left

(4) 2.1%

accelerated and 
steered right

(2) 1.1%

braked and 
steered left
(16) 8.4%

braked and 
steered right
(25) 13.1%

braking 
(no lockup)
(17) 8.9%

steered to left
(64) 33.5%

steered to right
(30) 15.7%

AM

accelerated
(1) 0.5%

unknown
(5) 2.6%

no reaction
(18) 9.4%

other actions
(13) 6.8%

Single Vehicle Conflict in Incident

4



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(191)

drowsy, sleepy, 
fatigued

(30) 15.7%

driving proficiency 
error

(121) 63.4%

none
(70) 36.6%

none
(161) 84.3%

drugs/alcohol
(1) 0.5%

aggressive driving
(30) 15.7%

DF

none
(90) 47.1%

other
(1) 0.5%

DT

Inattention to 
Forward Roadway

unknown
(69) 36.1%

Single Vehicle Conflict in Incident

5



Secondary Task
(64) 33.5%

Driving Related 
Inattention

(1) 0.5%

right window
(3) 1.6%

INATTENTION TO FORWARD
ROADWAY
(191) 100%

ST

DT

left mirror
(1) 0.5%

left window
(5) 2.6%

none
(126) 66%

Single Vehicle Conflict in Incident

6



looked but 
did not see
(2) 1.1%

Daydreaming
(2) 1.0%

passenger in 
adjacent seat

(13) 6.8%

object in vehicle -
other

(2) 1.1%

moving object in 
vehicle

(1) 0.5%

Passenger-
Related Task

(15) 7.9%%

Dining
(4) 2.1%

drinking from open 
container
(2) 1.1%

eating without 
utensils
(2) 1.1%

Personal Hygiene
(3) 1.6%

adjusting radio
(5) 2.6%

applying makeup
(1) 0.5%

other personal 
hygiene
(1) 0.5%

Vehicle-Related 
Task

(8) 4.2%

combing 
fixing hair
(1) 0.5%

in vehicle controls 
- other

(3) 1.6%

reaching object –
not cell phone

(5) 2.6%

External 
Distraction

(7) 3.7%

SECONDARY TASK
(64) 33.5%

ST

Internal-Not Vehicle 
Related Task

(11) 5.8%%

other external 
distraction
(7) 3.7%

Wireless Devices
(15) 7.9%

passenger in 
rear seat
(1) 0.5%

cell phone – other
(3) 1.6%

dialing hand 
held cell phone

(4) 2.1%

talking/listening
(8) 4.2%

reading
(1) 0.5%

writing - other
(2) 1.1%

talking/singing
(1) 0.5%

Single Vehicle Conflict in Incident

7



cell phone – other
(3) 1.6%

dialing hand 
held cell phone

(4) 2.1%

talking/listening
(8) 4.2%

CP

WIRELESS DEVICES
(15) 7.9%

Single Vehicle Conflict in Incident

8



Weather
(191) 100%

Surface Condition
(191) 100%

DRIVING ENVIRONMENT
(191)

dry
(158) 82.7%

snowy
(8) 4.2%

wet
(11) 5.8%

clear
(160) 83.8%

cloudy
(12) 6.3%

raining
(8) 4.2%

snowing
(10) 5.2%

Lighting
(191) 100%

darkness lighted
(46) 24.1%

dawn
(2) 1.1%

dusk
(9) 4.7%

daylight
(109) 57.1%

darkness not 
lighted

(25) 13.1%

DE

icy
(14) 7.3%

sleeting
(1) 0.5%

Traffic Density
(191) 100%

restricted flow
(51) 26.7%

free flow
(138) 72.3%

stable flow with 
speed restricted

(2) 1.1%

Single Vehicle Conflict in Incident

9



Trafficway Flow
(191) 100%

Traffic Control 
Device

(191) 100%

INFRASTRUCTURE
(191)

divided
(105) 55%

not-divided
(76) 39.8%

one-way traffic
(8) 4.2%

none
(151) 79.1%

stop sign
(7) 3.7%

traffic lanes 
marked
(3) 1.6%

traffic signal
(25) 13.1%

yield sign
(4) 2.1%

no lanes
(2) 1.1%

unknown
(1) 0.5%

I

Locality
(191) 100%

business/
industrial
(65) 34%

interstate
(20) 10.5%

open country
(59) 30.9%

residential
(44) 23%

construction zone
(3) 1.6%

Road Alignment/
Road Profile

(191) 100%

straight grade
(3) 1.6%

curve level
(44) 23%

straight level
(137) 71.7%

curve grade
(4) 2.1%

curve hillcrest
(3) 1.6%

Relation to 
Junction
(191) 100%

entrance/exit ramp
(7) 3.7%

intersection 
related

(12) 6.3%

driveway alley 
access

(1) 0.5%

interchange area
(2) 1.1%

intersection
(47) 24.6%

non-junction
(120) 62.8%

parking lot
(2) 1.1%

Single Vehicle Conflict in Incident

10



VEHICLE FACTORS
(191)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(191)

none
(190) 99.5%

other
(1) 0.5%

none 
(172) 90.1%

road geometry
(2) 1.1%

road delineation
(12) 6.3%

VF IF

road sight 
distance
(1) 0.5%

weather, visibility
(4) 2.1%

Visual 
Obstructions

(191) 100%

none
(183) 95.8%

sunlight glare
(5) 2.6%

curve or hill
(1) 0.5%

headlight glare
(2) 1.1%

Infrastructure
Factors

(191) 100%

Single Vehicle Conflict in Incident
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SINGLE VEHICLE CONFLICT IN 
NEAR CRASH

(48)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(48) 100%

Avoidance Maneuver
Post Avoidance 

Maneuver
(48) 100%

DF

IF

VF

AMPF

decelerating in 
traffic lane
(7) 14.6%

going straight 
accelerating
(6) 12.5%

going straight –
constant speed

(24) 50%

negotiating a 
curve

(8) 16.7%

turning left
(3) 6.3%

control maintained
(46) 95.8%

rotated clockwise
(1) 2.1%

rotated counter-
clockwise
(1) 2.1%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Single vehicle conflict near crash

1



PRECIPITATING FACTOR
(48) 100%

Lost Control
(8) 16.7%

Subject Vehicle 
is Changing Lanes

(1) 2.1%

Subject Vehicle 
Off the Roadway

(39) 81.3%

left other
(1) 2.1%

subject over 
left lane line

(3) 6.3%

subject over right 
edge of road
(21) 43.8%

other cause
(1) 2.1%

poor road 
conditions
(7) 14.6%

PF

subject over left 
edge of road
(13) 27.1%

subject over right 
lane line
(2) 4.2%

Single vehicle conflict near crash

2



AVOIDANCE MANEUVER
(48) 100%

AM

no reaction
(1) 2.1%

other actions
(4) 8.3%

braked and 
steered left
(7) 14.6%

braked and 
steered right

(6) 12.5%

steered 
to left

(19) 39.6%

steered 
to right

(11) 22.9%

Single vehicle conflict near crash

3



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(48)

drowsy, sleepy, 
fatigued

(11) 22.9%

none
(12) 25%

driving proficiency error
(24) 50%

none
(24) 50%

none
(46) 95.8%

other emotional
(1) 2.1%

aggressive driving
(2) 4.2%

DF

DT

Inattention to 
Forward Roadway

unknown
(24) 50%

Single vehicle conflict near crash

4



Secondary Task
(26) 54.2%

Driving Related 
Inattention

(1) 2.1%

left window
(1) 2.1%

INATTENTION TO FORWARD
ROADWAY
(48) 100%

ST

DT

none
(21) 43.8%

Single vehicle conflict near crash

5



SECONDARY TASK
(26) 54.2%

Daydreaming
(1) 2.1%

passenger in 
adjacent seat

(2) 4.2%

reaching for object
(not cell phone)

(2) 4.2%

object in vehicle
- other

(1) 2.1%

Passenger-
Related Task

(4) 8.3%

Dining
(1) 2.1%

eating 
without utensils

(1) 2.1%

adjusting radio
(3) 6.3%

Wireless Devices
(7) 14.6%

Internal-Not 
Vehicle Related

(5) 10.4%

Vehicle-Related 
Task

(5) 10.4%

adjusting other 
devices in vehicle

(1) 2.1%

inserting/
retrieving CD

(1) 2.1%

lost in thought
(1) 2.1%

other external 
distraction
(2) 4.2%

External 
Distraction

(2) 4.2%

Personal Hygiene
(1) 2.1%

other personal 
hygiene
(1) 2.1%

ST

cell phone – other
(3) 6.3%

dialing hand held 
cell phone
(2) 4.2%

talking/listening
(2) 4.2%

talking/singing
(2) 4.2%

reading
(2) 4.2%

Single vehicle conflict near crash

6



WIRELESS DEVICES
(7) 14.6%

cell phone – other
(3) 6.3%

dialing hand held 
cell phone
(2) 4.2%

talking/listening
(2) 4.2%

CP

Single vehicle conflict near crash

7



Weather
(48) 100%

Surface Condition
(48) 100%

DRIVING ENVIRONMENT
(48)

dry
(39) 81.3%

wet
(4) 8.3%

clear
(35) 72.9%

cloudy
(10) 20.8%

raining
(2) 4.2%

snowing
(1) 2.1%

Lighting
(48) 100%

darkness 
lighted

(5) 10.4%

dawn
(1) 2.1%

dusk
(5) 10.4%

daylight
(26) 54.2%

darkness 
not lighted
(11) 22.9%

DE

icy
(3) 6.3%

snowy
(2) 4.2%

Traffic Density
(48) 100%

restricted flow
(3) 6.3%

stable flow
speed restricted

(3) 6.3%

free flow
(42) 87.5%

Single vehicle conflict near crash
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Trafficway Flow
(48) 100%

