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EXECUTIVE SUMMARY

The lowa Motorcycle Operator Manual states that when a motorcycle and another vehicle
collide, more than half of these crashes are caused by drivers entering the rider’s right-of-way.
Furthermore, in crashes with motorcyclists, drivers often say they never saw the motorcycle.
Therefore, increasing motorcycle conspicuity could help address these issues, resulting in fewer
crashes (and injuries and damage).

Background

In 2009, the lowa Department of Transportation (DOT) awarded a contract to the Center for
Transportation Research and Education (CTRE) to study motorcycle conspicuity in lowa using
crash data analysis. That project, completed as of September 2010, reviewed previous studies on
motorcycle conspicuity with a focus on the effectiveness of proposed measures for enhancing
motorcycle conspicuity and examined the distribution of conspicuity-related factors in light and
dark conditions in two-vehicle crashes that could potentially relate to collisions between
motorcycles and other vehicles.

The limitations of examining motorcycle conspicuity by analysis of crash data were also
discussed. More specifically, potential conspicuity-related factors, such as rider clothing,
motorcycle color, helmet color, and motorcycle type, could not be collected from the crash
database.

Driving simulator studies provide a promising avenue for the desired information to be collected
in investigating motorcycle conspicuity. Driving simulators provide a safe, controlled
environment in which to study situations that are hazardous in the real world. In addition,
simulators enable the same situation to be presented to multiple participants, as well as multiple
situations to a single participant.

Objective and Scope

The objectives of this project were to determine the following:

e Impact of modulating headlight and rider clothing and helmet color on motorcycle
conspicuity in both urban and rural driving environments

e Differences in driver awareness of motorcyclists by age (younger versus older
drivers)

e Differences in the conspicuity of motorcycles seen from the front (oncoming
motorcycles) and from the rear (leading parked motorcycles)

Xi



Research Methodology

To achieve the research objectives, 36 participants completed three drives on a National
Advanced Driving Simulator (NADS)-2 driving simulator.

During two of the drives, participants were presented with six oncoming motorcycles and three
leading parked motorcycles, each with a different combination of rider color and headlight
configuration. Each of the nine motorcycles was present in either the urban or rural driving
environment.

Participants indicated when each motorcycle was first visible to them by pressing a button on the
steering wheel of the driving simulator. The detection distances from the motorcycles to the
participant vehicles were recorded. Participants were within one of two groups: younger drivers
(25 to 55) or older drivers (65 and older).

The recorded detection distances for the oncoming and leading parked motorcycles from the
participant vehicles were then used to analyze the simulator data. Motorcycles detected at greater
distances by study participants were considered more conspicuous.

This research then applied repeated measures analysis of variance to investigate the effect of
headlight configurations and rider color on motorcycle conspicuity in urban and rural
environments to younger and older driver (participant) groups.

For headlight configuration, the study compared daytime running lights (DRLs), high beam
lamps, and modulating headlights. For rider color, the study compared bright yellow, blue denim,
and black torso clothing and helmets.

The analysis was conducted separately for oncoming and leading parked motorcycles. It must be
noted that the implications of the detection distances reported in this study are relative rather
than absolute, given this study was conducted in a simulated environment.

Key Findings

Overall, the study results revealed that motorcycles with modulating headlights had longer
detection distances than high beams or DRLs for both younger and older drivers in both urban
and rural environments.

The results also indicated that motorcycle riders wearing bright yellow clothing and helmets
were detected at the longest distance by both younger and older drivers in both rural and urban
environments.

xii



1. INTRODUCTION
1.1 Problem Statement

Previous studies in the US and internationally suggest that low motorcycle conspicuity, or the
inability of the motorcyclist to be seen by other road users, is thought to be an important factor
associated with risk of motorcycle crashes. However, there has been limited research on
motorcycle conspicuity in the US in the past two decades, while, at the same time, there has been
a renewed interest from states in increasing motorcycle conspicuity and motorist awareness.

The lowa Motorcycle Operator Manual states when a motorcycle and another vehicle collide,
more than half of these crashes are caused by drivers entering a rider’s right-of-way.
Furthermore, in crashes with motorcyclists, drivers often say they never saw the motorcycle.
Increasing the conspicuity of the motorcycle would help address this issue.

1.2 Background Information

In 2009, the lowa Department of Transportation (DOT) awarded a contract to the Center for
Transportation Research and Education (CTRE) to study motorcycle conspicuity in lowa by
analysis of crash data. That project, completed as of September 2010, reviewed previous studies
on motorcycle conspicuity with a focus on the effectiveness of proposed measures for enhancing
motorcycle conspicuity, compared single-and two-vehicle motorcycle crashes, and examined the
distribution of conspicuity-related factors in light and dark conditions in two-vehicle crashes that
could potentially relate to a collision between a motorcycle and another vehicle.

The limitations of examining motorcycle conspicuity by analysis of crash data were also
discussed. More specifically, potential conspicuity-related factors, such as rider clothing, color of
motorcycle, helmet color, and motorcycle type, could not be collected from the crash database.

Driving simulator studies provide a promising avenue for such information to be collected in
research on motorcycle conspicuity. Driving simulators provide a safe, controlled environment in
which to study situations that are hazardous in the real world. In addition, simulators enable the
same situation to be presented to multiple participants as well as multiple situations to a single
participant.

Simulator data collection allows both between- and within-subject experimental designs and
enables consistent presentation of independent variables to allow comparisons across participant
groups and situations. In a nutshell, the researchers determined that the use of a driving simulator
would allow modification of factors influencing motorcycle conspicuity in this study.

This study was designed to determine the effect of two factors, headlight configuration and rider
color, on the conspicuity of a motorcycle to a driver of a passenger vehicle.



The rider color includes both the color of the torso and the helmet of a rider in this study. The
researchers expected that brighter rider colors and a modulating headlight make a motorcycle
more conspicuous to a driver. They also expected that some colors will increase the conspicuity
of the motorcycle more than others and that some combinations may have a greater impact. In
addition, the impact of headlight configuration and rider color factors on motorcycle conspicuity
is expected to vary by driver age (younger versus older drivers).

The results of this study will help make informed recommendations to the lowa DOT regarding
motorcycle-related campaigns and interventions.

1.3 Research Objectives and Tasks
These were the principal investigation objectives of this research:

e Impact of modulating headlight/rider color on motorcycle conspicuity in both urban
and rural driving environments

e Differences in driver awareness of motorcyclists by age (younger versus older
drivers)

e Differences in the conspicuity of motorcycles viewed from the front (oncoming
motorcycles) and from the rear (leading motorcycles)

Thirty-six participants completed a drive on a National Advanced Driving Simulator (NADS)-2
driving simulator. During the drive, they were presented with several motorcycles in their
driving environment, each with a different combination of rider colors and headlight
configurations. Participants indicated when each motorcycle was first visible to them by pressing
a button on or near the steering wheel of the driving simulator.

The participants were presented with both oncoming and leading motorcycles during their drive
in the simulator. For oncoming motorcycles, participants were presented with a combination of
headlight configurations and rider colors, while there were only a set of rider colors presented for
leading motorcycles.

The two primary dependent variables, detection distance and time to encounter, were calculated
based on participant button presses. The detection distance and time to encounter data were
analyzed to find out which rider colors and headlight configurations, both individually and in
combination, made the motorcycles in the driver’s environment the most conspicuous, as
indicated by larger detection distance and longer time to encounter.

To achieve the study objectives, the following tasks were conducted.

Task 1: Establish a technical advisory committee (TAC) for the project

Potential technical advisory committee (TAC) members were identified in consultation with
representatives from the lowa DOT Office of Traffic and Safety and Motorcycle Task Force. A



meeting of the TAC was convened within the first quarter of the project. Subsequent TAC
meetings were scheduled in consultation with the project manager at the lowa DOT as needed.
TAC members included representatives from organizations such as lowa DOT, University of
lowa Hospitals and Clinics, and community members involved in driver and motorcycle rider
education.

Task 2: Development of experimental protocol and materials

The research team developed an experimental protocol for the collection of data using human
subjects. Experimental materials for obtaining informed consent, experimenter scripts, and
participant questionnaires were created. This task culminated with the submission of the
experimental materials to the Institutional Review Board (IRB) for approval.

Task 3: Development of driving simulator scenarios

The research team consulted previously-funded work that analyzed motorcycle crash data to
identify urban or rural areas with a higher risk for motorcycle crashes than others. Driving
scenarios were created based on the characteristics of areas with higher risk for crashes.

Within the driving scenarios, motorcycle models were created. The models were integrated into
the NADS-2 driving simulator to present combinations of motorcycle conspicuity factors in both
rural and urban conditions.

Task 4: Internal pilot of driving scenarios and experimental participant protocol

An internal pilot was conducted to test driving scenarios and the experimental protocol. Naive
staff members, who had not contributed significantly to the development of the protocol and
scenarios, served as pilot participants. The pilot was followed by any necessary changes to
scenarios and protocol prior to data collection with consented research participants.

Task 5: Collection of driving simulator data sampling in two age groups

Experimental data were collected in the NADS research facility in lowa City, lowa. Thirty-six
participants in two age groups consented and completed the experimental protocol, including
driving the simulator and completing questionnaires. Following data collection, the data were
prepared for analysis.

Task 6: Analysis of driving simulator data and preparation of final report

The simulator data were analyzed using general linear model repeated measure analysis of the
detection distances from the participants to the motorcycles at the time of pressing the button
within the driving scenario across age groups (younger versus older), driving environments
(urban versus rural), and conspicuity-related factors (headlight configurations and rider color).



2. LITERATURE REVIEW
2.1 Factors Affecting Motorcycle Conspicuity

Several studies in the literature investigate the effectiveness of various conspicuity measures in
daytime and nighttime conditions. Most of these studies were performed during the 1970s and
1980s and some of were already reviewed in the final report of Enhancing Motorcycle
Conspicuity Awareness in lowa (Gkritza et al. 2010).

Quite a few studies showed that motorcycles with headlights on, flicking/dipped headlamps, or
daytime running lights (DRLs) were detected at greater distances (Janoff and Casses 1971,
Janoff 1973, Woltman and Austin 1973, Kirkby and Fulton 1978, Mortimer and Schuldt 1980,
Hole and Tyrrell 1995, Hole et al. 1996). Other studies also revealed that riders with fluorescent
waistcoats, jackets, or helmets, retroreflective garments or helmets, dark blue jackets against a
light background, or yellow jackets against a dark background produced higher detection rates
for motorcycles (Kirkby and Stroud 1978, Olson et al. 1979 and 1981, Fulton et al. 1980, Stroud
et al. 1980, Watts 1980, Donne and Fulton 1987, Hole et al. 1996).

The next section summarizes recent studies on factors affecting motorcycle conspicuity such as
daytime running lights, non-motorcycle vehicle driver age, different configurations of
motorcycle front lights, error in judgment by non-motorcycle vehicle drivers, motorcycle rider
clothing and motorcycle speed.

2.2 Review of Recent Studies

A comprehensive review of daytime running lights was provided by Rumar (2003). Overall, the
review indicated a rapidly increasing trend toward daytime lighting on both cars and powered
two wheelers (PTWSs) in Europe as well as in the other regions. The Association des
Constructeurs Européens de Motorcycles (ACEM) members already equip PTWSs with automatic
headlamp-on (AHO). In addition, riders are required to use headlamps during daytime in
Denmark, Spain, France, Germany, Italy, Lithuania, Poland, Sweden, and Finland.

Brooks et al. (2005) conducted an experimental investigation to verify whether potential PTW
conspicuity improvements could be studied in driving simulator experiments. Overall, the
simulator methodology was found to be a powerful tool for examining differences in driver
behavior and collision probability due to daytime lighting treatments in a sample of real-time
crash scenarios.

A recent study assessed the accuracy of individuals being able to discriminate between the
speeds of motorcycles and cars in daytime and nighttime conditions (Gould et al. 2011).
Computer simulations of different headlight configurations for motorcycles and cars approaching
participants were used. The results demonstrated that individuals were significantly more
accurate at judging the speed of the approaching car compared with both the solo and tri-
headlight motorcycles during the daytime condition.



In addition, the results revealed that individuals were extremely poor at judging the speed of the
motorcycle with a solo headlight during nighttime conditions. Conversely, in nighttime
conditions, participants were significantly more accurate at judging the speed of the motorcycle
equipped with a tri-headlight configuration.

Roger et al. (2012) conducted a laboratory experiment to show that motorcycles with a T-shaped
light configuration were identified more quickly, particularly when the motorcycles are in visual
competition with other motorized road users.

Another recent study investigated the effect of motorcyclist speed on “looked-but-fail-to-see”
(LBFS)

Crashes by precise kinematic reconstruction of 44 crash cases involving a motorcyclist and
another road user at intersections (Clabaux et al. 2011). The results showed that, in urban
environments, the initial speeds of motorcyclists involved in LBFS crashes were significantly
higher than in other crashes. On the other hand, the difference in speed for motorcyclists between
LBFS crashes and other crashes was not significant in rural environments.

Smither and Torres (2010) studied the effect of the age of car drivers and DRL on motorcycle
conspicuity using a driving simulator and presenting video clips to participants with different
combinations of headlight conditions (headlight on, off, and modulated) for motorcycles and

vehicles following motorcycles (headlight on and off).

