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Appendix A:
Description of Data Processing Activities

Geographic Information System (GIS) Map Development

The quality of the GIS maps was critical to the success of determining speeding behavior. Maps
had to include accurate information—such as posted speed limits, referred to in this report as the
posted speeds (PSs), and functional class—that was consistent across sites, and between
jurisdictions within each site, in order to correctly identify locations in which speeding occurred.
After defining a set of requirements that identified the type of GIS map information that would
be needed to affect the analysis, GIS maps were acquired from the sources listed in Table A-1,
and the maps associated with each site were combined to form master maps for the Seattle and
Texas sites.

Table A-1. Data sources used to create the Seattle and Texas GIS maps

Jurisdiction Seattle Site Texas Site
State WSDOT TxDOT
County Snohomish Brazos
King Burleson
Pierce Grimes
Leon
Madison
Robertson
Washington
City Bellevue College Station
Bothell
Everett
Kirkland
Lynnwood
Seattle
Tacoma
Tukwila

It was necessary to combine the data from multiple sources into one map for each site because
the maps that were available for each of the jurisdictions in the two sites were not consistent with
respect to the type of data available or the form in which the data were presented. For example,
the county data in Texas included road class information in a form that was not meaningful in the
context of the project and that was not consistent with the data in the Seattle site. Consequently,
the functional class from the ESRI data was used to identify functional class on the Texas map.
In addition, posted speed was not available from some jurisdictions, so data from multiple
sources needed to be merged into one map in order to obtain the most complete set of data
possible for each site.



Because all data sources provided geospatial location for the road segments, a base cartography
was developed using the most complete data sources. Additional fields were created in the base
map to hold the posted speed from each respective data source. The posted speeds often did not
agree between two or more sources for a given road segment, so it was necessary to choose the
posted speed that was most likely to be accurate as the posted speed for that road segment. A
master field for posted speed was created and populated from the individual data sources
according to a predetermined set of rules. The posted speeds were later validated to ensure
accuracy (see the Data Validation section).

The Census Feature Class Code (CFCC) (Kinn, 2006) was chosen to represent the road
functional class for all roads in the Seattle and Texas sites because this code was commonly
available (in some form) in the GIS data sets for all counties in both sites. The CFCC contains
very fine-grained detail about road type. In order to improve clarity in the analysis, several of the
CFCC road classes were aggregated into larger subsets within each category of road type.

Every attempt was made to ensure as much consistency as possible between the maps in the
Seattle and Texas sites. However, because of differences in the availability of the data as well as
differences between the rural and urban cultures, there were some challenges that were unique to
each site. The following sections describe these challenges.

Seattle GIS Maps

The biggest challenge to clearly discriminating travel on roads in Seattle was related to road
density, particularly at complex freeway interchanges and on- and off-ramps. Because ramps
occur frequently, and because they connect to roads that convey the heaviest travel densities, the
potential exists for a large number of Global Positioning System (GPS)/GIS mismatches to
occur. In order to reduce the impact of these errors on the two interstate freeways, and to
guarantee that the posted speed was correct on those freeways, the posted speed was manually
changed to 60 mph for all roads that contained “I-5” and “I-405” in the road name (e.qg., “I-405
Ramp” and “I-5 expressway”). The posted speeds for I-5 in northernmost Snohomish County
were changed to 70 mph to reflect the correct speed limit in that area. The original posted speeds
were maintained in the GIS road database in order to facilitate validation and to keep a record of
the changes. The road names were also changed to “I-5” and “I-405” respectively to prevent
intermittent road name changes in the epoch data, which would have caused those epochs to be
removed from the analysis.

The goal of these changes was to ensure that all epochs in which the vehicle traveled on one of
these ramps included the posted speed associated with the freeway rather than the posted speed
associated with the ramp. Any GPS points that were erroneously matched with ramps while
actually traveling on the freeway were still associated with the correct posted speed and road
name. It was not necessary to maintain posted speeds on ramps that were actually being traveled
because speed behavior on ramps was not considered in the analysis; those epochs were
discarded.

The same approach was applied to the 1-5 expressway, which comprises physically separated,
reversible-flow express lanes that parallel I-5 through the downtown corridor. Often it was



unclear whether drivers were driving on the freeway or on the expressway; however, the posted
speed on both is 60 mph, so the two roads were treated commonly as “I-5.”

Texas GIS Maps

Data availability proved to be a considerable challenge to GIS map development for the Texas
site. The GIS map included data from seven counties, plus data from Texas Department of
Transportation (TXDOT) and from the City of College Station. However, posted speed data were
available only from Brazos County, TXDOT, and the City of College Station; the Brazos County
data included posted speed for only 35% of road segments. Strategies were employed for
increasing the population of road segments with posted speeds as described in the Data
Validation section below. Nonetheless, only 45% of the road segments in the Texas site had
posted speed data in the final GIS map.

It should be noted that the data from ESRI, which is packaged with the ArcGIS software,
included speed limit; however, these speeds were found to be incorrect for a large percentage of
the roads that were examined during validation. Therefore, the ESRI speed limit data were not
considered acceptable for use.

In addition to missing posted speed data, none of the data from the Texas jurisdictions included
usable functional class data. To overcome this shortcoming, the CFCC data from the ESRI data
set were used to provide this information for all counties in Texas.

GPS Data Cleaning

The GPS data were recorded in the data loggers as National Marine Electronics Association
(NMEA) Recommended Minimum Communication (RMC) codes; each RMC record
corresponds with one GPS location and contains date, time, location, speed, and heading
information. The GPS data loggers were designed to create a new log file each time the power
was cycled “on.” The data loggers were powered via a DC adapter plugged into the vehicle’s 12-
volt power adapter (cigarette lighter adapter). The intent was to create a new log file each time
the driver cycled the ignition “on” to start the vehicle. However, many of the vehicles had power
adapters that were constantly active regardless of the state of the key or ignition; in these
vehicles, the data loggers continuously logged data even when the vehicle was parked. To
complicate matters, power fluctuations caused by voltage drops during starting, transient voltage
spikes, and intermittent connections in the power adapter, caused most data loggers to
erroneously create new trip files at times when the vehicle was in motion during a trip. Finally,
some data records were incomplete or corrupted if the power to the data logger was interrupted
while the record was being written to the memory card.

A two-fold strategy was applied to compensate for these power management problems: (1) all
improperly formed NMEA RMC sentences were discarded and (2) all data files for a participant
were concatenated into one long file in order to splice together trips that were incorrectly
separated due to intermittent power problems. Two custom software tools were developed using
Visual Basic.net to perform these functions. The first tool checked each NMEA RMC record to
make sure that all fields in the record existed and were in the proper form. Any record that was



not complete or was malformed was discarded. The second tool concatenated all of the data files
into one long file in order to correct trips that were incorrectly separated into multiple files due to
power management problems. The output of the data-scrubbing and concatenation process was a
single file per participant that included the cleaned NMEA RMC records for all of the trips the
participant took, sequentially ordered with respect to time.

GIS/GPS Map Matching (Spatial Join)
After scrubbing, the GPS data were processed within the ArcGIS environment using a GIS/GPS
integration script written in Python. The processing script performed the following functions:

e Partition the GPS data into trips.

e Remove the first and last half mile or 90 seconds of data from each trip.

e Convert the GPS data into ArcGIS shapefiles.

e Join the GPS data with the roadway centerlines in the GIS map.

e Create an attribute table database.

e Create a manifest that indicated trip start and end times.