Traffic Control 
Device

(48) 100%

INFRASTRUCTURE
(48)

divided
(26) 54.2%

not-divided
(20) 41.7%

one-way traffic
(2) 4.2%

none
(39) 81.3%

traffic 
lanes marked

(1) 2.1%

traffic signal
(7) 14.6%

other
(1) 2.1%

I

Locality
(48) 100%

business/industrial
(9) 18.8%

interstate
(4) 8.3%

open country
(26) 54.2%

residential
(8) 16.7%

construction zone
(1) 2.1%

Road Alignment/
Road Profile

(48) 100%

curve Level
(19) 39.6%

straight level
(26) 54.2%

curve grade
(3) 6.3%

Relation to 
Junction
(48) 100%

entrance/exit ramp
(3) 6.3%

intersection 
related

(1) 2.1%

interchange area
(2) 4.2%

intersection
(10) 20.8%

non-junction
(32) 66.7%

Single vehicle conflict near crash
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VEHICLE FACTORS
(48)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(48)

none
(48) 100%

weather, visibility
(2) 4.2%

none 
(37) 77.1%

road geometry
(8) 16.7%

road sight 
distance
(1) 2.1%

VF IF

Visual 
Obstructions

(48) 100%

none
(44) 91.7%

other obstruction
(1) 2.1%

sunlight glare
(2) 4.2%

unknown
(1) 2.1%

Infrastructure 
Factors 
(48) 100%

Single vehicle conflict near crash
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CONFLICT WITH VEHICLE 
TURNING ACROSS SUBJECT 
VEHICLE PATH IN OPPOSITE 

DIRECTION 
CRASH

INCIDENT TYPE:
CRASH

(2)

Precipitating Factor
(2) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(2) 100%

Avoidance Maneuver
(2) 100%

Post Avoidance 
Maneuver

(2) 100%

DF

IF

VF

opposite direction –
head on or sideswipe

(1) 50%

turn across path
(1) 50%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

going straight 
constant speed

(1) 50%

turning left
(1) 50%

other vehicle entering 
intersection – left turn 

across path
(1) 50%

subject in intersection 
– turning left

(1) 50%

no reaction
(1) 50%

braking
(no lockup)

(1) 50%

control maintained
(2) 100%

Conflict with vehicle turning across subject vehicle path in opposite direction crash
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Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(2)

none
(2) 100%

DF

DT

Inattention to 
Forward Roadway

unknown
(2) 100%

none
(2) 100%

Conflict with vehicle turning across subject vehicle path in opposite direction crash
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right window
(1) 50%

INATTENTION TO FORWARD
ROADWAY
(2) 100%

DT

Secondary Task
(1) 50%

Passenger-
Related Task

passenger in 
adjacent seat

(1) 50%

Driving Related 
Inattention

(1) 50%

Conflict with vehicle turning across subject vehicle path in opposite direction crash
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Weather
(2) 100%

Surface 
Condition

(2) 100%

DRIVING ENVIRONMENT
(2)

dry
(1) 50%

wet
(1) 50%

clear
(1) 50%

Lighting
(2) 100%

darkness 
lighted

(1) 50%

daylight
(1) 50%

DE

raining
(1) 50%

Traffic Density
(2) 100%

free flow
(1) 50%

stable flow
speed restricted

(1) 50%

Conflict with vehicle turning across subject vehicle path in opposite direction crash
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INFRASTRUCTURE
(2)

not-divided
(2) 100%

none
(1) 50%

traffic signal
(1) 50%

I

Locality
(2) 100%

business/
industrial
(2) 100%

Road Alignment/
Road Profile

(2) 100%

Relation to 
Junction
(2) 100%

straight level
(2) 100%

intersection
(2) 100%

Trafficway Flow
(2) 100%

Traffic Control 
Device
(2) 100%

Conflict with vehicle turning across subject vehicle path in opposite direction crash
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VEHICLE FACTORS
(2)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(2)

none
(2) 100%

none
(1) 50%

VF IF

road geometry
(1) 50%

Visual 
Obstructions

(2) 100%

none
(2) 100%

Infrastructure 
Factors
(2) 100%

Conflict with vehicle turning across subject vehicle path in opposite direction crash
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CONFLICT WITH VEHICLE TURNING 
ACROSS SUBJECT VEHICLE PATH IN 

OPPOSITE DIRECTION 
 INCIDENT

(79)

Precipitating Factors Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance 
Maneuver

DF

IF

VF

PM AMPF

Associated Vehicle/
Roadway States

Driving 
Environment

Infrastructure

DE

I

Conflict with Vehicle turning across subject vehicle path in opposite direction incident

1



PRE-EVENT MANEUVER
(79) 100%

changing lanes
(3) 3.8%

decelerating 
in traffic lane
(11) 13.9%

going straight –
accelerating
(18) 22.8%

going straight –
constant speed

(38) 48.1%

negotiating a curve
(3) 3.8%

starting 
in traffic lane

(2) 2.5%

turning right
(1) 1.3%

PM

stopped 
in traffic lane

(3) 3.8%

Conflict with Vehicle turning across subject vehicle path in opposite direction incident
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PRECIPITATING FACTOR
(79) 100%

Other Vehicle is Lead 
Vehicle
(1) 1.3%

Other 
Vehicle Entering 

Intersection
(64) 81.01%

left turn across 
path

(44) 55.7%

Intended path 
unknown
(1) 1.3%

PF

Subject Vehicle in 
Intersection

(1) 1.3%

Other Vehicle from 
Driveway

(13) 16.4%

stopped on roadway 
more than 2 seconds

(1) 1.3%

intended path 
unknown
(2) 2.5%

passing through
(1) 1.3%

turning into 
opposite direction

(19) 24.1%

turning into 
opposite direction

(11) 13.9%

Conflict with Vehicle turning across subject vehicle path in opposite direction incident
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AVOIDANCE MANEUVER
(79) 100%

braked and 
steered left
(12) 15.2%

braked and 
steered right
(11) 13.9%

braking 
(no lockup)
(46) 58.2%

steered to left
(3) 3.8%

steered to right
(4) 5.1%

AM

no reaction
(1) 1.3%

other actions
(1) 1.3%

Conflict with Vehicle turning across subject vehicle path in opposite direction incident
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Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(79)

drowsy, sleepy, 
fatigued
(3) 3.8%

driving proficiency 
error

(14) 17.7%

none
(77) 97.5%

angry
(1) 1.3%

aggressive driving
(2) 2.5%

DF

other
(1) 1.3%

none
(60) 75.9%

none
(65) 82.3%

Inattention to 
Forward Roadway

DT

unknown
(14) 17.7%

Conflict with Vehicle turning across subject vehicle path in opposite direction incident
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Secondary Task
(13) 16.5%

Driving Related 
Inattention

(2) 2.5%

INATTENTION TO FORWARD
ROADWAY
(79) 100%

ST

DT

left Window
(2) 2.5%

none
(64) 81%

Conflict with Vehicle turning across subject vehicle path in opposite direction incident
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passenger in 
adjacent seat

(4) 5.1%

Passenger-Related 
Task

(6) 7.6%

combing or 
fixing hair
(1) 1.3%

Personal Hygiene
(1) 1.3%

talking/singing
(2) 2.5%

Wireless Devices 
(5) 6.3%

CP

External Distraction
(1) 1.3%

other external 
distraction
(1) 1.3%

SECONDARY TASK
(13) 16.5%

ST

Conflict with Vehicle turning across subject vehicle path in opposite direction incident
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WIRELESS DEVICES
(5) 6.3%

dialing hand held cell 
phone

(1) 1.3%

talking/listening
(4) 5.1%

CP

Conflict with Vehicle turning across subject vehicle path in opposite direction incident
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Weather
(79) 100%

Surface Condition
(79) 100%

DRIVING ENVIRONMENT
(79)

dry
(72) 91.1%

snowy
(1) 1.3%

wet
(6) 7.6%

clear
(72) 91.1%

cloudy
(1) 1.3%

raining
(5) 6.3%

Lighting
(79) 100%

darkness lighted
(18) 22.8%

dawn
(1) 1.3%

dusk
(5) 6.3%

daylight
(53) 67.1%

darkness 
not lighted
(2) 2.5%

DE

other
(1) 1.3%

Traffic Density
(79) 100%

restricted flow
(40) 50.6%

stable flow
speed restricted

(11) 13.9%

unstable flow -
temporary restrictions 

slow driver
(1) 1.3%

free flow
(27) 34.2%

Conflict with Vehicle turning across subject vehicle path in opposite direction incident
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Trafficway Flow
(79) 100%

