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ABSTRACT

The ability to avoid collisions is essential for survival. Diminished avoidance abilities
among older adults and those under age 12 may account for the disproportionately high number of
older individuals and children involved in pedestrian-vehicle collisions (Choueiri, E. M,
Choueiri, G. M., Choueiri, B. M., 1993); (Kingma, J., 1994); (Mathey, F.J.,1983). The growing
number of traffic-related fatalities underscores the need to attain a better understanding of
collision avoidance response skill changes across the life span and the need to develop systems
for screening and assessing individual collision avoidance skills. The primary objective of the
parent research was to develop a battery of tests and to examine the relationships between
sensory, attention, cognition and motor skills with collision avoidance ability. The degree of skill
exhibited by an individual in avoiding automobile collisions in the simulator is expected tobe a
useful indicator of his/her ability to perform other related complex vehicle-maneuvering tasks
such as those required for automobile operation. The purpose of this thesis project was to develop
a simulated collision avoidance testing (SCAT) apparatus and procedure and conduct a pilot study
to examine the SCAT system sensitivity to age and sex differences of the vehicle operator,
particularly with respect to intra-task manipulations of visibility, event uncertainty, and type of
evasive maneuver.

One hundred and six healthy functional volunteers served as participants. These volun-
teers have 19 (6-19 years) participants in the young group; 43 (20-59 years) participants in the
adult group, and 44 (60-74+ years) participants in the senior group. Five sets of tasks were per-
formed: (1) Simulated Collision Avoidance Task with overall measures including crash frequency
and crash severity;(2) Sensory Integrity tests (vision, hearing, and health questionnaires); (3)
Information Processing Tasks including reaction time and movement time tests; (4)Tasks of
Everyday Attention and Cognition (TEAC): Visual Elevator Test (attention switching), Trails B
Test (visual search), Telephone Directory Search Test (visual search), and Telephone Number
Dialing Test (short-term memory); and (5) Movement Control Tasks: Grip Strength Test
(strength), Balance Test (balance), Gross Motor (Fitts Tapping Test), Needle Threading Test (fine
motor skill), Bow Tying Test (fine motor skill), and Tweezer Transfer Test (fine motor skill). The
total time per test session was 90-120 minutes. Only the simulator results are presented in this the-
sis.

Overall results for the SCAT showed significant differences in crash frequency ratio and
crash severity as a function of age, sex, uncertainty and maneuver. Visibility was only marginally
significant. The effects of age depended on level of task such that the senior group had a signifi-
cantly higher crash frequency and severity than the other age groups for uncertain scenarios,
while differences between other age groups were not significantly different. There was an interac-
tion of sex and maneuver in crash severity such that males performed worse than females.
Females varied very little across maneuvers while males had progressively more fatal crashes
from left to right to stop maneuvers. The stop maneuver had a significantly greater crash fre-
quency than the left or right maneuvers. The right and stop maneuvers had a higher crash severity
than the left maneuver for uncertain scenarios.

Beneficial outcomes of this research for Hawaii and the nation may include improved
medical screening and assessment batteries to aid licensing agencies, rehabilitation facilities, phy-
sicians, driver education specialists, law enforcement officers, families of unfit drivers, and all



drivers on the road in identifying drivers who, for whatever reason, are unfit to drive without
assistance. This research helps identify when collision avoidance abilities (and cognitive and
motor function) reach maximal development, when they begin to decline, and the possibility of
compensatory measures for recognized deficiencies. These findings are especially relevant to the
identification of older persons at risk of auto accidents. Given the sensitivity to age and/or disabil-
ity demonstrated by SCAT, these tasks may hold potential for screening candidates for driver’s
license renewal and for impaired driver rehabilitation in virtual reality... risk free to the real world
traffic. SCAT may comprise useful test battery elements for testing and predicting collision avoid-
ance ability of potential drivers and for assessing an individual’s fitness to drive thereby reducing
traffic fatalities and extending the number of years of safe driving for motorists.
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CHAPTER 1
INTRODUCTION

The purpose of this research was to develop a Simulated Collision Avoidance Testing
apparatus and procedure and conduct a pilot study to examine the SCAT system sensitivity to age
and sex differences of the vehicle operator, particularly with respect to intratask manipulations of
visibility, event uncertainty, and type of evasive maneuver. The sections that follow are: (a)
importance, (b) statement of problem, (c) hypotheses, (d) operational definitions, (e)
delimitations, (f) limitations, and (g) assumptions.

1.1 Impertance

The ability to avoid moving-vehicle collisions is a complex procedure, which draws upon
the coordinated action of an individual’s sensory, cognitive and motor capabilities. In the past,
collision avoidance responding ability could not be examined easily because it involved placing
people in automobiles, subjecting them to perilous driving conditions, and exposing them to high
risks for driving collisions. Such procedures would jeopardize the safety of drivers, others on the
roadway, and was costly in terms of equipment damage. Virtually the only source of collision
avoidance data lay within accident reports. However, the advent of computer-based driving
simulators ushered in a new era for collision avoidance research. Such simulators endowed
researchers with a means of safely manipulating driving conditions to determine the degree to
which variables proven to influence driving ability of individuals across age and sex groups.
Driving simulators provide most of the relevant visual cues present when driving in the real world
(Kemeny & Panerai, 2002). Associative devices such as impending collision warning systems
would be of potential value as these devices have been shown to significantly improve braking
response times and reduce the frequency of collisions among participants in driving simulation
experiments (Suetomi, Kudo, Yamamoto, & Hata 1995).

Prior research has indicated driver fatigue, night driving, overestimating driving skills in
addition to age, contribute to an individual’s collision avoidance skill not only in automobiles but
also in aviation performance on flight simulators (Yesavage, Taylor, Mumenthaler, Noda, &
O’Hara, 1999). In driving simulation studies, the level of awareness of forthcoming maneuvers
was found to exert a significant influence on braking response times (Schweitzer, Alter, Ben-



David, Liebermann, & Parush, 1995; Suetomi, et al, 1995). The performance on driving
simulator tests among 60-82 year old participants was markedly worse in daylight conditions than
in the dark (Schlag, 1993). These studies imply that visibility conditions and pre-cuing drivers to
upcoming evasive maneuvers are key factors, which will influence individual collision avoidance
skill as measured by braking response time. In addition, driving simulation can provide important
information for vehicle design and thanks to its inter-disciplinary nature; it can foster basic and
applied research, opening new directions of investigation in the study of multi-sensory integration
for self-motion perception (Kemeny & Panerai, 2002).

Health care professionals, public policy officials, and researchers concerned with
competency to drive lack validated reliable instruments for assessing older and chronically ill
drivers who may be at an increased risk for motor vehicle crashes and violation (Colsher &
Wallace, 1993). Physician practices that concern the appropriate management of older drivers
vary widely. When physician members of the American Geriatrics Society were sent a
questionnaire, the vast majority of them believed that driving was a privilege and not a right but
over 60% had never referred a patient for evaluation of driving status by local licensing agencies,
and only 21% kept records of patient driving status. Most of the physicians were unaware of the
driving guidelines established by the American Medical Association. Although the majority
(87%) of the physicians felt that it was their responsibility to assess their patients’ ability to drive,
physicians are generally uncertain about how to recommend driving restrictions. It is of great
interest to notice that common criteria utilized for recommendations of driving restrictions
include the physical exam (22%), family requests (15%), seizures (13%), syncope (12%), and loss
of vision (10%). In addition, only 8% utilize mental status as criteria, and 10% had no criteria at
all (Miller & Morley, 1993). This only reinforces the great need for more research to be done to
help guide health professionals in assessing older drivers by developing screening and assessment
procedures.

One of the most pertinent issues that confront clinicians, researchers and regulators is the
development of appropriate tests to screen and assess for dysfunctional driving with safety risks,
and it is unclear whether an appropriate battery could be created from already-existing tests and
questionnaires. It seems desirable to explore items more clearly related to driving, such as self-
reported loss of concentration or difficulty with manipulating controls. It is also important to
include cognitive and physical performance because relatively severe impairments are related to



driving behavior. However, because minor impairments may also have an impact in driving
performance, tests must also be sensitive to such mild impairments. Finally, of critical importance
is to conduct appropriate studies of the reliability, validity, sensitivity, and specificity of any
testing system (Colsher & Wallace, 1993). Therefore, the primary purpose of this research was
to conduct a pilot test to examine simulated collision avoidance testing (SCAT) system sensitivity
to age and sex differences of the vehicle operator as a function of the within subject factors of
vigibility, event uncertainty, and type of evasive maneuver.

12 Hypotheses
12,1 Hypothesis 1

There will be significant differences in crash frequency and crash severity as a function of
age, sex, visibility, uncertainty and maneuver
1.2.2 Hypothesis 2

There will be an interaction of age and sex in crash frequency and severity such that
females perform worse than males especially among seniors
1.2.3 Hypothesis 3

There will be an interaction of sex and maneuver in crash frequency and severity such that
males will perform worse than females especially among seniors
12.4 Hypothesis 4

There will be an interaction of maneuver and task in crash frequency and severity such
that task 4 (uncertainty) will be greater than task 1 (pre-cue) when stopping

13 Operational Definitions

The following terms will be used frequently throughout this thesis:
1.3.1 Collision Avoidance Reaction Time

The time in seconds between the onset of the triggered stimulus (brake lights of cars being
approached) and the participant’s initial response (lifting foot off of accelerator).
132 Collision Avoidance Movement Time

The time in seconds between the participant’s initial response and the completion of the
stop maneuver (movement of the foot from the accelerator to depression of the brake pedal)



13.3 Collision Avoidance Response Time
The time in seconds between the onset of the triggered stimulus and completion of the
stop maneuver by the participant. It is the sum of the movement and reaction times.

1.4 Delimitations

It is not the purpose of this research to assess the driving abilities of participants. The
focus of this research is to examine age and sex differences in collision avoidance responding
skill for specific scenarios presented using the STISIM computer-based driving system.

The sample population used for testing purposes was not randomly selected, but selected
on the basis of convenience. Accordingly, the majority of participants included friends and family
of the author and principal investigator in Hawaii. Consequently, the results presented may not be
representative of the general population.

1.5 Limitations
1.5.1 Differential Practice Rates

Participants engaged in a variable number of practice trials according to their initial skill
level. Participants were required to exhibit a braking response of sufficient speed in order to pass
a minimum numbser of trials. More practice time would have insured most of the participants were
at asymptotic performance levels before starting, but would have made data collection go over
120 minutes thereby causing fatigue effects in the last tasks performed.
152 Sample

A sample of convenience was used and not one that was randomly assigned to groups. As
more participants are recruited, better stratification will reduce systematic sample bias.
1.5.3 Reliability

Participants performed several trials of each maneuver and the average of these
performance results were analyzed to increase data reliability. However, reliability is reduced by
the fact that performance on SCAT and attention tasks may be strongly influenced by variables
such as sleep deprivation, emotional or mental stress, and minor physical ailments which
participants may have been experiencing at any given moment, A measure to test reliability could
have been cbtained by bhaving participants retum a week later to repeat the tests; however, this
would have reduced the total number of participants thereby compromising statistical power.



1.6 Assumptions

The basic assumptions of this experiment were:

All participants were in good health and performed to the best of their ability on the tests.
Fatigue from a long testing period was not a systematic source of variance across or within
cohorts or tasks.



CHAPTER 2
REVIEW OF LITERATURE

The purpose of this research was to develop a Simulated Collision Avoidance Testing
apparatus and procedure and conduct a pilot study to examine the SCAT system sensitivity to age
and sex differences of the vehicle operator, particularly with respect to intratask manipulations of
visibility, event uncertainty, and type of evasive maneuver, Virtual scenarios were presented
under intact and degraded visual conditions for pre-cued or un-cued maneuvers of swerving left,
swerving right, or stopping. The primary dependant measures were crash frequency and severity.
This chapter is divided into four sections: older drivers, screening for fitness to drive, driving
simulators and collision avoidance ability.

2.1 Older Drivers

In today’s world, the safety of older drivers is a growing public health issue. The majority
of older Americans rely on driving for transportation. “Driving,” means independence for older
people especially in the U.S. Older adults equate the prospect of losing one’s drivers license with
a loss of independence and personal freedom so they would rather risk personal injury than give
up their driver’s license. Driving has a significant impact on the quality of life and self esteem of
the older person.

Elder drivers have more than their share of accidents, Although older drivers wear seat
belts, they are less likely to speed or tailgate, and are less likely to consume alcohol prior to
driving; they are a societal problem, nonetheless, to themselves and others. Compared to the
young adult drivers, there are fewer older drivers and they drive fewer miles but the concerns are
about the crash risk to the older drivers. Despite the fact that older drivers self regulate their
driving behavior, crash rates per mile driven continue to climb after age 65. Past fatality trends
paint an alarming picture. Data from North Carolina for the period 1974 to 1988 illustrate this
point. Whereas the proportion of residents age 75 and older increased by 39%, the proportion of
older licensed drivers aged 75 and older increase by 129% and the proportion of crashes involving
this age group increased by 75% (Bedard, Guyatt, Hirdes & Stones, 2001). Decreasing mileage
doesn’t necessarily decrease the safety risks.



2.1.1 Older drivers are more likely to die when in crashes.

The U.S. has 26 million people age 70 years and older (“Traffic Safety Facts 2002 Older
Population”, 2002). In 2002, 154,000 older individuals were injured in traffic crashes,
accounting for 5 percent of all the people injured in traffic crashes during the year. These older
individuals made up 12 percent of all traffic fatalities, 12 percent of all vehicle occupant fatalities,
and 17 percent of all pedestrian fatalities (“Traffic Safety Facts 2002 Older Population”, 2002).
Most traffic fatalities involving older drivers in 2002 occurred during the daytime (81 percent), on
weekdays (72 percent), and involved another vehicle (75 percent) (“Traffic Safety Facts 2002
Older Population”, 2002). The American Medical Association (“Older Driver Safety”, 2004)
states the fatality rate for drivers 85 years and older is nine times higher than the rate for drivers
25 to 69 years ‘;ld, per mile driven. Compared to the younger drivers age 16-24, they are
involved in 26 percent of fatal crashes (*Older Drivers”, 1999).

Older male drivers (70+) were involved in 30% fatal crashes compared to 10% older
female drivers according to National Highway Traffic and Safety Administration (2002). While
many believe that older drivers are a threat to other drivers, recent studies demonstrate, yet again,
that the driving elderly represent a bigger threat to themselves. The American Association of
Retired Persons publications state that in 1996, drivers age 80-84 who were involved in a crash
were more than four times as likely to die as driver’s age 65 to 69 who were involved in a crash.
Drivers age 85+ were six times as likely to die in a crash as driver’s age 65 to 69. Drivers age 85+
are more than 11 times as likely to die in crashes than drivers age 40-49. When drivers over 65
are involved in crashes, the situations and reasons are generally different from those associated
with crashes involving younger drivers. For older drivers, the situations in which crashes occur
most frequently are when they are turning left or failing to yield right of way or not responding
properly to stop signs and traffic lights whereas for younger drivers, crashes occur most often
while they are driving on a straight road or highway and are related to speed (“Older Drivers”,
1999).

Some older drivers may be good drivers, however the physical changes associated with
aging can ultimately affect ones ability to drive safely. According to the Roybal studies on older
drivers (“Predicting Crash Involvement In Older Drivers”, 2001), the majority of older drivers in
crashes have adequate vision and eye health; rather, it is visual processing-ability to see,
comprehend, and react-that is key to predicting crash frequency. In addition changes in physical



strength, mental status, and cognition can contribute to a loss of self-confidence and ability to
operate a motor. Fragility increases at age 60-64 and then steadily increases which increases the
risk for crashing. Fragility results from chronic health problems; side effects of medication;
dementia causing physical limitations such as poor reaction time, reduced flexibility and
inattention to details. Fragility among drivers age 60 and older accounts for 60 to 90 percent of
their excess risk of dying compared with drivers 30-59 years old (“Older Drivers Up Close They
Aren’t Dangerous Except Maybe To Themselves”, 2001). The underlying problem is a matter of
physiology. As people age, their injury thresholds become lower. They’re not only more likely to
be injured in an impact but more susceptible to death following the injury (“Older Drivers Up
Close They Aren’t Dangerous Except Maybe To Themselves”,2001).