Each of these functions is described below.

Partition the GPS Data into Trips

Because all of the driving data for a single participant was contained in one concatenated file
after data cleaning, the data had to be parsed into trips. The post processing utility partitioned the
data into trips using the following criteria:

e \hicle was not moving for 10 minutes or longer. This criterion accounted for vehicles
with power constantly applied to the data logger because the logger continuously
recorded GPS points while the vehicle was parked.

It should be noted that the vehicle was considered stationary when the reported speed was
less than 3 mph because the GPS reported speeds of 0 to 3 mph when the vehicle was
actually stationary, due to GPS error when stationary.

e Elapsed time between GPS records 10 minutes or longer. This criterion accounted for
vehicles with power intermittently applied to the data logger because the concatenated
files for these vehicles exhibited temporal discontinuities between trips.

A ten-minute threshold was considered reasonable for determining the start of a new trip in order
to parallel the participants’ trip log entries. Although somewhat arbitrary, this threshold allowed
sufficient time for short-term stopping events, such as stopping at a light or dropping off children
at school on the way to work, to elapse without creating a new trip. Participants were instructed
during enrollment that they could aggregate multiple short trips, such as dropping off children at



school on the way to work, into one trip. However, stops that lasted more than ten minutes were
considered likely to reflect actual new trips.

The GPS/GIS integration script produced an intermediate data file for each trip a participant
took. These sequentially numbered files were used both in the final conversion of the data to
ArcGIS shapefiles and to create the trip manifest described below.

Remove the First and Last Half Mile or 90 Seconds of Data

Institutional Review Board (IRB) requirements mandated that the data from either the first and
last half-miles or the first and last 90 seconds (whichever is greater) of each trip be removed
from the data in order to protect the participants’ privacy. Removing this data ensured location
anonymity at the start and destination of each trip. The GPS/GIS integration script performed
this editing function.

Convert the GPS Data into ArcGIS Shapefiles

In order to import the GPS data into ArcGIS, the GPS data were converted from NMEA RMC
format to ArcGIS shapefiles. The GPS/GIS integration script created one shapefile for each
participant and populated its attribute table with the following data:

e Participant ID,

e Trip ID and trip file name (intermediate trip file),

e Date and time (Coordinated Universal Time (UTC) and local),
e Latitude and longitude,

e Vehicle speed, and

e Vehicle heading.

Join the GPS Data with the Roadway Centerlines in the GIS Map

The simplest way to associate GPS locations with roadways is to find the roadway that is
geometrically closest to the GPS point. In ArcGIS, this function is performed using a spatial join.
This method matches a majority of GPS points with the associated roadways; however, there is a
high risk of potential GPS/GIS mismatches. Intersections and areas with dense roadway
networks, such as complex freeway interchanges and on-ramps, are particularly vulnerable
because the closest GPS point does not always lie directly on top of its associated road. The
density and interconnection of these roads makes it highly likely that some GPS points will be
closer to the connected or intersecting roads than to the actual road being driven.

Other, more sophisticated algorithms exist that are more robust in reducing erroneous matches
when matching GPS points to the underlying roadway; however, we chose to use a spatial join
rather than one of these map-matching methods in order to reduce cost and development time
and to facilitate the project schedule. Strategies that we employed for correcting or compensating



for GPS matching errors are discussed in the Data Post-Processing and Data Validation sections
below.

The spatial join produced a single shapefile for each participant that included an attribute table
with the GPS data listed above and the GIS road data associated with the GPS location.

Create an Attribute Table Database

The ArcGIS shapefiles containing the joined GPS/GIS data are useful for performing geospatial
analyses. However, data analysis using traditional descriptive and inferential statistical methods
required that the data in the attribute tables be extracted in a form that can readily be used by
statistical analysis tools. The GPS/GIS integration script performed this extraction and saved the
attribute tables in dBASE IV format.

Create a Manifest that Indicated Trip Start and End Times
The GPS/GIS integration script created a single text file for each participant that included the
following information derived from the GPS date and time stamps:

e Tracking ID — The participant ID number used in the participant tracking database, an
Access database used to manage participants and track the GPS equipment.

e Trip File — The file name of the intermediate data file associated with each trip.
e Trip ID — A unique trip identifier coded with the tracking ID, trip date, and trip start time.
e Trip Date — The date at the start of the trip.
e Trip Starting Time — The time at the start of the trip.
e Trip Ending Time — The time at the end of the trip.
It should be noted that the GPS units output the time using the UTC, which is approximately
equivalent to Greenwich Mean Time. The times entered in the manifest were converted to Pacific

Time in Seattle and Central Time in Texas. All times were adjusted for either Daylight Savings
Time or Standard Time during the respective seasons.

In summary, the final outputs of the GIS/GIS integration script included one ArcGIS shapefile
with joined GPS/GIS data, one attribute table database, and one trip manifest for each
participant.

Trip Manifest Processing

An Access database for holding trip information was created for each participant. Electronic
versions of the trip logs were downloaded from SurveyMonkey and imported into a table in the
database using a custom software tool to automate the importation process. The software tool
also imported trip manifests that were generated by the GPS/GIS integration script into another
table in the database. Using a custom form in the database, the trips in the trip log tables were



manually matched with the corresponding trips in the manifest tables in order to associate self-
reported trips with the trips identified in the integrated GPS/GIS data.

Data Post-processing

A data post-processing software tool was developed using Visual Basic.Net in order to prepare
the data for analysis. The post-processor performed the following operations:

e Parse the data into 30-sec epochs.

e Correct erroneous intermittent road changes.

e Repair road functional class for Pierce County and Texas data.
e Calculate epoch statistics.

Each of these functions is described below.

Parse the Data into 30-second Epochs

One of the primary purposes for post-processing the data was to parse each trip for a participant
into 30-second epochs. The post-processor segmented the trips using the date and time stamps
for each sequential GPS data point. A new epoch was created if the time stamp of a GPS data
point was more than 30 seconds after the first GPS point in the epoch, regardless of the time
stamp of the previous point. Therefore, all epochs started on 30-second boundaries. Epochs for
which GPS data had been lost during data cleaning (due to power failures, corrupted data, etc.,)
had fewer than 30 data points in the epoch. In addition, epochs that occurred at the end of a trip
often had fewer than 30 data points. A field in the epoch database indicates the number of data
points in the epoch.

Correct Erroneous Intermittent Road Changes

During the spatial join, some GPS data points were mapped to the wrong road in the GIS map
because of proximity errors in which one (or more) data points were closer to an intersecting
road than to the road upon which the participant was driving. Figure B-1 illustrates this
phenomenon. In the figure, the vehicle is traveling on Mercer St., and the majority of points are
joined to that street. However, the indicated GPS point is erroneously joined to Warren Ave N.
because it is closest to that street.
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Figure A-1. Erroneous intermittent road changes.

The post processor corrected these errors by finding the running median road name within a
window of five GPS points. At each time point, five GPS data points—the most current GPS
data point, two preceding data points, and two following data points—were placed in a list and
sorted. The current GPS data point was replaced with the central data point from the sorted list.

Repair Road Functional Class for Pierce County

The form of the CFCC in Pierce County was not consistent with the other counties in the project:
it did not include the alphabetical prefix that indicates the feature class is a roadway. The post-
processor prefixed an “A” to the numerical CFCC code for each GPS data point in Pierce County
to ensure that the form was consistent throughout.