Traffic Control 
Device

(79) 100%

INFRASTRUCTURE
(79)

divided
(26) 32.9%

stop sign
(8) 10.1%

traffic signal
(20) 25.3%

I

not divided
(51) 64.6%

no lanes
(2) 2.5%

other
(1) 1.3%

Locality
(79) 100%

business/
industrial

(56) 70.9%

interstate
(1) 1.3%

open country
(6) 7.6%

residential
(16) 20.3%

Road Alignment/
Road Profile

(79) 100%

straight grade
(1) 1.3%

Curve level
(5) 6.3%

straight level
(73) 92.4%

Relation to 
Junction

(79) 100%

intersection 
related

(9) 11.4%

intersection
(49) 62%

non-junction
(3) 3.8%

driveway, alley, 
access

(12) 15.2%

parking lot
(6) 7.6%

none
(50) 63.3%

Conflict with Vehicle turning across subject vehicle path in opposite direction incident

10



VEHICLE FACTORS
(79)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(79)

none
(79) 100%

none 
(74) 93.7%

road geometry
(3) 3.8%

road sight distance
(2) 2.5%

VF IF

Visual Obstructions
(79) 100%

none
(72) 91.1%

parked vehicle
(2) 2.5%

sunlight glare
(3) 3.8%

trees, crops, 
vegetation
(2) 2.5%

Infrastructure 
Factors
(79) 100%

Conflict with Vehicle turning across subject vehicle path in opposite direction incident

11



CONFLICT WITH VEHICLE TURNING 
ACROSS SUBJECT VEHICLE PATH IN 

OPPOSITE DIRECTION IN 
NEAR CRASH

(27)

Precipitating Factor
(27) 100%

Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(27) 100% Avoidance Maneuver

Post Avoidance 
Maneuver
(27) 100%

DF

IF

VF

AM

decelerating in 
traffic lane
(6) 22.2%

going straight 
accelerating
(5) 18.5%

going straight 
constant speed

(9) 33.3%

negotiating a 
curve

(1) 3.7%

starting in traffic 
lane

(1) 3.7%

stopped in traffic 
lane

(4) 14.8%

turning right
(1) 3.7%

other vehicle entering 
intersection – left turn 

across path
(20) 74.1%

other vehicle entering 
intersection – turning 

onto opposite direction
(5) 18.5%

subject in intersection –
passing through

(1) 3.7%

subject lane change –
right other
(1) 3.7%

control maintained
(26) 96.3%

skidded laterally
(1) 3.7%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with vehicle turning across subject vehicle path in opposite direction near crash
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AVOIDANCE MANEUVER
(27) 100%

AM

Steered to left
(1) 3.7%

Steered to right
(1) 3.7%

Braked and 
steered left
(3) 11.1%

Braked and 
steered right

(7) 25.9%

Braking 
(no lockup)
(12) 44.4%

Braking
(14)

Accelerated and 
steered left

(1) 3.7%

Braking
(lockup unknown)

(1) 3.7%

Braking
(lockup)
(1) 3.7%

Conflict with vehicle turning across subject vehicle path in opposite direction near crash
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Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(27)

None
(17) 62.96%

Driving proficiency 
error

(7) 25.9%

None
(20) 74.1%None

(24) 88.9%

Aggressive Driving
(3) 11.1%

DF

Unknown
(7) 25.9%

Drowsy sleepy 
asleep fatigued

(3) 11.1%

Inattention to 
forward roadway

DT

Conflict with vehicle turning across subject vehicle path in opposite direction near crash
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Passenger in 
adjacent seat

(2) 7.4%

Passenger-
Related Task

(3) 3.7%

Vehicle-Related 
Task

(2) 7.4%

Adjusting radio
(2) 7.4%

Talking/Singing
(1) 3.7%

Wireless Devices
(1) 3.7%

Secondary Task
(5) 18.5%

Driving Related 
Inattention

(2) 7.4%

INATTENTION TO FORWARD
ROADWAY
(27) 100%

DT

Talking/Listening
(1) 3.7%

Left window
(1) 3.7%

Right window
(1) 3.7%

None
(4) 74.1%

Conflict with vehicle turning across subject vehicle path in opposite direction near crash
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Weather
(27) 100%

Surface Condition
(27) 100%

DRIVING ENVIRONMENT
(27)

Dry
(22) 81.5%

Clear
(22) 81.5%

Lighting
(27) 100%

Darkness 
Lighted

(7) 25.9%

Daylight
(17) 63%

Darkness 
not Lighted

(1) 3.7%

DE

Wet
(5) 18.5%

Dawn
(1) 3.7%

Dusk
(1) 3.7%

Cloudy
(1) 3.7%

Raining
(4) 14.8%

Traffic Density
(27) 100%

Restricted Flow
(9) 33.3%

Stable Flow
Speed restricted

(6) 22.2%

Free Flow
(12) 44.4%

Conflict with vehicle turning across subject vehicle path in opposite direction near crash
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Trafficway Flow
(27) 100%

Traffic Control 
Device

(27) 100%

INFRASTRUCTURE
(27)

Divided
(5) 18.5%

One-way traffic
(1) 3.7%

None
(15) 55.6%

Traffic signal
(10) 37%

Stop Sign
(1) 3.7%

I

Not-Divided
(21) 77.8%

Traffic lanes 
marked
(1) 3.7%

Locality
(27) 100%

Business/
Industrial

(20) 74.1%

Interstate
(1) 3.7%

Open country
(2) 7.4%

Other
(1) 3.7%

Residential
(3) 11.1%

Road Alignment/
Road Profile

(27) 100%

Relation to 
Junction
(27) 100%

Curve Level
(3) 11.1%

Straight level
(23) 85.19%

Intersection
(23) 85.2%

Parking lot
(3) 11.1%

Straight grade
(1) 3.7%

Driveway, alley, 
access

(1) 3.7%

Conflict with vehicle turning across subject vehicle path in opposite direction near crash
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VEHICLE FACTORS
(27)

INFRASTRUCTURE/DRIVING
ENVIRONMENT FACTORS

(27)

None
(27) 100%

None 
(26) 96.3%

VF IF

Roadway sight 
distance
(1) 3.7%

Visual 
Obstructions

(27) 100%

None
(19) 70.4%

Sunlight glare
(1) 3.7%

Moving Vehicle
(3) 11.1%

Parked Vehicle
(2) 7.4%

Other obstruction
(1) 3.7%

Unknown
(1) 3.7%

Infrastructure 
Factors
(27) 100%

Conflict with vehicle turning across subject vehicle path in opposite direction near crash
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CONFLICT WITH VEHICLE TURNING 
ACROSS SUBJECT VEHICLE PATH IN 

SAME DIRECTION 
INCIDENT

(10)

Precipitating Factor
(10) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(10) 100%

Avoidance Maneuver
(10) 100%

DF

VF

IF

decelerating in 
traffic lane
(3) 30%

going straight –
accelerating

(2) 20%

going straight 
constant speed

(4) 40%

turning right
(1) 10%

other vehicle entering 
intersection – turning 
into same direction

(6) 60%

other vehicle from 
driveway – turning onto 

same direction
(3) 30%

other vehicle lane 
change – left in front of 

subject
(1) 10%

braking 
(no lockup)

(8) 80%

steered to right
(2) 20%

Associated Vehicle/
Roadway States

Driving 
Environment

Infrastructure

DE

I

Conflict with vehicle turning across subject vehicle path in same direction incident
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Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(10) 100%

none
(10) 100%

DF

none
(10) 100%

none
(10) 100%

Conflict with vehicle turning across subject vehicle path in same direction incident

2



Weather
(10) 100%

Surface Condition
(10) 100%

DRIVING ENVIRONMENT
(10)

dry
(9) 90%

clear
(8) 80%

cloudy
(1) 10%

raining
(1) 10%

Lighting
(10) 100%

dusk
(1) 10%

daylight
(9) 90%

DE

wet
(1) 10%

Traffic Density
(10) 100%

restricted flow
(2) 20%

stable flow with
speed restricted

(5) 50%

free flow
(3) 30%

Conflict with vehicle turning across subject vehicle path in same direction incident
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Trafficway Flow
(10) 100%

Traffic Control 
Device

(10) 100%

INFRASTRUCTURE
(10)

divided
(5) 50%

none
(8) 80%

traffic signal
(2) 20%

I

not divided
(4) 40%

no lanes
(1) 10%

Locality
(10) 100%

business/industrial
(9) 90%

open country
(1) 10%

Road Alignment/
Road Profile

(10) 100%

Relation to 
Junction
(10) 100%

straight level
(9) 90%

intersection 
related
(1) 10%

intersection
(3) 30%

non-junction
(1) 10%

driveway, alley, 
access
(3) 30%

parking lot
(2) 20%

curve level
(1) 10%

Conflict with vehicle turning across subject vehicle path in same direction incident