Seventy-five participants were asked to indicate when they saw motorcycles. Participant reaction
times were collected and analyzed. Results revealed that younger adults were significantly faster
than middle-aged and older adults to detect motorcycles. The results also revealed that males
were faster than females at detecting motorcycles across all conditions.

Motorcycles with DRL were detected much faster than motorcycles with no lights and the
difference was significant. The results also suggested that, when followed by a vehicle with low
beams or DRLs on, a motorcycle that had its headlight on or headlights modulated were more
quickly detected than a motorcycle without headlights or modulators on.

The study did not find any interaction effects between age and motorcycle lighting conditions.
One of the major limitations of this study was the absence of a complete driving task with
participants seated in the simulator as if they were driving.

Roge et al. (2012) studied whether the cognitive conspicuity and sensory conspicuity of car
drivers were low when it came to detecting motorcycles. Forty-two car drivers (21 motorcyclists
and 21 non-motorcyclists) carried out a motorcycle detection task in a car-driving simulator.

Results revealed that a high level of color contrast enhanced the visibility of motorcycles when
the motorcycle appeared in front of the participants. Motorcyclist motorists detected oncoming



motorcycles at a greater distance than non-motorcyclist motorists when motorcycles appeared
from behind the participants.

Gershon et al. (2010) studied the effects of driving scenarios, motorcycle rider clothing (outfits),
and motorcycle distance from the viewer on attention and search conspicuity of motorcycles by
conducting two experiments. In the first experiment, compared to black outfits, reflective and
white outfits increased motorcycle attention conspicuity when the background surrounding the
motorcycle was more complex and multi-colored on urban roads. On the other hand, on inter-
urban roads, black outfits provided an advantage for the motorcycle detectability when the
background was solely a bright sky.

The same study results revealed that the average reaction time to identify the presence of a
motorcycle was the shortest in the inter-urban environment.

In the second experiment, the detection rate for motorcycles, which represented search
conspicuity, showed similar results to the first experiment on urban and inter-urban roads with
respect to different outfits.

Lastly, the Motorcycle Safety Foundation (MSF) and Virginia Tech Transportation Institute
(VTTI) are partnering on what is likely the world’s first large-scale, naturalistic motorcycle
riding study. This study is underway and, once finished, will greatly enhance the understanding
of interactions among rider, motorcycle, roadway, other roadway users, and environment.

One hundred motorcycles owned by riders in California, Florida, and Virginia are to be
instrumented with highly-capable data acquisition systems (DASSs) that use distributed cameras
to collect data and investigate the sequence of events, actions of other vehicles, successful and
unsuccessful maneuvers, types of events and frequency, and other factors.



3. DATA COLLECTION AND DECRIPTION
3.1 Data Collection Procedure in NADS

This chapter begins with a discussion of the experimental design and independent and dependent
measures. The first section is followed by a description of the participant groups and
experimental protocol, which includes participant recruitment and procedures, and the study visit
by the participants to NADS.

An overview of the experimental procedures is included in Appendix A. The methodology
described here was utilized in the main data collection. An internal pilot using naive staff as
participants was utilized to test driving scenarios and the experimental protocol.

3.2 Experimental Design

Thirty-six participants completed three drives on the NADS-2 driving simulator. During two of
the drives, participants were presented several motorcycles, each with a different combination of
rider color and headlight configuration. Participants indicated when each motorcycle was first
visible to them by pressing a button on the steering wheel of the driving simulator. The following
section discusses the independent variables and the dependent variables.

Two experimental designs were used for the driving simulator data as summarized in Table 3.1.

Table 3.1. Summary of driving simulator experimental designs

Motorcycles Factors

Oncoming Headlight configurations = modulating, DRL, high beam (3 factors) x rider color
= black, bright yellow (2 factors) x environment = rural, urban (2 factors)

Leading Rider color = black, blue denim, bright yellow (3 factors) x environment = rural,
urban (2 factors)

3.2.1 Independent Variables

The combination of the levels of independent variable resulted in six oncoming motorcycles and
three leading parked motorcycles with each of the nine motorcycles present in both the urban and
rural environments as shown in Figures 3.1 through 3.3.



Figure 3.2. Two of the six oncoming rider and headlight combinations

T%%

Figure 3.3. The three combinations for leading parked motorcycles



The oncoming motorcycles were part of traffic traveling in the opposite direction of the driver in
the adjacent lane and, therefore, were visible to the driver from the front. The leading
motorcycles were parked on the side of the road facing the same direction as the driver and,
therefore, were visible to the driver from the rear.

While the locations within the drives of oncoming versus leading motorcycles were set, the order
in which the six oncoming and the three leading motorcycle were presented at each location was
randomized for participants.

3.2.1.1 Headlight Configurations

Headlight configuration was presented at three levels: modulating, DRL, and high-beam. This
independent variable was considered to investigate the impact of different configurations of
headlights on motorcycle conspicuity in rural and urban environments.

The headlight configurations were implemented only on the motorcycles presented as oncoming
traffic because, during pilot testing, the researchers confirmed that headlights do not contribute
significantly to the conspicuity of motorcycles viewed from the rear, as is the case with leading
motorcycles.

3.2.1.2 Rider Color

Rider color can potentially affect the ability of other motorists to see motorcyclists. The
objective was to investigate the impact of different rider colors on motorcycle conspicuity in
urban and rural environments. Rider color consisted of both the motorcycle driver’s jacket and
helmet color.

For oncoming motorcycles, rider color was presented in only black and bright yellow and for
leading motorcycles, rider color was presented in black, blue denim, and bright yellow. Only the
darkest and brightest colors were used for oncoming motorcycles because, during pilot testing,
the researchers determined that headlight configuration was the dominant factor in the
conspicuity of motorcycles viewed from the front. All motorcycle riders were presented with a
pant color of blue denim.

3.2.1.3 Age of the Participants

The addition of age group as an experimental variable was considered to investigate the
differences in driver awareness of motorcyclists by age. Participants were within one of two
groups: younger drivers (25 to 55) and older drivers (65 and older).

3.2.2 Dependent Variable

Table 3.2 defines the dependent variable (adjusted detection distance) considered for this study.



Table 3.2. Primary measures (dependent variable)

Variable Definition

Adjusted detection  Distance from the participant’s vehicle to motorcycles when he/she

distance (ft) first sees the motorcycles and represented by the button press adjusted
to account for each participant’s mean physical reaction time to press
the button and their speed at the time of the button press

3.3 Test Devices

The experimental drives were conducted on the NADS-2, a medium-fidelity, fixed-base driving
simulator. The simulator consisted of a Jeep Cherokee cab equipped with active feel on steering,
brake, and accelerator pedal and a fully operational dashboard. The audio subsystem consisted of
speakers inside and outside the cab, which provided sound for wind, tire, engine, vehicle noise,
passing traffic, and other environmental noises.

Driving data was collected at 240 Hz. The NADS-2 enhanced visual system has sufficient
angular pixel resolution to satisfy 20/20 visual acuity. The commonly-accepted standard of 20/20
visual acuity is the ability to resolve 1 arc minute of detail. The projectors are 1,400 x 1,050
pixel digital light processing (DLP) projectors with five image generator channels and digital
video (DVI1) delivered over fiber optic cable. The three center channels are configured for high
spatial resolution (0.5 arc minute/pixel) and two side channels are configured as lower spatial
resolution and serve as larger field-of-view “expansion” channels. The three center channels
have a field-of-view of 11.5 degrees vertically by 31 degrees horizontally, with the driver’s eye
point 136 in. from the screen. The addition of the side channels results in a horizontal field-of-
view of approximately 62 degrees.

3.4 Recruitment Method

The primary recruitment tools were the NADS participant recruitment database, University of
lowa students, faculty and staff, and a listserv managed by the University of lowa, College of
Engineering.

The NADS database currently contains more than 5,500 names of potential participants that are
interested in participating in driving studies conducted at NADS. A database query of the
prospective age groups was completed. From this query, a list of names was generated, and
potential participants were either sent an email message or phoned with information about the
study. A recruitment email message was also sent to the University of lowa community and the
College of Engineering listserv that includes current students, faculty, staff, alumni, and friends
of the college.

The recruitment materials provided NADS contact information for those interested in
participating in the study (Appendix B). Those expressing interest were contacted by NADS
staff.
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A phone screening was conducted to determine if potential participants met study criteria
(Appendix C). Those who met the study criteria were scheduled for participation at a study
appointment.

3.5 Inclusion/Exclusion Criteria

Potential participants had to be of an age that falls into one of the age groups in this study and
meet general driving and health criteria to be enrolled. The general driving and health criteria are
included in the telephone screening procedure. Participants were asked questions about their
driving license and endorsements, driving experience, vision and restrictions while driving,
previous simulator experience, and other general driving criteria. There were also questions for
general health inclusion criteria in the Telephone Screening Procedure.

3.6 Simulator Drives

Each participant completed a practice drive, a reaction-time task, and two study drives while in
the driving simulator. The practice drive was approximately six minutes and allowed participants
to become accustomed to the simulator.

Following the practice drive, participants completed the reaction-time test. During this task, the
participant did not drive. Their physical reaction time from the appearance of a vehicle to press
the button was measured for nine stationary vehicles, including some motorcycles, which were
presented 60 to 80 feet in front of them in the oncoming lane. Each vehicle disappeared when the
participant pressed the response button, followed by the next vehicle after a 1 to 3 second delay.
The mean reaction time from this task for each participant was used to adjust the detection
distance to account for the distance they traveled between seeing a target vehicle and the actual
button press.

Participants then completed each of the study drives, one in a rural environment and one in an
urban environment (Figure 3.1). The posted speed limit was 55 mph in the rural environment and
35 mph in the urban environment. The drive in each environment was along a straight roadway
with no obstructions or curves that would hinder the visual detection of a vehicle ahead. The
order in which the urban and rural drives were completed was counter balanced across
participants. The study drives lasted approximately 20 minutes each.

During each study drive, six oncoming motorcycles and three leading motorcycles were
presented at predetermined locations. The sample images shown in Figures 3.2 and 3.3 illustrate
the viewing angle and colors. In Figure 3.2, an example of the DRL setting for the headlight is
also shown.

The order of both the oncoming and leading motorcycles was randomized for each participant.
Participants indicated when each motorcycle was first visible to them by pressing a button on the
steering wheel of the driving simulator.
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To reduce the potential for participants to become more vigilant than they would normally be
toward motorcycles, participants were also asked to identify two other vehicle types, cargo and
pick-up truck, during their drives. These other vehicles were present throughout the drives as part
of the ambient traffic that included other vehicle models as well. These vehicles were placed so
they did not interfere with the visual detection of the motorcycles.

3.7 Experimental Protocol

Upon arrival for their study visit, informed consent was obtained for each participant (Appendix
D). Video release and payment forms were completed; then, the Driving Survey was completed
(Appendix E). The Driving Survey was reviewed by research staff to confirm inclusion criteria

were met.

Vision testing followed the paper work (Appendix F). Immediately prior to entering the driving
simulator, participants viewed the training PowerPoint that introduced the simulator and
explained the tasks they would perform while in the simulator (Appendix G).

Once comfortably seated in the driving simulator with their seatbelt fastened, each participant
completed the practice drive, the reaction-time test, and, then, each of the two study drives.

Following the simulator drives, participants completed surveys including the Motorcycle
Conspicuity Related Factors (Appendix H). A debriefing statement was read to participants that
clarified the purpose of the study and asked them not to reveal this purpose to anyone until a date
when data collection was expected to be complete (Appendix I). This was done to maintain the
consistency of expectations of participants across the data collection period.

3.8 Discussion of Descriptive Statistics of Participant Survey Data

Questions were asked to acquire information about demographic factors, driving behavior, and
driving comfort, and repeated driving history and health status of the participants from the
NADS survey. A separate questionnaire was provided to the participants to rate different factors
that might be potentially helpful to increase the conspicuity of motorcycles.

Table 3.3 shows the summary statistics for the demographic factors, driving habits, and license-
related factors for both the younger (25 to 55) and older (65 and older) participants. In the
interest of space, data is presented horizontally separated by slashes (such as
0.00/16.67/5.56/5.56/...), rather than vertically (with only one value or set of data per line or
table cell/column) in these tables. The values in parentheses in the tables provide the standard
deviation (SD) values as indicated in their column headings.
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Table 3.3. Descriptive statistics of participant survey data

Younger Participant

Older Participant

(25-55 years) (=65 years)
Factors Mean (SD) or % Mean (SD) or %
Gender (Male/female) 50/50 50/50
Age 36.06(10.95) 71.33(6.02)
Total household income (in 1,000s) 0.00/16.67/5.56/5.56/ 5.56/0.00/0.00/11.11/
20-29/30-34.9/35-39/40-49/50-59/ 11.11/5.56/33.33/5.56/  22.22/5.56/0.00/11.11/
60-69/70-79/80-89/90-99/100 or more 5.56/11.11 11.11/33.33
Driving starting age 15.11(2.2.29) 14.75(2.14)
Commercial truck license 0/100 0/100
Yes/No
Motorcycle license
ves/No 0/100 0/100
Other license
ves/No 0/100 0/100
Driving frequency
At least once daily/at least once weekly 77.28/22.22 83.33/16.67
Work-related driving 38.89/61.11 27.78/72.22
Yes/No
Speed in residential area (mph) 26.71(2.11) 25.75(1.77)

SD = standard deviation (in parentheses in this table data)

Distribution of the gender of the participants was even with half males and half females. Average
age of the participants was 55.2 with a standard deviation of 18.54 including both younger and

older drivers participating in the simulator study.