2.1.2 Compared to Teens, Elders Have More Serious Injuries,

As fragility increases so does driving risks increase making the oldest drivers more
vulnerable to dying in their crashes. Analysis of crashes and fatalities per population show no
great societal problem caused by older drivers. It is when you graph deaths per mile traveled; the
problem is huge for older drivers. So are older drivers a significant public health problem? They
kill fewer motorists; they have the lowest crash involvement; lowest rates of alcohol impairment
and the highest rates of seatbelt use among adults. At this time there is insufficient evidence to
justify regulating elder driving because of elders posing a perceived public risk. At this time there
is insufficient evidence to justify regulating elder driving because of elders posing a perceived
public risk. |

2.2 Screening For Fitness to Drive

While most older drivers are cautious and careful, a few are unsafe and may not even
know it. This emphasizes the great need for assessment screening and intervention (e.g.,
regulation or remedial training). We don’t have adequate training procedures. Taking away
someone’s license without solid evidence of a problem is not a decision to be taken lightly.
Researchers at the UAB Center for Research on Applied Gerontology suggested that a training
intervention could improve visual processing skills and therefore driving skills, Researchers from
the Insurance Institute of Highway Safety say that we need to develop screening tests that can be
given cost-effectively to the overall driving population or drivers over a certain age (“Older
Drivers Up Close They Aren’t Dangerous Except Maybe to Themselves”, 2001). A key problem



is that it is very difficult to predict such rare events as traffic crashes (“Older Drivers Up Close
They Aren’t Dangerous Except Maybe to Themselves”, 2001). Research is underway to develop
screening tests for older drivers, but no test has been identified that can reliably identify at-risk
drivers (Braver, Ferguson, Lyman & Williams, 2002). In some states, retesting for anyone
involved in a fatal crash or three or more crashes in one year requires drivers over 70 to retest if
they are involved in two or more crashes in one year. Proposals in other states to toughen
licensing requirements for older drivers have been blocked by lobbying groups such as AARP.

In Hawnaii, the Department of Motor Vehicles requires license renewals every 6 years up
to 71 years of age and every 2 years for 72+ (“Physician’s Guide To Assessing And Counseling
Older Drivers-Hawaii 2005). The procedure required to renew is a vision test. Pennsylvania is
one state that has physicians reporting law, requiring physicians to report disabilities that may
affect driving ability. Most other states do not require this. According to one study, in-person
license renewal was related to a significantly lower fatality rate among the oldest old drivers.
More stringent state licensure policies such as vision tests, road tests, and more frequent license
renewal cycles were not independently associated with additional benefits (Campbell, Grabowski
& Morrisey, 2004). Optimizing the driver performance through rehabilitation programs are
available to help individuals maintain or regain driving skills. In the driver evaluation, the
individual undergoes a clinical interview and assessment followed by an on-road assessment.
Treatment and intervention can include adaptive driving imstruction or driver retraining,
coordination of vehicle modifications, or recommendation of driving cessation. Unforunately,
access and cost are two major barriers to the use of Driving Rehabilitation Specialists (DRSs) by
older drivers and their referring physician. Furthermore, Medicare and private insurance
companies rarely pay for these services (Carr & Wang, 2004). Therefore if we do not implement
adequate training procedures, there will be a public safety crisis in our future. The number of
people 65 and older is expected to double to 70 million by the year 2030. So there is a crucial
need to develop assessment screening, retraining, and intervention for the older drivers.

2.3 Driving Simulators

Driving simulators offer a number of advantages over other testing environments.
Simulators offer complete control of environmental factors, are highly cost-effective for set-up
and data collection; and offer a safe environment in which to test conditions that may be too



dangerous to evaluate in a real-world environment. We can not put people in cars and have people
crashing, so researchers are creating driving simulators. According to the Federal Highway
Administration, simulators offer a dynamic driving environment with tasks similar to actual
driving. There are many different types of driving simulators used in research, evaluvation and
training. A wide variety of features and configurations can be applied to simulators. They can be
fully interactive, meaning that all the control actions taken by the driver are reflected in the scene.
These systems allow a wide range of driving situations to be evaluated in a realistic setting.
(Alicandri, 1994). Partially interactive simulators, although more limited in the range of
experimental situations, are less costly to develop and maintain. However, they can provide
driving simulation for a wide range of applications featuring sound simulation, driver controls,
collision detection, moving traffic, selectable visibility range, environmental conditions and
database. The simulator could also provide useful information for a number of human factor
issues such as measuring decision making and crash avoidance skills.

The physical configuration of a simulator depends on the objectives of the application.
The issues that are of concern to the researcher include face validity (i.e., look and feel), cuing
fidelity, driving scenario complexity and performance validity (how driving simulator behavior
relates to real world behavior). While face validity may be important with the connection of
professional populations for example truck drivers; performance validity would be important for
testing driving behaviors of the elderly populations. Computer generated imagery, a significant
feature which varies in technical capabilities depending on the model simulator, allows for
tremendous flexibility. Any required roadway and surrounding environment can be developed,
but the visual image may lack the rich detail seen in the real world footage. Through film or video
mediums, partially interactive simulators can display the full visual complexity of the driving
environment, but scenes are limited to existing roadways and are not fully interactive, Whether a
simulator is fixed-based or portable based, they both allow participants to navigate a vehicle
through realistic computer-generated driving environments while controlling acceleration,
braking and steering. Although fixed-based simulators provide a valuable facility to research
driving behavior they are costly and require extensive time to train the operator.  These
simulators require space for the vehicle, computers, projectors, and screen. The larger and most
expensive simulators are the motion-based simulators which provide increased face validity to the
system. They are important for laboratory investigations of emergency responses and vehicle
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handling. Compared to fixed-based systems, motion-based simulators require significantly greater
fiscal resources, computer power, space, maintenance, and staffing (Alicandri, 1994). An example
of this is at the University of Iowa where the National Advanced Driving Simulator (NADS) is
housed (University of Iowa News Release, 2004). Historically, simulators have been only
affordable in military and aviation applications. Because personal computer based simulators run
on low-cost, high speed PC platforms, the operator can have the optimal power and performance
of a mainframe-based simulator at an affordable cost (Allen, 1998).

Low-cost personal computer driving simulators have been employed for researching a
wide range of driving behaviors. Measures that were analyzed include decision-making, visual
acuity and tracking, contrast semsitivity, motion perception and motor control. Age related
conditions are not the only factors that make people risky drivers. Others include: medications,
neurological disorders (mild Alzheimer’s’ or Parkinson’s), brain injury from stroke or head injury
and lack of sleep. (UI Health Care News, 2004). Systems Technology, Inc., (STT) has been
involved in driving simulators for over 40 years (Systems Technology Inc., 2000). Systems
Technology, Inc. is specifically experienced in the development of the STISIM low cost
simulation devices and research on driver behavior. Over the past two decades STI has conducted
driver behavior research associated with impairment (alcohol, drugs and fatigue), visibility, traffic
control devices, intersection complexity, decision making and vehicle control (Systems
Technology, Inc. 2000).

The driving simulator system, STISIM, is a product of over two decades of research by
STI on low cost techniques for creating laboratory tasks relevant to the physicat and cognitive
demands of real world driving (Systems Technology Inc., 2000). STISIM is a portable personal
computer based simulator. The program was developed so that user program modification is are
relatively easy. The program uses setup and event files to run the simulation, allowing vehicle
dynamics to be modified and driving scenarios to be created using a text editor and this manual
(STISIM The Low-Cost Driving Simulator, 1995). The driving simulator system has over two
decades of research by STI on low cost techniques for creating laboratory tasks relevant to the
psychometry and cognitive demands of real world driving (STISIM The Low-Cost Driving
Simulator, 1995). Some of the simulator’s general capabilities include: simulates real world
driving situations and hazards safely; realistic representation of the driving task; left and right
hand turns at specified intersections; true rear view mirrors that display the roadway scene behind
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the subject so that they can see and react to approaching traffic; auditory feedback and sound
effects (car crash, tire screech); and active steering control system that feeds roadway feel back to
the driver; performance index computations and text editor for quickly changing files; low cost
high fidelity simulation on desktop; easy to operate and maintain (PC-based) (STISIM The Low-
Cost Driving Simulator, 1995). STISIM, in all its configurations and applications, has been found
1o be an effective tool for human factors investigations. It was found to be a low cost simulation
device, easy to operate and maintain. Recent studies in Australia validated STISIM to be a
reliable off-road screening tool. The interactive pc-based driving simulator was used to study the
behavior of participants in simulated driving. STISIM was able to detect that visual attention skill
of the participants declined with age.  (Cameron, Lee, Lee & Li-Tsang, 2003). Several
publications on STISIM reported its uses in research for measuring driving behavior. The driving
simulation was designed to provide orientation, subject record keeping, training, performance
measurement and evaluation of driver behavior. The system can be run on laptop or desktop
computers. The driving simulator platform includes an easily programmable scenario definition
language for designing driving courses and providing performance measurement. The simulator
was shown to be a powerful visualization tool to evaluate human cognitive and psychomotor
ability. STISIM's performance measurement includes assessment of vehicle motions, driver
control responses, accidents, violations, speed and lane deviations, time to collision, reaction time
etc. The driving simulation runs on ordinary low cost PC equipment with the addition of fast
gaming graphics card. STISIM’s capability has been developed for current evaluation and
training applications requiring low cost hardware (Allen, Aponso & Rosenthal, 2002).

2.4 Collision Avoidance Behavior

Collision avoidance behaviors are the contributing factors to crash statistics for the older
drivers. Highly developed collision avoidance skills are a necessity for being safe on today's
highways. Safe operation of a motor vehicle requires the driver to monitor multiple events
requiring memory, situational awareness, processing visual information and alternating attention
between vehicle operations and roadway distractions. Aging and disease can disrupt these
functions, causing a slowing in collision avoidance response time and increasing the nisk of
driving errors leading to crashes and in many cases fatalities. Scientists have learned that motor
actions required for collision avoidance are guided by monitoring time to collision (TTC) and

12



estimating the direction of an object's motion in depth of field. “For the case of a rigid sphere
approaching an observing eye we can express the direction of motion in depth in terms of ns,
where n is a number and s is the ball's radius. The quantity ns is the distance by which the center
of the sphere will miss the center of the eye (Gray & Regan, 2000).” In the equation ns equals the
angular velocity of the sphere's image across the retina divided by the rate of expansion of the
image. Therefore we can predict where an object will be at some defined instant and whether the
object will hit the observer's head. Older drivers may misjudge the speed of an oncoming car
before making a left tum. One approach to solving left turn crashes is to conduct pilot studies to
examine crash-avoidance strategies that will focus on different aspects of the problem.

In the case where drivers steer around a curve, investigators found that driving
performance degraded very little under visual occlusion, which suggested that driver's steer using
instantaneous perceptual information and they fixate on a tangent point of the curve. Laboratory
studies of visual discrimination showed that direction, speed, and distance moved in depth are
processed independently. This means that observers can discriminate direction while ignoring
speed and excursion, and can discriminate speed while ignoring direction and excursion.
Regarding TTC, Gray and Regan found that observers can discriminate between the rate of
expansion and size. TTC studies also suggested that observers can over- and under-estimate TTC
by 2-12%, but the error was minimized when both monocular and binocular information was
used. Observers base TTC on the perceived distance and perceived closing speed of the
approaching object (Gray & Regan, 2000). Time-to-passage and curve negotiation research also
revealed that the ability to process peripheral signals deteriorate with age. Epidemiological
information such as age, gender etc. and traffic engineering such as control devices, road hazards
are other forms of experimental research which gives us very important data on accident
avoidance behavior (Hancock & Ridder, 2003).

Fitness to drive requires a driver to have adequate situational awareness, visual-spatial
processing, memory of road rules, vehicle operations and good judgment to execute safe
maneuvers. So studies have suggested that individuals with mild dementia remain fit drivers and
should be allowed to continue to drive until their cognitive impairment progresses to a degree
predictive of unsafe driving (Anderson, Dawson, McGehee, & Rizzo, 2001). The importance of
applying collision avoidance abilities to everyday driving is critical to surviving on today's
highways. Collision avoidance screening may be useful in reducing crash rate for older drivers.
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The rationale for a driving simulator study in England was the statistic that 15% of injury-causing
road accidents involved over estimation of a dangerous direction. These findings suggested that
the effect was caused by adaptation of looming detectors at the focus of expansion of road texture,
and that this adaptation compromised the ability of these detectors to signal correctly the speed of
closure with a car that suddenly appeared at the former focus of expansion (Gray & Regan, 2000).
Other researchers have also reported on the importance of using simulated vision when evaluating
collision avoidance. It appears that reaction patterns occur when drivers encounter an accident-
likely situation and successfully avoid the collision (Hancock and Ridder, 2003). The
determination of what constitutes a near-accident situation is largely up to the driver and may be
analyzed as the point at which other road users enter their “safe field of travel.” Experimental
methods need to provide scenarios that will include as many as possible of the categories of
accidents: angle (right/left, turning), head-on, and rear end collisions to better predict driver
performance (Hancock & Ridder, 2003). Scenario designs must relate to the driver behaviors that
are relevant in given driving simulator applications. Driver behaviors can be broken down into
sensory/perceptual inputs (i.e., situational awareness, auditory cues, proprioceptive input such as
changes in road surface friction perceived through the steering wheel); motor outputs (i.e.,
emergency steering and/or braking inputs), psychomotor tasks (i.e., maintaining lane position,
turning, car following, slowing and stopping at intersections); cognitive tasks (i.e., judgment of
situations, decision making). The scenario development process is key to providing driving tasks
and environments for research, easement, and training applications (Allen, 2004). Hancock
(2003) examined three avoidance responses. swerving, acceleration, and braking. His work
showed that realistic avoidance behaviors can be created and replicated in the interactive
simulation environment (Hancock & Ridder 2003). Rizzo et al (2001) have also supported
research performed in simulated environments and they reported that it is possible to create
information flows to the driver that is unattainable in the real world. The National Highway
Traffic Safety Administration agrees that new developments in electronics, computer systems and
sensors offer major opportunities for crash avoidance (Active Safety Technology Issues, 2004).
Without the underlying support of adequate crash data, analysis, and related research, it will be
the public playing the role of test pilots to find successes and failures (Active Safety Technology
Issues, 2004). Collision avoidance systems which sets off a wamning if the driver comes too close
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to hitting another vehicle or an object are becoming standard in the types of vehicles older drivers
would be more likely to afford.
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CHAPTER 3
METHODS

3.1 Overview of the Research Method: Quantitative Research

The purpose of this research was to develop a simulated collision avoidance testing
apparatus and procedure and conduct a pilot study to examine the SCAT system sensitivity to age
and sex differences of the vehicle operator particularly with respect to intratask manipulations of
visibility, event uncertainty, and type of evasive maneuver, Virtual scenarios were presented
under intact and degraded visual conditions for pre-cued or un-cued maneuvers of swerving left,
swerving right, or stopping. The primary dependant measures were crash frequency and severity.
This chapter is divided into seven sections: participants, simulator apparatus, experimental tasks,
procedure, treatment of data, movement control tasks and design.

3.2 Participants

The parent research project involved some 600 participants from which a subset was used
for this experiment. One hundred and six volunteers served as participants. The data from 10
new participants was added to the existing 96 volunteers. These volunteers have 19 (6-19 years)
participants in the young group; 43 (20-60 years) participants in the adult group and 44 (60-74+)
participants in the senior group. The participants were healthy with no apparent neuropathology
and no medication was thought to affect their performance on the tests.

Table 1: Population Demographics

[ Age Group | Female | StdDev |  Male StdDev | Total | StdDev
6-19 years 11 0.77 8 139 19 216
2039 years | 22 1038 21 925 23 19.63
60-T5tyears | _ 21 724 23 8.1 a4 15.34

Total 54 1839 52 18.7§ 106 | 37.13

33 Simulator Apparatus

The experimental task was performed on a commercially available (Intel-based) personal
computer. In the Simulated Collision Avoidance Task (SCAT) participants drove through virtual
scenarios on the STISIM driving simulator that varied within 3 subject tasks (pre-cued vs.
uncertain maneuvers), evasive maneuvers (left swerve, right swerve, and stop vs. continue
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through) and visibility (clear vs. fog). Collision avoidance responding was tested on the driving
simulator. STISIM is a low-cost, portable, partially interactive driving simulator designed to
represent a range of psychomotor, divided attention, and cognitive tasks involved in driving.
STISIM (System Technology, Incorporated Simulator, 1999) comes in a 2D system which
operates on a 486DX IBM compatible DOS computer with Texas Instrument Graphic Adapter
(TIGA) video card running no slower than 66 MHz or a new 3D system which runs off a Pentium
166 or higher IBM compatible computer with WindowsNT or Windows 98 and a 3Dfx video
card. STISIM (Version 8) offers several features for examining driver abilities that includes
vehicle dynamics, visual and auditory displays, and a performance measurement system. Driving
tasks and events were easily programmable with a unique Scenario Definition Language that
allowed the user to specify an arbitrary sequence of tasks, events, and performance measurement
intervals. This allowed the examinee/trainee to perform various maneuvers that were common
crash scenarios (such as front-to-rear end collisions). A utility program calted SimMastr provided
a higher level interface for STISIM. This allowed the experimenter to specify participants
information, control certain aspects of the simulation run, launch a wide variety of simulation
scenarios, and get a quick summary of each run. The microcomputer used to test for SCAT was
developed on 2D system that operated on an Intel Pentium 200 MMX platform running Microsoft
DOS 6.22. The 2D system also included a TIGA video card, a SoundBlaster AWE 64 sound card
with an analog joystick, 64 Mb EDO RAM, two display screens (one for the driver and one for the
experimenter), a ThrustMaster Formula T2 steering wheel with brake and accelerator pedal, and a
STISIM proprietary dongle.