4



VEHICLE FACTORS
(10)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(10)

none
(10) 100%

none 
(9) 90%

noad geometry
(1) 10%

VF IF

Visual 
Obstructions

(10) 100%

none
(10) 100%

Infrastructure 
Factors
(10) 100%

Conflict with vehicle turning across subject vehicle path in same direction incident
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CONFLICT WITH VEHICLE TURNING 
ACROSS SUBJECT VEHICLE PATH IN 

SAME DIRECTION
NEAR CRASH

(3)

Precipitating Factors
(3) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(3) 100%

Avoidance Maneuver
(3) 100%

Post Avoidance 
Maneuver

(3) 100%

DF

IF

VF

going straight 
constant speed

(2) 66.7%
control maintained

(3) 100%

braking 
(no lockup)
(2) 66.7%

steered to right
(1) 33.3%

other vehicle entering 
intersection – straight 

across path
(1) 33.3%

other vehicle entering 
intersection – turning 
onto same direction

(2) 66.7%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

negotiating a 
curve

(1) 33.3%

Conflict with vehicle turning across subject vehicle path in same direction in near crash
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Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS

none
(2) 66.7%

none
(3) 100%

none
(3) 100%

DF

drowsy, sleepy, 
fatigued

(1) 33.3%

Conflict with vehicle turning across subject vehicle path in same direction in near crash
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Weather
(3) 100%

Surface Condition
(3) 100%

DRIVING ENVIRONMENT
(3)

dry
(3) 100%

clear
(3) 100%

Lighting
(3) 100%

darkness 
lighted

(1) 33.3%

daylight
(2) 66.7%

DE

Traffic Density
(3) 100%

restricted flow
(1) 33.3%

free flow
(2) 66.7%

Conflict with vehicle turning across subject vehicle path in same direction in near crash
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Trafficway Flow
(3) 100%

Traffic Control 
Device
(3) 100%

INFRASTRUCTURE
(3)

no lanes
(2) 66.7%

none
(3) 100%

I

not-divided
(1) 33.3%

Locality
(3) 100%

business/
industrial
(3) 100%

Road Alignment/
Road Profile

(3) 100%

Relation to 
Junction
(3) 100%

curve level
(1) 33.3%

straight level
(2) 66.7%

intersection
(1) 33.3%

parking lot
(2) 66.7%

Conflict with vehicle turning across subject vehicle path in same direction in near crash
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VEHICLE FACTORS
(3)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(3)

none
(3) 100%

none 
(3) 100%

VF
IF

Visual 
Obstructions

(3) 100%

none
(2) 66.7%

parked vehicle
(1) 33.3%

Infrastructure 
Factors 
(3) 100%

Conflict with vehicle turning across subject vehicle path in same direction in near crash
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CONFLICT WITH VEHICLE TURNING 
INTO  SUBJECT VEHICLE PATH IN 
OPPOSITE DIRECTION INCIDENT

(1)

Precipitating Factor
(1) 100%

Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(1) 100%

Avoidance Maneuver
(1) 100%

DF

IF

VF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment

DE

I

decelerating in 
traffic lane
(1) 100%

other vehicle from 
driveway- turning into 

opposite direction
(1) 100%

braking
(no lockup)
(1) 100%

Conflict with vehicle turning into subject vehicle path in opposite direction incident
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Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(1)

none
(1) 100%

DF

none
(1) 100%

none
(1) 100%

Conflict with vehicle turning into subject vehicle path in opposite direction incident
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Weather
(1) 100%

Surface Condition
(1) 100%

DRIVING ENVIRONMENT
(1)

dry
(1) 100%

clear
(1) 100%

Lighting
(1) 100%

darkness lighted
(1) 100%

DE

Traffic Density
(1) 100%

restricted flow
(1) 100%

Conflict with vehicle turning into subject vehicle path in opposite direction incident
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Trafficway Flow
(1) 100%

Traffic Control 
Device
(1) 100%

INFRASTRUCTURE
(1)

stop sign
(1) 100%

I

no lanes
(1) 100%

Locality
(1) 100%

other
(1) 100%

Road Alignment/
Road Profile

(1) 100%

Relation to 
Junction
(1) 100%

straight level
(1) 100%

intersection 
related

(1) 100%

Conflict with vehicle turning into subject vehicle path in opposite direction incident
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VEHICLE FACTORS
(1)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(1)

none
(1) 100%

VF IF

Visual 
Obstructions

(1) 100%

none
(1) 100%

Infrastructure 
Factors
(1) 100%

none
(1) 100%

Conflict with vehicle turning into subject vehicle path in opposite direction incident
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CONFLICT WITH VEHICLE TURNING 
INTO SUBJECT VEHICLE PATH IN 

SAME DIRECTION IN INCIDENT
(90)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre event Maneuver Avoidance Maneuver

DF

VF

IF

PM PF AM

Associated Vehicle/
Roadway States

Driving 
Environment

Infrastructure

DE

I

Conflict with vehicle turning into subject vehicle path in same direction incident
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PRE-EVENT MANEUVER
(90) 100%

changing lanes
(2) 2.2%

decelerating 
in traffic lane
(20) 22.2%

going straight –
accelerating
(15) 16.7%

going Straight –
constant speed

(43) 47.8%

negotiating a curve
(1) 1.1%

starting 
in traffic lane

(1) 1.1%

turning left
(4) 4.4%

turning right
(1) 1.1%

PM

stopped 
in traffic lane

(3) 3.3%

Conflict with vehicle turning into subject vehicle path in same direction incident
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PRECIPITATING FACTOR
(90) 100%

Other vehicle entering 
intersection
(63) 70%

Other vehicle is lead 
vehicle

(1) 1.1%

left turn across 
path

(2) 2.2%

PF

Subject vehicle in 
intersection

(1) 1.1%

Other vehicle from 
another lane/driveway

(23) 25.6%

from driveway -
Intended path 

unknown
(1) 1.1%

turning left
(1) 1.1%

turning into 
same direction

(61) 67.8%

from driveway -
Turning into same 

direction
(21) 23.3%

slowed and stopped 
less than 2 seconds

(1) 1.1%

from parallel diagonal 
parking lane

(1) 1.1%

Subject vehicle is 
changing lanes

(1) 1.1%

right other
(1) 1.1%

Subject vehicle off 
roadway
(1) 1.1%

over right 
lane line
(2) 2.2%

Conflict with vehicle turning into subject vehicle path in same direction incident
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AVOIDANCE MANEUVER
(90) 100%

braked and 
steered left
(18) 20%

braked and 
steered right

(5) 5.6%

braking 
(no lockup)
(56) 62.2%

steered to left
(5) 5.6%

steered to right
(1) 1.1%

AM

accelerated and 
steered right

(1) 1.1%

no reaction
(3) 3.3%

accelerated and 
steered left

(1) 1.1%

Conflict with vehicle turning into subject vehicle path in same direction incident
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Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(90)

drowsy, sleepy, 
fatigued
(4) 4.4%

driving proficiency 
Error

(17) 18.9%

none
(84) 93.3%

other
(2) 2.2%

aggressive driving
(6) 6.7%

DF

other emotional 
state

(1) 1.1%

none
(75) 83.3%

none
(73) 81.1%

Inattention to 
Forward 
Roadway

DT

angry
(1) 1.1%

unknown
(7) 7.8%

Conflict with vehicle turning into subject vehicle path in same direction incident
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Personal Hygiene
(2) 2.2%

Wireless Devices
(3) 3.3%

biting nails
(1) 1.1%

Dining
(1) 1.1%

drinking with lid 
no straw
(1) 1.1%

other personal 
hygiene
(1) 1.1%

Secondary Task
(6) 6.7%

INATTENTION TO FORWARD
ROADWAY
(90) 100%

DT

talking/listening
(3) 3.3%

none
(84) 83.3%

Conflict with vehicle turning into subject vehicle path in same direction incident

6



Weather
(90) 100%

Surface Condition
(90) 100%

DRIVING ENVIRONMENT
(90)

dry
(79) 87.8%

wet
(11) 12.2%

clear
(77) 85.6%

cloudy
(6) 6.7%

raining
(7) 7.8%

Lighting
(90) 100%

darkness lighted
(9) 10%

dawn
(1) 1.1%

dusk
(11) 12.2%

daylight
(67) 74.4%

darkness 
not Lighted

(2) 2.2%

DE

Traffic Density
(90) 100%

restricted flow
(46) 51.1%

stable flow
speed restricted

(7) 7.8%

unstable flow -
temporary restrictions 

slow driver
(4) 4.4%

free flow
(33) 36.7%

Conflict with vehicle turning into subject vehicle path in same direction incident
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Trafficway Flow
(90) 100%