The researchers made sure none of the participants had a motorcycle or commercial truck driving

license.

The average driving speed of the participants in residential environments was 26.71 mph for
younger participants and 25.75 mph for older participants. Some demographic information of the
participants is presented in pie charts for better visual representations later in this chapter.

Figures 3.4 through 3.7 show that almost two-thirds of the participants were married, half were
full-time employees, and more than a third had a graduate degree. Nearly half of the participants

drive 8,000 to 12,999 miles per year.
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14%

= Married
= Separated or divorced
Single/Never married

Figure 3.4. Marital status of the study participants

= Full time work

= Part time work

= Retired

= Unemployed
None

Figure 3.5. Employment status of the study participants
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= Graduate degree
6% = Some graduate scool
= Bachelor's
= Associates
Some college or university

High school diploma

Figure 3.6. Educational qualifications of the study participants

8%

= 13,000 to 19,999
= 8,000 to 12,999
= 2,000 to 7,999

Under 2,000

Figure 3.7. Yearly vehicle miles traveled by the study participants

Table 3.4 summarizes participant responses to questions related to their driving behavior. The
questions were asked to understand how frequently the participants executed certain tasks
representing their driving behavior.

About 28 percent said they frequently exceeded the speed limit and 39 percent stated that they
made left turns frequently at uncontrolled intersections.
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Table 3.4. Participant responses about driving behavior questions from survey

Driving Behavior

Questions (%)
Change lanes on interstate or highway

Always/frequently/occasionally 22.22/33.33/44.44
Keep up with traffic in town

Always/frequently/occasionally 50/42/8
Keep up with traffic in two-lane highway
Always/frequently/occasionally 52.8/41.7/5.6
Keep up with traffic on interstate or highway
Always/frequently/occasionally 44.4/47.2/5.6
Pass other cars on the interstate or freeway

Always/frequently/rarely 11.1/41.7/5.6
Wear a safety belt

Always/frequently/occasionally 88.9/5.6/2.8
Make left turns at uncontrolled intersections
Always/frequently/occasionally/rarely/never 13.9/38.9/27.8/11.1/2.8

Table 3.5 summarizes participant survey responses related to their driving comfort level with
various situations/conditions. Most of the participants were comfortable driving on
highways/freeways and the responses showed the majority of participants were more or less
comfortable driving under most of the conditions asked about.

Table 3.5. Participant responses about driving comfort questions from survey

Driving Comfort

Questions (%)
Driving on Highway/Freeway
Very comfortable/slightly comfortable/slightly 83.3/8.3/5.6/2.8

uncomfortable/very uncomfortable

Driving with Children
Very comfortable/slightly comfortable/slightly 58.3/13.9/11.1/2.8/13.9
uncomfortable/very uncomfortable/not applicable

Driving in High Density Traffic
Very comfortable/slightly comfortable/slightly 22.2/50/16.7/8.3/2.8
uncomfortable/very uncomfortable/not applicable

Passing Other Cars
Very comfortable/slightly comfortable/slightly 61.1/27.8/5.6/5.6
uncomfortable/very uncomfortable

Changing Lanes
Very comfortable/slightly comfortable/slightly 69.4/32/5.6/2.8
uncomfortable/very uncomfortable

Making a Left Turn at Uncontrolled Intersections
Very comfortable/slightly comfortable/slightly 55.6/22.2/8.3/5.6
uncomfortable/very uncomfortable
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The participant driving survey also included questions about driving history (violations in the
past five years). Table 3.6 shows the results of the responses to these questions. The majority of
the participants did not receive a ticket for most of the traffic violations mentioned in the survey
questions. However, nearly 28 percent of the participants were involved in a crash in the past
five years.

Table 3.6. Participant response about driving history questions from survey

Driving History or
Violations in past 5

years
Questions (%)
Speeding
0 ticket/1 ticket/2 tickets 66.7/25/5.6
Going too Slowly
0 ticket 100
Failure to Yield Right of Way
0 ticket 100
Disobeying Traffic Lights
0 ticket 100
Disobeying Traffic Signs
0 ticket 100
Improper Passing
0 ticket 100
Improper Turning
0 ticket/1 ticket 94.4/2.8
Reckless Driving
0 ticket 100
Following another Car too Closely
0 ticket 100
Driving while Intoxicated
0 ticket/1 ticket 94.4/2.8
Any other Tickets other than the ones listed above
Yes/No 86.1/8.3
Crashes in the Past Five Years
none/one 72.2/27.8

One interesting finding from the participant responses to the driving behavior questions was that
almost 20 percent of the participants were used to exceeding the speed limit frequently while
driving on the roadway. Figure 3.8 summarizes participant responses about how often they
exceed the speed limit while driving.
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= Always

= Frequently

= Occasionally
Rarely

Figure 3.8. Percentage of participants exceeding speed limit while driving

More than half of the survey participants were slightly or very uncomfortable driving after
drinking alcohol while a third of them indicated they don’t drive after drinking alcohol by
responding not applicable. Figure 3.9 shows the distribution of the responses of the participants
to the survey question.

= Very comfortable

= Sligltly comfortable

= Sligltly uncomfortable

= Very uncomfortable
Not applicable

Figure 3.9. Participant driving comfort after drinking alcohol

Participants were also asked to give their opinions about how helpful it was for them as drivers
to see motorcyclists on the road when the riders used certain measures. Note that the survey was
administered after the participants finished the simulator drive, so the conspicuity factors used in
the experiment may have affected the responses.
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Figure 3.10 shows the opinions of the participants about different measures taken by
motorcyclists to improve conspicuity. The majority of participants considered the use of DRLs
and modulating headlamps by motorcyclists as very helpful measures to increase conspicuity.

80.0 | Very
70.0 helpful
60.0
g, = Somewhat
g 50.0 helpful
S 400 ,
= & Neither
2 30,0 helpful or
20.0 unhelpful
' i Somewhat
10.0 - helpful
0.0 - =
uVery
unhelpful

Helmet
Hand signals

Bright colored helmet
Fluorescent/Reflective
safety vest

Bright colored jacket
Daytime running lights
Modulating headlamp

Figure 3.10. Participant opinions about the effectiveness of different measures to improve
motorcycle conspicuity

3.9 Driving Simulator Data

The two experimental designs for collecting the simulator data were a 3 (headlight
configurations=modulating, DRL, high beam) x 2 (rider color=Dblack, bright yellow) x 2
(environment=rural, urban) factorial experiment for oncoming motorcycles and a 3 (rider
color=black, blue denim, bright yellow) x 2 (environment=rural, urban) factorial experiment for
leading motorcycles in the simulator (as shown in Table 3.1).

There were four cases where participants either missed the motorcycles or saw the motorcycles
but did not press the button completely. All of these participants were from the older age group
and one of these missing cases occurred for the oncoming motorcycles and the rest for the
leading motorcycles. These cases were treated as missing data and were discarded from further
data analysis.

The leading and oncoming motorcycles with different combinations of rider colors and headlight
configurations were presented to the participants in random order. The number of participant
responses, equal to the number of detection distances recorded for oncoming and leading
motorcycles, is detailed to account for the number of missing cases in Table 3.7.
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Table 3.7. Number of responses by participants for oncoming and leading motorcycles

Oncoming Motorcycles Leading Motorcycles

Number of participants 36 36
Experimental Factorial 3X2X2 3X2
Original Sample Size 36X3X2X2 =432 36X3X2 = 216
Missing Cases 1 3
Reduced Sample Size 431 213

The distribution of the detection distances for oncoming motorcycles seems to follow a normal
distribution, while the distribution of the detection distances for leading motorcycles shows some
positive skewness, as shown in Figures 3.11 and 3.12.

50
45 -

40 -

w w
o ($)]
1 1

Frequency
N
(6]

20 - ¥
15 - - :
10 + I _
5 ¥ _
0_
8888 oo ooooooooooooo0o0o0o0o0 oo 2
NwwwOOOOOOOOOOOOOOOOOOOOOO
C N © 0O N © 0o N © 0o NS © 0o s
e A AN AN AN AN ANOOOOOMOOM S T w0
Detection Distance (ft) for Oncoming Motorcycles

Figure 3.11. Distribution of the detection distances for oncoming motorcycles
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Figure 3.12. Distribution of detection distances for leading motorcycles

Besides the distributions of the overall detection distances for the two experimental designs
(oncoming and leading motorcycles), the distribution of detection distances for each possible
experimental condition was also examined for oncoming and leading motorcycles. With 12
experimental conditions for oncoming motorcycles and six for leading motorcycles, all of them
showed distributions similar to those above for oncoming and leading motorcycles, so the
researchers didn’t include them in this report.

Tables 3.8 and 3.9 shows the mean of the detection distances (in feet) recorded for oncoming and
leading motorcycles for all the possible experimental conditions. It can be observed from the
tables that the average detection distance of both oncoming and leading motorcycles for younger
participants was higher than that for older participants for almost all the experimental conditions
except for one (urban, bright yellow, modulating for oncoming motorcycles), where older
participants detected oncoming motorcycles at a greater distance than the younger participants
did.
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Table 3.8. Mean and standard deviation of recorded detection distances for oncoming
motorcycles given all possible experimental conditions

Combination of Driving Younger Participant Older Participant
Environment, Rider Colors, (25-55 years) (=65 years)
and Headlights Mean (SD) ft Mean (SD) ft
Rural, Black, DRL 2,125.21(693.71) 2,026.51(505.67)
Rural, Black, High Beam 2,766.31(1,173.60) 2,440.46(800.27)
Rural, Black, Modulating 3,002.22(1,327.69) 2,837.28(920.53)
Rural, Bright Yellow, DRL 2,318.90(647.22) 2,017.60(647.70)
Rural, Bright Yellow, High beam 2,622.32(808.79) 2,232.55(688.56)
Rural, Bright Yellow, Modulating 3,647.33(1183.75) 2,932.36(934.01)
Urban, Black, DRL 2,102.36(490.82) 1,938.84(621.38)
Urban, Black, High Beam 2,549.29(753.12) 2,507.81(886.04)
Urban, Black, Modulating 3,068.90(1223.69) 2,987.36(1,008.43)
Urban, Bright Yellow, DRL 2,298.39(809.43) 2,070.77(934.45)
Urban, Bright Yellow, High Beam 2,378.90 (1,023.17) 2,162.60(931.94)

Urban, Bright yellow, Modulating 2,925.21(1,366.41) 3,101.00(1,092.10)

SD = standard deviation (in parentheses in this table data)

Table 3.9. Mean and standard deviation of recorded detection distances for leading
motorcycles given all possible experimental conditions

Combination of Driving Younger Participant Older Participant
Environment and Rider (25-55 years) (>65 years)
Colors Mean (SD) ft Mean (SD) ft
Rural, Black 895.62(381.68) 713.60(298.54)
Rural, Blue Denim 1,232.14(550.86) 727.86(284.94)
Rural, Bright Yellow 1,563.71(518.60) 1,450.96(353.97)
Urban, Black 1,075.09(532.81) 964.68(854.20)
Urban, Blue Denim 1,049.51(630.63) 1,124.51(1,068.13)
Urban, Bright Yellow 2,143.20(1037.45) 1,653.28(588.65)

SD = standard deviation (in parentheses in this table data)
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4. METHODOLOGY
4.1 Generalized Linear Model (GLM) Repeated Measure Analysis of Variance

The generalized linear model (GLM) repeated measure is a procedure used to model dependent
variables measured at multiple times using analysis of variance. This is the method to use for
analysis of variance when the same measurement is made several times on each subject or case
(Garson, 2012).

If the between-subject factors are specified, the population can be divided into groups. Using
GLM repeated measure analysis of variance, the null hypothesis about the effects of both the
between-subjects factors and the within-subjects factors can be examined. It is also possible to
investigate the interactions between factors, as well as the effect of individual factors. In a
repeated measure analysis of variance, the effects of interest are as follows:

e Between-subject effects (such as between two different age groups of participants)

e Within-subject effects (such as rider color, headlight configurations, environment)

e Interaction between two or more types of effects (such as environmentxrider
colorxheadlight configuration)

GLM repeated measure analysis of variance was used to analyze the simulation data for the two
experimental designs (one for oncoming and one for leading motorcycles). The inherent
assumptions include linear relationships, normal distribution of the dependent variables, and
fixed effects of the dependent variables (Garson, 2012). The two types of models to consider for
the repeated measure analysis of variance are as follows:

e Univariate
e Multivariate

4.1.1 Univariate Model

Univariate repeated measures models, also called split plot designs or mixed model designs,
assume that the dependent variables are responses to the levels of a within-subject factor. For
example, if a dependent variable y has p levels or measure outcomes and k predictor variables,
for a single observation i, the linear model is as shown in equation (1).

Vi = Bo+ B1Xix + -+ BiXik + & (1)

Equation (1) can be expressed more compactly by a set of matrices as follows.

i =XiB +e (2)
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where y is the matrix with dimension of (px1), X is of size px(1+k), f is of size (1+k)x1, and e
is of size (px1).