Calculate Epoch Statistics

The final function of the post-processor was to calculate a set of 135 variables that describe the
characteristics of each 30-second epoch in a trip. These variables include participant
demographic data, trip, and epoch identifiers, time and date of the epoch, trip duration, and
numerous descriptive statistics that characterize the driving within the epoch. Several flags are
also included that indicate status, quality, and validity of the data in the epoch.

The post processor produced five categories of data in the epoch database, as summarized in
Table A-2.



Table A-2. Epoch statistics.

Field Type Description
Identifier Fields Participant ID and demographics; trip and epoch ID; county; road-related variables that identify
name, class, and geospatial location.
Time Fields Trip date and time, absolute and relative position of the epoch within the trip.

Kinematics Fields Average, median, minimum, and maximum values for speed, acceleration, and deceleration;
speed variability measures; change in speed, heading, and acceleration within the epoch and
between previous and current epochs; posted speed variables.

Duration Fields Trip and epoch durations; time (percent of GPS samples) driven above threshold speed; time
on road
Status Fields GIS manually validated, number of road name changes in epoch, average distance from GPS

location to nearest road segment, worst-case source validity code from GIS map, number of
non-credible acceleration, deceleration, and heading changes.

A set of variables was included in the epoch data set that provides information about drivers’
speed profiles. These variables were used to record the percentage of time the vehicle was
traveling above various thresholds relative to the posted speed. Two types of these variables were
developed. The first describes the percentage of time in the epoch in which the vehicle traveled
above an absolute threshold—for example, the percentage of time the travel speed was greater
than 15 mph above the posted speed. The other type of variable captured the percentage of time
in the epoch in which the vehicle traveled above a percentage of posted speed—for example, the
percentage of time the travel speed was greater than 120% of the posted speed.

Figure B-2 illustrates how these variable sets describe the speed profile in a cumulative fashion.
In this example, the percentage of time traveled above absolute posted speed thresholds are given
in the variables. For example, TimeatPS_10mph refers to the percentage of time the vehicle
traveled faster than 10 mph above the posted speed, while TimeatPS_M10mph indicates
percentage time the vehicle traveled faster than 10 mph below the posted speed.



Figure A-2. Example of the time profile variables.

The numerical values associated with each variable indicate the count of GPS samples that
exceed the respective threshold divided by the total number or GPS samples in the epoch. The
figure illustrates the following:

All driving in the epoch occurred above the posted speed. All variables with
thresholds less than zero mph above the posted speed (TimeatPS_LT3mph to
TimeatPS_POmph) are one, indicating that all GPS data points in the epoch were driven
at speeds above the posted speed.

The vehicle exceeded the posted speed by at least 5 mph 87% of the time. The
TimeatPS_P5mph indicates that 87% of the GPS data points in the epoch were driven at
speeds of more than 5 mph above the posted speed.

The vehicle exceeded the posted speed by at least 10 mph 43% of the time. The
TimeatPS_P5mph indicates that that 43% of the GPS data points in the epoch were
driven at speeds of more than 10 mph above the posted speed.

At no time did the vehicle exceed 15 mph over the speed limit. All variables with
thresholds greater than 10 mph above the posted speed (TimeatPS_P15mph to
TimeatPS_P50mph) are zero, indicating that no GPS data points were driven at speeds of
more than 15 mph above the posted speed.

These variables were used as part of the data filter criteria described below as well as in data
analysis.

Post Processor Output

The final output of the post-processor was an Access database for each participant that contained
the 135 fields of data for each epoch. All of the individual participant databases were merged into
one large database for final analysis.
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Appendix B:
Description of Data Validation Activities

A key requirement throughout all aspects of the project was that the data used in the data
analyses must be of the highest possible quality in order to obtain reliable results and maintain
high confidence in our conclusions. There were a number of data integrity challenges and checks
used throughout our post-processing activities associated with: the GIS data, the GPS data,
spatial joins, the development of epoch data sets, and validating the trip logs. Below, Tables B-1
through B-4 summarize the data integrity challenges that were associated with the GIS data, GPS
data, spatial join, and epoch data. The final column in the table describes how we addressed these
challenges to data quality.

GIS Data

The goal for GIS data validation was to ensure that the road segments upon which participants
drove were associated with accurate posted speed and functional class information. Table B-1
summarizes the data integrity issues that were encountered in the project and describes the
mitigations that were employed to address these errors and minimize their impact on the final
data analysis. The table describes the following:

e Key data fields and sources.

e Missing data issues, including what data were affected, the cause of data loss, and the
steps that were used to mitigate data loss.

e Data integrity issues, including what data were affected, the cause of data loss, and the
steps that were used to mitigate data integrity.
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Table B-1. GIS data integrity challenges and mitigations.

Key Data Fields Source
Road Name County and State sources Comments
Posted Speed County and State sources. Washington State Department of
Transportation (WSDOT) posted speeds
were used for state roads in place of
county data (county data are retained).
Night Speed Not currently used. Represents lower nighttime speed on
certain Texas roads.
Road Class County and State sources. Census Feature Class Code (CFCC) was
used for both sites.
Other Data (County, zip codes, shape info).
Participant Code Randomly generated. Unique, random code for each participant
protects anonymity.
Data Loss Issues Data Affected Cause and Magnitude Data Fixes/Transforms

Missing Roadway

All GIS data for

Data not available. Usually occurs

Blank data fields were changed to 0.

Information certain roads. on minor roads in Washington; Data missing posted speed were excluded
affects a greater percentage of from analysis.
roads in Texas.

No Posted Speed Data | All GIS data for | Data not available. Avoided recruiting drivers that reside in

for Snohomish Co.
Roads

Snohomish Co.

this county.

Used WSDOT data for state routes in
Snohomish Co.

Data Integrity Issues

Data Affected

Cause and Magnitude

Data Fixes/Transforms

Inaccurate or Out-of-
Date Roadway Data

Posted speed or
functional class.

Data is different from what drivers
encounter. Large (15+ mph)
differences can be identified, but
smaller differences cannot be easily
found.

Posted speeds for I-5, I-405, and SR-520
(Seattle) were replaced with known posted
speeds.

Only used validated data in analysis.

Inaccurate County All GIS county County GIS data set did not Combined WSDOT GIS data with County
Data for WSDOT data for state maintain accurate roadway data for | data.

Roadways roadways. state roads.

Incompatible Data All GIS data. Individual jurisdictions have different | Included only the most common data

Fields across Merged
Databases

data definitions and requirements
for many of the types of data.

fields—road name, posted speed, road
class—in the final GIS map.

Used CFCC from ESRI data in counties
without functional class data.

Excluded from analysis roads without
posted speed or functional class data.

Our strategy for addressing data quality issues related to posted speed included two parts: (1)
manually verifying posted speeds and (2) excluding from the analysis those roads for which there
was insufficient traffic to warrant the time and effort required to perform validation. The process
for validating posted speeds in Seattle and Texas included the following steps:

e Generate a list of roads with excessive speeding. A query in the epoch database was
developed that listed roads on which at least one participant traveled at least 15 mph
above the posted speed.
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Identify the most heavily traveled roads with excessive speeding. The list was sorted
by frequency of travel; roads that had a high frequency of excessive speeding events were
considered as potentially having incorrect posted speeds. These were targeted for
validation, with other roads to be validated as time permitted.