Traffic Control 
Device

(90) 100%

INFRASTRUCTURE
(90)

divided
(46) 51.1%

stop sign
(5) 5.6%

traffic signal
(29) 32.2%

traffic lanes 
marked
(1) 1.1%

I

not divided
(40) 44.4%

no lanes
(2) 2.2%

one-way traffic
(2) 2.2%

Relation to 
Junction
(90) 100%

intersection 
related

(12) 13.3%

intersection
(52) 57.8%

non-junction
(6) 6.7%

driveway, alley, 
access

(18) 20%

parking lot
(2) 2.2%

none
(55) 61.1%

Road Alignment/
Road Profile

(90) 100%

straight grade
(1) 1.1%

curve level
(10) 11.1%

straight level
(79) 87.8%

Locality
(90) 100%

business/
industrial

(61) 67.8%

interstate
(1) 1.1%

open country
(13) 14.4%

residential
(14) 15.6%

school
(1) 1.1%

Conflict with vehicle turning into subject vehicle path in same direction incident
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INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(90)

traffic control 
device

(1) 1.1%

none 
(87) 96.7%

road geometry
(1) 1.1%

road delineation
(1) 1.1%

IF

Visual 
Obstructions

(90) 100%

parked vehicle
(2) 2.2%

sunlight glare
(4) 4.4%

reflected glare
(1) 1.1%

curve or hill
(1) 1.1%

moving vehicle
(1) 1.1%

rain, snow, fog, 
smoke, sand, dust

(2) 2.2%

roadway 
infrastructure

(1) 1.1%

none
(78) 86.7%

Infrastructure 
Factors
(90) 100%

VF

VEHICLE FACTORS
(90)

none
(90) 100%

Conflict with vehicle turning into subject vehicle path in same direction incident
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CONFLICT WITH VEHICLE TURNING 
INTO SUBJECT VEHICLE PATH IN 

SAME DIRECTION 
NEAR CRASH

(28)

Precipitating Factor
(28) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(28) 100%

Avoidance Maneuver
(28) 100%

Post Avoidance 
Maneuver
(28) 100%

DF

IF

VF

control maintained 
(28) 100%

braked and 
steered left
(8) 28.6%

braked and 
steered right

(7) 25%

braking
(no lockup)
(8) 28.6%

steered to left 
(4) 14.3%

steered to right
(1) 3.6%

changing lanes
(1) 3.6%

decelerating in 
traffic lanes
(4) 14.3%

going straight 
accelerating

(7) 25%

going straight 
constant speed

(15) 53.6%

turning right
(1) 3.6%

other vehicle entering 
intersection – left turn 

across path
(1) 3.6%

other vehicle entering 
intersection – turning 

onto opposite direction
(24) 85.7%

other vehicle from 
driveway – turning into 

same direction
(2) 7.1%

subject in intersection  
– turning left

(1) 3.6%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with vehicle turning into subject vehicle path in same direction near crash
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Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(28)

none
(18) 64.3%

driving proficiency 
error

(2) 7.1%

none
(26) 92.9%

none
(25) 89.3%

aggressive driving
(3) 10.7%

DF

angry
(1) 3.6%

drowsy, sleepy, 
fatigued

(3) 10.7%

Inattention to 
Forward 
Roadway

DS

unknown
(1) 3.6%

Conflict with vehicle turning into subject vehicle path in same direction near crash
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Internal-Not 
Vehicle Related 

Task
(2) 7.1%

passenger in 
adjacent seat

(3) 10.7%

Passenger-
Related Task

(3) 10.7%

writing - other
(1) 3.6%

reading
(1) 3.6%

Secondary Task
(5) 17.9%

Driving Related 
Inattention

(1) 3.6%

INATTENTION TO FORWARD
ROADWAY
(28) 100%

DT

left window
(1) 3.6%

none 
(22) 78.6%

Conflict with vehicle turning into subject vehicle path in same direction near crash
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Weather
(28) 100%

Surface Condition
(28) 100%

DRIVING ENVIRONMENT
(28)

dry
(26) 92.9%

clear
(24) 85.7%

Lighting
(28) 100%

darkness 
lighted

(5) 17.9%

daylight
(21) 75%

DE

wet
(2) 7.1%

dawn
(1) 3.6%

dusk
(1) 3.6%

cloudy
(2) 7.1%

raining
(2) 7.1%

Traffic Density
(28) 100%

restricted flow
(9) 32.1%

stable flow
speed restricted

(3) 10.7%

free flow
(16) 57.1%

Conflict with vehicle turning into subject vehicle path in same direction near crash
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Trafficway Flow
(28) 100%

Traffic Control 
Device

(28) 100%

INFRASTRUCTURE
(28)

divided
(15) 53.6%

one-way traffic
(1) 3.6%

traffic signal
(11) 39.3%

I

not-divided
(12) 42.9% none

(17) 60.7%

Locality
(28) 100%

business/
industrial

(18) 64.3%

interstate
(1) 3.6%

open country
(6) 21.4%

residential
(3) 10.7%

Road Alignment/
Road Profile

(28) 100%

Relation to 
Junction
(28) 100%

curve Level
(1) 3.6%

straight level
(26) 92.9%

intersection
(20) 71.4%

non junction
(2) 7.1%

curve grade
(1) 3.6%

driveway/alley 
access

(1) 3.6%

interchange area
(1) 3.6%

intersection 
related

(4) 14.3%

Conflict with vehicle turning into subject vehicle path in same direction near crash
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VEHICLE FACTORS
(28)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(28)

none
(28) 100%

none 
(28) 100%

VF IF

Visual 
Obstructions

(28) 100%

no obstruction
(22) 78.6%

sunlight glare
(2) 7.1%

moving vehicle
(3) 10.7%

parked vehicle
(1) 3.6%

Infrastructure 
Factors
(28) 100%

Conflict with vehicle turning into subject vehicle path in same direction near crash
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CONFLICT WITH UNKNOWN 
INCIDENT

(3)

Precipitating Factor
(3) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(3) 100%

Avoidance Maneuver
(3) 100%

DF

IF

VF

going straight 
accelerating
(1) 33.3%

going straight 
constant speed

(1) 33.3%

turning left
(1) 33.3%

lost control –
unknown cause

(1) 33.3%

object in unknown 
location

(2) 66.7%

steered to left
(1) 33.3%

steered to right
(2) 66.7%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with unknown incident

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(3)

driver proficiency 
error

(1) 33.3%
none

(3) 100%

DF

drowsy, sleepy, 
fatigued

(1) 33.3%

Inattention to 
Forward Roadway

DT

none
(1) 33.3%

unknown
(1) 33.3%

none
(2) 66.7%

Conflict with unknown incident

2



Secondary Task
(2) 66.7%

INATTENTION TO FORWARD
ROADWAY
(3) 100%

DT

External 
Distraction

(1) 33.3%

other external 
distraction
(1) 33.3%

Passenger-
Related Task

(1) 33.3%

passenger in 
adjacent seat

(1) 33.3%

none
(1) 33.3%

Conflict with unknown incident

3



Weather
(3) 100%

Surface Condition
(3) 100%

DRIVING ENVIRONMENT
(3)

dry
(3) 100%

clear
(3) 100%

Lighting
(3) 100%

darkness lighted
(1) 33.3%

daylight
(1) 33.3%

DE

dusk
(1) 33.3%

Traffic Density
(3) 100%

free flow
(3) 100%

Conflict with unknown incident
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Trafficway Flow
(3) 100%

Traffic Control 
Device
(3) 100%

INFRASTRUCTURE
(3)

divided
(2) 66.7%

none
(3) 100%

I

not divided
(1) 33.3%

Locality
(3) 100%

business/
industrial
(1) 33.3%

interstate
(1) 33.3%

residential
(1) 33.3%

Road Alignment/
Road Profile

(3) 100%

curve Level
(1) 33.3%

straight level
(2) 66.7%

Relation to 
Junction
(3) 100%

non-junction
(3) 100%

Conflict with unknown incident
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VEHICLE FACTORS
(3)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(3)

none
(3) 100%

none 
(3) 100%

VF IF

Visual 
Obstructions

(3) 100%

none
(3) 100%

Infrastructure 
Factors
(3) 100%

Conflict with unknown incident
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CONFLICT WITH UNKNOWN 
NEAR CRASH

(1)

Precipitating Factor
(1) 100% Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(1) 100%

Avoidance Maneuver
(1) 100%

Post Avoidance 
Maneuver

(1) 100%

DF

IF

VF

going straight 
constant speed

(1) 100%

object in unknown 
location

(1) 100%

braked and 
steered right

(1) 100%

control maintained
(1) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with unknown near crash

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(1)

driver proficiency 
error

(1) 100%

none
(1) 100%

DF

unknown
(1) 100%

Inattention to 
Forward Roadway

DT

Conflict with unknown near crash

2



left window
(1) 100%

Driving Related 
Inattention

(1) 100%

INATTENTION TO FORWARD
ROADWAY
(1) 100%

DT

Conflict with unknown near crash
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Weather
(1) 100%

Surface Condition
(1) 100%

DRIVING ENVIRONMENT
(1)

dry
(1) 100%

clear
(1) 100%

Lighting
(1) 100%

daylight
(1) 100%

DE

Traffic Density
(1) 100%

restricted flow
(1) 100%

Conflict with unknown near crash
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Trafficway Flow
(1) 100%

Traffic Control 
Device
(1) 100%

INFRASTRUCTURE
(1)