Or, alternatively:

Vi1 1 - Xik11Bo €i1
: ] = [ o P+ (3)
Yip 1 - Xyl LBx Cip
The equation for the first measurement of the first observation is as follows:
Vi1 = Bo + B1X11 + -+ BrXik + €11 4)

In practical terms, three measures of y for a within-subject factor denoting y;, y», and y3 can be
considered and so a dummy-coded set of indicators for which y is in the data can be used. Three
measures make two dummy-coded columns in X with one for y; and one for y, with y; being the
reference in this case. The intercept will be the mean of the measure ys, the first regression
coefficient will be the difference between y; and y3, and the second regression coefficient will be
the difference between y, and ys. The first observation including all the measurements for a
subject can be expressed as follows:

V11 1 1 01[Bo €11
Yiz|=11 0 1f|pf1]|+ |12 (5)
Y13 1 0 0lLBk €13

Univariate models use an assumption called “sphericity,” which tests whether the variance-
covariance matrix of the dependent variables can be shown to be circular in form. This is
demonstrated by Mauchly’s test of sphericity (Huynh and Mandeville, 1979).

A spherical matrix has equal variances, and covariances equal to zero. A finding of non-
significance in this test corresponds to concluding that assumptions are met for the univariate
models.

Levene’s test examines the assumption of homogeneity of variance for univariate models. In a
well-fitting model, the error variance of each repeated measure dependent variable should be the
same across groups formed by the between-subject factors. Non-significance in this test implies
that the assumption is met. Note that failure to meet the assumption of homogeneity is not
critical if the assumption of sphericity is met.
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4.1.2 Multivariate Model

The multivariate tests assume a multivariate model where the dependent variables represent
measurements of more than one variable for the different levels of the within-subject factors,
unlike the univariate model (Garson, 2012).

The multivariate test provides F-tests of the within-subject factor and its interaction with the
between-subjects grouping factors. Wilks’ lambda is the most commonly reported test statistic
for the multivariate tests.

Multivariate models assume that the variance-covariance matrices are the same for each cell
formed by the between-subject grouping variables. This is examined with the Box’s M test for
the homogeneity of variance-covariance matrix (Box’s Test of Equality of Covariance Matrices).
This test also examines the assumption that the dependent variables in a multivariate model are
drawn from a multivariate normal distribution. Non-significance in this test results in not
rejecting the null hypothesis of observed variance covariance matrices of the dependent variables
being equal across between-subject groups.

4.1.3 Hypothesis Testing

Results are usually very similar for the univariate and multivariate tests. The F value for the
analysis of variance is to be reported and higher F value compared to the critical F value will
result in rejecting the null hypothesis.

For univariate analysis of variance, and for random samples X1, Xpz..., X, from N(p, o) and |
=1,...g, itis of interest to know if the population means of the groups are different; that is, if the
model formulation is as follows:

Xjj=pu+17+e; (6)
with the constraint Z;"zl n;7; = 0, which leads to the null hypothesis notation of the following:

Hoty=1,==1,=0 (7
Then, the hypothesis is tested using equation (8):

SSTr
! /(g—l)

F =
SSReS/(zg n-
=1 l g)

~Fg1, y-9” (8)

where SSt, is the sum of squares for between-subject factors and SSges is the sum of squares for
the within-subject factors.
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For multivariate analysis of variance, the null hypothesis is as follows:
Hoiti = =1, = ©)
Then, the hypothesis is tested using equation (10).

A= (10)

|B+W|

A is called the Wilks’ Lambda and W and B are the sum of squares matrices for between-subject
factors and within-subject factors, respectively. The null hypothesis is rejected if A is too small.
All hypotheses are considered to be significant at alpha = .05 in this study.
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5. RESULTS

The results are discussed in this chapter for both experimental designs: oncoming motorcycles
and leading motorcycles. The dependent variable for all conditions evaluated was the detection
distance (in feet).

The Box’s M Test showed non-significance for the dependent variables when oncoming
motorcycles were considered; whereas, it was significant for the dependent variables when
considering leading motorcycles.

The null hypothesis that the observed covariance matrices of the dependent variables are equal
across groups could not be rejected for the oncoming motorcycles, while it was rejected for
leading motorcycles. So, the results of the multivariate tests are reported for the oncoming
motorcycles. For leading motorcycles, results of the univariate tests are reported after checking
the assumption of Mauchly’s sphericity.

5.1 Detection Distance of Oncoming Motorcycles

Table 5.1 presents the results of the multivariate analysis of variance for the detection distances
of oncoming motorcycles. A finding of nonsignificance for the Box’s M test (p=0.249) supported
the results of the multivariate tests. Wilks” Lambda was used for interpretation of all the
multivariate tests of significance unless otherwise noted. Table 5.2 presents the test results of the
between-subject (age group) effects.

Multivariate tests revealed one significant main effect and two significant interaction effects. The
main effect was found for headlight configurations. One interaction effect was found significant
between rider colors and headlight configurations. Another interaction effect was found to be
significant only at 90 percent confidence. No main effect for the age was found for the detection
distances of oncoming motorcycles. This means the difference in detection distances of
oncoming motorcycles for younger and older participants was not statistically significant.

The analysis indicated a significant main effect for headlight configurations, F (2, 32) = 45.83, p
< .05, partial n? = 0.741. The value of the partial n® indicates almost 74 percent of the total
variance in the detection distances is accounted for by the variance among the three different
headlight configurations (DRL, high beam, and modulating) for oncoming motorcycles. Planned
pairwise comparisons were conducted and headlight configuration was found to significantly
affect detected distance measures, whereby motorcycles with high beam (mean = 2,437.15 ft and
SD =113.12 ft) were detected at greater distance than motorcycles with DRL (mean = 2,094.75
ft and SD = 84.85 ft) and motorcycles with the modulating headlight were detected at the
greatest distance (mean = 3,075.6 ft and SD = 152.95 ft) compared to motorcycles with the DRL
and the high beam at a level of p < 0.05 across all conditions. Figure 5.1 shows the detection
distance as a function of motorcycle headlight configurations for oncoming motorcycles.
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Table 5.1. Results of multivariate tests for oncoming motorcycles

Partial Eta
Effect F Hypothesisdf  Errordf  Sig. Squared
Environment .655 1.000 33.000 424 .019
Environment x 1.243 1.000 33.000 273 0.36
AgeGroup
RiderColor 171 1.000 33.000 .682 .005
RiderColor x AgeGroup  1.534 1.000 33.000 224 .004
Headlight 45.826 2.000 32.000 <.001** 741
Headlight x AgeGroup 136 2.000 32.000 874 .008
Environment x 1.024 1.000 33.000 319 .030
RiderColor
Environment x 970 1.000 33.000 332 .029
RiderColor x AgeGroup
Environment x Headlight  .508 2.000 32.000 .606 .031
Environment x Headlight 2.545 2.000 32.000 .094* 137
x AgeGroup
RiderColor x Headlight 3.800 2.000 32.000 .033** 192
RiderColor x Headlight .039 2.000 32.000 962 .002
x AgeGroup
Environment x 995 2.000 32.000 381 .059
RiderColor x Headlight
Environment x 1.702 2.000 32.000 198 .096
RiderColor x Headlight
x AgeGroup

df = degree of freedom

Sig. = Significance
**significant at alpha = 0.05
*significant at alpha = 0.10

Table 5.2. Test of between-subject (age group) effects for oncoming motorcycles

Partial
Eta

Source Type Il Sum of Squares df  Mean Square F Sig. Squared
Intercept 224882240.349 1 224882240.349 572.193 .000 .945
AgeGroup 459514.159 1 459514.159 1.169 .287 .034

Error 12969591.782 33 393017.933

df = degree of freedom
Sig. = Significance

28



Main Effect of Headlight Configuration
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Figure 5.1. Detection distance as a function of headlight configurations for oncoming
motorcycles (means and standard errors)

Results also revealed a significant interaction between rider colors and headlight configurations.
The interaction between these two factors influenced participant ability to detect a motorcycle
significantly, F (2, 32) = 3.8, p < .05, partial n°> = 0.65. The value of the partial n> = 0.65
indicates that 65 percent of the total variance in detection distance for oncoming motorcycles is
accounted for by the variance due to the interaction among different levels of rider colors and
headlight configurations.

Figure 5.2 shows the interaction between rider colors and headlight configurations. Results
revealed when riders were wearing black or bright yellow (jacket and helmet), motorcycles with

modulating headlights were detected at a greater distance compared to those with high beam or
DRL.
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Rider Color x Headlight Interaction
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Figure 5.2. Detection distance as a function of motorcycle headlight configurations for rider
colors of back and bright yellow (means and standard errors)

5.2 Detection Distance of Leading Motorcycles

As mentioned in section 5.1, the Box’s M test resulted in (p = 0.15) significance leading to the
rejection of null hypothesis that the variance covariance matrices of the dependent variables are
equal across all between-subject factors. That is why the results of the univariate tests were
reported for the detection distances of leading vehicles.

The main assumption for supporting the results of the univariate tests was examined by
performing Mauchly’s sphericity test. The test resulted in nonsignificance (p = .262 for rider
color and p = .895 for environmentxrider color) and the results of the univariate tests were
supported.

Table 5.3 presents the results of the univariate tests for leading motorcycles and Table 5.4
presents the results of the tests for between-subject effects. Given the Mauchly’s test showed no
violation of sphericity, the interpretation of all univariate tests of significance was conducted
under the assumption of sphericity.
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Table 5.3. Results of univariate tests for leading motorcycles

Partial

Eta
Source df F Sig. Squared
Environment 1 7.689 .009** 184
EnvironmentxAge 1 .283 .598 .008
Error(Environment) 34
TorsoColor 2 51686 .000** .603
TorsoColorxAge 2 431 .652 .013
Error(TorsoColor) 68
EnvironmentxTorsoColor 2 1110 .336 .032

EnvironmentxTorsoColorxAge 2 3.098 .052* .084
Error(EnvironmentxTorsoColor) 68

df = degree of freedom

Sig. = Significance
**significant at alpha = 0.05
*significant at alpha = 0.10

Table 5.4. Test of between-subject (age group) effects for leading motorcycles

Type 111 Sum of Partial Eta
Source Squares df Mean Square F Sig. Squared
Intercept  53246209.000 1 53246209.000 344.494 .000 910
Age 438170.448 1 438170.448 2.835 101 077
Error 5255160.997 34 154563.559

df = degree of freedom
Sig. = Significance

The analysis indicated a significant main effect for environment, F (1, 34) = 7.689, p < .05,
partial n° = 0.184. The value of the partial n? indicates that 18.4 percent of the total variance in
the detection distances is accounted for by the variance between the two different environments
(rural versus urban) for leading motorcycles.

Planned pairwise comparisons were conducted and environmental condition was found to affect
detected distance measures significantly, whereby motorcycles on urban roads (mean = 1,335.04
ft and SD = 96.21 ft) were detected at greater distance than motorcycles on rural roads (mean =
1,097.30 ft and SD = 54.82 ft) at a level of p < 0.05 across all conditions. Figure 5.3 shows the
detection distance as a function of environment (rural and urban) for leading motorcycles.
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Main Effect of Environmental Condition
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Figure 5.3. Detection distance as a function of environmental conditions (means and
standard errors)

The results revealed another main effect for rider color, F (2, 68) = 51.686, p < .05, partial n° =
0.603. The value of the partial n? indicates that 60 percent of the total variance in the detection

distances is accounted for by the variance among the three different colors (black, blue denim,

and bright yellow) of the riders for leading motorcycles.

Planned pairwise comparisons revealed that rider color affected detected distance measures
significantly, whereby motorcycles with riders having blue denim color (mean = 1,033.5 ft and
SD = 92.75 ft) were detected at greater distance than motorcycles with riders having black color
(mean = 912.24 ft and SD = 69.72 ft) and motorcycles with riders having bright yellow color
were detected at the greatest distance (mean = 1,702.80 ft and SD = 80.2 ft) at a level of p < 0.05
across all conditions. Figure 5.4 shows the detection distance as a function of rider color (black,
blue denim, and bright yellow).
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Main Effect of Rider Color
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Figure 5.4. Detection distance as a function of rider color (means and standard errors)

A significant interaction among the environment, rider color, and age was found as well. The test
was significant marginally at the alpha = 0.05 level. The interaction among these three factors
influenced participant ability to detect a leading motorcycle significantly, F (2, 68) = 3.098, p <
.10, partial 0% = 0.084. The value of the partial n? = 0.084 indicates that only 8.4 percent of the
total variance in detection distance for leading motorcycles is accounted for by the variance due
to the interaction among different levels environment, rider colors, and age group of participants.

These effects were further explained through the use of planned pairwise comparison to evaluate
the simple effects of these factors. An interaction effect was found between the conditions with a
rider having the blue denim or bright yellow color and the age groups in rural or urban
environments. The results suggest that, in a rural environment, the younger participants detected
the motorcycles having blue denim rider color at a greater distance than older participants, F (1,
34) =11.895, p < 0.05, partial n° = 0.259. It is to be noted the results did not indicate significant
differences between the detection distances for younger and older participants for riders with
black and bright yellow colors in a rural environment.