Manually identify posted speed on those roads. Two methods were used to identify
posted speed on the most heavily traveled roads:

1. In Texas, researchers drove an instrumented vehicle on the most heavily traveled
roads in the Bryan—College Station area and captured the locations of the speed limit
signs and their associated posted speeds using a GPS-based Dewetron event logger.
Whenever experimenters encountered a posted speed sign, they created a log entry
that included a textual description of the location and the posted speed. The Dewetron
automatically assigned to the log entry the GPS coordinates of the instrumented
vehicle at the time of the entry was logged. This activity was performed not only to
validate existing posted speeds but also to increase the number of roads in the GIS
database by identifying posted speeds for roads without posted speed.

2. In Seattle, researchers used Google Street View to virtually “drive” on the most
heavily traveled roads. Posted speed signs were located in the Street View images,
their locations were noted, and location “pinpoints” for each sign were created and
saved in KML format. The pinpoints were converted to ArcGIS shapefiles and
imported into the GIS map to assist in locating the posted speed signs using ArcGIS.
The list of target roads was also updated with the correct posted speed.

Edit the posted speeds on the GIS map. The GIS maps for both Seattle and Texas were
edited to reflect the results of the manually collected posted speeds. The original posted
speeds for all road segments were copied to a separate attribute in the GIS database in
order to retain a record of the original posted speed. The GIS map was then edited to
correct the road segments that had incorrect or nonexistent posted speeds. All manually
validated road segments were flagged to indicate that they had been validated, regardless
of whether the posted speed was changed during editing. This flag was later used as a
filtering criterion when preparing the data for final analysis; only those roads that were
validated were used in the analysis.

GPS Data

The purpose of GPS validation was to ensure that the epochs used in the analysis included
accurate GPS driving data. Table B-2 summarizes the GPS errors associated with the equipment
chosen for the project and the countermeasures that were employed to address these errors and
minimize their impact on the final data analysis. The table describes the following:

Key data fields and sources.

Missing data issues, including what data were affected, the cause of data loss, and the
steps that were used to mitigate data loss.

Data integrity issues, including what data were affected, the cause of data loss, and the
steps that were used to mitigate data integrity.
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Table B-2. GPS data integrity challenges and mitigations.

Key Data Fields

Source

Comments

Trip Number

GPS unit power-on creates a new, sequentially numbered file.

Vehicle Position

GPS chip — Recorded in NMEA sentence.

Position error increases when vehicle
speed < 3 mph.!

Vehicle Speed Satellite signal differential. Speed error increases when vehicle speed
is < 3mph.
Heading GPS chip — Recorded in NMEA sentence. Heading error increases when vehicle

speed is < 3mph.

Record Date/Time

Satellite time signal — UTC.

— Must be converted to local time.
— Conversion must account for daylight or
standard time.

Data Loss Issues Data Affected Cause and Magnitude Data Fixes/Transforms
GPS Signal Loss All datain a Loss of signal from overpasses, Unrecoverable—no data recorded for these
record. tunnels, etc. conditions.
GPS Device Power All GPS data Intermittent or sustained power loss Manifest script combines each separate trip
Loss during that time. affecting GPS data for the duration of file into a single file and parses them back

the power loss.

into trips based on either of two criteria: (1)
vehicle has stopped for > 10 min or (2) time
between adjacent GPS points is > 10 min.

Data Integrity Issues

Issue type and impacts on data quality

Data Fixes/Transforms

Multipath Error

Vehicle position, Multipath error causing position

speed, heading. information to have incorrect value with
large deviation from previous valid
values. Affects small percentage of

Difficult to detect—can infer possible
multipath by examining erratic speed,
acceleration, and/or head changes. Not
implemented.

data.
Continuous Power to Trip number. Continuous power in some vehicles Manifest script parses continuous file into
GPS Units means that vehicle ignition does not trips based on either of two criteria: (1)
mark a new trip. Data are recorded as a | vehicle has stopped for > 10 min or (2) time
single trip with long periods of inactivity | between adjacent GPS points is > 10 min.
between actual trips.
GPS Power Supply Trip number. Power surges/transients and Manifest script combines each separate trip
intermittent power interruptions cause file into a single file and parses them back
premature termination of files, and the into trips based on either of two criteria; (1)
second part of a trip to be improperly vehicle has stopped for > 10 min or (2) time
marked as the next new trip. between adjacent GPS points is > 10 min.
Corruption of NMEA Some data fields Power or other issues can cause the GPS data point is removed from the data
Sentences in a record. GPS unit to log an incomplete or set.
corrupt NMEA sentence, which as
missing data fields. Typically, only one
or a few seconds of records are lost.
Most often occurs in the last record in
the trip.
Translation of NMEA All data. No impact — other than data Redundant check of NMEA sentence during
Sentences to Useable transformation. translation to ensure correct data format.
Data Fields

! The GPS intermittently reports erroneous speed, position, and heading when the vehicle is stationary. In this condition, the GPS may

report travel speeds of up to 3 mph, and headings are unpredictable. To counteract these effects, a vehicle is considered stationary
throughout the entire scope of data processing when the reported travel speed is 3 mph or less.
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The largest challenges to GPS data quality were related to the power management issues
described in the GPS Data Cleaning section above. A small percentage of GPS NMEA records
were corrupted or truncated because of transient power interruptions that occurred while the data
logger was writing the records to the memory card. The GPS Data Cleaning software utility was
used to validate each NMEA sentence by examining each data field in the sentence. The entire
GPS record was discarded if any data field was missing or if the data within the field did not
conform to expected values or format. Numeric values were tested to make sure they were within
the range of possible or reasonable values, and the time and date fields were validated against the
expected format. Finally, the record’s checksum was calculated and verified against the stated
checksum at the end of the NMEA sentence.

The final concatenated file was also checked to make sure the individual GPS log files were
complete in the concatenated file. The concatenated files for a random sample of participants
were manually examined and the lines where one log file ended and a new one began were
located. These lines were manually compared to the last and first lines from the original log files
respectively to make sure that they existed and were complete in the concatenated file. In a select
number of concatenated files, the locations of GPS records that were removed because of corrupt
or incomplete data were validated to make sure those records were not included in the
concatenated files.

Multipath errors were found to affect none of the epochs for which speeding of more than

15 mph over the speed limit was observed. That is, all epochs that were affected by multipath
errors were filtered out of the data by other filter criteria. Therefore, no attempt was made to
correct or compensate for multipath errors.

Spatial Join
The spatial join is a standard routine found in ArcGIS that was used to match GPS coordinates

with the nearest road segment from the road network database. Table B-3 summarizes the data
integrity challenges related to the spatial join and the steps we took to compensate for them.
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Table B-3. Data integrity challenges and mitigations related to spatial join.

Key Data Fields Source Comments
Distance from Perpendicular between GPS vehicle coordinate nearest
Roadway point of joined roadway.
Local Time UTC converted to local time.
Data Loss Issues Data Affected Cause and Magnitude Data Fixes/Transforms
First and Last Half Mile | All driving data | IRB confidentiality requirement. Unrecoverable.
or 90 Sec of Travel during in those | Participants that driver shorter trips Short trips (less than 1 mile or 180 sec) are
Deleted time-periods. are disproportionately affected. discarded.
Data Integrity Issues Issue type and impacts on data quality Data Fixes/Transforms
GPS Coordinates Roadway data. | Errors in GPS position and/or GIS Posted speeds for Ramps, express lanes,
Matched to Incorrect map geometry. GPS points closer to | etc. on I-5, [-405, SR-520, and 1-90
Roadway ramps, express lanes, etc. parallel to | replaced with the speed limit of the
the roadway than to the actual road freeway/highway at the corresponding
centerline. location.
Non-roadway functional classes removed
from GIS data set.
Conversion of UTC Time data. Potential errors related to 12am Time correction algorithm implemented for
Code to Local Time transition, and adjustment required both 12 am transitions and DST.
for DST.