I

Locality
(1) 100%

open country
(1) 100%

Road Alignment/
Road Profile

(1) 100%

Relation to 
Junction
(1) 100%

straight level
(1) 100%

non junction
(1) 100%

none
(1) 100%

divided
(1) 100%

Conflict with unknown near crash
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Vehicle Factors
(1)

Infrastructure/Driving 
Environment Factors

(1)

none
(1) 100%

none 
(1) 100%

VF IF

Visual 
Obstructions

(1) 100%

none
(1) 100%

Infrastructure 
Factors 
(1) 100%

Conflict with unknown near crash
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CONFLICT WITH VEHICLE IN 
ADJACENT LANE

CRASH

INCIDENT TYPE:
CRASH

(1)

Precipitating Factor
(1) 100%

Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver
(1) 100%

Avoidance Maneuver
(1) 100%

Post Avoidance 
Maneuver

(1) 100%

DF

IF

VF

sideswipe –
same direction

(1) 100%

changing lanes
(1) 100%

subject lane change –
left sideswipe threat

(1) 100%

braked and 
steered right

(1) 100%

control maintained
(1) 100%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with vehicle in adjacent lane crash

1



Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(1)

none
(1) 100%

none
(1) 100%

DF

aggressive driving
(1) 100%

Conflict with vehicle in adjacent lane crash

2



Weather
(1) 100%

Surface 
Condition

(1) 100%

DRIVING ENVIRONMENT
(1)

dry
(1) 100%

clear
(1) 100%

Lighting
(1) 100%

daylight
(1) 100%

DE

Traffic Density
(1) 100%

stable flow speed 
more restricted

(1) 100%

Conflict with vehicle in adjacent lane crash
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Traffic Flow
(1) 100%

Traffic control
(1) 100%

INFRASTRUCTURE
(1)

not-divided
(1) 100%

traffic signal
(1) 100%

I

Locality
(1) 100%

business/industrial
(1) 100%

Road Alignment
(1) 100%

Relation to 
Junction
(1) 100%

straight level
(1) 100%

intersection
(1) 100%

Conflict with vehicle in adjacent lane crash
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VEHICLE FACTORS
(1)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(1)

none
(1) 100%

VF IF

Visual 
Obstructions

(1) 100%

none
(1) 100%

Infrastructure 
Factors
(1) 100%

none
(1) 100%

Conflict with vehicle in adjacent lane crash
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CONFLICT WITH VEHICLE IN 
ADJACENT LANE 

INCIDENT
(342)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver

DF

IF

VF

PM AMPF

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with vehicle in adjacent lane incident

1



PRE-EVENT MANEUVER
(342) 100%

changing lanes
(23) 6.7%

decelerating in traffic 
lane

(51) 14.9%

going straight –
accelerating
(53) 15.5%

going straight -
constant speed

(151) 44.2%

maneuvering to avoid 
a vehicle
(1) 0.3%

merging
(10) 2.9%

negotiating a curve
(16) 4.7%

starting in traffic lane
(12) 3.5%

stopped in traffic lane
(11) 3.2%

turning left
(6) 1.8%

turning right
(5) 1.5%

PM

going straight 
unintentional drift

(2) 0.6%

leaving a parked 
position
(1) 0.3%

Conflict with vehicle in adjacent lane incident
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PRECIPITATING FACTOR
(342) 100%

Other Vehicle is 
Changing Lanes

(150) 43.9%

Other Vehicle Entering 
Intersection

(4) 1.2%

Other Vehicle from 
Another Lane

(10) 2.9%

Other Vehicle is Lead 
Vehicle

(18) 5.3%

Subject Vehicle is 
Changing Lanes

(116) 33.9%

Subject Vehicle Off 
the Roadway

(26) 7.6%

left –
in front of subject

(18) 5.3%

left –
other

(8) 2.3%

left –
sideswipe threat

(57) 16.7%

right –
in front of subject

(20) 5.9%

right – other
(6) 1.8%

turning into 
same direction

(2) 0.6%

left behind 
vehicle

(5) 1.5%
left in front of 

vehicle
(9) 2.6%

right behind 
vehicle

(8) 2.3%

subject over 
left lane line

(9) 2.6%

subject over left 
edge of road

(1) 0.3%

at slower 
constant speed

(5) 1.5%

decelerating
(8) 2.3%

stopped more 
than 2 seconds

(5) 1.5%

from parallel/diagonal 
parking lane

(7) 2.1%

PF

Subject Vehicle is in 
Intersection
(12) 3.5%

right - sideswipe 
threat

(40) 11.7%

intended path 
unknown
(1) 0.3%

straight across 
path

(1) 0.3%

from driveway –
intended path 

unknown
(1) 0.3%

from driveway -
turning into same 

direction
(2) 0.60% left other

(9) 2.6%

right in front of 
vehicle

(3) 0.9%

right other
(5) 1.5%

subject over 
right lane line

(16) 4.7%

passing through
(9) 2.6%

turning left
(1) 0.3%

turning right
(2) 0.6%

left –
behind subject

(1) 0.3%

left sideswipe 
threat

(45) 13.2%

right sideswipe 
threat

(32) 9.4%

lost control –
other cause

(1) 0.3%

lost control – poor 
road conditions

(1) 0.3%

object in roadway
(2) 0.6%

no precipitating 
event

(2) 0.6%

Conflict with vehicle in adjacent lane incident
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AVOIDANCE MANEUVER
(342) 100%

accelerated and 
steered left

(6) 1.8%

accelerated and 
steered right

(4) 1.2%

braked and 
steered left
(44) 12.9%

braked and 
steered right
(50) 14.6%

braking 
(lockup)
(1) 0.3%

braking 
(no lockup)
(111) 32.5%

steered to left
(58) 17%

steered to right
(36) 10.5%

AM

accelerated
(3) 0.9%

other actions
(1) 0.3%

no reaction
(27) 7.9%

unknown
(1) 0.3%

braking 
(112)

Conflict with vehicle in adjacent lane incident
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Driver Proficiency 
ErrorWillful Behavior Driver Impairments

DRIVER FACTORS
(342)

drowsy, sleepy, 
fatigued

(22) 6.4%

driving 
proficiency error

(114) 33.3%

none
(228) 66.7%

none
(289) 84.5%

angry
(1) 0.3%

other emotional 
state

(2) 0.6%

aggressive 
driving

(53) 15.5%

DF

none
(260) 76%

other
(2) 0.6%

unknown
(55) 16.1%

Conflict with vehicle in adjacent lane incident
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Secondary Task
(50) 14.6%

Driving Related 
Inattention

(9) 2.6%

right window
(3) 0.9%

INATTENTION TO FORWARD
ROADWAY
(342) 100%

ST

DT

left window
(4) 1.2%

center mirror
(2) 0.6%

none
(283) 82.8%

Conflict with vehicle in adjacent lane incident
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looked but 
did not see
(3) 0.9%

Daydreaming
(3) 0.9%

passenger in 
adjacent seat

(11) 3.2%
object - other

(1) 0.3%

moving object in 
vehicle

(1) 0.3%

Passenger-
Related Task

(14) 4.1%

Dining
(1) 0.3%

eating without 
utensils
(1) 0.3%

adjusting radio
(4) 1.2%

Vehicle-Related 
Task

(4) 1.2%

reaching object –
not cell phone

(5) 1.5%

smoking cigar 
cigarette
(2) 0.6%

External 
Distraction

(4) 1.2%

SECONDARY TASK
(50) 14.6%

ST

Internal-Not 
Vehicle Related 

Task
(9) 2.6%

Smoking
(2) 0.6%

other external 
distraction
(3) 0.9%

looking at an 
object

(1) 0.3%

Wireless 
Devices
(13) 3.8%

child in 
rear seat
(1) 0.3%

talking/listening
(12) 3.5%

dialing hand held 
cell phone
(1) 0.3%

writing - other
(1) 0.3%

talking/singing
(2) 0.6%

reading
(1) 0.3%

Conflict with vehicle in adjacent lane incident
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dialing hand held cell 
phone

(1) 0.3%

talking/listening
(12) 3.5%

CP

WIRELESS DEVICES
(13) 3.8%

Conflict with vehicle in adjacent lane incident
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Weather
(342) 100%

Surface 
Condition
(342) 100%

DRIVING ENVIRONMENT
(342)

dry
(294) 86%

snowy
(1) 0.3%

wet
(47) 13.7%

clear
(280) 81.9%

cloudy
(28) 8.2%

raining
(32) 9.4%

snowing
(1) 0.3%

Lighting
(342) 100%

darkness lighted
(41) 12%

dawn
(5) 1.5%

dusk
(20) 5.9%

daylight
(263) 76.9%

darkness not 
lighted

(13) 3.8%

DE

fog
(1) 0.3%

Traffic Density
(342) 100%

unstable flow 
- temporary stoppages 
Vehicle unable to pass

(15) 4.4%

restricted flow
(140) 40.9%

forced flow with low 
speeds and traffic 

volumes
(1) 0.3%

stable flow
speed restricted

(108) 31.6%

unstable flow -
temporary restrictions 

slow driver
(36) 10.5%

free flow
(42) 12.3%

Conflict with vehicle in adjacent lane incident
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Trafficway Flow
(342) 100%