3.4 Experimental Tasks

Collision avoidance responding was tested on the driving simulator. The participants
tested on Collision Avoidance Response (SCAT) on STISIM were asked to perform a series of
crash avoidance maneuvers in a virtual driving environment. Participants are instructed to driver
through each run as quickly as possible with as few errors as possible. Their task is to drive down
the middle lane of a three lane freeway at 55 mph. At specific intervals during the run, a rear view
of five vehicles appeared on the freeway, two in the outer lanes and one in the middle. As the
participants approached the five vehicles, the brake lights of the five vehicles are activated. When
this occurs, participants are required to respond with the correct crash avoidance maneuver
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(swerve to the left lane, swerve to the right lane, stop, or continue through). Once they completed
their maneuver, they returned to the center lane and maintain the speed of 55 m.p.h. to get ready
for the next formation of vehicles and manecuver. For the pre-cued SCAT trials, participant
received two runs with two visibility conditions (clear and light fog with low contrast). For the
uncertain SCAT trials, participants received two runs with the same two visibility conditions. The
SCAT maneuvers: left swerve, right swerve, and stop, were the same for pre-cued and choice
runs. The independent measures in this exercise were age group, and sex, type of run (pre-cued or
choice), maneuver and visibility condition. The dependent measures were number of crashes, and
crash severity.

3.4.1 Simulated Collision Avoidance Task (SCAT)

Simulated Collision Avoidance Task (SCAT) with overall measures including crash
frequency and crash severity. A simple SCAT run contained nine trials (3 consecutive left swerve,
3 consecutive right swerve, 3 consecutive stops). The length of the simple run was 10,400 feet.
An uncertain SCAT run contained seven trials in a fixed random order (2 left swerve, 2 nght
swerve, 2 stops, 1 continue through) with the entire set repeated exactly in a second run for a total
of 14 trials. The length of the choice run was 8,400 feet. A battery of movement control tests (e.g.
Grip Strength Test (grip strength), Balance Test (balance), Needle Threading Test (fine motor
skill), and Tweezers Transfer Test (fine motor skill)) were also administered but not reported
here. Psychomotor (e.g. Perceptual Reaction Time, Movement Time, Response Time) and
attention batteries (e.g. Trails B, Visual elevator). The total test time was 90-120 minutes.

34.2 Environmental Visibility Conditions

For the pre-cued SCAT, participant received two runs, with two visibility conditions
(clear and light fog with low contrast). For the uncertain SCAT, participants received four runs in
alternating order of visibility conditions (clear, fog with low contrast, clear, fog with low
contrast). Approaching vehicle visibility can be set in the gains file in STISIM (value 69, 70)
(These values were clearly marked in the older version of STISIM but are obscurely marked in
Version 8). The distance away from the participant’s vehicle where objects, including roadway
vehicles appear was set at 115 feet. Vehicles were clearly visible at 60 feet and disappeared from
view at 115 feet. The SCAT maneuvers, left swerve, right swerve, and stop, are the same for

simple and choice runs.
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3.4.3 SCAT Evasive Maneuvers

The participant initiated a run by stepping on the accelerator pedal until her/his vehicle
reached 55 m.p.h. There were four types of maneuvers in the collision avoidance response time
scenarios: left swerve, right swerve, immediate stop, and continue through traffic.
3.4.4 Roadway Vehicle Formation.

Overhead views of vehicle formation are shown in the following figures. For each tnal,
the participant’s vehicle (shown as left-most car) approaches a set of three vehicles blocking each

of the three lanes as shown in Figure 3.1.

Roadway Vehicle Formation

Figure 3.1. Overhead view of roadway vehicle formation. Participant’s path
1s blocked by a set of five vehicles.

3.4.5 Left Swerve Maneuver

The participant’s vehicle travels for a distance before approaching five vehicles that are
traveling at 45 m.p.h. in a U-shape formation on a three lane freeway (See Figure 3.1). When the
participant’s vehicle has traveled within four seconds of reaching the five vehicles, the brake
lights of the five vehicles are triggered. The vehicles in the right and center lane come to a
complete stop. However, the vehicles in the left lane reduce their speed to 15 m.p.h. and switches
to the center lane (see Figure II1.2). Hence, an opening in the left lane is created for the

participant’s vehicle to maneuver through. The three vehicles closest to the participant’s vehicle
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perform their maneuvers within 1.5 seconds. However, the two vehicles in front perform their

maneuvers within 1.25 seconds.

Left Swerve Maneuver

Figure 3.2. Left swerve maneuver. Movement of the participant’s vehicle (grey) and ve-
hicles in the left lane (black) following the onset of brake lights on all five lead vehicles

3.4.6 Right Swerve Maneuver

The participant’s vehicle travels for a distance before approaching five vehicles that are
traveling at 45 m.p.h. in a U shape formation down a three lane freeway. When the participant’s
vehicle has traveled within four seconds of reaching the five vehicles, the brake lights of the five
vehicles are triggered. The vehicles in the left and center lane come to a complete stop (See Figure
I11.3). However, the vehicles in the right lane reduce their speed to 15 m.p.h. while switching to
the center lane. Hence, an opening in the right lane is created for the participant vehicle to
maneuver through. The three vehicles closest to the participant vehicles perform their maneuvers
within 1.5 seconds. However, the two vehicles in front perform their maneuvers within 1.25

seconds.
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Right Swerve Maneuver

Figure 3.3. Right swerve maneuver. Movement of the participant’s vehicle (grey) and vehicles
in the right lane (black) following the onset of brake lights on all five lead vehicles are illustrat-
ed.

3.4.7 Stop Maneuver

The participant’s vehicle travels for a distance before approaching five vehicles that are
traveling at 45 m.p.h. in a U shape formation down a three lane freeway. When the participant’s
vehicle has traveled within 4.2 seconds of reaching the five vehicles, the brake lights of the five
vehicles are triggered. The vehicles in the left and right lanes come to a complete stop (See Figure
[11.4). However, the vehicle in the center lane reduces its speed to 15 m.p.h. and switches to the
right lane. The vehicles in the left and right lane perform their maneuvers with in 1.5 second while

the center vehicle complete its maneuver in 20 seconds. It takes the center vehicle 20 seconds to

perform its maneuver, which creates a gauntlet for the participant’s vehicle. This gauntlet forces

the participant’s vehicle to brake rather than swerve left or right which would result in a crash.

21



Stop Maneuver

| |
Figure 3.4. Stop maneuver. Gauntlet into which the participant’s vehicle (grey) travels following

the onset of brakes light on all five lead vehicles (black) is illustrated. After the participant’s ve-
hicle stops (solid line) the lead vehicle in the center lane moves into the right lane (dashed line)

3.4.8 Continue Through Maneuver (Only In The Choice Run)

L
-
-
-
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L]

The participant’s vehicle travels for a distance before approaching five vehicles that are
traveling at 45 m.p.h. in a U shape formation down a three lane freeway. When the participant’s
vehicle has traveled within four seconds of reaching the five vehicles, the brake lights of the five
vehicles are triggered. The vehicles in the left and right lanes come to a complete stop. However,
the vehicle in the center lane reduces its speed to 15 m.p.h. and switches to the right lane. The
three vehicles closest to the participant’s vehicle perform their maneuvers within 1.5 seconds.
However, the two vehicles in front perform their maneuvers within 2 seconds. This creates an

opening in the center lane for the participant’s vehicle to drive through (See Figure II1.5).
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Continue Through Maneuver

Figure 3.5. Continue through maneuver. Center lead vehicle follows path of dashed line
immediately following onset of the brake lights on all five lead vehicles, thereby allowing
the participant’s vehicle (grey) to drive through without swerving or stopping.

3.5 Primary Dependent Measures

The primary dependent measures were crash frequency ratio and crash severity. Crash
frequency ratio is the proportion of individuals per group that actually crash on the simulator runs
relative to the total opportunities to crash across conditions. Crash Severity is determine by

impact velocity (ft./sec.).

3.6 Secondary Dependent Measures

The secondary dependent measures were 1) collision avoidance movement time. The time
in seconds between the participant’s initial response and the completion of the stop maneuver
movement of the foot from the accelerator to depression of the brake pedal. 2) Collision
avoldance reaction time. The time in seconds between the onset of the triggered stimulus (brake
lights of cars being approached) and the participant’s initial response (lifting foot off of
accelerator). 3) Collision avoidance response time. The time in seconds between the onset of the

triggered stimulus and completion of the stop maneuver by the participants. It is the sum of

movement and reaction times.
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The tertiary dependent measures were motor, sensory and cognitive tasks,

3.7 Independent Measures
The independent measures were participant age group (young, adult, senior) and sex
(male, female), visibility conditions (clear or fog), certainty (pre-cued or uncertain), and evasive

maneuver (left swerve, right swerve, or stop).

3.8 Procedure

Participants were welcomed and given a brief verbal description of the study. Young
adults and older adults were given an informed consent form to read and sign (See Appendix B).
They were also asked to fill out a demographic questionnaire about their personal background,
health, and driving record (See Appendix D). Children were read a child’s consent form in which
they printed or signed their name at the bottom, while parents were asked to sign a parental
consent (See Appendix C). Parents also filled out a questionnaire regarding their child’s personal
background and health (See Appendix E). Blood pressure, heart rates and grip strength were
measured, and a vision test was administered. Participants were then lead to a small testing room.
All participants were seated to the left of the experimenter. Before starting each run, the
experimenter entered the participant’s information (name, code, and run number) into the
computer.

Prior to the pre-cued and uncertain SCAT runs, each participant received practice runs.
Only in the simple SCAT, participants received verbal instructions on how to respond to each
trial.

The four possible driving scenarios: (pre-cued and clear visibility, pre-cued and foggy,
uncertain and clear visibility, uncertain and foggy), were counterbalanced across participants. The
experimenter then briefed the participants in the following manner:

“Your driving ability and how well you react to certain driving conditions will be tested
on a driving simulator. Your goal is to drive through the driving course as fast as you can and with
the least number of mistakes. You will be timed and tested on how fast and on how well you react
in your driving. First, the participant will be going through a practice run. You will receive verbal
cues on how to maneuver through each SCAT trial. You will be driving on the center lane of a
three lane freeway at 55 m.p.h. As you approach, a set of five vehicles will be blocking each of
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the three lanes (two in each outer lane and one in the center lane). You must stay in the center lane
and maintain the speed of 55 m.p.h. until you see the five vehicles apply their brake lights
simultaneously. When this occurs you will be asked to either swerve left or right or stop your
vehicle. Once you successfully pass the five vehicles, you will need to drive again down the
center lane and maintain the speed of 55 m.p.h. to get ready for the next set of vehicles. (Note:
When passing a vehicle, avoid touching the other vehicle or driving off the road. This will result
in a crash.) Before the first trial begins, you will be allowed to practice the braking maneuver.
This maneuver requires you to depress the accelerator until the pedal touches the floor board,
remove your foot from the accelerator, and depress the brake pedal forcefully. Please try to
perform the maneuver as quickly as possible. Please repeat this maneuver ten times now.

If there are no questions, let’s begin the practice scenario. Please keep your feet off the
pedals and hands off the steering whee! while the scenario is loading. When the run is loaded,
simply push up on the shift stick located on the right side of the steering wheel and begin driving.
Remember the right pedal is the gas (accelerator) while the left pedal is the brake. You are only
allowed to use your right foot to press the pedals. Also, you must keep both hands on the wheel, in
the 10 o’clock and 2 o’clock position. Do you have any questions?” (Participant goes through the
scenario. While the participant drives, the experimenter is observing the behavior of the
participant out of sight, from behind the participant’s right shoulder. The experimenter would
occasionally remind the participant to continue to press the gas pedal, keep in the center lane, and
to drive through the run as quickly as possible.)

3.8.1 Task 1 - Pre-cued (Certain, 1-Choice) Scenario

“Now that you have had some practice, let’s begin the test on the simple scenario. This
scenario contains three consecutive left swerves, three consecutive right swerves, and three
consecutive stops. The investigator will run this scenario twice. The first trial will be in the
daytime and the second trial will be in fog and the brake lights of the other vehicles will be of low
contrast. During the run you will receive verbal instructions on how to react to the approaching
5 vehicle. Do you have any questions?” (Participant goes through the 1st test on the simple
scenario. While the participant drives, the experimenter is observing the behavior of the
participant. The experimenter would occasionally remind the participant to continue to press the
gas pedal, keep in the center lane, and to drive through the run as quickly as possible.) “Now that
you are done with the first run, lets begin with the second.” (Participant goes through the 2nd test
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on the simple scenario. While the participant drives, the experimenter is observing the behavior of
the participant. The experimenter would occasionally remind the participant to continue to press
the gas pedal, keep in the center lane, and to drive through the run as quickly as possible.)

3.8.2 Task 4 - Uncued (Uncertain, 4 Choice) Scenario

“In the choice scenario, there will be two training phases. One with verbal instructions and
one without. In the choice scenario you will not receive verbal instructions during your run and
the driving maneuvers will be in a random order. You must stay in the center lane and maintain
the speed of 55 m.p.h. until you see the five vehicles in front of you flash their brake lights. You
are then free to choose to swerve left or right or come to a complete stop. In addition, a new
option to drive through will be available with this scenario.

Let’s start with the first training phase. (Remember to drive as fast as you can. Keep in the
center lane and maintain the speed of 55 m.p.h.) Only for this run, I will give you verbal cues on
how to respond before you see the vehicle brake lights come on.” (Participant goes through 1st
training phase of choice scenario. While the participant drives, the experimenter is observing the
behavior of the participant The experimenter would occasionally remind the participant to
continue to press the gas pedal, keep in the center lane, and to drive through the run as quickly as
possible.) “Now that you have completed the first training phase, you will no longer receive
verbal cues on how to respond for the remainder of the test. Remember, the driving maneuvers
will be in a random order. Your options are the same: swerve left, swerve right, stop, continue.
Let’s begin the second practice phase.” (Participant goes through 2nd training phase of choice
scenario. While the participant drives, the experimenter is observing the behavior of the
participant. The experimenter would occasionally remind the participant to continue to press the
gas pedal, keep in the center lane, and to drive through the run as quickly as possible.) “Our
training phase is over. The investigator will now begin recording your scores. There will be four
runs: two in the day, two with fog and low contrast. The first run will involve clear, day time
driving. Remember your driving task is the same.” (Participant drives in clear daylight. While the
participant drives, the experimenter is observing the behavior of the participant. The experimenter
would occasionally remind the participant to continue to press the gas pedal, keep in the center
lane, and to drive through the run as quickly as possible.) “The second run will be light fog and
low contrast driving. Your driving task is the same. You will be driving in light fog and low
contrast. Are you ready?” (Participant drives in light fog with low contrast. While the participant
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drives, the experimenter is observing the behavior of the participant. The experimenter would
occasionally remind the participant to continue to press the gas pedal, keep in the center lane, and
to drive through the run as quickly as possible.) “The third run is clear daylight driving. Your
driving task is the same. This time you will be driving during the day.” (Participant drives 2nd
time in clear daylight. While the participant drives, the experimenter is observing the behavior of
the participant. The experimenter would occasionally remind the participant to continue to press
the gas pedal, keep in the center lane, and to drive through the run as quickly as possible.) “The
last run will be light fog and low contrast driving. Your driving task is the same. You will be
driving in light fog and low contrast.” (Participant drives 2nd time in light fog with low contrast.
While the participant drives, the experimenter is observing the behavior of the participant. The
experimenter would occasionally remind the participant to continue to press the gas pedal, keep in
the center lane, and to drive through the run as quickly as possible.) “Thank you for coming and
participating in this experiment.” The entire testing session, including participant preparation and
debriefing took 30 - 60 mimutes.

3.9 Treatment Design

Age3 x Sex2 x Visx Task2 x Man3 Mixed Anova Design with the last three factors as
repeated measures.

3.9.1 Roadway Traffic Data

This includes the vehicle identification number for each roadway vehicle, differences in
longitudinal speed between the participant’s vehicle and the roadway vehicles (feet/second),
longitudinal position of the roadway vehicles with respect to the participant’s vehicle (feet), and
lateral position of the roadway vehicles with respect to the roadway’s dividing line (feet)

The raw data collected in the data files were reduced into an Excel spreadsheet for
statistical analysis. The Excel spreadsheet contains several columns that included the following:
the participant’s identification number, age, sex, task (driving), environment (freeway), choices
(simple or choice), trial number (1 to 42), maneuver (left, right, and stop), repetition (three per
maneuver in simple and two per maneuver in choice), half (day or light fog with low contrast),
response (participant’s response), error (incorrect response by participants), PRT (perceptual
reaction time), MT {movement time), Rest (response time), crash (number of collisions), severity
(based on participant’s velocity at time of collision).
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The onset time of the roadway vehicle brake lights and limb movements were was used to
calculate perceptual reaction time, movement time, and response time. This was calculated using
the velocity of the first three roadway vehicles of each run (column 17, 21, 25 in the STISIM raw
data file). The roadway vehicles were programmed to tavel 35.69 ft./sec. However, when the
brake lights of the roadway vehicles are triggered, the velocity went negative. Hence, by
corresponding to where the velocity of the roadway vehicles becomes negative with the elapsed
time of the run, the time of the onset of the brake lights can be calculated.