The results also revealed that when a rider wore bright yellow clothing and helmet in an urban
environment, the younger participants detected the motorcycles at a greater distance than older
participants, F (1, 34) =3.036, p <0.10, partial 112 =0.082. There were no significance
differences between the detection distances for younger and older participants for riders with
black and blue denim colors in an urban environment. Figure 5.5 shows this interaction effect
and the boldfaced detection distances indicate that those are significantly different for younger
and older participants.
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Figure 5.5. Detection distance as a function of participant age group with blue denim and
bright yellow riders in rural and urban environments (means and standard error)

Furthermore, the study showed that older participants detected motorcycles with riders wearing a
blue denim color at greater distance in the urban environment compared to the rural
environment, F (1, 34) = 4.137, p < 0.05, partial n* = 0.108. Similar results were found for
younger participants with riders wearing a bright yellow color, F (1, 34) = 6.783, p < 0.05, partial
n? = 0.166. Figure 5.6 shows this interaction effect.

The boldfaced detection distances in the following figures indicate that they are statistically
different from each other.

No statistically-significant difference was found between the detection distances of black and
blue denim motorcycle riders in rural and urban environments by younger participants. There
were also no statistically-significant differences between the detection distances of black and
bright yellow riders in rural and urban driving environments by older participants.
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Figure 5.6. Detection distance as a function of the driving environment with bright yellow

and blue denim riders for younger and older participants in rural and urban environments

(means and standard error)

The analysis results also revealed a significant interaction effect between the driving
environments and rider colors for younger and older participants (Figures 5.7 and 5.8). For older
participants, the detection distance for motorcycles with a rider wearing a bright yellow color
was greater than blue denim and black in a rural environment, F (2, 33) = 29.216, p < 0.05,

partial n = 0.639. The same was true in an urban environment F (2, 33) = 5.263, p < 0.05, partial

n? = 0.242. However, the results did not indicate statistical significance in the difference between

detection distances for black and blue denim colors in either rural or urban environments.
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Finally, for younger participants, detection distance for motorcycles with riders wearing a blue

denim color was greater than for black. Detection distance for motorcycles with riders wearing a
bright yellow color was greater than those for black and blue denim in a rural environment, F (2,
33) = 18.982, p < 0.05, partial n° = 0.535.

For the urban environment, detection distance for motorcycles with riders wearing a bright
yellow color was also greater than those for blue denim and black, F (2, 33) = 14.772, p < 0.05,
partial n? = 0.472. The results did not indicate a significant difference between detection
distances for black and blue denim riders in an urban environment. Figure 5.8 shows this

interaction.
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6. CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions

This research investigated the impact of motorcycle headlight configurations, rider colors, and
age of the drivers (participants) on motorcycle conspicuity in simulated urban and rural
environments. The recorded detection distances from the oncoming and leading motorcycles to
the participant vehicles were used to analyze the simulator data. Motorcycles detected at greater
distances by study participants were considered more conspicuous.

The GLM repeated measure analysis of variance was used to determine the effect of headlight
configurations and rider clothing and helmet colors on the conspicuity of motorcycles in urban
and rural environments to younger and older driver (participant) groups.

The analysis was conducted separately for oncoming and leading motorcycles. It must be noted
that the implications of the detection distances reported in this study are relative rather than
absolute as this study was conducted in a simulated environment.

Overall, the study results revealed that motorcycles with modulating headlights had longer
detection distances than high beams or DRLs by both younger and older drivers in both urban
and rural environments. The results also indicated that motorcycle riders wearing bright yellow
clothing and helmets were detected at the longest distance by both younger and older drivers in
both rural and urban environments.

6.1.1. For Oncoming Motorcycles

The analysis revealed a significant main effect for the headlight configurations (DRL, high
beam, modulating) on detection distances. Motorcycles with modulating headlights were
detected at the greatest distance and motorcycles with high beams were detected at a greater
distance than motorcycle with DRLs by the study participants.

No significant main effect of the participant age groups on the detection distances was found. In
addition, the driving environment (rural versus urban) did not have a significant main effect on
the recorded detection distances.

A significant interaction between rider colors and headlight configurations was found.
Participant ability to detect a motorcycle was significantly influenced by the headlight
configurations when the motorcycles had black or bright yellow riders.

As expected, motorcycles with modulating headlights were detected at the greatest distance
(compared to motorcycles with high beam and the DRL) for both cases where the riders had
black and bright yellow rider colors.
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6.1.2 For Leading Motorcycles

The analysis revealed a significant main effect for driving environment (rural versus urban) on
detection distances. Motorcycles in urban environments were detected at a greater distance
compared to those in rural environments.

The analysis results also revealed another main effect for rider color on the detection distances.
As hypothesized, motorcycles with riders wearing blue denim were detected at a greater distance
than those with riders wearing black. Motorcycles with riders wearing bright yellow were
detected at the greatest distance by the study participants.

A significant interaction effect among the driving environment, rider color, and age group was
also found for the leading motorcycles. Younger participants detected motorcycles with riders
having bright colors (blue denim and bright yellow) at a greater distance than older participants
in both urban and rural environments. So, it can be said that older participants might have more
difficulty than younger participants in detecting leading motorcycles.

Furthermore, the researchers found that both younger and older participant groups detected
motorcycles with riders having bright colors (blue denim and bright yellow) at a greater distance
in the urban environment than in the rural environment. So, it can be concluded that on urban
roads, where the background surrounding of the motorcycles is more complex and multi-colored,
bright outfits can increase motorcycle conspicuity compared to black outfits.

6.2 Recommendations

In view of the analysis results, the following recommendations might be considered in
implementing motorcycle conspicuity-related campaigns and interventions:

e The conspicuity of a motorcycle can be increased by using an appropriate rider outfit
(bright) that distinguishes them from the surrounding background

e Using a modulating headlight on a motorcycle can increase the conspicuity of a
motorcycle significantly, irrespective of the background environment

e Increasing the alertness and expectancy of drivers to the presence of motorcycles can
increase conspicuity, as the study revealed that motorcycles were detected at greater
distances in an urban environment compared to a rural environment

e Awareness programs targeted specifically to older drivers can be considered
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APPENDI

X A. EXPERIMENTAL PROCEDURES
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Fxperimental Procedures for the Motorcycle Conspicuity Study

The flow of the study is presented below. The document names zr= i beold.

Recruitment and Screening

Recruitment Seript will be sent to WADS volunteer datsbase the University of Iowa students,
and staff, and a listserv managed by the College of Enginesrmg

¥ Telephone Screening Procedures will be zdmmistered to those expressing interest in parficipation

Appomtments for 2 study visit will be made for those whoe mest all melusion and exclusion criteria

Study Visit at NADS
¥ Briefmg

Greet participants and mtroduce vourself

Summezrize Informed Consent document verbaly, encourzging participant to ask questions

Participent signs and dates Informed Consent document

NADS resezrch zssistant signs and dates Informed Consent

Participant signs the Video Release Form

WVerify that participant has 2 valid driver’s license

Participant fills out the Pavment Form

Participant complstes the Driving Survey

Participent completes 2 vision screenimg, using the Vision Test Form that mcludes:
o Visual Acuity, Field of View and Colerblmdness

Participent views the Conspicuity Participant Training PowetPoint slideshow

¥ Smulator Dirives

Intreduce simulstor experimentst, who tekes over zt this pomt.
Escort participant to the simulator and allow himher to be seated and fasten seatbelt
Show participant vehicle controls
Askthe participant if he'she has any questions.
Participents will complete 3 drives and the rezction time task the followmg order:
o Familiarization drive
o Feasction Time Task
o Two smdy drives
After completing the Familiarization drive and the fmal study drive, zdmmister the Wellness Survey
fing
Confum participant has completed the second Wellness Survey
Oiffer participant snack beverage
Participent completes Motoreyele Conspicuity Factor Survey
Participent completes the Realism Survey
Aszkparticipant to rezd the Debriefing Statement znd provide a copy for their records
If participant 1z not m WADS Velunteer Datzbaze, 25k them to complete Database Recruitment
Form
Beview completed Payment Form with participant

Conclusion of participation

Azkif parficipant has any questions.
Participant 15 fres to leave—escort himher to entrance.
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APPENDIX B. EMAIL SCRIPT

Email Script

Subject: Participants invited for driving study

th)

THE
MATIONAL ADVANCED
DRIVIMNG SIMULATOR

The National Advanced Driving Simulator at The University of Iowa Qakdale Campus is inviting adults
to participate in a driving simulation research studv evaluating awareness of driving environment.

Who can be part of this study?
»  Adultsages 25-55 or 65 and over
* Have not participated in anv driving simulation studies at the National Advanced Driving
Simulator
* Ableto attend 1 study visitup to two hours in length
* Donothave CDL or motorcycle endorsements on their dover’s license

If vou meet the above criteria and are interested in participating, please visit:
www.drivingstudies.com
Email: recruiti@nads-sc.uiowa.edu
Call: 319-335-4719

If vou do participate in the study, vou will be paid for vour time and effort. Evenif yvou don’t qualify to
participate in this study, please forward this message to anvone vou know who does!
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APPENDIX C. TELEPHONE SCREENING PROCEDURES

Phone Screening Procedures

For a participant to be eligible for a study they must meet ALL of the following criteria:

+ DBe able to participate when the study is scheduled
+«  Meet all inclusion criteria
+  Pass the phone health screening questions

Overview

The purpose of this research study 1s to evaluate procedures designed to understand drivers’ awareness of the driving
environment.

»  Study Information, Time Commitment and Compensation:
This study involves 1 study visit which will last approximately 1 - 2 hours in length. You will have to
come to the University Research Park (formerly the Oakdale Campus) to participate.

We ask that yvou not drink alcoholic beverages within 24 hours of this study visit. You will complete
several questionnaires before and after vour study drives. You will receive instructions regarding driving
the simulator and the study drives at your visits.

Compensation
If vou complete the study visit and procedures vou will be paid $40 for vour ime and effort.

If vou withdraw from the study or your participation ends your compensation will be pro-rated:
£5.00 for every 15 minutes of participation

Are vou still interested in participating?

¥* IfYES. continue with Inclusion Criteria
# [IF NO, askif he/she would like us to keep him/her in our recruitment database for
consideration of future participation.
o IF NOT interested in future studies and wish to be removed from database
- Make note regarding deletion
- Reason if given
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Inclusion Criteria ~ General Questions

TE

Before this list of questions 15 admmistered. please commumicate the followmg:

There are several criteria that must be met for participation in this study. I will need to
ask vou several questions to determine vour eligibility. Before we begin, please have vour
driver’s license available.

1)

2

3

4)

9

If a zubjact fails to mest on= of the following criteria procssd to Closing.

Do you possess 8 valid U.5. Drivers” License and have been a licensed driver for two yvears?
-hIust amewer YES

Please look at the back of your driver’s license and read the class, endorsements and resfrictions to
mE.

MNote- the following are acceptable:

- C non-commearial vehica

- Wizion restriction, ifvizion iz comactad to 20020 with lemeas

Exclude:

- Any commapcial vahicle class

- Motoroycle endorzameants

- Any restrictions, other than wizion notsd shove

Can you say thatmeither vou norany of your close family or friends drive a commercial velicle or
ride 8 motorcycle?
- Mzt apswar YEB

Are you within the ages of 2555 or 65 or over?
-hIust apewer YES

Do vou drive, .
. (parepns ass 15- 55)at least 1 500 miles per vear, butnot more tham 30, WM miles per year?
b. {parzons ower §5)at least T miles per year, but not more than 15 (WM} miles per year?
-hlust answer YES

Dio yvou drive without the help of special eguipment such as pedal extensions, hand brake or throtile,
spinner wheel knobs or other non-standard equipment? (no mechanical aid or use of prosthetic aid)
-hlust anewer YES

Do vou bave normal or corvected o mormal vision T
~Blust apzwer YES

Are you able to refrain fromalcohol 24 hours before the day of the study visit?
-blustanswer YES

Would this be the first time you have parficipated in a driving sinmlator stnd y?
({If 190 to abores)

Where was the driving simmlator located T
-Excluda ifthe study was at WADS.

If Gemarsl Inclusion Criteria are met— proosad to Genersl Haslth Excluszion Critsria
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General Health Exclusion Criteria

1.1.1  Owverview

1.12 Bsfore administaring this list of guestions, pleass commmnicats the following:

Because of pre-existing health conditions, some people are not eligible for participation in this
study,

I need to askyoun several health-related guestions before you can be scheduled for a study session.
Your responses are volontary and all answers are confidential,

You can refuse to answer any guestions and only a record of your motion sickness susceptibility
will be kept as part of this study.

No other responses will be kept.

=  If a participant fails tomast one of the following criteria procesd to the Closing (If unsvrs sbout exclusion
criteria, consult Principsl Investizator )

1} If the subject is female:
#*  Areyoun,oris there any possibility that youn are pregnant?
Exclusion critaria:
o Ifthars is ANY possibility of pregnancy

1) Havevoubeen diagnosed with a serious illness?
> IfYES, is the condition still activa?
> Arsthere any lingering effacts7
* IYES, do vou carsto describa?