Traffic Control 
Device

(342) 100%

INFRASTRUCTURE
(342)

divided
(260) 76%

not-divided
(62) 18.1%

one-way traffic
(19) 5.6%

stop sign
(2) 0.60%

traffic lanes marked
(8) 2.3%

traffic signal
(61) 17.8%

yield sign
(3) 0.9%

no lanes
(1) 0.3%

unknown
(1) 0.3%

officer/watchman
(1) 0.3%

one way road or 
street

(1) 0.3%

I

other
(3) 0.9%

slow or warning sign
(1) 0.3%

Locality
(342) 100%

business/
industrial

(160) 46.8%

interstate
(129) 37.7%

open country
(26) 7.6%

residential
(20) 5.9%

construction zone
(6) 1.8%

other
(1) 0.3%

Road Alignment/
Road Profile

(342) 100%

Relation to 
Junction
(342) 100%

straight grade
(6) 1.8%

curve level
(40) 11.7%

straight level
(288) 84.2%

entrance/exit ramp
(39) 11.4%

intersection 
related

(25) 7.3%

driveway, alley, 
access

(5) 1.5%

interchange area
(10) 2.9%

intersection
(45) 13.2%

non-junction
(213) 62.3%

other
(2) 0.6%

parking lot
(3) 0.9%

curve grade
(8) 2.3%

unknown
(1) 0.3%

none
(261) 76.3%

Conflict with vehicle in adjacent lane incident
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VEHICLE FACTORS
(342)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(342)

none
(342) 100%

none 
(315) 92.1%

road geometry
(16) 4.7%

road delineation
(6) 1.8%

VF IF

traffic control 
device

(2) 0.6%

weather, visibility
(3) 0.9%

Visual 
Obstructions

(342) 100%

none
(325) 95%

moving vehicle
(2) 0.6%

rain/snow/fog/
smoke/sand, dust

(1) 0.3%

sunlight glare
(13) 3.8%

other obstruction
(1) 0.3%

Infrastructure 
Factors

(342) 100%

Conflict with vehicle in adjacent lane incident
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CONFLICT WITH VEHICLE  IN 
ADJACENT LANE 

NEAR CRASH
(115)

Precipitating Factor Contributing Factors

Infrastructure/
Driving 

Environment 
Factors

Vehicle Factors

Driver Factors

Pre-event Maneuver Avoidance Maneuver Post Avoidance 
Maneuver

DF

IF

VF

AMPM PF

control maintained
(113) 98.3%

rotated counter-
clockwise
(1) 0.9%

unknown
(1) 0.9%

Associated Vehicle/
Roadway States

Infrastructure

Driving 
Environment DE

I

Conflict with vehicle in adjacent lane near crash

1



PRE EVENT MANEUVER
(115) 100%

PM

changing lanes
(14) 12.2%

decelerating in 
traffic lane
(20) 17.4%

going straight 
accelerating
(20) 17.4%

going straight 
constant speed

(43) 37.4%

merging
(4) 3.5%

starting in traffic lane
(4) 3.5%

stopped in traffic 
lane

(2) 1.7%

turning left
(5) 4.4%

negotiating a curve
(1) 0.9%

turning right
(2) 1.7%

Conflict with vehicle in adjacent lane near crash

2



PRECIPITATING FACTOR
(115) 100%

PF

Other Vehicle 
Entering Intersection

(1) 0.9%

Other Vehicle 
is Changing Lanes

(55) 47.8%

Lost Control
(2) 1.7%

Subject Vehicle 
is Changing Lanes

(43) 37.4%

Subject Vehicle 
Off the Roadway

(10) 8.7%

left turn 
across path

(1) 0.9%

left in front of 
vehicle

(2) 1.7%

left other
(1) 0.9%

left sideswipe 
threat

(22) 19.1%

subject over 
left edge of road

(1) 0.9%

subject over right 
lane line
(6) 5.2%

poor road condition
(1) 0.9%

unknown
(1) 0.9%

left in front of subject
(3) 2.6%

Other Vehicle is Lead 
Vehicle
(4) 3.5%

decelerating
(3) 2.6%

left sideswipe threat
(16) 13.9%

right in front of 
subject

(6) 5.2%

right sideswipe threat
(30) 26.1%

right behind 
vehicle

(1) 0.9%

right other
(1) 0.9%

right sideswipe 
threat

(16) 13.9%

subject over 
left lane line

(3) 2.6%

at slower 
constant speed

(1) 0.9%

Conflict with vehicle in adjacent lane near crash
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AVOIDANCE MANEUVER
(115) 100%

AM

steered to left
(13) 11.3%

braked and 
steered left
(36) 31.3%

braked and 
steered right
(28) 24.4%

braking 
(no lockup)
(22) 19.1%

braking
(23)

no reaction
(6) 5.2%

steered to right
(8) 7%

braking 
(lockup unknown)

(1) 0.9%

accelerated and 
steered right

(1) 0.9%

Conflict with vehicle in adjacent lane near crash
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Driver Proficiency 
ErrorWillful Behavior Driver 

Impairments

DRIVER FACTORS
(115)

none
(80) 72.1%

driving proficiency 
error

(48) 41.7%

none
(67) 58.3%

none
(97) 84.4%

aggressive driving
(18) 15.7%

DF

DT

angry
(1) 0.9%

drowsy, sleepy, 
fatigued
(7) 6.1%

Inattention to 
Forward 
Roadway

unknown
(27) 23.5%

Conflict with vehicle in adjacent lane near crash
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Secondary Task
(26) 22.6%

Driving Related 
Inattention

(4) 3.5%

left window
(1) 0.9%

INATTENTION TO FORWARD
ROADWAY
(115) 100%

ST

DT

right window
(2) 1.7%

center mirror
(1) 0.9%

none
(85) 73.9%

Conflict with vehicle in adjacent lane near crash
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passenger in 
adjacent seat

(11) 9.6%

Passenger-
Related Task

(13) 11.3%

Dining
(1) 0.9%

eating
(1) 0.9%

SECONDARY TASK
(26) 22.6%

Personal Hygiene
(1) 0.9%

combing or fixing 
hair

(1) 0.9%

Wireless Devices
(8) 7%

passenger in 
rear seat
(1) 0.9%

Internal-Not 
Vehicle Related 

Task
(3) 2.6%

reaching for object 
- not cell phone

(1) 0.9%

ST

dialing hand held 
cell phone
(1) 0.9%

talking/listening
(7) 6.1%

writing - other
(1) 0.9%

reading
(1) 0.9%

talking/singing
(1) 0.9%

Conflict with vehicle in adjacent lane near crash

7



WIRELESS DEVICES
(8) 7%

CP

dialing hand held cell 
phone

(1) 0.9%

talking/listening
(7) 6.1%

Conflict with vehicle in adjacent lane near crash
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DRIVING ENVIRONMENT
(115)

DE

Weather
(115) 100%

Surface Condition
(115) 100%

dry
(99) 86.1%

wet
(14) 12.2%

clear
(89) 77.4%

cloudy
(17) 14.8%

raining
(9) 7.8%

Lighting
(115) 100%

darkness 
lighted

(11) 9.6%

dawn
(1) 0.9%

dusk
(9) 7.8%

daylight
(90) 78.3%

darkness 
not lighted
(4) 3.5%

icy
(1) 0.9%

snowy
(1) 0.9%

Traffic Density
(115) 100%

restricted flow
(36) 31.3%

stable flow
speed restricted

(33) 28.7%

free flow
(32) 27.8%

unstable Flow
- temporary stoppages 
Vehicle unable to pass

(5) 4.4%

unstable flow -
temporary restrictions 

slow driver
(9) 7.8%

Conflict with vehicle in adjacent lane near crash
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Trafficway Flow
(115) 100%

Traffic Control 
Device

(115) 100%

INFRASTRUCTURE
(115)

divided
(83) 72.2%

one-way traffic
(3) 2.6%

none
(86) 74.8%

traffic signal
(18) 15.7%

other
(2) 1.7%

I

not divided
(29) 25.2%

traffic lanes 
marked
(5) 4.4%

stop sign
(1) 0.9%

yield sign
(3) 2.6%

Locality
(115) 100%

business/
industrial
(54) 47%

interstate
(46) 40%

open country
(10) 8.7%

residential
(3) 2.6%

construction zone
(2) 1.7%

Road Alignment/
Road Profile

(115) 100%

Relation to 
Junction
(115) 100%

straight grade
(3) 2.6%

curve level
(9) 7.8%

straight level
(101) 87.8%

entrance/exit 
ramp

(15) 13%

intersection 
related

(14) 12.2%

driveway, alley, 
access

(1) 0.9%

interchange area
(1) 0.9%

intersection
(11) 9.6%

non-junction
(73) 63.5%

curve grade
(2) 1.7%

Conflict with vehicle in adjacent lane near crash
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VEHICLE FACTORS
(115)

INFRASTRUCTURE/
DRIVING ENVIRONMENT

FACTORS
(115)

none
(115) 100%

none 
(112) 97.4%

road geometry
(1) 0.9%

VF IF

roadway 
delineation
(2) 1.7%

Infrastructure 
Factors

(115) 100%

Visual 
Obstructions

(115) 100%

none
(104) 90.4%

other obstruction
(1) 0.9%

moving vehicle
(1) 0.9%

rain/snow/fog/
smoke/sand/ dust

(1) 0.9%

roadway 
infrastructure

(2) 1.7%

sunlight glare
(5) 4.3%

unknown
(1) 0.9%

Conflict with vehicle in adjacent lane near crash
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APPENDIX D 
 
 

Table D-1.  Secondary Tasks Recorded During Data Reduction. 
 Secondary Task Distraction Type Description 
 Passenger-Related Secondary Task 
 Passenger in adjacent seat Driver is talking to a passenger sitting in adjacent seat that 

can be identified by the person encroaching into the camera 
view or the driver is clearly looking and talking to the 
passenger. 