The perceptual reaction time is calculated by subtracting the onset time of the trigger with
the time when the participant first made the initial response. For the left and right maneuvers, the
initial response time was determined by looking at the participant’s lateral lane position with
respect to the roadway dividing line (column 4 in the data file). If the participant’s lateral position
increased numerically (center of the middle lane is 18 feet), the driver is swerving right. If the
participant’s lateral position decreases numerically, the driver is swerving left. Due to the drifting
affect of the participant’s vehicle, it is difficult to determine the exact point when the participant
first reacts. Hence, the initial reaction time is determined by looking at a series of numbers after
the onset time (usually around 15.00 to 19.00) to detect when the number difference is greater
by.2 of a point. It is at this point that the participant is making the initial response to the stimulus.

However, for the braking maneuver, the initial response time was calculated by looking at
the longitudinal acceleration of the participant’s vehicle due to the brakes (feet/second2) (column
5) to see when the number decreased numerically from 10.27 ft./sec2.

Movement time was calculated by measuring how long it took for a participant to
complete the maneuver (initiation to completion of the response). The completion of movement
time for right and left maneuvers occurred when the middle of the participant’s vehicle traveled
1.5 feet into the right or left lane (10.50 left lane and 25.50 right lane). However, the movement
time for the brake maneuver was measured by monitoring the longitudinal acceleration of the
participant’s vehicle due to the brakes (feet/second2) (column 6). The movement time for the
brake maneuver ended when the numerical value became negative. Combining the perceptual
reaction time and the movement time, created the participant’s response time.

Data for the continue through maneuver were not recorded as this condition served as a
catch trial to make the scenario more realistic in terms of actual driving. Only correct responses to
the maneuvers were counted in the data analysis. Some data were not used because the participant



failed to follow the experimenter’s instructions. In addition, some data for movement time were
incomplete because the participant crashed while changing lanes. To get the missing data for
movement time, the rate on how fast the participants change lane (fect/sec.) was calculated and
annually projected to get the time that the participant would have completed the maneuver. The
lane change rate was calculated through several steps. First, the value for the lateral lane
movement {(column 4) prior to the crash (indicated by a zero value in column 4) was subtracted
from the previcus value to get the difference in feet. Second, the value for the elapsed time prior
to the crash was subtracted from the previous value to get the difference in seconds. Then the two
values were combined together to get the lane change rate (feet/sec.). After the rate was
calculated, the time for the completion of the lane change was manually projected. The value for
the lane change movement prior to the crash was subtracted from 10.50 or 25.50 feet (point of
completion for left and right lane change maneuver). This value was multiplied by the differences
in the value in the elapsed time as calculated earlier. Then the value is added to the elapsed time
prior to the crash to get the completion time for the lane change.

3.10 Treatment Of Data

An Agegroup3 x Sex2 x Task2 x Visibility2 x Maneuver3) mixed design ANOVA was
conducted with age group and sex as between group variables and the others as within subjects
(repeated measures). Descriptive statistics values reported are least square estimate means plus/
minus (+) standard deviations and plus/minus (+) standard errors of the mean. Inferential statistics
showed what is significant. Figure values are least square means plus/minus (+) standard errors of
the mean. Significance is at the 0.05 level. Data were collected on all participants during each run
and stored in data files using SIMMASTR. The data files contained of the following:

Elapsed time since the beginning of the run (seconds

Participant’s longitudinal velocity (feet/second)

Total longitudinal distance that the participant traveled since the beginning of the run (feet)
Lateral lane position with respect to the roadway dividing line (positive = to the right; in feet).
Longitudinal acceleration of participant’s vehicle due to the throttle (feet/second2)
Longitudinal acceleration of participant’s vehicle due to the brakes (feet/second2)

Running compilation of the crashes (vehicle and off road) that the participant has been
involved in.
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Continue Through Maneuver

Figure 3.5. Continue through maneuver. Center lead vehicle follows path of dashed line
immediately following onset of the brake lights on all five lead vehicles, thereby allowing
the participant’s vehicle (grey) to dnve through without swerving or stopping.

3.5 Primary Dependent Measures
The primary dependent measures were crash frequency ratio and crash severity. Crash
frequency ratio i1s the proportion of individuals per group that actually crash on the simulator runs

relative to the total opportunities to crash across conditions. Crash Severity is determine by

impact velocity (ft./sec.).

3.6 Secondary Dependent Measures

The secondary dependent measures were 1) collision avoidance movement time. The time
in seconds between the participant’s initial response and the completion of the stop maneuver
movement of the foot from the accelerator to depression of the brake pedal. 2) Collision
avoldance reaction time. The time in seconds between the onset of the triggered stimulus (brake
lights of cars being approached) and the participant’s initial response (lifting foot off of
accelerator). 3) Collision avoidance response time. The time in seconds between the onset of the

triggered stimulus and completion of the stop maneuver by the participants. It is the sum of

movement and reaction times.
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The tertiary dependent measures were motor, sensory and cognitive tasks,

3.7 Independent Measures

The independent measures were participant age group (young, adult, senior) and sex
(male, female), visibility conditions (clear or fog), certainty (pre-cued or uncertain), and evasive
maneuver (left swerve, right swerve, or stop).

3.8 Procedure

Participants were welcomed and given a brief verbal description of the study. Young
adults and older adults were given an informed consent form to read and sign (See Appendix B).
They were also asked to fill out a demographic questionnaire about their personal background,
health, and driving record (See Appendix D). Children were read a child’s consent form in which
they printed or signed their name at the bottom, while parents were asked to sign a parental
consent (See Appendix C). Parents also filled out a questionnaire regarding their child’s personal
background and health (See Appendix E). Blood pressure, heart rates and grip strength were
measured, and a vision test was administered. Participants were then lead to a small testing room.
All participants were seated to the left of the experimenter. Before starting each mun, the
experimenter entered the participant’s information (name, code, and run number) into the
computer.

Prior to the pre-cued and uncertain SCAT runs, each participant received practice runs.
Only in the simple SCAT, participants received verbal instructions on how to respond to each
trial.

The four possible driving scenarios: (pre-cued and clear visibility, pre-cued and foggy,
uncertain and clear visibility, uncertain and foggy), were counterbalanced across participants. The
experimenter then briefed the participants in the following manner:

“Your driving ability and how well you react to certain driving conditions will be tested
on a driving simulator. Your goal is to drive through the driving course as fast as you can and with
the least number of mistakes. You will be timed and tested on how fast and on how well you react
in your driving. First, the participant will be going through a practice run. You will receive verbal
cues on how to maneuver through each SCAT trial. You will be driving on the center lane of a
three lane freeway at 55 m.p.h. As you approach, a set of five vehicles will be blocking each of
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the three lanes (two in each outer lane and one in the center lane). You must stay in the center lane
and maintain the speed of S5 m.p.h. until you see the five vehicles apply their brake lights
simultaneously. When this occurs you will be asked to either swerve left or right or stop your
vehicle. Once you successfully pass the five vehicles, you will need to drive again down the
center lane and maintain the speed of 55 m.p.h. to get ready for the next set of vehicles. (Note:
When passing a vehicle, avoid touching the other vehicle or driving off the road. This will result
in a crash.) Before the first trial begins, you will be allowed to practice the braking maneuver.
This maneuver requires you to depress the accelerator until the pedal touches the floor board,
remove your foot from the accelerator, and depress the brake pedal forcefully. Please try to
perform the maneuver as quickly as possible. Please repeat this maneuver ten times now.

If there are no questions, let’s begin the practice scenario. Please keep your feet off the
pedals and hands off the steering wheel while the scenario is loading. When the run is loaded,
simply push up on the shift stick located on the right side of the steering wheel and begin driving,
Remember the right pedal is the gas (accelerator) while the left pedal is the brake. You are only
allowed to use your right foot to press the pedals. Also, you must keep both hands on the wheel, in
the 10 o’clock and 2 o’clock position. Do you have any questions?” (Participant goes through the
scenario. While the participant drives, the experimenter is observing the behavior of the
participant out of sight, from behind the participant’s right shoulder. The experimenter would
occasionally remind the participant to continue to press the gas pedal, keep in the center lane, and
to drive through the run as quickly as possible.)

3.8.1 Task 1 - Pre-cued (Certain, 1-Choice) Scenario

“Now that you have had some practice, let’s begin the test on the simple scenario. This
scenario contains three consecutive left swerves, three consecutive right swerves, and three
consecutive stops. The investigator will run this scenario twice. The first trial will be in the
daytime and the second trial will be in fog and the brake lights of the other vehicles will be of low
contrast. During the run you will receive verbal instructions on how to react to the approaching
5 vehicle. Do you have any questions?” (Participant goes through the 1st test on the simple
scenario. While the participant drives, the experimenter is observing the behavior of the
participant. The experimenter would occasionally remind the participant to continue to press the
gas pedal, keep in the center lane, and to drive through the run as quickly as possible.) “Now that
you are done with the first run, lets begin with the second.” (Participant goes through the 2nd test



on the simple scenario. While the participant drives, the experimenter is observing the behavior of
the participant. The experimenter would occasionally remind the participant to continue to press
the gas pedal, keep in the center lane, and to drive through the run as quickly as possible.)

3.8.2 Task 4 - Uncued (Uncertain, 4 Choice) Scenario

“In the choice scenario, there will be two training phases. One with verbal instructions and
one without. In the choice scenario you will not receive verbal instructions during your run and
the driving maneuvers will be in a random order. You must stay in the center lane and maintain
the speed of 55 m.p.h. until you see the five vehicles in front of you flash their brake lights. You
are then free to choose to swerve left or right or come to a complete stop. In addition, a new
option to drive through will be available with this scenario.

Let’s start with the first training phase. (Remember fo drive as fast as you can. Keep in the
center lane and maintain the speed of 55 m.p.h.) Only for this run, I will give you verbal cues on
how to respond before you see the vehicle brake lights come on.” (Participant goes through 1st
training phase of choice scenario. While the participant drives, the experimenter is observing the
behavior of the participant. The experimenter would occasionally remind the participant to
continue to press the gas pedal, keep in the center lane, and to drive through the run as quickly as
possible.) “Now that you have completed the first training phase, you will no longer receive
verbal cues on how to respond for the remainder of the test. Remember, the driving maneuvers
will be in a random order. Your options are the same; swerve left, swerve right, stop, continue,
Let’s begin the second practice phase.” (Participant goes through 2nd training phase of choice
scenario. While the participant drives, the experimenter is observing the behavior of the
participant. The experimenter would occasionally remind the participant to continue to press the
gas pedal, keep in the center lane, and to drive through the run as quickly as possible.) “Our
training phase is over. The investigator will now begin recording your scores. There will be four
runs: two in the day, two with fog and low contrast. The first run will involve clear, day fime
driving. Remember your driving task is the same.” (Participant drives in clear daylight. While the
participant drives, the experimenter is observing the behavior of the participant. The experimenter
would occasionally remind the participant to continue to press the gas pedal, keep in the center
lane, and to drive through the run as quickly as possible.) “The second run will be light fog and
low contrast driving. Your driving task is the same. You will be driving in light fog and low
contrast. Are you ready?” (Participant drives in light fog with low contrast. While the participant
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drives, the experimenter is observing the behavior of the participant. The experimenter would
occasionally remind the participant to continue to press the gas pedal, keep in the center lane, and
to drive through the run as quickly as possible.) “The third run is clear daylight driving. Your
driving task is the same. This time you will be driving during the day.” (Participant drives 2nd
time in clear daylight, While the participant drives, the experimenter is observing the behavior of
the participant. The experimenter would occasionally remind the participant to continue to press
the gas pedal, keep in the center lane, and to drive through the run as quickly as possible.) “The
last nm will be light fog and low contrast driving. Your driving task is the same. You will be
driving in light fog and low contrast.” (Participant drives 2nd time in light fog with low contrast.
While the participant drives, the experimenter is observing the behavior of the participant. The
experimenter would occasionally remind the participant to continue to press the gas pedal, keep in
the center lane, and to drive through the run as quickly as possible.) “Thank you for coming and
participating in this experiment.” The entire testing session, including participant preparation and
debriefing took 30 - 60 minutes,

3.9 Treatment Design

Age3 x Sex2 x Visx Task2 x Man3 Mixed Anova Design with the last three factors as
repeated measures.

39.1 Roadway Teaffic Data

This includes the vehicle identification number for each roadway vehicle, differences in
longitudinal speed between the participant’s vehicle and the roadway vehicles (feet/second),
longitudinal position of the roadway vehicles with respect to the participant’s vehicle (feet), and
lateral position of the roadway vehicles with respect to the roadway’s dividing line (feet)

The raw data collected in the data files were reduced into an Excel spreadsheet for
statistical analysis. The Excel spreadsheet contains several columns that included the following;
the participant’s identification number, age, sex, task (driving), environment (freeway), choices
(simple or choice), trial number (1 to 42), maneuver (left, right, and stop), repetition (three per
maneuver in simple and two per maneuver in choice), half (day or light fog with low contrast),
response (participant’s response), error (incorrect response by participants), PRT (perceptual
reaction time), MT {movement time), Rest (response time), crash (mumber of collisions), severity
(based on participant’s velocity at time of collision).
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The onset time of the roadway vehicle brake lights and limb movements were was used to
calculate perceptual reaction time, movement time, and response time. This was calculated using
the velocity of the first three roadway vehicles of each run {(column 17, 21, 25 in the STISIM raw
data file). The roadway vehicles were programmed to travel 35.69 ft/sec. However, when the
brake lights of the roadway vehicles are triggered, the velocity went negative. Hence, by
corresponding to where the velocity of the roadway vehicles becomes negative with the elapsed
time of the run, the time of the onset of the brake lights can be calculated.

The perceptual reaction time is calculated by subtracting the onset time of the trigger with
the time when the participant first made the initial response. For the left and right maneuvers, the
initial response time was determined by looking at the participant’s lateral lane position with
respect to the roadway dividing line (column 4 in the data file). If the participant’s lateral position
increased numerically (center of the middle lane is 18 feet), the driver is swerving right. If the
participant’s lateral position decreases numerically, the driver is swerving left. Due to the drifting
affect of the participant’s vehicle, it is difficult to determine the exact point when the participant
first reacts. Hence, the initial reaction time is determined by looking at a series of numbers after
the onset time (usually around 15.00 to 19.00) to detect when the number difference is greater
by.2 of a point. It is at this point that the parficipant is making the initial response to the stimulus.

However, for the braking maneuver, the initial response time was calculated by looking at
the longitudinal acceleration of the participant’s vehicle due to the brakes (feet/secand?) (column
5) to see when the number decreased numerically from 10.27 ft./sec2.

Movement time was calculated by measuring how long it took for a participant to
complete the maneuver (initiation to completion of the response). The completion of movement
time for right and left maneuvers occurred when the middle of the participant’s vehicle traveled
1.5 feet into the right or left lane (10.50 left lane and 25.50 right lane). However, the movement
time for the brake maneuver was measured by monitoring the longitudinal acceleration of the
participant’s vehicle due to the brakes (feet/second2) (column 6). The movement time for the
brake maneuver ended when the numerical value became negative. Combining the perceptual
reaction time and the movement time, created the participant’s response time.

Data for the continue through maneuver were not recorded as this condition served as a
catch trial to make the scenario more realistic in terms of actual driving. Only correct responses to
the mancuvers were counted in the data analysis. Some data were not used because the participant
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failed to follow the experimenter’s instructions. In addition, some data for movement time were
incomplete because the participant crashed while-changing lanes. To get the missing data for
movement time, the rate on how fast the participants change lane (feet/sec.) was calculated and
annually projected to get the time that the participant would have completed the maneuver. The
lane change rate was calculated through several steps. First, the value for the lateral lane
movement (column 4) prior to the crash (indicated by a zero value in column 4) was subtracted
from the previous value to get the difference in feet. Second, the value for the elapsed time prior
to the crash was subtracted from the previous value to get the difference in seconds. Then the two
values were combined together to get the lane change rate (feet/sec.). After the rate was
calculated, the time for the completion of the lane change was manually projected. The value for
the lane change movement prior to the crash was subtracted from 10.50 or 25.50 feet (point of
completion for left and right lane change maneuver). This value was multiplied by the differences
in the value in the elapsed time as calculated earlier. Then the value is added to the elapsed time
prior to the crash to get the completion time for the lane change.