Exclusion criteria:

*  (Cancer (raceiving any radiation and/or chemotherapy treatment within last 6 months)
¢  Crohn’s diseass

# Hodgkin's disease

* Parkinson’sdissass

¢  Currently receiving anv radiation and/or chemothempytreatment

3) Do vouhave Diabeates?
#Hava vou been diagnosed with hyposlveamia?
#Ifwvas, do vou take insulin or anv othar medication forblood sugar?
NOTE: TvpalIl Diabatas accepted if controlled {madicated and undar the supervision of
physician)
Exclusion criteria:
¢  TvpalDiabatas - insulin dependent
¢ Tvpell -Uncontrolled {52z abova)

4) Do vou suffer from a heart condition such as distarbance of the heart rhythm or have you
had a heart attack or a pacemaker implanted within the last 6 months?
» IfYES, pleass dascriba?
Exclusion criteria:
*  Historv of ventricular fluttar or fibrillation
*  Swstole requiring cardio version (atrial fibrllation mawbe acceptable if heart thythmis
stabla following meadical treatment or pacemalarimplants)
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%) Have youever suffered brain damage from a stroke, tumor, head imjury, or infection?
If YES, what ara the resulting affects?

Do wou have an active tumor?

Anv visual loss, blurring or doubls vision?

Anvweaknass, mmbnass, or furmy faelings in the arms, lags or faca?

Anw troubls swallowing or slumed speach?

Anvincoordination or loss of contral?

Anvw trouble walking, thinking, remembering, talling, or undarstanding?

L U

Exclusion criteria:

* A stroke within the past £ months
®  Anactive tumor

*  Anvsvmptoms still axist

6) Haveyouever been diagnosed with sefrures or epilepsy T
> IEYES, how frequently and what tvpa?

Exclusion criteria:
® A saizure within the past 12 months

7) Do youhave Menjere's Disease or any inner ear, dizziness, vertigo, hearing, or balance
problems?

# Waar hearing gides - full correction with hearine gidas accaptabla

> IfYES, pleasa dascriba.

# Meéniare's Dizease is a problem in the inner sar that affacts hearing and balance. Symptoms
can ba low- pitched roaring in the sar (tinnitus), haaring loss, which mav be parmanent or
temporary, and vertieo.

* VYertigo is a faeling that vou or vour surroundinegs are moving when thers is no actual
movament, dascribadas a fasling of spinning or whirling and can ba sensations of falling or

tilting. It maw ba difficult to walk or stand and voumay losa wour balance and fall.

Exclusion criteria:
¢ Mlaniera’s Disease
®  Anvrecenthistorv of inner sar, dizziness, vertigo, orbalance problams

£) Do vou currently have a sleep dizorder such as sleep apnea, narcolepsy or
Chronic Fatizcoe Syodrome?
» IfYES, pleasadascriba.
# GSlesp apnea: how longundar treatment and was treatment succassful

Exclusion criteria:
¢ Tntrzated slzep apn=a
* Harcolspsy

*  Chronig Fatiene Syndrome

9) Do vouhave migraime or tension headaches that require von to take medication daily 7
> IfYES, pleasa dascriba.

Exclusion critaria:
*  Anvnarcotic medications
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10) Do youecarrently have untreated depression, drog dependency, anxiety disorder, ADHD or
clanstrophobia?
¥ IfYES, please describa.

Exclusion criteria:

¢ [lntreated depression

*  Arpraphobia, hyperventilation, or anxisty attacks

s ADHD (treated and untraated)

¢  Depandency or abuse of psvehoactive drues, illicit drugs, or aleohol

11} Are vou curremtly takingany prescription or over the counter medications”

*» I£YES, what iz the madication?
* A thee any waming labal: on vour medications, such as potential for stimulation or drowszinass?

Exclusion criteria

# DSodating madications of drowsdinass labal on madication UNLESS potantial participamt
indicates they have basn on the medication consizstency for the last § months AWD states they
have N0 drowsiness affacts from this madication

* Stimulant medication UWLESS potential participant indicates they have beon on the medication
conzistency for the last & months AWD states they have MO drowsinsss offscts from thisz
meadication

12} Do vou experience any kind of motion sickness?
*» IEYES, what were the conditions vou sxpariencad: when oomemred {a2s), what
moda of tramepodtation, (beat, plana, traing car), and what was the intenzity of
xput motion sicdmess?
* Om azcals of Oto 10, how often do vou exparisnce motion sidmes: with 0= Never and 10 = Always
* Om azcals of Oto 10, how severe a2 the symptoms when you experisnce motion sidmess with
0 =Afinimal and 10 =Incapacitated

Excluzion criteria:

&  Ome zingls moda of tranepodtation whees intsnsity i high sand prasant

&  Mlogs than 2 to 3 episodas for mods of ttaneportation whers intsneity iz
madarata of dbova

& Saverity snd suscsptibility scodse pamd high

13) Have you experienced any pain from neck or back injuries within the last year?
» IfYES, is it current or chronic neck or back injure?

Exclusion criteria:

*  Any coment skaletal muscular of neurologicsl problems in peck o badk reions
#  Chronic nack and back psin

# Pinched nerves in nack or back

* Back surgary within Last vaar

Proceed to Closing
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Closing

MEETS ALL CRITERIA
Instructions:

Refram from drinkimg alcohol and taking any NEW prescription or over the counter
drugs for the 24 hours precedmg vour driving session. If vou do need to take anew
medication 24 hours preceding your driving session, please call us. Ibuprofen, regular
Tylenol, aspirin, and vitamins are acceptable to tzke prior to driving session.

Bring vour Dyiver’s License with you to vour sppontment.

We ask that cell phones and pagers be tumed off, left home or m vour car outside as they
are not allowed while participating m the driving study.

Plaasze wear flat shoes to drive m.
No hats wom or gum chewing allowed while driving.

Eefram from wezrmg artificial scents (perfume or cologne) as some staff allergic to
scents.

Tou will be required to wear 2 seat belt while driving.

If vour appomtment is before 3am or after Spm, the front door will be locked. Someone
should be waitmg for vou m the lobby. If they have been momentarily delayved, please
use the After Hours Call Box located at the right side on the front door. Press the call
button and semeene will let vou m.

If you zre unable to mzke this zppomtment please czall (319) 3354774 25 soconas
possible. We prefer 24 hours” notice, but would rather recerve alast minute call than ne
call. Plezse leave a2 message if vou reach voicemai and a staff member will retum vour
call.

Provide directions, explam where to park and ask them to check m at the front desk mside the
main entrance.

DOES NOT MEFT CEITERTA:

Inform participant that they may qualify for 2 future study and ask if they wish to remam
m our datzbaze to be called for future studies.

If participant is not m our database, ask if they would like to be considered for future
driving research studies, if ves, fill out NADS database form.
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APPENDIX D. INFORMED CONSENT DOCUMENT

INFORMED CONSENT DOCUMENT
Project Title: Awareness of Driving Environment
Principal Investigator: Dawn Marshall
Research Team Contact: Dawn Marshall 319-335-4774

Thiz consent form describes the research study to help vou decide of vou want to participate. This form
provides mportant mformation about what vou will be asked to do during the study, about the risks and
bensfits of the study, and sbout your rights 25 2 resezrch subject.
+ [Ifvouhzve any questions sbout or do not understand something in this form, you should 2sk the
research team for more miormation.
*  Tou should discuss vour participation with anyone you choose such as family or friends.
* Do not agres to participate m this stmdy unless the resezrch team has mmswered vour questions
znd you decide that vou want to be part of this study.

WHAT IS THE PURPOSE OF THIS STUDY?

This iz a research study. We are inviting you to participate in this research stdy becanse you are:
*  between the ages of 23 znd 33 or are at least 63 vezrs old,
* are in good general heslth,
*  hazve held 2 valid U5, driver’s license without commereial vehicle, motoreyele endorsements or
restrictions other than corrective lenses for at least two vears and
*  drive atleast 1.500, but not more than 30,000 miles per vesr if you are betwesn the ages of 23
and 33 or at least 700, but not more than 15,000 miles per vear if you are over the age of 64.

The purpose of this research stdy 15 to understand drrvers” awareness of the driving environment.  The
goal is to determine what vehicle characteristics contribute to 2 driver’s awareness of its prezence.

HOW MANY PEOPLE WILL PARTICIPATE?

Approximately, 6lpeople will take part i this study at the University of Iowa.

HOW LONG WILL I BE IN THIS STUDY?

If vou agree to tzke part m this study, vouwr mvolvement will last for 1 to 2 hours.

WHAT WILL HAPPEN DURINGTHIS STUDY?

Once you have apreed to take part m this study by signing this document, we will 23k vou to sign 2
video release form and 2 payment form. We will zlso confum wou have 2 valid U5 driver’s license and
have ne commercial vehicle or motoreyele endorsements or restrictions other than 2 vision restriction.
Then you will be asked to complete 2 questionnzire that 2sks for personal mformation meluding vour
gender, date of birth, age. student status, occupation, and contact mformation, driving experience and

= . -
Chr mE
Fage 1010
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history, including viclations and accidents. This questionnzire also asks about vour motion sickness
history, current medications and =lechel consumption m the past 24 hours and whether vou have
participated m other driving simulator studies and where these studies tock place.

Next vou will complete vision evaluztions for acuity, field of view and coletblindness. You must hawve
20740 visual acuity m at least one eye and no colorblmdness. If vou do not meet these criteria, vour
participation will m this study will end. The data collected to this pomt will be kept even if vour
participation does not contimue and meluded m 2 summary describing the sample of people who were
enrolled m this smdy. Ne video datz will have been collected by this pomt m vour participation.

If vou are eligible to continue i the study, vou will watch 2 Pows=tPomt presentation that describes the
driving simulator, the smdy tasks and smdy drives. Any questions you have will be answered.

Prior to entermg the smmulater, temporary stickers will ke applisd to vour face so that we may track vour
eve and hezd movements while vou drive. These stickers zre commercizlly manufactured znd zre the
szme type of stickers that zre given to children at dector’s offices. The eve trackmg cameras zre
mountzd on the vehicle dashboard and will record vour head and eye movements during the drive by
following the movement of the stickers. If you are zllergic to latex, please mform study staff and we will
use temporary tattoos m place of stickers contzining latex. If tattoos zre used, 2 damp coth will be
pressad upon the tattoo that 13 applied to your fzce for zbout 30 seconds after which the dzmp cloth and
tzttoe backing will be removed leaving the tattoo. If tattoos zre used mstezd of stickers, vou will be
asked to remove the tattoos before leaving, using vour choice of severzl avalzble over the counter
cleanszers. The stickers will be removed at the end of the study drives.

Then vou will be escorted to the driving simulator znd complete three drives and 2 reaction time task.
The fust drive will 2low vou become familizr with the driving simulator, will last six to t=n minutes,
and will be followed by the reaction time tzsk. During the reaction time task you will press a button on
the steermg wheel when you see a vehicle appesr on the screen m front of you. The two study drives
will ezch be 20 to 30 mimutes long. Durimg each of these drives vou will mdiczts when you notice
specific vehicles by pressing the szme button on the steermg wheel vou used durmg the reaction time
task. Vou will be asked to complete a survey about how yvou feel after your familiarization drive and
again after your last study drive.

When vour simulztor drives are done, vou will be asked to complete two surveys; one shout the visual
sppearznee of vehicles and snother shout the reglism of the drving smulztor. Vour payment voucher
will be reviewed with you. Any questions yvou have about the study will be answered before the end of
your visit.

You may skip any guestions that you do net wish to answer on the questionnazires.

We will keep vour name and nformation zbout vou, mcludmg birth date and contact phone numbers on
file so that in the future, we may contact vou to see if vou would be willmg to complets questionnaires.
mterviews, of drives relating the data from this study to future studies. Agreeing to participate m this
study does not obligate vou to participete m future stdies. If vou zre interested in participeting in future
studies we will 2sk vou to complete 2 datsbase recrutment form durimg vour study visit or complete the
same information online. YVou will be asked to give a separate consent for any future studies.
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Andio/Video Recording or Photographs

A1l driving trizls will be recorded on videe. The simulater contzins sensors that measure vehicle
pperation, vehicle motion, and vour driving actions. The system zlzo contzims video cameras that
capture mages of you while driving (e.g.. driver’s hand position on the steering wheel, forward road
scene). These sensors and videe cameras zre located m such 2 manner that they will not affect vou or
phstruct vour view while driving. The videe camerzs will record mages that melude vour face. The
mformation collected using these sensors and video camerss are recorded for analysis by research staff
and may be nsed 25 described in the Confidentiality zection below.

SOCTAL SECURITY NUMBER (SSN) USAGE

Tou will be asked to provide your social security number on a subject payment form that is sent to the
University of lowa Business Office. The collection of your socizl security number is necessary to
process your payment. Y our social secutity number will not be used for any purpose other than to
process your payment. The collection of your socizl security number, for résearch purposes other than
pavment, is strictly optional and is not rﬂquuﬁd for participation in the study.

I allow vou to cellect and use my secizl security number for the purposes outlmed sbove.

I do NOT alow you to collect or use my social security number for the purposes outlmed zbowve.
(Initial vour choice above)

WHAT ARF THE RISKS OF THIS STUDY?

Tou may experience one of mors of the nisks mdicated below from being m thiz study. In zdditien to
these, thers may be other unlmown risks, or risks that we did not anticipate, 2ssociated with bemg n this
study.

The risk mvelving driving the stmulater i3 possible discomfort assoctated with simulator diserientation.
Previous studies with similar driving mtensities and simulator setups produced few diserientztion
effects. When effects were reported, they were nsuzlly mild to moderate and consisted of slight
unezsiness, warmth, or eyestrain for 2 small number of participants. These effects typically last for only
2 short time, usually 10-13 mimutes, after leaving the simulater. Youmay quit driving 2t any time if you
experience any discomfort.