 Passenger in rear seat Driver is talking to a passenger sitting in rear seat that can be 
identified by the person encroaching into the camera view or 
the driver is clearly looking and talking to the passenger 
seated in the rear. 

 Child in adjacent seat Driver is talking to a child sitting in the adjacent seat who 
can be identified by the child encroaching into the camera 
view or the driver is clearly looking and talking to the child. 

 Child in rear seat Driver is talking to a child sitting in the rear seat who can be 
identified by the child or child-related paraphernalia 
encroaching into the camera view or the driver is clearly 
looking and talking to the passenger seated in the rear. 

 Talking/Singing:  No Passenger Apparent 
 Talking/Singing/Dancing Driver appears to be vocalizing either to an unknown 

passenger, to self, or singing to the radio.  Also, in this 
category are instances where the driver exhibits dancing 
behavior. 

 Internal Distraction: Not vehicle or passenger related. 
 Reading Driver is reading papers, a magazine, a book, or a map  
 Moving object in vehicle  Driver is distracted by stationary objects suddenly in motion 

due to hard braking, accelerating, or turning corner. 
 Object dropped by driver Driver dropped an object and is now looking for it or 

reaching for it.  
 Reaching for object in vehicle (not 

cell phone) 
Driver is attempting to locate an object while driving. 

 Insect in vehicle Driver is distracted by a flying insect that is in the cabin of 
the vehicle. 

 Pet in vehicle Driver is distracted by a pet that is in the cabin of the 
vehicle. 

 Wireless Device 
 Talking/Listening Driver is clearly conversing on the cell phone. 
 Head-set on/conversation 

unknown 
Driver has a hands-free head-set on but the conversation is 
unknown 

 Dialing hand-held cell phone Driver is attempting to dial a hand-held cell phone while the 
vehicle is in gear. 

 Dialing hand-held cell phone 
using quick keys 

Driver is attempting to use quick keys to dial a hand-held 
cell phone while the vehicle is in gear. 

 Dialing hands-free cell phone 
using voice activated software 

Driver is attempting to dial a hands-free cell phone using 
voice activation while the vehicle is in gear. 

 Locating/reaching/answering cell 
phone 

Driver is attempting to locate the cell phone by reaching for 
it in order to use it or answer it while the vehicle is in gear. 

 Cell Phone: Other Any other activity associated with a cell phone i.e. looking at 
a cell phone for time, or screening calls but not dialing, or 
talking while the vehicle is in gear. 



 Locating/Reaching for PDA Driver is attempting to locate a PDA by reaching for it in 
order to use it or to answer it while the vehicle is in gear. 

 Operating PDA Driver is using (looking at, using stylus, or pressing buttons) 
while the vehicle is in gear. 

 Viewing PDA Driver is only looking at a PDA, no stylus or button presses, 
while the vehicle is in gear. 

 Vehicle-Related Secondary Task 
 Adjusting Climate Control Driver is looking at and/or reaching to adjust the HVAC 

system while the vehicle is in gear. 
 Adjusting the radio Driver is looking at and/or reaching to adjust the radio/stereo 

system while the vehicle is in gear. 
 Inserting/Retrieving cassette Driver is inserting or retrieving a cassette while the vehicle is 

in gear. 
 Inserting/Retrieving CD Driver is inserting or retrieving a compact disc while the 

vehicle is in gear. 
 Adjusting other devices integral to 

vehicle 
Driver is looking at and/or reaching to adjust another in-dash 
system while the vehicle is in gear. 

 Adjusting other known in-vehicle 
devices 

Driver is looking at and/or reaching to adjust another in-
vehicle system (i.e., XM Radio) while the vehicle is in gear. 

 Dining 
 Eating with a utensil Driver is eating food with a utensil while the vehicle is in 

gear. 
 Eating without a utensil Driver is eating food without utensil while the vehicle is in 

gear. 
 Drinking with a covered/ straw Driver is drinking out of a covered container (travel mug) or 

covered container with a straw while the vehicle is in gear. 
 Drinking out of open cup/ 

container 
Driver is drinking out of an open cup or container that can be 
easily spilled while the vehicle is in gear. 

 Smoking 
 Reaching for cigar/cigarette Driver is reaching for cigar/cigarette/pipe while the vehicle 

is in gear. 
 Lighting cigar/cigarette Driver is lighting the cigar/cigarette/pipe while the vehicle is 

in gear. 
 Smoking cigar/cigarette Driver is smoking the cigar/cigarette/pipe while the vehicle 

is in gear. 
 Extinguishing cigar/cigarette Driver is putting the cigar/cigarette out in an ashtray while 

the vehicle is in gear. 
 Daydreaming 
 Lost in thought Driver is haphazardly looking around but not at any single 

distraction. 
 Looked but did not see Driver is looking in the direction of a conflict but does not 

react in a timely manner.  Driver may also exhibit a surprised 
look at the moment of realization. 

 External Distraction 
 Looking at previous crash or 

highway incident 
Driver is looking out of the vehicle at a collision or a 
highway incident that has happened recently. 

 Pedestrian located outside the 
vehicle 

Driver is looking out of the vehicle at a pedestrian who may 
or may not pose a safety hazard (generally not in the forward 
roadway). 

 Animal located outside the vehicle Driver is looking out of the vehicle at an animal that may or 
may not pose a safety hazard (generally not in the forward 
roadway). 

 Object located outside the vehicle Driver is looking out of the vehicle at an object of interest 
that may or may not pose a safety hazard.  Objects may or 
may not be in the forward roadway. 



 Construction zone Driver is looking out of the vehicle at construction 
equipment that may or may not pose a safety hazard. 

 Personal Hygiene 
 Combing/brushing/fixing hair Driver is grooming or styling hair while the vehicle is in 

gear.  Driver may or may not be looking in a mirror. 
 Applying make-up Driver is applying makeup while the vehicle is in gear.  

Driver may or may not be looking in a mirror. 
 Shaving Driver is shaving facial hair while the vehicle is in gear.  

Driver may or may not be looking in a mirror. 
 Brushing/flossing teeth Driver is brushing or flossing teeth while the vehicle is in 

gear.  Driver may or may not be looking in a mirror. 
 Biting nails/cuticles Driver is biting nails and/or cuticles.  Driver may or may not 

be looking at nails and/or cuticles. 
 Removing/adjusting jewelry Driver is removing/adjusting/putting on jewelry while the 

vehicle is in gear. 
 Removing/inserting contact lenses Driver is attempting to remove or insert contact lenses while 

the vehicle is in gear. 
 Other Driver is cleaning/adjusting/altering something on their 

person while the vehicle is in gear. 
 Driving-related Inattention to Forward Roadway 
 Checking center rear-view mirror Driver is observing traffic in rear-view mirror while moving 

forward or stopped, but the vehicle is in gear (i.e. stopped at 
an intersection). 

 Looking out left side of 
windshield (not in direction in 
motion) 

Driver is looking out the left side of the windshield while the 
vehicle is either moving forward or stopped, but is in gear.  
This is not marked if the driver is making a left turn. 

 Looking out right side of 
windshield (not in direction in 
motion) 

Driver is looking out the right side of the windshield while 
the vehicle is either moving forward or stopped, but is in 
gear.  This is not marked if the driver is making a right turn. 

 Checking left rear-view mirror Driver is observing traffic in left rear-view mirror while 
moving forward or stopped, but the vehicle is in gear (i.e. 
stopped at an intersection). 

 Looking out left window Driver is observing traffic in left window while moving 
forward or stopped, but the vehicle is in gear (i.e. stopped at 
an intersection). 

 Checking right rear-view mirror Driver is observing traffic in right rear-view mirror while 
moving forward or stopped, but the vehicle is in gear (i.e. 
stopped at an intersection). 

 Looking out right window Driver is observing traffic in right window while moving 
forward or stopped, but the vehicle is in gear (i.e. stopped at 
an intersection). 

 Looking at instrument panel Driver is checking vehicle speed/temperature/RPMs while 
vehicle is moving or stopped, but is in gear. 
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