One of the chief challenges associated with the spatial join was related to road density on Seattle
freeways, particularly in proximity to on- and off-ramps and the I-5 express lanes. Our strategy
for addressing these challenges was to treat these ramps and expressway the same as the freeway
by assigning the freeway posted speed to the ramp and changing the name of the ramp to the
same name as the freeway. This treatment did not complicate analysis during actual travel on
ramps because travel on ramps was excluded from the analysis.

Another challenge to data quality was related to the inclusion of non-roadway functional classes
in the maps. The county maps in the Seattle area included railways, pedestrian stairs, and
pedestrian trails/walkways. Many GPS points were erroneously joined to these alignments when
they occurred near drivable streets. To correct these errors, the Seattle map was edited to remove
all alignments that were not drivable roads, and the GPS data were re-joined with the map.

Some driving occurred on roads that were outside the designated driving areas for both the
Seattle and Texas sites. In addition, some driving occurred in parking lots, alleys, or other roads
that did not exist on the GIS maps. Because the spatial join merges a GPS point to the closest
road, these extraneous points were incorrectly matched to roads that were sometimes miles away
from the GPS point. These extraneous GPS points were ignored during the spatial join if they
were more than 100 feet from any road in the map. The resulting records contained null values
for posted speed and road class, and they were therefore excluded from the analysis.
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Epoch Data Set
The epoch data set was used as the basis data for the analysis. Table B-4 summarizes the data

integrity challenges related to the epoch data set and the mitigations we employed to assure high
quality in the analysis data.

Table B-4. Epoch data integrity challenges and mitigations

Key Data Fields Source Comments
Identifier Fields Data processing—GPS trips and participant identifiers.
Time Fields GPS date and time.

Kinematics Fields Acceleration/deceleration, speed, heading range, etc.

Duration Fields Seconds driven below individual speed thresholds.

Status Fields Flags to indicate data integrity.
Data Loss Issues Data Affected Cause and Magnitude Data Fixes/Transforms
None

Data Fixes/Transforms

Data Integrity Issues

Issue type and impacts on data quality

Errors in Statistical
Calculations

Independent verification of calculations
using MS Excel.

Contamination of
Epoch Data from
Mismatched Road

Only epochs with homogeneous road
name used in the analysis in Seattle.

Used modal posted speed to reduce

Data sensitivity to transient errors in mismatch.

Removed epochs with “Ramp” in the
modal road name in Seattle.

Aggregation of the GPS/GIS data set into epochs resulted in 135 data fields in the epoch data set,
which included statistical calculations, time/date conversions from UTC to local time, and
calculation of status flags that indicated the validity of various aspects of the epoch data records.
In order to ensure that these calculations produced consistent, accurate results, an independent
verification of all calculations was performed in Microsoft Excel using random subsets of time-
series data. The calculations in the post-processing tool were duplicated in Excel for each
variable, and the results compared with the results from the post processor.

The time series data were generated during post processing by copying the data from each
NMEA record to a comma delimited file. Random samples of the resultant time-series data were
validated by manually comparing the data in each field against the raw NMEA codes in the
corresponding GPS data files.

An epoch can contain inaccuracies if one or more GPS data samples in the epoch are incorrectly
matched with the roadway. Typically, the road name changes briefly for one or a few GPS
samples and then reverts to the original road name. In order to avoid this type of contamination
in the epoch data, all epochs that contained more than one road name (after filtering for road
name “flipping”) in the Seattle site were excluded from the analysis during data filtering (see
Final Data Filtering below).
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Trip Log Validation

Completed trip-log data from all participants were manually verified for accuracy. All online
entries provided by participants were checked against any hardcopy versions. Any hardcopy
entries that were not entered online were entered by the researchers. If there was a mismatch
between the hardcopy and online versions of the same trip, the hardcopy version was typically
used as the correct version since it was most likely to be completed sooner after the trip was
taken (the instructions for entering the online information was to do them at the end of each day).
The exceptions were obvious typographic errors in the hardcopy versions (e.g., date out of
range).
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Appendix C:
Personal Inventory Questions

Driving Study Start-up Questionnaire

Participant ID Number:
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Driving Behavior Questionnaire

As part of your participation in this study, you are being asked to complete a set of
questionnaires. These questionnaires should 15 to 25 minutes to complete and cover several
topics, including

Demaographic information

Travel behavior

General driving behavior

“Risky” driving events and actions

General interests and preference

Some of the questions cover traffic violations or “risky” driving behaviors. We are asking these
questions because they are things that some or most people do while driving. We ask that you try
to provide honest and thoughtful responses to these questions to help us gain a better
understanding of driver behavior. Please note that your answers will be kept STRICTLY
CONFIDENTIAL and ANONYMOUS and they will not be connected with any of your personal
or identifying information. However, if you do not want to answer a specific question, you are
not required to do so.

The questionnaire is divided into separate sections, and some sections have special instructions
for answering. Please read these instructions carefully.
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Demographic Information

Age:

Sex

O Male
O Female

What is your household income?

O Under $15,000

O $15,000 - $29,999
O $30,000 - $44,999
O $45,000 - $59,999
O $60,000 - $74,999
O $75,000 - $89,999
O $90,000+

What is the highest level of education that you obtained?

O Did not complete high school
O High School/GED Diploma
O Associate Degree

O Bachelors Degree

O Masters Degree

O Doctorate Degree

O Other

What is your marital status?

O Single, never married

O Single, divorced

O Single, widowed, widower
O Separated

O Married
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Do you have children?

O No
O One or more living with you most of the time
O One or more not living with you most of the time

How many miles do you drive each week?

O Less than 50
O 50-100

O 100 - 200

O 200 - 300

O More than 300

What is the year, make, and of the vehicle you will be driving in this study?

Year
Make
Model
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Travel Behavior Questions

INSTRUCTIONS: The questions below require you to describe aspects about your travel
planning and how you select your driving route. For each item you are asked to indicate how
often, if at all, each situation or event applies to you. Base your judgments on what you
remember of your own driving over the past year.

1) How often do you check traffic conditions before you drive somewhere?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

2) During familiar trips (e.g., driving to work), how often do you change your travel route
prior to departing to avoid congestion?

O Never @) Hardly O Occasionally O Quite @ Frequently @) Nearly All
Ever Often the Time

3) During familiar trips (e.g., driving to work), how often do you change your travel route
part way through your trip to avoid congestion?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

4) When driving somewhere you have never been before, how often do you change your
travel route part way through your trip to avoid congestion?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time

5) How often do you drive faster to make up for time lost due to traffic congestion?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time

6) How often to do leave early if you have to be somewhere at a specific time (e.g., work or
an appointment)?

O Never O Hardly O Occasionally O Quite O Frequently O Nearly All
Ever Often the Time
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Manchester Driver Behavior Questionnaire

INSTRUCTIONS: The questionnaire below requires you to judge the frequency of your own
driving actions, errors, and violations. For each item you are asked to indicate how often, if at all,
this kind of thing has happened to you. Base your judgments on what you remember of your own
driving over the past year.