If vou 2zk to quit driving 2z 2 rasult of dizcomfort, you will be allowsd to quit st onee. If vou 2k to quit
driving due to discomfort, you will be escorted to 2 room, asked to sit and rest, and offered 2 beverage
and snack. Atramed staff member will determime if and when vou will be zllowed to leave. If vou
show fewr or no signs of discomfort, vou will be able to go home or transportation will be arranged if
vou feel you are unable to drive home. If vou experience anvthing other than slight effects, a follow-up
pall will be made to you 24 hours later to ensure vou'rs not fzeling 1l effects.

Fisks zssoctated with latex stickers can be drymess, itching, buming, sezling, and lesions of the sk, and
mild discomfort when they are removed (zimilar to removing 2 bandage).

D
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Risks 2zzociated with temporary tattoos can be mild skin irritation during removal.

WHAT ARF THE BENEFITS OF THIS STUDY?

Vou will not benefit from being i thiz smdy. However, we hope that, i the future, other people might
benefit from this study becanse inderstanding what vehicle characteristics help people notice them may
lead to recommendztions that help dirvers have fewer crashes.

WILL IT COST ME ANYTHINGTO BE IN THIS STUDY?

You will not hawve any costs for being i this resezrch study.

WILL I BE PAID FOR PARTICIPATING?

Tou will be paid for being m this research study. Youwill need to provide vour social security number
[S5M)im order for uste pay vou. You may chooss to participate without bemg pzid if yvou do net wish to
provide vour social security number (S5N) for this purpose. Youmay also need to provide vour address
if a check will be mailed to you. If vour social security number is obtained for payment purposes only, it
will not be retamed for research purposes.

If vou agres to participate in this study, you will be paid 540 if vou complete all stmdy visits and
procedures. If vou withdraw or vour participation ends, vour compensation will be pro-rated at 83 for

every 13 minutes of parficipation.

WHO ISFUNDINGTHIS STUDY?

The Ipwsa Department of Transportation and the Midwest Transportation Consortium are findmg this
research study. This mesns that the University of lowa is receiving pavments from The Towa
Department of Transportation znd the Midwest Transportation Censertium to suppert the activities that
are required to conduct the study. No one on the research team will recetve 2 direct payment or increase
m szlary from The lowa Depertment of Transportation or the Midwest Transportation Consortium for
conducting thiz study.

WHAT ABOUT CONFIDENTTATITY?

We will keep vour participation in this research study confidential to the extent described in this
document znd permitted by law. However, it is possible that other people such as those mdicated below
may become aware of your participation i this study and may mspect and copy records pertaining to
this resezrch. Some of these records could contzm mformation that personslly identifies vou

» federsl govemment regulatory agencies,

» diting departments of the University of Iowa, and

e the University of lowz Institationzl Review Board (2 committee that reviews and approves

rezearch studies)

To help protect vour confidentiality, vou will be 2ssigned 2 study number which will be used mstezd of
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your name to identify 2l datz collected for the study. The list lmkmg your study number and your name
will be stored m a2 secure location and will be 2ccessible only to the resezrchers at the University of
Iowz All records and datz contamimg confidential mfermation will be memtzined m locked offices or
on securs password protected computer systems that are sceessible to the researchers, the study sponsoer,
and itz agents. It iz possible that persons viewing the video datz may be able to identify you.

The engineering data collacted and recorded m this study (mcdudmg any performanes scores based on
these data) will be analyzed along with data gathered from other participants. These datz may be
publicly released i fmal reports or other publications ot media for scientific (e g, professional society
mestings), regulatory (e.g.. to 2ssist i regulating devices), educational (e.g , educationzl campaipns for
members of the general public), cutreach (e.g., nationally televised programs highlighting traffic safety
izsues), lepislative (e.g . data provided to the U.S. Congress to assist with law-making activities), or
research purposes (e.g, comparizson analyses with data from other studies). Engineering data may also
be released mdividuzlly or i summary with that of other participants, but will not be presented publicly
i a way that permits personal identification, except when presentsd m conjunction with video data

The video data (video image datz recorded during your drive) recorded m this study includes your
videp-recorded likeness and all m-vehicle zudio meluding vour veice (znd mzy include, m some visws,
superimposed performance mformation). Videe and m-wehicle sounds will be used to examine vour
driving petformance and other task performance while driving. Videe image data (in contimuous videp
ot still formats) and asseciated audic datz may be publicly relezsed, either seperately or m 2ssociztion
with the zpproprizte engmeermg data for scientific, regulatery, educationsl, outrezch, legislative, or
research puwrpeses (23 neted shove).

The simulator data is captured and stored on hard drives located within 2 limited access arez of the

NADS facility. Access to simulator datzs is controlled through permissions estzblished on 2 per-study
basis.

If we weite 2 report of articls zbout thiz study or share the study datz zat with others, we will do z0in
such a way that vou cannot be directly identified.

ISBEINGINTHIS 3STUDY VOLUNTARY?

Taking part m this research study is completely vehmtzry, Youmay choose not to teke part atall. If
vou decide to be m this study, vou may stop participating 2t any time. If vou decide not to be m this
study, of if vou stop participating at any time, you won't be penzlized or lose any benefits for which vou
otherwize qualify.

Can Someone Flse Fnd my Participation in this Study?

Under certzin circumstances, the researchers might decide to end vour participation i this research
study eathier than planned. This might happen beczuse vou drink zlechel within the 24 howrs to vour
study visit, vou do not meet the vision requirements, or if vou fzi to operate the research vehicle m
zecordanee with the mstructions provided or if there are technical difficulties with the driving simulator.
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WHAT IF T HAVE QUESTIONS?

We encourage vou to 2sk questions. If you have any questions sbout the research study itself, please
contzct: Dawn Marshall at 319-333-4774. If vou experience 2 resezrch-related mjury, plezse contact
Diawm Marshall at 319-333-4774.

If vou have gquestions, conesms, of complzints zbout vour rights 23 2 resegrch subject or sbout research
related mputy, please contact the Human Subjects Office, 103 Hardin Library for the Health Sciences,
600 Newton Rd, The University of Iowa, Iowa City, [A 52242-1008, (319) 335-63564, or e-mail
ph@uiowsa.edu. Generzl mformation about bemg a research subject can be found by cicking “Tnfo for
Public™ on the Human Subjects Office web site, httpo/resezrch wiowa.eduhse. Te offer mput about vour
experiences as aresearch subject or to speak to someone other than the research staff. call the Human
Subjects Office at the number sbove.

Thiz Informed Consent Document is not 2 contract. Itis 2 written explanation of what will happen
during the study if you decide to participate. Touare not waiving zny legal rights by signimg this
Informed Consent Document. ¥our signatrs mdicates that this research study has been explzined to
vou, that vour gquestions have been answered, znd that vou agree to tzke part m this study., YVou will
recetve 2 copy of this form.

Subjects Name (printed):

Do not sign this form if today’s date is on or after expRATION DATE: 051312 .

(Signature of Subject) (Date)

Statement of Person Who Obtained Consent

T have discussed the zbove pomts with the subject or, where zppropriste. with the subject’s legally
muthorized representative. Itis my opmion that the subject understands the risks, benefits, and
procedures mvolved with participation i this resezrch study.

(Signature of Person who Obtained Consent) (Date)

T
g
at]
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APPENDIX E. DRIVING SURVEY

Drivimg Survey

As part ofthis study, it is useful to collect information describing each paricipant. The following questions
ask about youandyour health, your driving pattems, and your alcohol corsumption. Please read each
question carefulty. If something is undear, askthe researcherfor help. ¥our paricpation is voluntary and
you havethe rightto omit questions if you choose. Pleaserememberthat all of youranswerswill be kept
confidential.

Background Information

1) Whatis your birth date? { !
Month Day Year

2) ‘What age are you today?

3) Whatis yourgender?

O Male
O Female

4) Whatis yourmarital status ? (Check only ong)

O Single, never marred

O Married

O DomesticPartneship

O Separated or Divaorced
O Widowed

B Whatwas yourtotal househodincomelast year? (Check onby ong)

0O 50- 524 595

0 525,000- 529,999
0 530,000 - 534,595
0 535,000 - 535 595
0O 540,000 - 40 500
0 550,000 - £50, 000
O 560,000 - 560 900
O 570,000 - 579 950
O 530,000 - 589 920
0 580,000 - £99 999
O 100,000 or more

B) Whatis yourpresent employment status? (Check only ong)

O Unemployed

O Retired

O'Work part-time

O 'Wark full-time

O None ofthe above

7) Whattype ofworkdoyoudo(e.g., teacher, homemaker}?

Continue to next page.
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3} Ofwhich ethnicorginis) doyou consider yourself? (Check all that apply)

O American IndianiAlaska Mative

O Asian

O Blacksafrican American

O HispaniclLatino

O Mative Hawaiian'Cther Pacific|slander
O White/Caucasian

O Other

g9) What is the highest leve ofeducationthat you have completed? (Check only one)

O Primary School

O High School Diploma or equivalent

O Technical School or equival ent

O Some College arUniversity

O Associate’s Degree

O Bachelor's Degree

O Some Graduate or Professional School
O Graduate or Professional Degree

Driving Experience

10) How oldwere youwhenyou startedto drive? years ofage

11} Faorwhich of the followingd o you currently hold a valid driver's licens ewithinthe United States?
[(Checkall that apply)}

VehicleType Year When FIRST Licensed
(May be Approximate)

FassengerVehicle License
Commercial Truck License
Motorcycls License

Other:

Other:

L) | | L

12} How often doyou drive? {Checkthe most appropriate category)

O Less than onceweekly
O At least onceweekly
O At least once daily

13)  Approximately how many miles doyou drive peryearin each vehidetype, excluding miles
driven for work-related activities 7 (Check only one for each vehicle)

Car Motarcycle Truck Other:
0o notdrive O0onotdrive O0o notdrve OCo notdrive
OUnder2, G00 OUnderZ GO0 OUnder2 GO0 OUnderd GO0

- O O00-7 5959 Oz 000 - 7,555

O 000- 17009 [ OI8.000- 12995 [ DJ8.000- 12,000 | 018,000~ 12 549
O3 000- 19,950 | O73,000- 19,999 | O73,000- 19,5999 | OT3000- 79,500 |
020 000 armare | D20 000 ormore | 020000 ormare | D20 000 or maore
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OUnder 2,000
02,000- 7,999
0 3,000- 12,999

0 13,000- 19,990
020,000 or mare

O Mo (5o to guestion# 15)
O%es (please complete question 17a below)

14) Is any driving you dowonk-related? ({Check only one)

14a) How many work-related miles doyou drive per year? (Check only ong)

Mever | Yearly | Monthly | WWeekly | Liaily
Residenbal jm ] jm] jm] jm ] jm ]
Business Distrct m ] jm ] jm ] jm ] jm ]
Rural Highway (e.q., Route &) jm ] m] ] jm ] jm]
Interstate (e.g., Imerstate ol) m ] ] ] jm ] a
Gravel Roads ] m] m] 0 0

O Mo

O %es (Please describe)

15]) How frequertly do youdrive inth e following ervironments? ({Check only one far each environmernt)

16) Haveyou ever hadto participate inany driverimprovement courses dueto movingviolations?

[(Checkthe mostap propriateanswerforeachtaskimanewer)

17) When driving, howfrequenthy doyou perform each of the following tasks'maneuvers?

Mever

Rarely

Occasionally

Frequently

Always

Mot
Applicable

Changelanes on Interstate or
freeway

a

a

a

a

a

Keepup with trafficintown

Keep up with traffic ontwo-lane
hig ey

Keepup with trafficon
Interstate orfreeway

Pass othercars on Interstate or
fresway

Exceed speed limit

W ear a safety belt

Make left turns at uncontrolled
inters ections

a oo o o oaa

a oo o o oaa

oo a|joa|a

a oo o o oaa

o oo o oo

o oo o oo

Continue to next page.
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18} How comfortable doyou feel whenyou drive inthe following conditions ar perform the following
maneuvers? (Checkthemost appropriate answer for each condtion)

Very Slightly Slighthy Very Mot
Uncomfortable | Uncomfartable | Comfortable | Comforable| Applicable
Highwayfresway a a m | a a
After drinking alcohol a a m | a a
With children ) m) a a a
High-density traffic m m) m) a a
Passing othercars jm) a a ) )
Changing lanes a a m | a a
Making left turns at
uncontrolled a a m a a
intersections
Violations
18)  Withinthe pastfive years, how manytickets haveyou received for thefollowing?
(Please checka res ponse for eachticket)
H 1 2 3+
Speeding O O a a
Goingtoo slowy O O a a
Failure to yield right of way O O a a
Di=obeying traffic lights O O a a
Dizobeying traffic signs O O a a
Improper passing O O a a
Improperturning O O a a
Reckless driving m | m | m | jm |
Followinganother cartoo closely m | m | a a
O perating While Intoxicated (W) or Driving Underthe m | m | m | a
influence (DU}
Other (please s pecify type and frequency of violation)

Accidents

20} In the pastfive years, how many times have you beenthe driverof a car involvedin an accident?