3.10 Treatment Of Data

An Agegroup3 x Sex2 x Task2 x Visibility2 x Maneuver3) mixed design ANOVA was
conducted with age group and sex as between group variables and the others as within subjects
(repeated measures). Descriptive statistics values reported are least square estimate means plus/
minus (+) standard deviations and plus/minus (+) standard errors of the mean. Inferential statistics
showed what is significant. Figure values are least square means plus/minus (1) standard errors of
the mean. Significance is at the 0.05 level. Data were coliected on all participants during each run
and stored in data files using SIMMASTR. The data files contained of the following:

Elapsed time since the beginning of the run (seconds

Participant’s longitudinal velocity (feet/second)
Total longitudinal distance that the participant traveled since the beginning of the run (feet)
Laterat lane position with respect to the roadway dividing line (positive = to the right; in feet).
Longitudinal acceleration of participant’s vehicle due to the throttle (feet/second2)
Longitudinal acceleration of participant’s vehicle due to the brakes (feet/second2)
Running compilation of the crashes (vehicle and off road) that the participant has been
involved in.
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CHAPTER 4
RESULTS AND DISCUSSION

This experiment investigated age and sex differences in collision avoidance behavior
using a portable driving simulator. Virtual scenarios were presented under intact and degraded
visual conditions for pre-cued or un-cued maneuvers of swerving left, swerving right, or stopping.
The primary dependant measures were crash frequency and severity. Table of means and standard
deviations appears in Appendix J and Analysis of Variance summary tables are included in
Appendix K. An Agegroup3 x Sex2 x Visibility2 x Task2 x Maneuver3) mixed ANOVA design
was conducted with age group and sex as between group variables and the others as within
subjects (repeated measures). Table values reported are least square estimate means plus/minus
(+) standard deviations and plus/minus (+) standard errors of the mean. Figure values are least
square means plus/minus (+) standard errors of the mean. This chapter is divided into two
sections: results and general discussion.

4.1 Resulis
411 Crash Frequency

Mean crash frequency ratio varied as a function of age group and task (F = 18.78, p =
0.0001, see Figure 4.1) in a V-shaped curve, The effects of age depends on level of task such that
the difference between Task 1 (young = 0.117 + 0.021, 20-59, adult = 0.081 £ 0.017, and senior
= 0.152 + 0.015) and Task 4 (young = 0.085 + 0.021, adult = 0.107 + 0.014, and senior = 0.257 +
0.014) varied little in young and adult participants but rose in the seniors with Task 4 markedly
higher than Task 1. Participants 6-19 yes. and 20-59 yes. had lower crash frequency ratios than
participants 60-88 yes. No other comparisons were significant. The crash frequency ratios for
participants in the 60+ age group were significantly higher than the ratios for all other age group,
while between the other age groups were not significantly different.
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Figure 4.1. Mean crash ratio (+ SEM) by age group and task.

The mean crash ratio varied as a function of the type of evasive maneuver (F =20.40,p=
0.0001, see Figure 4.2) in a straight line shape.  The stop maneuver had a significantly greater
crash ratio than the left or right maneuvers. (Left = 0.1013 + 0.012, Right = 0.132 + 0.011, and
Stop = 0.206 + 0.011).
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Figure 4.2. Mean crash ratio (= SEM) by maneuver.

The mean crash frequency ratio for visibility varied slightly (only marginal significance);
by clear and fog (F = 3.75, p = 0.0532, see Figure 4.3) with the clear condition having more

31



crashes than fog = (0.1333 + 0.009). No other crash frequency or ratio comparisons were
significant,
Crash Ratio
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Figurc 4.3. Mean crash ratio (+ SEM) by visibility.

4.1.2 Crash Severity (Measured As Impact Velocity In Feet Per Second)

Mean impact velocity varied as a function of age group and task (F = 18.78, p = 0.0001;
see figure 4.4) in 2 J-shaped curve. The effects of age depends on level of task such that there was
litde difference between tasks for the you (Task 1 = 18.66 + 2.66, Task 4 = 15.95 + 2.66) and
adult (Task 1 = 10.62 + 2.20, but Task 4 (M = 32.43 + 1.76) was significantly higher than Task 1
(M =20.45 + 1.95) for the senior group. The impact velocity for participants in the 60+ age group
were significantly higher than the velocities for all other age group, while differences between the
other age groups were not significantly different.
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Figure 4.4. Mean impact velocity (+ SEM) by age and task.

Mean impact velocity varied as a function of maneuver and task (F = 4.65, p = 0.0003;
see Figure 4.5) in a straight line shape. The effects of maneuver depends on level of task such that
the difference between task 1 (left= 16.320 + 2.269, right = 17.142 + 2.030, and stop = 16.653 +
2.262) and task 4 (left = 17.796 + 2.030, right = 24.655 + 1.996, and stop = 26.406 + 1.996) was
very small. The impact velocity for right and stop maneuvers were significantly higher than the

velocity for left maneuver for Task 4 with almost no change across maneuvers for Task 1.
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Figure 4.5. Mean impact velocity (= SEM) by maneuver and task.
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Mean impact velocity varied as a function of maneuver and sex (F = 2.38, p =.0.0367, see
Figure 4.6). The effects of maneuver depends on operator sex such that the difference between
female (left = 19.085 + 2.130, right = 21.836 + 2.097, and stop = 19.289 + 2.097) and male (left =
15.120 + 2.171, right = 20.890 + 2.165, and stop = 25.156 + 2.159) operators was only significant
in the stop maneuver. Females varied little across maneuvers while males had progressively more

serious crashes from left to right to stop maneuvers.
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Figure 4.6. Mean impact velocity (+ SEM) by maneuver and sex.

The mean impact velocity for visibility vanied slightly with wvisibility (F = 3.62, p =
0.0574, see Figure 4.7). (M =21908 +1.237),). Clear had more severe crashes than did fog (M

= 18.583 + 1.233). No other crash severity comparisons were significant.
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Figure 4.7. Mean impact velocity (+ SEM) by visibility.

42 General Discussion

What stimulated this research project was a realization that all drivers were at an
increasingly greater risk of experiencing deficits in functional capabilities needed to operate a
vehicle safely. For instance, research suggest that with aging our sensorimotor and cognitive
system decline causing impairment in driving. The intent of this study was to develop an
apparatus and procedure that best determines what impacts the operation of a vehicle.

The five main factors that were shown to influence driving were as follows: (1) age group
(voung, adult, senior); (2) sex (male, female); (3) visibility conditions (clear, fog), (4) certainty
(pre-cued or uncertain), and (5) evasive maneuver (left swerve, right swerve or stop). Crash
frequency and crash severity were used to measure the effects of these factors. Was the Simulated
Collision Avoidance Task (SCAT) System efficient in studying crash frequency and crash
severity? Yes, and here are the reasons why.

The results in this study showed STISIM to be effective in determining the impact on
vehicle operation for both crash ratio and crash severity when examining the certainty factor. The
driver was required to choose either left or right swerve maneuver or stop within a few seconds
after the rear headlights were activated while maintaining a speed of 55 m.p.h. Task 1 allowed for
pre-cues before maneuvers and Task 4 was uncued. In the uncued scenario, vehicle operators
were challenged to make rapid decisions under time pressure and coordinate their extremities to
meaneuver the vehicle safely. Among those having crashes, seniors were much worse than
children and adults when dealing with unexpected uncertainty maneuvers as measured by crash
ratio and severity. There was very little difference between the young and adult group when
comparing results. Within the pre-cued scenario the results showed the drivers having
significantly less crashes. This result supports other research that suggest collision avoidance
indicators or monitoring devices would be helpful in reducing crashes (Hancock & Ridder, 2003).
The results would also indicate that STISIM was sensitive to detecting the possibility of
functional deficits in the senior age group. Functional deficits could include impairment in the
following areas: memory and cognition; poor judgement and attentional processing; impaired
proprioception, decreased flexibility and strength. High crash occurrence comrellated with
driving impairment reported by previous studies (Colsher & Wallace, 1993).
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Additional results from this study showed a significant difference between pre-cued and
uncued for right swerve and stop maneuver. Pre-cued scenarios showed almost no change across
maneuvers. Previous research concurs that waming devices would give us very important data on
accident avoidance behavior (Hancock & Ridder, 2003).

Stop maneuver showed male drivers had progressively more serious crashes from left to
right to stop. The stop maneuver challenged both braking and acceleration responses when under
time pressure. The driver must plan and pass the slower vehicles to avoid a collison. Previous
studies from insurance companies cited males having more crashes than females (Insurance
Institute for Highway Safety, (2001). Female drivers were possibly more cautious than male
drivers.

Analyzed data from STISIM showed a pattern of errors occurring in a specific set of
testing methods such as uncued scenarios and stop maneuver which is indicative of predicting
collisions. However, neither one or two methods would be sufficient to test overall driving ability.
Similar experimental methods explored in previous studies support the methods used in this
research to better predict driver performance. (Hancock & Ridder 2003) and (Allen, 2004).

Many studies have been conducted to study changes in visibility when operating a
vehicle. STISIM showed very little impact on driving performance when studying visibility.
Investigators would expect increased crash risks in fog, however, clear had more crashes. Drivers
were possibly more attentive and cautious when driving in fog conditions. Although there was
little effect shown in visibility, STISIM was efficient in determining the impact on the vehicle
operators when analyzing the other factors as measured by crash ratio and severity specifically in
the uncued driving scenario. Given the sensitivity to age and sex demonstrated by SCAT, the
uncertainty tasks may hold potential for measuring decline in key functional driving abilities.
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CHAPTER 5
CONCLUSION

This experiment investigated age and sex differences in collision avoidance behavior
using a portable driving simulator. Virtual scenarios were presented under intact and degraded
visual conditions for pre-cued or un-cued maneuvers of swerving left, swerving right, or stopping.
The primary dependant measures were crash frequency and severity. This chapter is divided into

four sections: (a) summary of procedures, (b) summary of findings, (c) conclusions and (d)
recommendations for future research.

5.1 Summary of Procedures
High rates of automobile-related fatalities among elderly drivers are a concern for all
individuals, especially geriatricians and transportation specialists. Safety of transportation
systems depend upon the design as well as the capabilities of the users. The purpose of this
research was to conduct pilot tests to examine simulated collision avoidance testing (SCAT)
system sensitivity to age and sex differences of the vehicle operator as a function of within subject
factors. One hundred and six participants divided into three age groups included 6-19 year old
children, 20-59 year old adults, 60-88 year seniors. One hundred and six volunteers served as
participants: 19 (6-19 years) participants in the young group; 43 (20-59 years) participants in the
adult group and 44 (60-88) participants in the senior group. The participants were healthy with no
apparent neuropathology and no medication was thought to affect their performance on the tests,
The experimental task was performed on a commercially available (Intel-based) personal
computer. In the Simulated Collision Avoidance Task (SCAT) participants drove through virtual
scenarios on the STISIM driving simulator that varied within 3 intrasubject tasks: visibility (clear
vs. fog), (pre-cued vs. uncertain maneuvers), and evasive maneuvers (left swerve, right swerve,
stop vs. continue through). Collision avoidance responding was tested on the driving simulator.
STISIM is a low-cost, portable, partially interactive driving simulator designed to represent a
range of psychomotor, divided attention, and cognitive tasks involved in driving. STISIM
(System Technology, Incorporated Simulator, 1999) comes in a 2D system which operates on a
486DX IBM compatible DOS computer with Texas Instrument Graphic Adapter (TIGA) video
card running no slower than 66 MHz or a new 3D system which runs off a Pentium 166 or higher
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IBM compatible computer with WindowsNT or Windows 98 and a 3Dfx video card. STISIM
(Version 8) offers several features for examining driver abilities that includes vehicle dynamics,
visual and auditory displays, and a performance measurement system. Driving tasks and events
were easily programmable with a unique Scenario Definition Language that allowed the user to
specify an arbitrary sequence of tasks, events, and performance measurement intervals. This
allowed the examinee/trainee to perform various maneuvers that were common crash scenarios
(such as front-to-rear end collisions). A utility program called SimMastr provided a higher level
interface for STISIM. This allowed the experimenter to specify participants information, control
certain aspects of the simulation run, launch a wide variety of simulation scenarios, and get a
quick summary of each mun. The microcomputer used to test for SCAT was developed on 2D
system that operated on an Intel Pentium 200 MMX platform running Microsoft DOS 6.22. The
2D system also included a TIGA video card, a SoundBlaster AWE 64 sound card with an analog
joystick, 64 Mb EDO RAM, two display screens (one for the driver and one for the experimenter),
a ThrustMaster Formula T2 steering wheel with brake and accelerator pedal, and a STISIM
proprietary dongle.

Participants were greeted at the Pacific Islands Geriatric Education Center (Kuakini HPM-
9) or Hawnii Academy and asked to read and sign a consent form. Blood pressure and heart rate
were taken and a vision test was administered. Adult participants filled out a demographic
questionnaire containing questions about personal information, health, and driving experience.
Children were read a consent form for minors and parents were asked to sign a consent form as
well as fill out a questionnaire regarding their child(ren)’s health. Tests were then administered.

52 Summary of Findings

The research focused on developing an apparatus and procedure to examine five main
factors measured by crash frequency ratios and severity. The drivers were healthy from a normal
aging prospective. Drivers performed several trials of each scenario supporting the reliability of
the SCAT system. Retesting one week later would increase SCAT reliability. The degree of
validity for SCAT results is limited when compared to mid to high-end portable simulators. The
highly advanced simulators are more complex and very expensive. Considering the lower cost
and capabilities of STISIM, the tester can perform ongoing evaluations of drivers in more than
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one location, This simulator is a PC-based product design so that little, if any, existing user
program modification is needed.

Results of this research suggested that STISIM was effective in detecting significant
differences among four of the five factors for predicting future crash occurrence. Analysis of
crash circumstances showed seniors having several crashes in the uncued scenario. This finding
could help specify the linkage between functional deficits resulting from normal aging and
increased crash risk. Visibility was the only factor showing a slight variance between clear and
fog indicating only marginal difference with clear condition having more severe crashes. It may
be concluded from this result that drivers were more guarded in fog scenarios therefore reducing
the number of collisions. Understanding the driver safety errors that cause crashes, it would be
possible to design interventions and training programs that will reduce these errors.  The SCAT
apparatus and procedure could be developed further into a standardized approach to scenario
design and cost-effective methods for screening and training purposes. The public needs to be
protected from functionally impaired drivers whether the deficits result from normal aging or
dementia or any number of other diseases that impact driving performance. SCAT procedure was
found to detect increased crash risks and therefore would be a beneficial resource in upgrading the
driver’s license renewal process especially for the senior age group. The primary focus of an
effective driving renewal program is to keep people driving safely longer, while protecting the
public from potential fatalities.

5.3 Conclusions

The experiment successfully met the first objective to develop a simulated collision
avoidance testing apparatus and procedure. The second objective of the experiment to conduct a
pilot study to examine the SCAT system sensitivity to age and sex differences of the vehicle
operator particularly with respect to intratask manipulation of visibility, event uncertainty, and
type of evasive maneuver was also achieved.
53.1 Conclusion 1

There were significant differences in c¢rash frequency ratio and crash severity as a function
of age, sex, uncertainty and maneuver. Visibility was only marginally significant.
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53.1 Conclusion 2

There was an interaction of sex and maneuver in crash severity such that males performed
worse than females. Females varied very little across maneuvers while males had progressively
more fatal crashes from left to right to stop maneuvers.
53.2 Conclusion 3

There was an interaction between maneuver and task such that right and stop maneuvers

were significantly higher than the crash severity for left maneuver for the uncertainty driving
scenario, Task 4.
53.3 Conclusion 4

There was no interaction of age and sex in crash frequency and severity such that females
perform worse than males especially among seniors.

5.4 Recommendations for Future Research

As a result of examining age and sex differences on SCAT various unique findings were
discovered. Also research limitations were uncovered. The following are recommendations for
improving future investigations,
5.4.1 Integrated Software

STISIM software is being continually upgraded therefore the recommendation is to
implement the upgraded version.
54.2 Automated Data Analysis

Data should be structured so additional subjects’ data may be added and the submit key is
pressed. Currently, participant data must first be reduced in a spreadsheet program, converted into
a SAS data file, and the SAS program must be rerun, making data analysis a time-consuming
process.
54.3 Correlations

Correlation of data with that collected in previous research may implicate important
factors other than age which play an important role in motor vehicle risk. These factors along with
others such as participant ethnicity, education level, etc. should be presented in demographic
tables.