1) How often do you ever attempt to drive away from traffic lights in the wrong gear?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time

2) How often do you ever become impatient with a slow driver in the fast lane and pass on
the right?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time

3) How often do you ever drive especially close to a car in front as a signal to the driver to
go faster or get out of the way?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

4) How often do you ever attempt to pass someone that you hadn't noticed was trying to
make a left turn?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

5) How often do you ever forget where you left your car in a parking lot?

O Never O Hardly O Occasionally O Quite O Frequently O Nearly All
Ever Often the Time
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6) How often do you ever turn on one thing, such as your headlights, when you mean to
switch on something else, such as the windshield wipers?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

7) How often do you ever realize that you have no clear recollection of the road along which
you have just been traveling?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

8) How often do you ever stay in a lane that you know will be closed ahead, and then at the
last minute force your way into the lane that is open?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

9) How often do you ever cross an intersection knowing that the traffic light has already
changed from yellow to red?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time

10) How often do you ever fail to notice that pedestrians are crossing when turning onto a
side street from a main road?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time

11) When angered by another driver's behavior, how often do you ever catch up to them
with the intention of giving him/her “a piece of your mind?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time
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12) How often do you ever misread the signs and turn the wrong direction on a one-way
street?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

13) How often do you ever pull out far enough onto a road that you block traffic until you
can complete a turn or get across?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

14) How often do you ever disregard the speed limits late at night or early in the morning?

O Never @) Hardly O Occasionally O Quite O Frequently @) Nearly All
Ever Often the Time

15) When turning right, how often do you ever nearly hit a bicyclist who is riding along
side of you?

O Never @) Hardly O Occasionally O Quite @ Frequently @) Nearly All
Ever Often the Time

16) When attempting to turn onto a main road, how often do you pay such close attention
to traffic on the road you are entering that you nearly hit the car in front of you that is also
waiting to turn?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time

17) How often do you ever drive even though you realize you might be over the legal blood
alcohol limit?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time
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18) How often do you ever become angered by a certain type of driver, and indicate your
hostility in whatever way you can?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

19) How often do you ever underestimate the speed of an oncoming vehicle when
attempting to pass a vehicle in your own lane?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

20) How often do you ever hit something when backing up that you had not previously
seen?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

21) While intending to drive to destination A, how often do you ever you 'wake up' to find
yourself on a road to destination B, perhaps because destination B is a more common
destination?

O Never @) Hardly O Occasionally O Quite @ Frequently @) Nearly All
Ever Often the Time

22) How often do you ever get into the wrong lane approaching an intersection?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time

23) How often do you honk your horn or make an obscene gesture to indicate your
annoyance at another driver?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time
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24) How often do you ever miss “yield” signs, and narrowly avoid colliding with other
traffic that has the right of way?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

25) How often do you ever fail to check your mirrors before pulling out, changing lanes,
merging, etc?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

26) How often do you ever get involved in ‘races’ with other drivers on a roadway or from a
stop light?

O Never @) Hardly @) Occasionally O Quite @) Frequently @) Nearly All
Ever Often the Time

27) How often do you ever brake too quickly on a slippery road or steer the wrong way into
a skid?

O Never @) Hardly @) Occasionally @) Quite @) Frequently @) Nearly All
Ever Often the Time
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CARDS Driver Behavior Questionnaire

INSTRUCTIONS: People feel differently about how safe or how dangerous different types of
driving behaviors are and factors such as time of day, road conditions, and congestion affect the
way people drive. The following set of questions asks about specific driving activities or events
that you may have engaged in during the past 3 months. Please estimate how frequently you
think they occurred.

1) In the past 3 months while driving, how often did you . . .

Drive when sleepy and find it hard to keep your eyes open?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently @) the Time

2) In the past 3 months while driving, how often did you . . .

Take risks while driving because it’s fun, such as driving fast on curves or “getting air”?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently @) the Time

3) In the past 3 months while driving, how often did you . . .

Not yield the right of way?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently O the Time

4) In the past 3 months while driving, how often did you . . .

Make a U-turn where the sign said not too?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently @) the Time
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5) In the past 3 months while driving, how often did you . . .

Take more risks because you were in a hurry?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently @) the Time

6) In the past 3 months while driving, how often did you . . .

Drive at your normal speed during bad driving conditions such as road construction, rain,
ice, or snow?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently @) the Time

7) In the past 3 months while driving, how often did you . . .

Accelerate when a traffic light turns yellow?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently O the Time

8) In the past 3 months while driving, how often did you . . .

Drive to reduce tension?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently @) the Time

9) In the past 3 months while driving, how often did you . . .

Do other things while driving, like use cell phone, eat or drink, put on makeup, read things,
or smoke cigarettes?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently @) the Time

10) In the past 3 months while driving, how often did you . . .

Drive 10-20 mph over limit?

Hardly . Quite Nearly All
O Never O Ever O Occasionally O Often O Frequently @) the Time
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11) In the past 3 months while driving, how often did you . . .

Drive more than 20 mph over limit?

Hardly . Quite
O Never @) Ever O Occasionally O Often

12) In the past 3 months while driving, how often did you . . .

Not yield to pedestrians?

O Never @) Hardly O Occasionally O Quite
Ever Often

13) In the past 3 months while driving, how often did you . . .

Drive without wearing a safety belt?

Hardly . Quite
O Never O Ever O Occasionally O Often

14) In the past 3 months while driving, how often did you . . .

Turn without signaling?

Hardly . Quite
O Never O Ever O Occasionally O Often

15) In the past 3 months while driving, how often did you . . .

Pass where visibility was obscured?

Hardly . Quite
O Never O Ever O Occasionally O Often

16) In the past 3 months while driving, how often did you . . .

Not make a full stop at stop sign?

Hardly . Quite
O Never O Ever O Occasionally O Often
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17) In the past 3 months while driving, how often did you . . .

Cut in front of another driver?

Hardly . Quite
O Never @) Ever O Occasionally O Often

18) In the past 3 months while driving, how often did you . . .

Use the shoulder to pass in heavy traffic?

O Never @) Hardly O Occasionally O Quite
Ever Often
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Zuckerman Interest and Preference Questionnaire

INSTRUCTIONS: Please complete the following questions. There are no right or wrong
answers, everyone is an individual, just respond to the statement. For each statement, choose
either true or false. If you do not like either choice, mark the choice you dislike the least.

1.

| like to have new and exciting experiences and sensations even if they are a little
frightening.
O True O False

| like doing things just for the thrill of it.
O True O False

| sometimes do "“crazy" things just for fun.
O True O False

| sometimes like to do things that are a little frightening.
O True O False

| enjoy getting into new situations where you can't predict how things will turn out.

O True O False

I'll try anything once.
O True O False

| prefer friends who are excitingly unpredictable.
O True O False

I like "wild" uninhibited parties.

O True O False

I would like the kind of life where one is on the move and traveling a lot, with lots of

change and excitement.

O True O False
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10. I am an impulsive person.

O True O False

11. 1 like to explore a strange city or section of town by myself, even if it means getting lost.
O True O False

12. 1 would like to take off on a trip with no preplanned or definite routes or timetables.

O True O False

13. Before | begin a complicated job, I make careful plans.
O True O False

14. 1 very seldom spend much time on the details of planning ahead.

O True O False

15. | tend to begin a new job without much advance planning on how | will do it.

O True O False

16. 1 usually think about what | am going to do before doing it.
O True O False

17. 1 often do things on impulse.