A0 (Goto question#2% on page 7)
jm |

jm e

o3

84 ormoare

Please provideinformation for each accident onthe next page.
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Accident 1

VWas another vehicle imwalved? OMo OYes
Was a pedestrian irvolved? OMo OYes
Were you largely responsibl efor this accdent? OMo OYes
Did you goto drivers rehabilitation? OMo OYes
Weather Condition: Month"y ear:
Description;
Accident2
Was another vehicle imvolved? AOHNo OYes
Was a pedestrian imolved? OMo OYes
Were you largely responsibl efor this accdent? OMo  OYes
Did you goto drivers rehabilitation? OMo OYes
Weather Condition: Month" ear:
Description;
Accident 3

Was another vehicle imvolved? AOHNo OYes
Was a pedestrian imolved? OMo OYes
Were you largely responsibl efor this accdent? OMo  OYes
Did you goto drivers rehabilitation? OMo OYes
Weather Condition: Month" ear:
Description;

Continue to next page.
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Health Status

21)

22)

23)

24)

How often do you experience motionsickness 7(Cinzle only one)

H 1 2 3 4 B & 7 3 9 10
Mewer Always

How severeare your symptoms when you experience motion sickness (Cirde only one)
o 1 2 3 4 & & 7 8 o 10
Maone Severe

Haveyoutakenany medicationinthe past 48 hours 7 {Chedk only one)

OMo
O%es (Pleaselistall)

Haveyouconsumedany alcohd orother drugs inthe past 24 hours?

OMo
OYes (Pleaselistall)
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APPENDIX F. VISION TEST FORM

This screening is used to test vour field of view. The exam will be administered for each eve
separately, beginning with vour right eve.

Control Panel Setup:
I RIGHT Exe
O FAR
[] SLIDE #1

+ NOTE TOEXFERIMENTEER: LIGHTS WILL APFEAR ONTHE EYE EEING TESTED

Instroctions to Participant:

1. Lookatths centar of the slids. A small flashinglight will appaar to the laft or to the right. Pleasatell me
when vou see the licht and indicate which sids. (Press NASAL button for three seconds or untl vou geta
response and circle 43 if seen O if not seen). Person must see nasal to pass,

If thev could not s2= and are wearing glassas, the templa pisce mav obstruct their view. Have them remove
glassas and repeat stap 1.

Continus to look at the center of the slide. A small flashing light will appear to tha laft or to the right. Tall me

whan vou 522 a light and indicatz which sidz. Press 33 ° button for 3seconds or unitl you recemvs o responss.
SCORE: circle 33 if correct or 0 if incorrect under the appropriate sye

. Tellme when vou se2 a light and indicats which sidz. Press 707 bumon for 3 seconds or unal vou recetve o
response. SCORE: cirele 70 if correct or 0 1f incorrect under the appropriate eys

. Tellme when vou se2 alicht and indicats which sidz. Press 837 bumon for thres seconds or unnl you
receive o response. SCORE: circle 85 if correct or U if incorrect under the appropriats eye

v Switch to Left eve and repeat procedure

RIGHT EYE LEFT EYE
NASAL 4510 NASAL45/0
5570 5570
00 T0/0
a5 /0 8510

Scoring: Sum of the highest RIGHT and highest LEFT temporal readings (55, 70, and 80)
VISUAL FIELD OF VIEW:

63



This screening is used to test how well vou see at a distance. The exam will be administered for both
eves simultaneously.

Control Panel Setup:
[0 RIGHT Ev=

Ll LEFT Eve

O FAR

[ SLIDE #3

Participant Instroctions:

1. Please look at the numbers on the screen by pressing the bar with your forehead, Do yon see three
columns of numbers?

LI YES Move onto question 2)

[0 WO (Ensurs conrrol panel iz zetup and forehead iz preszed against black bar— green ready light appeavs

on control panel. [fsetup properly and you can see lines, twm gff left then right on control panel to maks
certain subject can ses in both sves.)

. Please read the numbers on line 7 from left to right.
=2 missad/anv group record a vision of 20020 balow.
=2 missed in anv group go to guastion 3.

Please read the numbers on line 4 from left to right.
2 missed‘any group recorda vision of 20050 balow.
2 missed in anv group go to guastion §.

6. Please read the numbers on line 3 from left to right.
O <1 missed/any eroup racord s vision of 20T0 below:.
[0 = lmissed inany group go to guestion 7.

7. Please read the numbers on line I from lefi to right.
< | missed/anv group recorda vision of 200100 balow.
O =1 missed in anv group

Far Visual Acuity Reading: [] []/[] []
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This screening tests vour ability to distinguish between various colors such as red/green and
bluefvellow. The screening will be administered for both eves simultaneously.

Control Panel Setup:
O RIGHT Eye
[] LEFT Eye
L] FAR
[] SLIDE #5

Participant Instructions:

1. Please look at the circles on the screen by pressing the bar with vour forehead. Do vou see six
circles?
O VES (Move onto guestion 2)
[0 MO (Ensure contral pansl is et up and forchead is preszed against black bar — green ready light
appears on control panel. If setup properly and vou can see lines, twn affisft then right on control
panel to make certain subject can ses in both sves. )

2. Please read the digits in each circle starting with Circle A and ending with Circle F. (Record
the responses below).

CIRCLE | NUMBER | RESPONSE

A 12 HN
]

L]
[]
L]

Total # Digits Correct (not including blank): [ ]
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APPENDIX G. PARTICIPANT TRAINING

Pre-Drive Information for Study
Participants

Please press the space bar or use
the | 1 keys to navigate the slides.

1 Ack

" The N
aved at The University of lowa

1

d Driving Sk

Welcome to the
National Advanced Driving Simulator

You will be driving a 1997 Jeep Cherokee in the simulator today.

The vehicle will not move during your drive.

= The National Advanced Driving Simulator
avel at The University of lowa L
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Driver Tasks

During your drives you will be asked to do the following:

*Press a button with a finger of your right hand
Indicate when you first notice specific vehicles
Complete a questionnaire

The following slides will explain more about these items.

avad 1he National Advanced Driving Simulator

at The University of lowa

Pressing the Button

You will need to press the button installed on the RIGHT side ofthe
steering wheel

» during the reaction time test and
« when you first notice one of the specified vehicles

The button is located on
the back side of the
steering wheel.

Press the button only once
for each vehicle.

The button will beep when
you press it.

avad The National Advanced Driving Simulator

at The University of lowa




Vehicle Recognition

During the main drives, there will be many vehicles. You will
indicate when you first notice any of the three vehicles below. These
vehicles may be present one or more times during your drive and
may be different colors than shown below.

Please press the button when you first notice any of these vehicles.
Then say the type of vehicle out loud.

A S ) ~; —

v

Pick-up Motorcycle Heavy Truck

Examples of the vehicles

1 Adh d Driving Simut

The Nati
?
at The University of lowa

Driving

Driving the Jeep is very much like driving any other vehicle with an
automatic transmission. The gear selector lever is in the center console. It
requires you to depress a button on the left side of the handle with your
thumb in order to shift the lever.

To begin driving, press on the brake, shift into “D” for DRIVE, then press on
the accelerator.

To end a drive, brake to a complete stop, and when the speedometer is at
“zero”, shift into “P” for PARK, then assume the resting position.
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Adjustments

When you are escorted to the simulator room a researcher will help
you into the Jeep. Once you are seated, please adjust the seat and
the steering wheel so you are in a comfortable driving position.
Once adjusted, please fasten your seatbelt.

Seat
adjustment

controls : R L = ¢ Steering

. wheel
Seatback e - o e tilt lever
angle — -

lever

You'll be shown the button once you are situated.

avel The National Advanced Driving Simulator

at The University of lowa

Mirrors

There is no need to adjust any side or rearview mirrors forthe drive
today. They will not be used.

avel The National Advanced Driving Simulator

at The University of lowa




Resting Position

Once you are buckled in, please sit in
what we call the “resting position”, which
is with your hands off of the steering
wheel, and your feet off of the pedals.
[please click on picture at right]

You will then be asked to face forward so
the eye cameras can be aligned. After
alignment, the researcher will close the

cab door and turn offthe room lights. e, — i
Demonstration of resting position

aved 1he National Advanced Driving Simulator

at The University of lowa

Eye Tracking

Eye tracking uses two box-shaped cameras (A &
B) mounted on the dash. The cameras will map
your eye movements during your drives.

A researcher will guide you through the eye Face straight ahead
tracking calibration using the cab intercom.

Calibration is an automatic process. You should
face straight ahead and a picture will be taken. It
takes only a short time afterward to get the
cameras calibrated.

You'll then be asked to look at a few landmark
points and eye tracking will be finished.

1 Adh ik

The Nati
4 ‘J at The University of lowa

d Driving
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Familiarization Drive

Once eye tracking calibration is finished, you will hear instructions foryour
first drive. This drive is designed to help you get used to the simulator. You
will be able to practice steering and braking.

You will be driving on city streets and a rural highway.

During the familiarization drive you will have the opportunity to detect the
vehicles you were shown earlier. Remember to press the button when
you first notice any of these vehicles. At the moment you first notice one of
the vehicles, press the button and say the type of vehicle out loud.

avad The National Advanced Driving Simulator

at The University of lowa

Questionnaire

After driving the first practice drive, you will be given a survey
that determines how compatible you are with the simulator. A
researcher will ask you to consider 17 different items and record
your responses on the survey. Your answers will apply to how
you feel immediately after the drive. The four options for each
item are: None, Slight, Moderate or Severe.

avel The National Advanced Driving Simulator

at The University of lowa




Reaction Time Test

You will not drive during the reaction time test.

The object of this test is to determine how fast you can press the
button when a vehicle appears.

During the reaction time test, a series of vehicles will appear on the
screen ahead of you. At the first moment you can see the vehicle,
press the button then state the type of vehicle out loud. The vehicle will
disappear when you press the button and before another vehicle
appears.

When told to begin, position your finger near the button and wait for
the first vehicle to appear.

avad e National Advanced Driving Simulator

at The University of lowa

Main Study Drives

You will drive two main study drives. A pre-recorded instruction will be
played before each drive and there is time to ask questions before you
begin driving. During each drive you will encounter several vehicles. As
described earlier, each time you notice one of the vehicles you were shown
press the button and state the type of vehicle out loud.

You will be driving on city streets and a two-lane country road. Each drive
will last approximately 20 minutes.

avel The National Advanced Driving Simulator

at The University of lowa




Intercom System

The cab has an intercom system which allows the researchers to hear you
at all times. It has already been adjusted for the drives today. If forany
reason you want to stop driving, please tell us. The operator will hear you
and can end the drive in just a few seconds.

The driving instructions and the end-of-the-drive instructions will also play
through the intercom system.

If you happen to accidentally press the button at the wrong time, please
advise the researcher of this. Also, please advise if you forget to press or
inadvertently delayed your response on the button.

avad 1he National Advanced Driving Simulator

at The Untversity of lowa

Conclusion

This slide concludes the briefing presentation for your drives today.
The researcher will be happy to answer any questions about the study
that you may have at this time.

Three stickers foreye tracking will be placed on your face while you
wait.

at The University of lowa

| avad 1he National Advanced Driving Simulator




APPENDIX H. MOTORCYCLE CONSPICUITY-RELATED FACTORS SURVEY

Motorcycle Conspicuity Related Factors
Fleaseread each question carefully. If somethingis unclear, askthe researcherforhelp. Your
participation isvoluntary and you have the rightto omit questions ifyou chomse.

1} Im your opinion, how helpfulisit for you as a driverto seethemotoroydists onthe roadwhen
they dothe following?

A) Useawhite helmeat

L L L L L
Wary Somawhat Naither | Somewhat Sary
Unhalpful Unhalpful Halpful Halpfil Healpful
of
Unhsalpfil

B} Useabrightcolored helmet

L L L L L
Vary Somawhat Kaither | Somawhat Ve
Unhalpful Unhalpful Heslpful Halpful Halpfil
of
Unhalpfil

C) Use afluorescent/ reflective safety vest?

Ll L L L Ll
Wary Somewhat Meither | Somewhat Vary
Unhalpfisl | Unhelpfil | Halpfil Halpfl Halpfisl
o
Unhalpfil

D) Useabright colored jacket

L U L L L
Wary Somewhat Meither | Somewhat Vary
Unhalpfil | Unhslpfil | Halpful Halpful Halpful
o
Unhalpfisl

E} Usedaytimerunninglights?

U U U U U
ary Somawhat Maither | Somewhat Vary
Unhalpful Unhslpful Hslpful Halpful Halpful
of
Unhalpfil

Continueto nextpage.
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F1 Useamodulating headlamp

U U L U U
Sary Somewhat Waither | Somewhat Sary
Unhalpfiul | Unhslpfil Halpifisl Halpdfirl Halpfirl
of
Unhelpfirl
) Usehandsignals
U U L U U
Sary Somawhat Maither | Somewhsat Sary
Unhalpfil | Unhslpfil Halpifisl Halpfir Halpifirl
o1
Unhelpfirl
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APPENDIX |I. DEBRIEFING STATEMENT

Debriefing Statement
Thank wou so much for participating in this study. Y our participation was very valuable to us.

In this study, we were interested in understanding what makes motorcvcles more easily seen by
drivers. We couldn’t tell vou this because we didn’t want vou to pay more attention to
motorcycles than other vehicles while vou were driving.

For this reason, it is important that participants remain unaware of that our focus is motorcycles
until after they have completed their drives. We need vou to keep secret that we are focusing on
motorcyvcles from people who mav be in the studv in the future. To this end, we ask that vou not
discuss anv of the details of the study until April.
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