5.4.4 Equipment Modifications

The brake and gas pedal apparatus should be designed to allow for adjustment of distance
between the two pedals so as to facilitate usage by participants with relatively large feet. During
practice trials, participants with large feet or large shoes often engaged in collisions as they
inadvertently depressed the brake and accelerator simultanecusly.
5.4.5 Test Modification

Incorporate audio or verbal distraction into the Trails B task and the Visual Elevator Task.
This will provide further insight into the effect of distraction on attention switching and visual
search skills across age groups.
5.4.6 Child Development

Whether the results obtained in this experiment replicate others in the literature, should be
examined. SCAT performance among children should be analyzed to determine whether
performance is a function of video game experience.
5.4.7 Homogenize Practice Rates

Participants engaged in a variable number of practice trials in order to pass a minimum
number of trials. More practice time should be allotted to insure that most of the participants are at
asymptotic performance levels before starting,
5.4.8 Random Sampling

As more participants are recruited, a beiter stratification system should be employed to
reduce systematic sample bias.
5.4.9 Reliability

Participants performed several trials of each maneuver and the average of these
performance results were analyzed to increase data reliability. However, reliability is reduced by
the fact that performance on SCAT and attention and motor tasks may be strongly influenced by
variables such as sleep deprivation, emotional or mental stress, and minor physical ailments
which participants may have been experiencing at any given moment. A measure to test reliability
should be obtained by having participants return a week later to repeat the tests.
5.4.10 Complete Visual Acuity Measures

A procedure for testing participants’ vision should be established. Vision should be inter-
correlated with SCAT and other test results to see the effects of vision on performance.
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5.4.11 Death/Crash Ratio:

Additional analysis should be deaths per crash ratio (# of extremely severe crashes divided
by the number of possible crashes.)
5.4.12 Portable Driving Simulators.

Prospective studies need to be undertaken to determine whether the driving simulator can
predict factors that contribute to driver distraction and fatigue. Future research is recommended to
evaluate the effects of traffic flow and determine increased crash risks for senior drivers. At what
age is there a steep decline in collision avoidance behavior which would dramatically impact
crash frequency and severity. Is the driving simulator able to determine an early warning indicator
for increased crash risks.
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APPENDIX A: INSTRUMENTATION

6.1 Movement Control Tasks Grip Strength Test

Before testing, a brief interview will be conducted with each participant to record hand
dominance and previous and/or current hand injuries (including fractures, arthritis, and
tendonitis). At the time of testing, participants will be judged on whether they have any hand pain
or limitation that might influence their grip strength. No ambidextrous participants are tested.
After the standard instructions for participation are given, the participants are asked to give
maximum effort. Three trials for one hand are conducted consecutively, followed by three trials
for another hand. The same rescarcher read the dynamometer dial to record all trials for that
participant. The median score for each hand is used to analyze data. Grip strength figures are
created from raw data that will be reduced to within subject descriptive statistics to illustrate
group differences, data will be then subjected to inferential statistics in the form of an Age3 x
Sex2 x Hand2 mixed ANOVA design with repeated measures on the last factor. All contrasts are
at.05 significance level with post-hoc tests conducted using the Turkey WSD.

Instructions:

Said:

Now the investigator will check your grip strength (hold up grip strength dynamometer).
What I want you to do is squeeze as hard as you can and then release (show the participant how
once). We'll take three readings for each hand.
6.1.1 Balance Test

Participants are asked to balance as on one foot (left then right) for up to 20 seconds if
possible. Three trials are conducted: the first trial with eyes open, the second with eyes closed,
and the third with eyes open again. Balance times for both eyes open trial are averaged to produce
one eyes open balance time for each foot. Balance times for each foot with eyes open/closed are
analyzed and using Statistical Analysis Systems computer program. Balance figures are created
from raw data that will be reduced to within subject descriptive statistics to illustrate group
differences. Data will then be subjected to inferential statistics in the form of an Age3 x Sex2 x
Eyes2 x Leg2 mixed ANOVA design with repeated measures on the last two factors. All contrasts
are at the.05 significance level with post-hoc tests conducted using Turkey WSD.
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Instructions:

Said:

Now we'll see how long you can balance. Hold your arms out at shoulder leve! for balance
and try to balance on one foot without putting your other foot down (show participant balancing
position). The maximum balance time is 20 seconds. If you balance for that long then I'll tell you
when 20 seconds have elapsed. If you are unable to balance for 20 seconds I'll stop the timer as
soon as you put your other foot down or you begin to lose your balance.

6.1.2 Needle Threading Task

Participants are presented with “needle and thread” and asked to poke the needle through
the hole and pull it through five times as fast as they could. Two trials will be conducted for each
hole. The average time for threading each hole is used in the analysis. Needle threading figures
were created from raw data that will be reduced to within subject descriptive statistics to illustrate
group differences. Data will then be subjected to inferential statistics in the form of an Age3 x
Sex2 x Holesize2 mixed ANOVA design with repeated measures on the last factor. All contrasts
are at the.05 significance level with post-hoc tests conducted Tukey WSD.

Instructions:

Said:

In this task you must poke the needle though the hole and pull it through, (showing
participant with small hole) you'’ll do this five times as fast as you can while I time you
(participant completes one trial). Okey, we’ll do it one more time. Participant does second trial
with small holesize. Now you’ll do the same thing but this time you’ll use the large hole (give
participant large hole, and participant does two trial with large hole).

6.1.3 Bow Tying

Participants are presented with a shoe and shoelaces. In the first three trials, participants
are required to tie a bow with the two unknotted shoe lace ends as quickly as possible. In the next
three trials, participants are required to tie a bow using only the thumbs and first fingers of their
hands, as quickly as possible. A rubber band are placed on each hand around the three fingers
which subjects are prohibited from using. In the last three trials, participants are instructed to tiea
bow using only their thumbs and pinkie fingers, as quickly as possible. A ruberband will be
placed on each hand around the three fingers which the subject is prohibited from using. The time
to tie a bow in each trial is recorded. If participants proved unable to successfully tie a bow in



particular trial within three minutes, the prarticipant is instructed to discontinue the attempt, and
the trial is recorded as a failed attempt. The median time for each level of difficulty is used in the
analysis. Bow Tying figures are created from raw data that is reduced to within subjects
descriptive statistics to illustrate group differences. Data will then be subjected to inferential
statistics in the form of an Age3 x Sex2 level of difficulty3 mixed ANOVA design with repeated
measures on the last factors. Instructions:

Said:

In this exercise, you will practice tying a bow with these two shoe laces. (Paint to the
apparatus). First you will tie a bow as you normally do. Work as quickly as you can. I'll start the
timer as soon as you touch the shoe laces. When you are done say done and I'll stop the timer.
Subject repeated this task for a total of three times.

Now, you will practice tying a bow using only your thumbs and first fingers. These rubber
bands will be placed around the fingers on each hand which you may not use to tie the bow. Work
as quickly as you can. I'll start the timer as soon as you touch the shoe laces. When you are done
say done and I'l] stop the timer. Subject repeated this task for a total of three times.

Now, you will practice tying a bow using only your thumbs and pinkie fingers. These
rubber bands will be placed around the fingers on each hand which you may not use to tie the
bow. Work as quickly as you can. I'll start the timer as soon as you touch the shoe laces. When
you are done say done and I'll stop the timer. Subject repeated this task for a total of three times.

The times required for the completion of each trial were recorded.

6.1.4 Tweezer Transfer Task

Participant is presented with tweezers. Nuts are arranged in front of the participant on
sheet with correct distances marked. The collection dish is placed in front of the participant on
other side of sheet of paper. Participant is instructed to pick up all five nuts and put them in the
dish as fast as possible. The participant repeats this task for a total of three trials and the median
time is used in the analysis. Tweezer figures are created from raw data that is reduced to within
subjects descriptive statistics to illustrated group differences. Data will hen be subjected to
inferential statistics in the form of an Age5 x Sex2 ANOVA design. All contrasts are at the.05
significance level with post-hoc tests conducted using Tukey WSD

Instructions:

Said:

435



For this task you are required to pick up the nuis with the tweezers and put them in the
dish as fast as you can while I time you (show participant). Start here where it says start; (show
participant on sheet) when I says go you may begin and I'll start the timer. When you are finished
sadden’ and Il stop the timer. Participant completes one trial. We'll do the test two more times
for a total three trials (as tester replaces nuts on sheet).

6.2 Design.
Age3 x Sex2 x Vis2 x Task2 x Man3 Mixed Anova Design with the last three factors as
repeated measures.



APPENDIX B: CONSENT FORM

You are invited to participate in a study to gain an understanding of front to rear-end auto-
mobile and pedestrian collisions. You were selected as a possible participant in this study because
of your age, sex, and health status. The research team asks you to read this form and to ask any
questions you may have before agreeing to be in the study. [The principle investigator is Dr. Max
Vercruyssen, University of Hawaii.....The laboratory assistant is Ms. Ann Marie Ryan. This re-
search examines the effects of age, sex, and health differences on the ability of individuals to avoid
automobile and pedestrian collisions, specifically event timing (time to collision and time-to-arriv-
al), time perception, attention, movement control, and speed of evasive responses (collision avoid-
ance in a driving simulator). If you decide to participate, the research team may ask you to watch
multiple sequences of two video situations (the pedestrian simulator tests). Your view positions
you as a pedestrian, standing on a curb on a city street, watching approaching automobiles. You
will be asked to press a button when you feel you feel the approaching car would contact you if
you were standing in the traffic lane. You may also be asked to estimate, produce, and reproduce
a specified time interval (the time perception tasks). You may be asked to also perform in an office-
based computer simulator of driving situations (the driving simulator tests) and on some tests of
everyday attention, reaction and movement time, and movement control. Before or during your test
session, you will be asked to fill out a questionnaire. The study will take approximately 90-120
minutes on each of two days.

The research team assures you that all information about you and your performance in this
research will be strictly confidential. Names will be replaced with identification numbers which
are accessible only be the investigators, All data storage is according to coded identification num-
bers. You must, however, be willing to have the results from this study published or shared with
other interested parties with our assurance that you will NOT be personally identified. Results from
this study may be given to other physicians, research institutions, and/or federal authorities for re-
search purposes.

Your participation is very important to us. No injuries or illnesses are expected from your
participation in this research. However, because this is an unfunded research project, there will be
no financial compensation for your participation nor will there be resources to compensate you for
any injuries or illnesses that result from the research. Although this study does not necessarily ben-
efit your present health or increase the length of your life, your data may help advance understand-
ing of the effects of age, disease, and sex upon event timing and response speed, and improve the
design of intelligent systems that reduces car and pedestrian accidents and fatalities. You will be
informed of any new information which affects risks associated with your participation in this re-
search. During testing, if you feel uncomfortable you are free to discontinue participation at any
time without consequence.

If you have any questions about the research or research participants’ rights, please contact

Dr. Max Vercruyssen (principal investigator) or Ann Marie Ryan (laboratory assistant) at: Hawaii
Academy, 501 Sumner Street #602, Honolulu, HI 96817, Telephone: (808) 537-5481
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vercruys@hawaii.edu annryan@hawaii.edu

I certify that I have read and that I understand the foregoing, that I have been given satis-
factory answers to my inquiries concerning project procedures and other matters, and that I have
been advised that I am free to withdraw my consent and to discontinue participation in the project
or activity at any time without affecting my relationship with the University of Hawai’i, University
of Minnesota, Kuakini Medical Center, or Kapiolani Medical Center for Women and Children.

Signature of Individual Participant Date
Signature of Parent (if under 18 yrs) Date
Signature of Caregiver, or Authorized Date
Signature of Investigator Date

If you cannot obtain satisfactory answers to your questions or have comments or complaints about
your treatment in this study, contact the department on human studies at the nearest location:

Committee of Human Studies, University of Hawai’i, 2540 Maile Way, Honolulu, HI 96822.
Phone: (808) 956-8650

Hospital Patient Relations, 2 -499 University Hospital, 500 Harvard Street Southeast,
Minneapolis, MN 554455 Phone: (612) 626-5050

IRB: Human Subjects, University of Hawaii, __ Maille Street,
Honolulu, HI 96822

Thank you for your participation,



APPENDIX C: CONSENT FOR MINORS

Hello (child's oame).

‘This resesrch eindy will haip adults undemstand why children sround your age are hit by
cams, People around your grandpsrent’s sgo also aro hit by ca s Jotor pet into a Int of car socidents. We want
to find ottt some of the reasons why. Maybo wo can help make arossing the streets safer for children and for
clder adults, We also wit to make driving sxfer for sdults too and that is why some adnlts will be taking the
axme tests yon take if you decido to help us,

In thsis experiment, you will be usked to do many things, so plesse concentrate (pey sttention) st all
times. You will watsh a video of cas driving towards you. Pretend yoo are stending oa the street waiching
titfs car. The video will suddenly atop plsying and you should imagine that the video is =iill playing ind the
car s «till coming claser to you, When you think the car will hit you where you sre sixnding, yon are to qaick-
Iy press ared batton.

Thero will also bo trsty that show different colom on & computer screen. 'Yon will be ssked to watch
for a green celor on a computer agreen. This test will see how well you can court and remember bow loag
you suw the green color on the comper screen. §'will fell yoo move on hose you will do these tests later. We
can practioe these tests before we st

The Iast tets will soo how fast you can pross the right and left buttons on a computer momse, You
will do this when you soo an arrow on the sareen. Thero will be some cther tests Like thrls bot I will tell yon
&l sbout them Ister. We can practioo some of these tests before yon stet,

(st namo of chiikd), this is & lang test that will txke about two haure to finish. B st any timeyou foel
tired el need a rest, pleass tell me and wo can take s tresk. Wo will give you rests in betwaen tasts tno. We
hope you are shie to finish every test, but if st any timo you do not want to do the stndy any moes, we will
tnderstand and we will stop tha tosting. Remember, being in this stody is up to yoo, and no coe will bomad
at you if you don"t want to do this study or if you change your mind Ister. If yoo have any questions, plesse
do not be afiwid to sk Do you kave any questions?

Ii'yon agree tohelp us in our experimen, plesse sign this paper that tells us that you understand what
this study s ebout and that yoo understand what you will be doing. Thank yon again for being pat of oor
rescarch.

[ know that this is an experiment and roé part of my regolar schoolwork. Thave been told what I'will be doing
5 1 take part in this stody. T agroe to be part of fhds study.]

Signatare of Minor Date
(f tmder 18 youm of age)
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APPENDIX D: DEMOGRAPHIC QUESTIONNAIRE

Date Partisipant Nomber

Plesso exter your snswers or aircle the correct or best response emong the provided choises.
SELF
Sex/Gender Status? Male Femals
Whatisyoursgeinyear? == Whtisyourbeight? =~ Whatisyonrweight?

Arc you a oftizen of the United States? yes oo
¥ o, in what coumtry are you 8 eitizen?

mhymhighutlwddudﬂnbmcﬂnlﬂﬂmmmﬂymm
High School Trade School Bachelors Masters

HEALTH

Far your sge, do you censider your health to be:
PoOC below sverage aveTage good exuellont

For your age, your physical fitness is:
very low low moderats  high wyhigh  cnosually high

For your sge, how much phiysisal activity do you expesienoe cach day?
amostnone  litfe moderste morechenmost  more then aryone you know

Are you now or havo you in the past scen by & doctor for the following conditions?
(please check all condditions that apply.)

Angina Clandisation
- Hexrt atizck or coronery Phiebitis or binod clots
Coronary insufficiensy Bad cirvalation
Heart mrmn©s Heart failore
__ Rheumatio fever or theumuatio beart disegse — Diabetes
Treguler bert best (ocluding fintter or fibeillation) Hext sgery
High blood pressure
—  Any heart condition, heart medicine
Fiuid or congestion of the hmgs
Do you have a pacemsker or other cantias assistive device? yes oo
Do you et times get an uncomforteble feeling, pressure, or chest paing, when walking up a hill, or stairs?
yes ]

Does your heart at times skip o beat, or yace too fast for oo apperent resson? yes no



Do you get pain or cramps in your leg muscles when walking or hurtying? yes mo
Do you find you must keep your head elevated or propped up on seveml pillows to breathe comectly when
sleeping?yes o
Are you taking eny medication{s)? yes mo
If 50, what medication(s)?

Do you have arthritis or bursitis, or other joint problems which keep you from doing the normal activities of
a person your age and condition? yes no

Have you had any problems or injuries to your bones or muscles which keep you from doing the nonmal ac-
tivities of a person your age and condition? yes no

Do you have any back problems or condition of the spine (such as a raptured disc, pinched nerve) which keeps
you from normal activities? yes no

Do you now, or have you ever had a condition which resulted in spasticity, seizare, convulsion, fit or epilep-
sy? yea no

Do you have any difficulty with your coordination which may make it difficult than usual for you to perform
routine tasks than other persons of your age? yes no

Have you ever had a stroke? (Include a small stroke, incomplete ar partial stroke, or told by a doctor "almost
hadastroke™) yes no

Have you ever been dizgnosed or treated in a hospital or treatment center for & nervous condition?
yes no

Doyousmokerow? yes no If yes, how many packs per day?
If no, have you previously smoked? yes mno
If yes, how many packs per day? For how many years?

Have you ever experienced the following reactions when in an enclosed space? (check the anes that apply)
_ Fear Apnea (difficulty breathing) Nausea

Doyou have any mental orphysical disorders thatmight affect your time perception or yourresponse speed?
yes no If yes, please explain:

DRIVING EXPERIENCE AND RECORD
Do you bave a valid US driving license? yes no

How many years have you been driving? years
How many hours do you drive a week? hours

Please divide up your driving into the following categories:

light daytime traffic hows each week
heavy daytime traffic hours each week
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nighttimedriving __ houmseach week
Bow many mfles do you thirk you drive cach year?
‘What is your estimated weekly mileage?
What is the
Most of your driving fs: utben? = sobaben? __ rorl?