O True O False

18. | often get so carried away by new and exciting things and ideas that I never think of
possible complications.
O True O False

19. | tend to change interests frequently.

O True O False
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Driving Study Close-out Questionnaire

Participant ID Number:
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Travel Speed Questionnaire

One of the topics that we are investigating in this study has to do with the factors that affect
driver’s travel speed choices. The following questions ask about your beliefs and attitudes
towards speed selection.

We ask that you try to provide honest and thoughtful responses to these questions to help us gain
a better understanding of driver behavior. Please note that your answers will be kept STRICTLY
CONFIDENTIAL and ANONYMOUS and they will not be associated with any personal or
identifying information.

IMPORTANT: Most of the questions refer to driving within or near the speed limit. You should
take this to mean the posted speed for a roadway, plus or minus a few miles per hour. Although it
is generally recognized that drivers can go 5-10 mph faster than the posted speed limit and not
have to worry about getting a speeding ticket, for the purpose of this questionnaire please
answer the questions using the posted speed plus or minus a few mph as the reference point.

To what extent do you agree or disagree with the following statements about
driving within or near the posted speed limit?

Driving within or near the speed limit...

Puts pedestrians at less risk

Strongly Disagree Somewhat Neutral Somewhat Agree Strongly
Disagree Disagree Agree Agree
1 2 3 4 5 6 7

Driving within or near the speed limit...

Reduces my chances of an accident

Strongly Disagree Somewhat Neutral Somewhat Agree Strongly
Disagree Disagree Agree Agree
1 2 3 4 5 6 7
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Driving within or near the speed limit...

Makes it difficult to keep up with traffic

Strongly Disagree Somewhat Neutral
Disagree Disagree
1 2 3 4

Driving within or near the speed limit...

Uses less fuel

Strongly Disagree Somewhat Neutral
Disagree Disagree
1 2 3 4

Driving within or near the speed limit...

Annoys other drivers

Strongly Disagree Somewhat Neutral
Disagree Disagree
1 2 3 4

Driving within or near the speed limit...

Holds up traffic

Strongly Disagree Somewhat Neutral
Disagree Disagree
1 2 3 4

Driving within or near the speed limit...

Takes me longer to reach my destination

Strongly Disagree Somewhat Neutral
Disagree Disagree
1 2 3 4
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Driving within or near the speed limit...

Makes me feel annoyed

Strongly Disagree Somewhat Neutral Somewhat Agree Strongly
Disagree Disagree Agree Agree
1 2 3 4 5 6 7

Driving within or near the speed limit...

Makes me feel relaxed

Strongly Disagree Somewhat Neutral Somewhat Agree Strongly
Disagree Disagree Agree Agree
1 2 3 4 5 6 7

Driving within or near the speed limit...

Makes me feel bored

Strongly Disagree Somewhat Neutral Somewhat Agree Strongly
Disagree Disagree Agree Agree
1 2 3 4 5 6 7

Driving within or near the speed limit...

Makes me feel safer

Strongly Disagree Somewhat Neutral Somewhat Agree Strongly
Disagree Disagree Agree Agree
1 2 3 4 5 6 7
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Driving within or near the speed limit...

Makes it easier to detect hazards

Strongly Disagree Somewhat Neutral Somewhat
Disagree Disagree Agree
1 2 3 4 5

Driving within or near the speed limit...

Makes me feel more in control of my vehicle

Strongly Disagree Somewhat Neutral Somewhat
Disagree Disagree Agree
1 2 3 4 5
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While driving in the next three months, how likely/unlikely is it that you would
drive within or near the speed limit under the following circumstances?

Driving when late/in a rush

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving when others are exceeding the speed limit

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving in traffic calmed areas (e.g., with small roundabouts, speed bumps,
special warning signs, etc)

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving in a fast/powerful car

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving when carrying passengers who want you to drive fast

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7
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While driving in the next three months, how likely/unlikely is it that you would
drive within or near the speed limit under the following circumstances?
...[continued]

Driving when carrying passengers who want you to drive slow

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving when many pedestrians are around

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving on quiet roads in the day

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving on quiet roads at night

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7
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While driving in the next three months, how likely/unlikely is it that you would
drive within or near the speed limit under the following circumstances?
...[continued]

Driving when the speed limit is clearly signed

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving on long straight roads

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7

Driving in areas where there are speed cameras

Very Unlikely Unlikely Somewhat Neither Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7
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The following questions ask about how people that are important to you would
influence your driving behavior. The words “important people” should be taken
to mean the family members, friends, peers, or others that have the greatest
influence on the choices you will make in the next three months.

People who are important to me disagree/agree that | should keep within or near the speed
limit while driving in the next 3 months.

Strongly Disagree Somewhat Neutral Somewhat Agree Strongly
Disagree Disagree Agree Agree
1 2 3 4 5 6 7

People who are important to me would disapprove/approve of my keeping within or near
the speed limit while driving in the next 3 months.

Strongly Disapprove Somewhat Neutral Somewhat Approve Strongly
Disapprove Disapprove Approve Approve
1 2 3 4 5 6 7

People who are important to me think that I should not/should keep within or near the
speed limit while driving in the next 3 months.

Absolutely Should Not Somewhat Neutral Somewhat Should Absolutely
Should Not Should Not Should Should
1 2 3 4 5 6 7
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How much do you think that the following groups of people will influence
whether or not you drive within or near the posted speed limit in the three

months?

Friends of the same sex

Not at All

Friend of the opposite sex

Not at All

Parents/children

Not at All

Spouse/partner

Not at All

The police

Not at All

Most other drivers on the road

Not at All

A Little

A Little

A Little

A Little

A Little

A Little

Moderately
So

4

Moderately
So

4

Moderately
So

4

Moderately
So

4

Moderately
So

4

Moderately
So

4
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While driving in the next three months, to what extent do you think that driving
within or near the speed limit is within your control?

I believe that | have the ability to keep within or near the speed limit while driving in the
next 3 months (I definitely do not-1 definitely do).

Definitely Do Probably Do  Somewhat Do Unsure Somewhat Do Probably Do  Definitely Do
Not Not Not

1 2 3 4 5 6 7

If it were entirely up to me, I am confident that | would be able to keep within or near the
speed limit while driving in the next 3 months (strongly disagree-strongly agree).

Strongly Disagree Somewhat Neutral Somewhat Agree Strongly
Disagree Disagree Agree Agree
1 2 3 4 5 6 7

If I kept within or near the speed limit while driving it would be . . . (very difficult-very
easy).

Very Difficult Difficult Somewhat Neutral Somewhat Easy Very Easy
Difficult Easy
1 2 3 4 5 6 7

How much do you want to keep within or near the speed limit while driving in the next 3
months (not at all-very much)?

Not at All Very Little A Little Moderately Quite a Bit Very Much Extremely So
So
1 2 3 4 5 6 7
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How likely or unlikely is it that you will keep within or near the speed limit while driving in
the next 3 months (very unlikely-very likely)?

Very Unlikely Unlikely Somewhat Neutral Somewhat Likely Very Likely
Unlikely Likely
1 2 3 4 5 6 7
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The following set of questions refer to how fast you would typically drive on
different types of roads. Each question has an example of the type of road that
goes with the question, but it can also be any other similar road that you are
familiar with.