How often do you drive on/in:
(scale: I-ﬁeqmﬂyiz-eﬁul. 3-moderately, 4-occiskmally, S-scldom, 6-never)

City Streets?
Rumi Roads? -
Heavy congested conditions?

Do you need 10 wear glasses or contst lenses for driving? yos »o
if yes, which?

Is youx vizion 20/40, maturally or corrected? yes  po
Am you aware of having any other visin problems? yes w If yes, what?

Do you lave any hearing problers? yes mo
If yes, do yon uso any hearing devices when driving? yes mo
1f'yes, did yon use the heming device todsy? yes o

Which foot do ywo mse tokdck a ball?  night  left

‘Which eye to yoo use 0 tim? rght left

ACCIDENT RECORD
Have you been fn sn sutomobile eccident{s) in the lsst year?  yes o
If yes, how many accidentn?

‘What type of accident(s) Cirels more than one if applics.
. mwmmmmmw ¢ single vehicle to nommaving object
d pedestrian it e. cyclist ar motorcyclist hitf, rear end colliston

g other

How many totsl sccidents have you had since you started drivicg, regardless of who wes st fault?

Have you ever received B speeding ticket? If yes, how nuny?
CONTACT INFORMATION:

YOUR NAME:
ADDRESS:
PHONE:
BIRTHDATE:

52



APPENDIX E: QUESTIONNAIRE FOR PARENTS
Date Partivipant Number

Please enter your answers or circle the correct or best respones among the provided chojees,

‘What s your ohild's sex/gender Status? Male  Famale  Birthduin?

‘What i3 your child’s agp fn yoas? Relght? __  Welgh? ____
‘What i your child’s ethnic beckgroomd?
'Wint {3 your child’s first langvage? __~___ second nguage?

What is your child"s highest completed grade tevel?
For your child"s sge, do yon consider his bealth to bes
poor below avemge sverage good excellent

For your child’s sge, his physical fitness is:
vrylow low  modemats high veryhigh  ooosuslly high

How much physical activity does your child experience cach day?
aimostnone  fitie moderate merethznmost more than any ather child you know

Has your chilil epen a doctor for eny medical conditioa? yes 1m0
I yes, for what type of condition ia be seeing the doctor fie? (eg asthms, disbetes)

In your child teking any medication(s)? yes mo
I so, what medication{s)?

Does your child hevo any condition that would affect his or her ahility to estimate tive?
ys

f yes, what condition wonldl this be?

CONTACT INFORMATION:

PARENTS NAME:

CHILD'S NAME:

ADDRESS

PHONE:

ALTERNATIVE PHONE CONTACT:
EMAIL ADDRESS:
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APPENDIX F: THE MEANS PROCEDURE SUMMARY TABLES

|
;

N Obs[Variabie[Label | Mean|Std
1272[Cratio  {Cratio | 0.1469| 000701130 142
ImpVel |ImpVel[202399| 08748|1122] 150

Vis | N Obs| Variable[Label | Mean [Std Error] N[N Miss|
C 636 |Cratic  |Cratio | 0.1605|  0.0106|563 73
ImpVel | ImpVel|21.9081 1.2633| 559 7
F 636 | Cratio Cratio | 0.1333 0.0093 | 567 69
ImpVel [ImpVel | 18.5834 1.2078 [ 563 7
Man [N Obs|Variable [Label | Mean[Std Error] N|N Miss
L 424 | Cratio Cratio | 0.1013 0.0104 (374 50
ImpVel |ImpVel|17.1408)  1.5712|369 55
R 424 | Cratio Cratio | 0.1320 0.0114|378 46
ImpVel |ImpVel [21.3785 1.6389(376 48
s 424 | Cratio Cratio | 0.2068 0.0139(378 46
Vel |ImpVel|22.1375|  1.3096}377 47
Man | Vis|N Obs] Variable | Label | Mean [Std Error] N|N Miss
L |C 212[Cratio  |Crmatio | 0.1238]  0.0160|185 27
ImpVel | ImpVel | 20.4930 2.3179|184 28
F 212|Craio |Cratio | 0.0793| 0.0131]189 23
ImpVel |ImpVel | 13.8068 2.1005 | 185 27
R C 212 | Cratio Cratio | 0.1375 0.0164 | 189 23
ImpVel |ImpVel |222098 2.3668 | 187 25
F 212 | Cratio Cratio | 0.1265 0.0159| 189 23
ImpVel | ImpVel [ 20.5561 22734189 23
S C 212 | Cratio Cratio | 02195 0.0214|189 23
ImpVel | InpVel|22.9931 1.B588 | 188 24
F 212|Cratio  |Cratio | 0.1940  0.0179[189 23
ImpVel [ImpVel [21.2863 1.8482(189] 23]




Task [N Obs | Variable [Label | Mean [Std Error| N[N Miss
1| 636|Cmtic |Cmtio | 0.1224] 00097(498| 138
ImpVel | impVel | 16.7052 1.2684 | 493 143
4 636 | Cratio Cratio | 0.1661 00100632 4
ImpVel Vel | 23.0103 1.1920] 629 7
Task | Vis [N Obs| Variable|Label | Mean|Std Error] N|N Miss
1|C 318 | Cratip Cratio | 0.1391 0.0143 (249 69
ImpVel |ImpVel]18.8873 1.8436 | 245 T3
F 318 | Cmatio Cratio | 0.1057 00129 (249 69
ImpVel |ImpVel | 14.5494 1.7367 [ 248 70
4|C 318 | Cratio Cmtio | 0.1775 00151 (314 4
ImpVel | ImpVel | 24.2651 1.7197 (314 4
F 318 | Cratio Cratio | 0.1549 00131318 0
ImpVel |ImpVel|21.7594|  1.6509|315 3
Task | Man [N Obs|[Variable[Label | Mean |Std Error] N|N Miss
1|1L 212 | Cratio Crmatio | 0.0943 0.0150| 166 46
ImpVel |ImpVel| 16.3209 23782164 48
R 212 | Cratio Cratio | 0.1003 00146166 46
ImpVel Vel | 17,1420 2.4259] 164 48
S 212 | Cratio Cratio | 0.1727 0.0195| 166 46
ImpVel | ImpVel | 16.6530 1.7376] 165 47
4|L 212 | Cratio Cratio | 0.1070 0.0143| 208 4
TImpVel Vel | 17,7968 2.0966 ] 205 7
R 212 | Cratio Cratio | 0.1568 0.0166| 212 i)
ImpVel Vel | 24.6559 2.1985] 212 0
S 212 | Cratio Cratio | 0.2335 0.0195| 212 0
ImpVel | ImpVel | 26.4060 1.8469] 212 0
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Task Vis|N Obs| Variable [ Label | Mean|Std Error| N|N Miss
1 C 106 | Cratio Cmtio | 0.1163 0.0245| 83 23
ImpVel |ImpVel|18.8493 3.4883| 82 24

F 106 | Cratio Cratio | 0.0722 001721 83 23
ImpVel |ImpVel 13,7926 3.2305| 82 24

C 106 | Cratio Cmatio | 0.1083 0.0207| 83 23

Vel | ImpVel | 18.1493 34934| 81 25

F 106 | Cratio Cmtio | 0.0923 0.0208| 83 23
ImpVel ImpVel 16.1589 3.3869| 83 23

C 106 | Cratio Cratio | 0.1927 00281 83 23

ImpVel [ImpVel | 19.6544 2.5502| 82 24

F 106 | Crutio Cmtio | 0.1526 00270 83 23

ImpVel |ImpVel|13.6877 23327 83 23

4 C 106 | Cratio Cmatio | 0.1299 0.0211]102 4
Vel | ImpVeli21.8144 3.1106 | 102 4

F 106 | Cratio Cratio | 0.0849 0.0192| 106 0

Vel [ImpVel | 13.8182 277451103 3

C 106 | Cratio Cumtio | 0.1604 0.0242| 106 0

ImpVel |ImpVel|25.3126 3.1920] 106 0

F 106 | Cratio Cratio | 0.1533 0.0229| 106 0

ImpVel |ImpVel [ 23.9992 3.0378 | 106 0

C 106 | Cratio Cratio | 0.2406 0.0311 106 0
ImpVel |ImpVel|25.5758]  2.6242|106 0

F 106 | Cratio Cmtio | 0.2264 0.02361 106 0

Vel | ImpVel | 27.2362 2.6096 | 106 0




Sex [N Obs| Varisble[Label [ Mean [Std Error] N[N Miss
F 648 | Cratio Cratio | 0.1416 0.0095 | 579 69
ImpVel | ImpVel | 20.0806 1.2281| 576 72
M 624 | Cratio Cratio | 0.1524 0.0105| 551 73
ImpVel | ImpVel | 20.4079 1.2472 | 546 78
Sex [Vis [N Obs [ Variable [Label | Mean [Std Error| N|N Miss
F |C 324|Cratio  |Cratio | 0.1536|  0.0141|288 26
ImpVel |ImpVet|21.8238 17870 | 288 36
F 324 | Cratip Cratio | 0.1297 0.0126)| 291 33
ImpVel |ImpVel | 18.3374 1.6820|288 36
M |C 312 | Cratio Crmatio | 0.1678 0.0159| 275 37
ImpVel |ImpVel | 21.9977 1.7878[271 41
F 312{Craio |Cmatio | 0.1371]  0.0137|276 36
ImpVel | mpVel | 18.8411 1.7382(275 37
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Sex |Man|N Obs| Variable [ Label | Mean |Std Error] N|N Miss
F |L 216|Cratic | Cratio | 0.1033 0.0135}191 25
ImpVel | hmpVel |19.0858|  2.3024|188 28
R 216|Cratio |Cratio | 0.1314] 0.0151[194 2
ImpVel | ImpVel | 21.8361 2.3166 (194 22
S 216|Cratic  |[Cratio | 0.1894]| 00194 [194 2
ImpVel |ImpVel | 19.2892 1.7245|194 )
M |L 208|Cratic | Cratio | 0.0993 0.0159]183 25
ImpVel | ImpVel |15.1207 2.12711181 27
R 208 |Cratio  |Cratio | 0.1326] 0.0172|184 24
ImpVel | ImpVel |20.8908|  2.3227[182 26
S 208|Cratic  |Cmatio | 02251 0.0200 | 184 24
ImpVel | ImpVel | 25.1569 1.9644 |183| 25
Sex [Man [ Vis [N Obs| Variable | Label | Mean |[Std Error| N[N Miss
F [L |C 108|{Cmtio | Cratio | 0.1151 00194 94 14
ImpVel Vel [21.8526|  3.4275|94 14
F 108|Cratio  |Cratio | 0.0919] 0.0188(97 11
ImpVel |ImpVel |16.3190|  3.0669|94 14
R |C 108|Cratio |Cratio | 0.1340]  0.0216(97 11
Vel | ImpVel [22.6965 3.3669|97 11
F 108|Cratio  |Cratio | 0.1288] 0.0212[97 11
ImpVel |ImpVel[20.9757  3.1979|97 11
s |[C 108|Cratio  |Cratio | 0.2104] 0.0299(97 11
ImpVel [ImpVel|20.9232 2.4420(97 11
F 108[Cratic  |Cratio | 0.1684| 0.0248|97 1
ImpVel |ImpVel[17.6552| 2436897 1
M [ |C 104)Cratio  |Cratio | 0.1327] 0.0256|91 13
ImpVel |ImpVel | 19.0730 3.1176 | 90 14
F 104|Cratic | Cratio | 0.0661 0.0183 |92 12
ImpVel |ImpVel|11.2118]  2.8550|91 13
R |[C 104|Cratio  |Cratio | 0.1412]  0.0250(92 12
ImpVel |ImpVel | 21.6852 3.3377(90 14
F 104 Cratic  |Cratio | 0.1241 0.0238|92 12
ImpVel | ImpVel | 20,1137 3.2490 |92 12
s |[C 104 [Cratio  |Cratio | 0.2291 0.0307[92 12
ImpVel |ImpVel|25.1995|  2.8187(91 13
F 104[Cratio  |Cmatio | 0.2210]  0.0257|92 12
ImpVel |ImpVel|25.1149|  2.7531(92 12
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Sex [Task [N Obs| Variable [Label | Mean [Std Error| N[N Miss
F 1| 324[Cmtio |Cratio | 0.1123] 0.0121|258 66
ImpVel Vel | 16.7055|  1.8022[258 66
4 324 | Cmtio Cratio | 0.1651 0.0139}321 3
ImpVel Vel | 22.8189 1.6632 | 318 [
M 1 312 | Cmtio Cratio | 0.1333 0.0152 | 240 72
ImpVel Vel |16.7049| 17834235 77
4| 312|Cmtio |Cratio | 0.1672]  0.0144 311 i
ImpVel |mmpVel|232059|  1.7113[311 1
Sex | Task|Vis|N Obs| Variable[Label | Mean [Std Error| N|N Miss]
F 1|C 162 | Cratio Cratio | 0.1317 0.0181} 129 33
ImpVel |ImpVel | 18.78%0 26178129 33
F 162 | Cratio Cmatio | 0.0930 0.0160( 129 33
ImpVel |ImpVel|14.6219 2.4743(129 33
3|C 162[Cratic  |Cmatio | 0.1714]  0.0208]159 3
ImpVel |ImpVel | 24.2860 24324159 3
F 162 | Cratio Cratio | 0.1590 0.0185] 162 0
ImpVel Wel | 21.3519 22707(159 3
M 1{C 156|Cratio  |Cratio | 0.1471]  0.0226|120 %
ImpVel |ImpVel|18.9966{  2.5979|116 40
F 156|Cratio  |Cratio | 0.1194]  0.0204[120 36
ImpVel Vel [ 14.4708 2.4408]119 37
4|C 156 | Cratio Cratio | 0.1839 0.0221] 155 1
ImpVel | ImpVel | 24.2437 24391155 1
F 156|Cratic  |Cratio | 0.1506]  0.0184[156 0
ImpVel |ImpVel|22.1748 2.4062| 136 0
| Sex | Task [Man [N Obs| Variable|Label | Mean |Std Error] N[N Miss|
F 1L 108 | Cratio Crmatio | 0.0929 00188 | 86 22
ImpVel | ImpVel | 17.7999 3.4492 | 86 22
R 108 | Cratio Cratio | 0.1046 0.0201| 86 22
ImpVel |HmpVel | 18.5313 3.5194| 86 22
S 108 | Cratio Cratio | 0.1395 0.0237| 86 22
ImpVel _|ImpVel|13.7852| 22417 86 2
4L 108 | Cratio Cmatio | 0.1119 0.0191| 105 3
ImpVel |[ImpVel|20.1700 3.10211102 6
R 108 | Cratio Crmatio | 0.1528 00218108 0
ImpVel |ImpVel|24.4677 3.0670 | 108 0
S 108{Cmtic  |Crmatio | 0.2292|  0.0289|108 0
ImpVel |ImpVel|23.6719]  2.4600 108 0




M 1L 104|Crmtio  |Cratio | 0.0958|  0.0238] 80 24
ImpVel |ImpVel|14.6903)  32599) 78 26
R 104(Cratio  |Cratio | 0.0957|  0.02I5| 80 24
ImpVel Vel [156101|  3.3255| 78 26
S 104|Cratio  |Cratio | 0.2083]  0.0310] 80 24
Vel |ImpVel|19.7748|  2.6566| 79 25
3L 104 [Cratio  |Cmatio | 0.1019|  0.0214]103 1
Vel |ImpVel |154466|  2.8201|103 1
R 104 (Cratio  |Cmtio | 0.1611]  0.0253 [104 0
ImpVel |ImpVel|{24.8513{  3.1678 104 0
S 104 [Cratio  |Cratio | 0.2380|  0.0261[104 0
ImpVel |ImpVel|29.2453|  2.7500|104 0
Sex | Task [Man | Vis|N Obs | Variable | Label | Mean |Std Error| NN Miss
F I[L [C 54[Cratio  |Cratio | 0.1005|  0.0260 43 11
ImpVel |ImpVel|20.9835|  52494(43 11
F 54|Cratio  |Cratio | 0.0852]  0.0274[43 i1
ImpVel |ImpVel|14.6163|  4.4851 |43 1
R |C 54)Cratio |Cratio | 0.1162]  0.0312[43 11
ImpVel |ImpVel|18.3037|  4.9866|43 11
F 54|Craio |Cratio | 0.0929]  0.0256(43 11
ImpVel |ImpVel|18.7588|  5.0266[43 11
s |C 54|Cratio |Cratio | 0.1782]  0.0357]43 11
ImpVel |ImpVel|17.0798]  3.1692 (43 11
F 54Cratio  |Cratio | 0.1008]  0.0305[43 11
ImpVel |ImpVel|10.4907|  3.1273[43 11
4L [C 54|Cratic |Cratio | 0.1275]  0.0283[51 3
ImpVel {ImpVel|22.5853|  4.553451 3
F 54|Cmfio |Cratio | 0.0972|  0.0259[54 0
ImpVel |ImpVel |17.7547|  4.2320|51 3
R |C 54 Cmatio |Cratio | 0.1481]  0.0299 |54 0
Vel |ImpVel|26.1944|  4.5465|54 0
F 54[Cratio |Cratio | 0.1574|  0.0319|54 0
ImpVel |ImpVel|22.7409|  4.1470|54 0
S |C 54[Cratioc |Cmatio | 02361]  0.0455|54 0
ImpVel |ImpVel |23.9837|  3.5591[54 0
F 54|Craio |Cratio | 0.2222]  0.0360|54 0
ImpVel |ImpVel|23.3602|  3.4297|54 0