On a sunny day with no traffic ahead of you, at what speed would you typically be driving on
the following types of roads: (write in your chosen speed)

Suburban residential road with a 25 mph posted speed limit:

Main (arterial) road with 2 travel lanes in each direction in a built-up/developed area with
a 35 mph posted speed limit:
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Main (arterial) road with 2-3 travel lanes in each direction in a built-up/developed area
with a 45 mph posted speed limit (like the 522, Aurora Ave. etc):

Note: For the Texas driving location, the last four questions above were replaced with the
questions on the following pages.
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Neighborhood Road with a 30 mph posted speed limit

Main city road with 2 travel lanes with a posted speed limit of 45 mph (Ex: Wellborn Road)
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County Road serving farms, ranches and homes with a posted speed limit of 45 mph

4-Lane Highway without a median and a posted speed limit of 70 mph (Ex: sections of
FM 1179 or SH30)
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4-Lane Highway with a median and a posted speed limit of 70 mph (Ex: SH 21 from Bryan
to Caldwell)

2-Lane Highway with a 70 mph speed limit (Ex: SH 21 from Kurten to Madisonville or
FM 60 to Snook)
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4-Lane Highway with 2-way left turn lane and a posted speed limit of 70 mph
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Appendix D: Personal Inventory Responses

The tables have a consistent structure to make them easier to understand. Also, the question response
scales are provided below the table to facilitate interpretation of the summary results. Each table row
includes a summary of the question text and the average volume of the question responses within each
demographic group. The questions about attitudes, beliefs, and social norms regarding speeding are

included at the end of the Texas results section in a segment used to compare the attitudes between the
two locations.
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Seattle — General Travel Questions

The average responses to the general travel questions included in the personal inventory are included in Table D-1 below.

Table D-1. Seattle — Responses to the travel questions from the Personal Inventory.

. Older Older Younger Younger
iF - Sl Females Males Females Males
Q11 How often do you check traffic conditions before you drive somewhere? 310 258 2.50 2.73
Q12 During familiar trips (e.g., driving to work), how often do you change your travel route prior to departing to avoid congestion? 276 258 2.70 3.18
Q13 During familiar trips (e.g., driving to work), how often do you change your travel route part way through your trip to avoid congestion? 329 292 3.20 3.23
Q14 When d(lvmg somewhere you have never been before, how often do you change your travel route part way through your trip to avoid 904 246 200 999

congestion?
Q15 How often do you drive faster to make up for time lost due to traffic congestion? 338 333 3.90 3.82
Q16 How often to do leave early if you have to be somewhere at a specific time (e.g., work or an appointment)? 452 450 3.90 4.23
| Scale: Never (1) Hardly Ever (2) Occasionally (3) Quite Often (4) Frequently (5) Nearly all the time (6) |
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Seattle — Driver Behavior Questionnaire (DBQ) Questions

The average responses to the DBQ questions included in the personal inventory are included in Table D-2 below.

Table D-2. Seattle — Responses to the DBQ questions from the Personal Inventory.

Q# _ Survey Question Females Males _Femaies Nalos.
Q17 How often do you ever attempt to drive away from traffic lights in the wrong gear? 1.14 1.42 1.16 1.33
Q18 How often do you become impatient with a slow driver in the fast lane and pass on the right? 3.05 3.13 3.55 3.86
Q19 How often do you drive especially close to a car in front as a signal to the driver to go faster or get out of the way? 2.10 2.21 2.20 2.48
Q20 How often do you attempt to pass someone that you hadn't noticed was trying to make a left turn? 1.48 1.63 2.35 2.05
Q21 How often do you forget where you left your car in a parking lot? 2.52 2.29 2.25 1.73
Q22 How often do you turn on one thing, such as your headlights, when you mean to switch on something else, such as the windshield wipers? 2.10 1.79 1.55 1.36
Q23 How often do you realize that you have no clear recollection of the road along which you have just been traveling? 2.38 2.21 211 1.95
Q24 How often do you stay in a lane that you know will be closed ahead, and then at the last minute force your way into the lane that is open? 2.48 2.08 2.70 2.64
Q25 How often do you cross an intersection knowing that the traffic light has already changed from yellow to red? 1.76 1.79 1.95 2.09
Q26 How often do you fail to notice that pedestrians are crossing when turning onto a side street from a main road? 1.95 1.83 2.15 2.09
Q27 When angered by another driver's behavior, how often do you catch up to them with the intention of giving him/her “a piece of your mind? 1.40 1.57 1.35 1.82
Q28 How often do you misread signs and turn the wrong way on a one-way street? 1.35 1.58 1.35 1.32
Q29 How often do you pull out far enough onto a road that you block traffic until you can complete a turn or get across? 1.50 1.67 1.84 1.52
Q30 How often do you disregard the speed limits late at night or early in the morning? 2.19 3.00 3.00 3.23
Q31 When turning right, how often do you nearly hit a bicyclist who is riding along side of you? 1.10 1.46 1.35 1.32
When attempting to turn onto a main road, how often do you pay such close attention to traffic on the road you are entering that you nearly
Q32 hit the car in front of you that is also waiting to turn? 124 165 195 155
Y 9
Q33 How often do you drive even though you realize you might be over the legal blood alcohol limit? 1.29 1.29 1.45 1.27
Q34 How often do you become angered by a certain type of driver, and indicate your hostility in whatever way you can? 1.62 2.29 1.47 1.82
Q35 How often do you underestimate the speed of an oncoming vehicle when attempting to pass a vehicle in your own lane? 1.67 1.63 1.70 1.64
Q36 How often do you hit something when backing up that you had not seen? 1.62 1.54 1.50 1.36
Q37 While intending to drive to destination A, how often do you 'wake up' to find yourself on a road to destination B? 2.05 1.92 1.80 1.64
Q38 How often do you get into the wrong lane approaching an intersection? 171 1.75 1.55 1.86
Q39 How often do you honk your horn or make an obscene gesture to indicate your annoyance at another driver? 1.86 2.13 1.63 2.05
Q40 How often do you miss “yield” signs, and narrowly avoid colliding with other traffic that has the right of way? 1.43 1.46 1.35 1.23
Q41 How often do you fail to check your mirrors before pulling out, changing lanes, merging, etc? 171 1.67 1.80 1.45
Q42 How often do you get involved in 'races' with other drivers on a roadway or from a stop light? 1.00 1.17 1.35 1.59
Q43 How often do you brake too quickly on a slippery road or steer the wrong way into a skid? 1.43 1.58 1.60 1.59

| Scale: Never (1) Hardly Ever (2) Occasionally (3) Quite Often (4) Frequently (5)

Nearly all the time (6) |
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Seattle — Risk Questions

The average responses to the risk questions included in the personal inventory are included in Table D-3 below.

Table D-3. Seattle — Responses to the risk questions from the Personal Inventory.

@ Gy Females Nales Fomaiss Malés.
In the past 3 months while driving, how often did you...
Q44 Drive when sleepy and find it hard to keep your eyes open? 152 208 2.25 2.14
Q45 Take risks while driving because it's fun, such as driving fast on curves or “getting air"? 114 154 1.65 2.05
Q46 Not yield the right of way? 152 158 1.68 1.64
Q47 Make a U-turn where the sign said not too? 138 148 1.65 1.68
Q48 Take more risks because you were in a hurry? 210 233 2.74 291
Q49 Drive at your normal speed during bad driving conditions such as road construction, rain, ice, or snow? 224 246 2.70 291
Q50 Accelerate when a traffic light turns yellow? 252 271 3.45 3.18
Q51 Drive to reduce 