1jL  [C 52|Cmtio  |Cratio | 0.1332]  0.0426|40 12

ImpVel [ImpVel|16.4962|  4.5472|39 13

F 53(Cratic  |Cmatio | 0.0583|  0.0203[40 12

ImpVel |ImpVel |12.8844|  4.7136(39 13

R [C 52/Cratio |Cratio | 0.098]  0.0272[40 12

ImpVel [ImpVel|[17.9745|  4.9298 38 14

F 52|{Cratio |Cratio | 0.0916]  0.0337]40 12

ImpVel |ImpVel|13.3640|  4.5176(40 12

S |C 52|Cratio |Cratio | 0.2082]  0.0442]40 2

Vel |ImpVel [224931|  4.0625(39 13

F 52|{Cratic |Cratio | 0.2083[  0.0442[40 12

Vel |ImpVel [17.1245|  3.4400]49 12

3L |C 52[Crafio |Cratio | 0.1324|  0.0316|51 1

ImpVel |ImpVel |21.0435)  4.2818 51 1

F 52[Cmatic  |Cratio | 0.0721]  0.0286|52 0

ImpVel |ImpVel| 9.9573|  3.5615(52 0

R |C 52|Cmtic |Cmtio | 0.1731|  0.0385(52 0

ImpVel Vel [24.3969|  4.5190|52 0

F 52(Cmtio |Cratio | 0.1490]  0.0331(52 0

ImpVel |ImpVel|25.3058)  4.4837)52 0

S |C 52[Cratic [Cmio | 02452] 0042652 0

ImpVel |ImpVel|27.2292|  3.8892(52 0

F 52|Cratio |Cratio | 0.2308]  0.0306]52 0

ImpVel Vel |31.2613  3.9067|52 0
YouAdSen [N Obs| Variable|Label | Mean |[Std Error] N]N Miss
Adult 516 | Cratio Cratio | 0.0973 0.0083 | 423 9293
ImpVel |ImpVel|14.1665|  1.1885(421 95
Semior 528(Cratio | Cratio | 02123]  0.0135[479 49
ImpVel | ImpVel | 27.0592 1.4909|473 55
Young 228 |Cmfio | Cratio | 0.1012]  0.0104|228 )
Vel Vel |17.3073|  1.8489|228 0
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YouAdSen [ Vis[N Obs | Variable | Label | Mean [Std Error| N[N Miss
Adult C 258 Crtio  |Cratio | 0.1171] 0.0129{210 48
ImpVel |ImpVel|16.2006|  1.7323]210 48

F 258|Cratio | Cratio | 0.0779| 0.0105[213 35

ImpVel |ImpVel[12.1419|  1.6203[211 47

Senior C 264|Cratio  |Cratio | 0.2265]  0.0204[239 25
ImpVel |ImpVel|28.7049|  2.1247|235 29

F 264 |Cratio  |Crafio | 0.1982]  0.0178|240 24

Vel lmpN_el‘ 254342|  20916|238 26

Young C 114[Cratio |Cratio | 0.1023] 0.0145|114 0
ImpVel |ImpVel |184111) 27691114 0

F 114 |Cratio  |Cratio | 0.1001[  0.0148[114 0

Vel |ImpVel|16.2035|  2.4586|114 0

YouAdSen [Man [N Obs[Variable [Label | Mean|Std Error| N|N Miss
Adult L 172[Cratio  |Cmatio | 00635 0.0123|139 33
ImpVel |ImpVel |11.2493|  2.0511|137 35

R 172(Cratio  |Crafio | 0.0704]  0.0119|142 30

ImpVel |ImpVel|13.9827|  2.2810]142 30

S 172|Crtio  |Cmatio | 0.1573| 0.0172]142 30

ImpVel | ImpVel [17.1647| 17986142 30

Semior L 176[Crtioc  |Cratio | 0.1503]  0.0201[159 17
ImpVel |ImpVel|23.1170]  2.7204|156 20!

R 176 [Cratio  |Cratio | 0.2061]  0.0220160 16

ImpVel |ImpVel |206026  2.7256|158 18

S 176 |Cratio  |Cratio | 0.2802]  0.0266 160 16

ImpVel | ImpVel |28.3995|  2.2688|159 17

Young L 76(Crtio | Cratio | 0.0680[ 0.0148| 76 0
ImpVel |ImpVel |15.4943|  3.4376| 76 0

R 76(Cratio  |Cratio | 0.0910[  0.0180( 76 0

Vel |Impvel|18.0997|  3.5296| 76 0

S 76|Cratio  |Cmatio | 0.1447[ 00198 76 0

ImpVel |ImpVel [18.3278)  2.5881| 76 0
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YouAdSen Vis[N Obs| Variable [Label | Mean |Std Error | N[N Miss
Adult C 86 | Cratio Cmatio | 0.0907 0.0199| 68 18
ImpVel |ImpVel | 156850  3.2735|68 18

F 86[Cmtio |Cratio | 0.0376]  00142]71 15

ImpVel |ImpVel| 63778|  2.3948/69 17

C 26 | Cratio Cratio | 0.0669 00167|71 15

ImpVe ImpVel [ 12.6775 3.0578|71 15

F 86|Cmtio |Cratio | 0.0739|  0.0170|71 15

ImpVel |ImpVel|15.2879)  3.4002(71 15

C 86 | Cratio Cratio | 0.1925 0.0264 |71 15

ImpVel | ImpVel|20.2176 2.6297|71 15

F 86 | Cmtio Cratio | 0.1221 0.0215(71 15

ImpVel |ImpVel |14.1118|  2.4187|71 15

Senior C 88|Cratio |Cratio | 0.1781] 00308{79(, 9
ImpVel |ImpVel |26.7337]  3.9125|78 10

F 88 | Cmtio Cratio | 0.1229 0.0258 | 80 8

ImpVel | ImpVel | 19.5003 3.7612 |78 10

C 88|Cmfio |Cratio | 02113  0.0312(80 8

TmpVel Vel (307222  3.9240|78 10

F 88 | Cratio Cratio | 0.2010 0.0312| 80 8

ImpVel |ImpVel}285110 3.8074 |80 8

C 88 | Cmtio Cratio | 02895 0.0420( 80 8

ImpVel [ImpVel|28.6594|  3.2027[79 9

F 88 | Cratio Cmtio | 02708 0.0330 80 8

Vel | ImpVel | 28.1429 3.2340(80 8

Young C 38 | Cratio Cratio | 0.0702 0.0210(38 0
ImpVel [ImpVel|16.2868]  4.9796|38 0

F 38 | Cmtio Cratio | 0.0658 0021138 0

ImpVel |ImpVel | 14.7018 4.8038 (38 0

C 38 | Cratio Cratio | 01140 0.0296 (38 0

ImpVel |ImpVel|22.5474 5.5805(38 0

F 38 | Cratio Cmatio | 0.0680 0.0203 |38 0

ImpVel |ImpVel|13.6521 4277138 0

C 38| Cmatio Cratio | 0.1228 0.0241 ]38 0

ImpVel |ImpVel|16.3989|  3.690838 0

F 38 | Cmtio Cratio | 0.1667 0.0313(38 0

ImpVe! Vel | 20.2566 3651238 0
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YouAdSen | Task|N Obs| Variable|Label | Mean|Std Error| N|N Miss
Adult 1| 258[Cmtic |Cmtio | 0.0813] 00127[168] 90
Vel |ImpVel|10.6175| 17123167 91
4 258[Ctic |Cratio | 0.1078]  0,0110|255 3
ImpVel |ImpVel|16.4998|  1.6024[254 4
Senior 1| 264(Craic |Cmfio | 0.1572 00175(216] 48
Vel |ImpVel|20.4466|  2.0830|212 52
4| 364|Cratic |Craio | 0.2576]  0.0196|263 1
ImpVel |ImpVel|32.4303]  2.0508(261 3
Yomg 1| 114|Cmtio |Cmfio | 0.1170]  0.0171|114 0
ImpVel |ImpVel|18.6653|  2.8591(114 0
4| 114|Crafio |Cmatio | 0.0855] 0.0116]114 0
ImpVel |ImpVel |15.9493|  2.3509|114 0
YouAdSen | Task | Vis [N Obs| Variable [ Label | Mean|Std Error] N|N Miss
Adult 1C 129|Cratio |Cratio | 0.1230]  0.0210] 84| 45
ImpVel |ImpVel|13.9760| 24017 84 45
F 129|Cratio [Cmatio | 0.0397]  0.0131] 84| 45
Vel [ImpVel| 7.2187|  2.3985| 83 46
|C 129|Cratic  |Cratio | 0.1131]  0.0163 [126 3
ImpVel Vel|17.6837|  2.4010|126 3
F i20[Crafio  |Cratio | 0.1027]  0.0147[129 0
ImpVel |ImpVel|15.3344]  2.1316|128 1
Senior 1|C 132[Craio  |Cratio | 0.1633]  0.0257[108] 24
ImpVel |ImpVel|22.7795|  3.0972|104| 28
F 132[Cratio  |Cratio | 0.1511|  0.0238[108] 24
Vel |ImpVel|182001|  2.7940|108] 24
3|C 132|Cratic |Cmtio | 0.2786|  0.0299|131 1
ImpVel Vel{33.4090| 28562131 1
F 132[Cmtio |Cratio | 0.2367]  0.0254]132 0
ImpVel |ImpVel[31.4440(  2.9527(130 2
Young s 57|Cmtio  |Cmfio | 0.1170]  0.0243| 57 0
ImpVel Vel [19.0235| 42114 57 0
F 57[Craio |Cmafio | 0.1170[  0.0243] 57 0
ImpVel |ImpVel|183070)  3.9051| 57 0
4[C 57|Cratic  |Cratio | 0.0877]  0.0159] 57 0
ImpVel |ImpVel|17.7986|  3.6326] 57 0
F 57|Crioc  |Cratio | 00833]  0.0169] 57 0
ImpVel | ImpVel|14.1000)  2.9977| 57 0




YouAdSen | Task|Man [N Obs| Variable|Label | Mean [Std Error| N|N Miss
Adult 1L 86[Cratio [Cratio | 0.0595 0.0192|36 30
ImpVel |ImpVel| 8.9167|  2.8993(55 31

R 86|Cratio |Cratio | 0.0714| 0.0220(36 30

TmpVel Vel | 11.5611 3.5418|56 30

S 86(Cratic |Cratio | 0.1131 0.0244 56 30

ImpVel Vel | 11.3445 2.3792)56 30

3L 86|Cretio |Cratio | 0.0663 0.0161 33 3

ImpVel |ImpVel[12.8138|  2.8227(82 4

R 86[{Cratio |Cratio | 0.0698| 0.0135(86 0

ImpVel | ImpVel| 15.5595 2.9818 |86 (]

S 86|Cratic |Cratio | 0.1860] 0.0231186 0

ImpVel |ImpVel [20.9547|  2.4590 (86 0

Sexnior 1L 88(Cratio  |Cratio | 0.1201 0.0282 (72 16
ImpVel Vel | 18.6918 3.8365|71 17

R 88(Cratioc |Cratio | 0.1248 0.0242|72 16

ImpVel |ImpVel |21.9777|  3.9981{70 18

S 88|Cratio |Cratio | 0.2268]  0.0360(72 16

ImpVel |[ImpVel [20.6918|  2.9528(71 17

3L 88{Cmtioc |[Cratio | 0.1753|  0.0284 87 1

ImpVel Vel |26.8133 3.8025 |85 3

R 88(Cratic |Cratio | 02727 0.0332(88 0

ImpVel |ImpVel[35.6678)  3.6100 |88 0

S 88{Cratio |Cratio | 03239 0.0379[88 0

ImpVel |ImpVel|34.6182]  3.1992|88 0

Young i|L 38|Cratic |Cratio | 0.0965| 0.0249(38 0
ImpVel |ImpVel |22.6076|  5.8521(38 0

R 38(Cratio  {Cratio | 0.0965 0.0306 | 38 0

ImpVel |ImpVel |16.4584 5.2037(38 0

S 38[Cratioc  |Cratio | 0.1579|  0.0326|38 0

ImpVel | ImpVel [16.9297 3.5970]38 0

3L 38|Cratio |Cratio | 00395 0.0150(38 0

ImpVel Vel| 8.3811 3.3053 |38 0

R 38{Cratic |Cratioc | 0.0855 0.0195[38 0

ImpVel |ImpVel |19.7411|  4.8250 |38 0

S 38|Cratioc  |Cmatio | 0.1316] 0.0226(38 0

ImpVel | ImpVel | 19.7258 3.7563 | 38 0
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YouAdSen | Task | Man| Vis|N Obs| Variable | Label | Mean|Std Error| N[N Miss
Aduit 1L |C 43|Crtio  |Cratio | 0.0952] 0.0337]28 15
Vel _|ImpVel |13.2468]  4.6587|28 15

F 43|Cmfio |Cratio | 0.0238|  0.0165]28 15

ImpVel |ImpVel| 4.4263|  3.2662|27 16

R |C 23[Cmfio  |Cratio | 0.0714]  0.0314[28 15
Vel Vel| 8.7132]  3.8903{28 15

F 43|Cmtio |Cratio | 0.0714]  0.0314]28 15

ImpVel |ImpVel|14.4089|  5.9474|28 15

s |C 43|Cmfio |Cmfio | 02024  00396|28 15
Vel Vel | 19.9679)  3.7396|28 15

F 43|Cmtio |Cratio | 0.0238|  0.0165(28 15
ImpVel Vel| 27211| 1889228 15

3L |C 43|Cmtio |Crefio | 0.0875]  0.0246]40 3
ImpVel |ImpVel|17.3918|  4.5383[40 3

F 43|Cmtio  |Cratio | 0.0465|  0.020843 0

ImpVel |ImpVel| 8.4538|  3.3350)42 1

R [C 43(Cmtic |Cmfio | 0.0640] 0.0188(43 0
ImpVel Vel |15.2588| 4358143 0

F 43|Cmtio |Cratio | 0.0756] 001943 0

ImpVel |ImpVel|158602|  4.1219(43 0

s |C 33|Cratic |Cratio | 0.1860|  0.0354]43 0
ImpVel |ImpVel|20.3802]  3.6298(43 0

F 43[Cmtio |Cratio | 0.1860|  0.0301[43 0

ImpVel Vel |215291|  3.3592]43 0

Semnior I |C 44|Cmfic  |Cratio | 0.1478]  0.0468]36 8
ImpVel |ImpVel|22.1923|  5.7759(35 9

F 44 |Cmtio |(Cmatio | 00925  0.0314]36 8

ImpVel |ImpVel|152886|  5.0872|36 8

R |C 44 |Cmtio  |Cratio | 0.1294]  0.0305(36 8
ImpVel [ImpVel|25.3459|  5.9655(34 10

F 24|Cmtio  |Cratio | 0.1202|  0.0379]36 3

ImpVel _|ImpVel|18.7967|  5.3843|36 )

§ |C 24 (Cmtio |Cratio | 02128]  0.0534]36 8
ImpVe!l |ImpVel|208737|  4.3739)35 9

F 44 (Cmtic  |Cratio | 02407|  0.0490|36 8

Vel |ImpVel |20.5150|  4.0401(36 8

alL |C 44|Cmtic |Cmtio | 02035]  0.0410]43 1
ImpVel |ImpVel|30.4302|  5.3102)43 1

F 44|Cmtio  |Cratio | 0.1477]  0.0393]44 0

ImpVel |ImpVel|23.1102| 54513 |42 2

R |C 24|Cmtio  |Cratio | 02784  0.0489(44 0
ImpVel Vel|34.8766) 5182044 0

F 44|Cmtio |Cratio | 0.2670]  0.0455(44 0

Vel Vel [364591|  5.0844[44 0

S |C 44[Cmtio |Cratio | 03523[  0.061544 0
ImpVel Vel |34.8525|  4.4001(44 0

F 44|Cmtio |Cratio | 02955  0.0447]44 0

ImpVel Vel |34.3839| 46961 |44 0




Young 1L |cC 19|Cratic  |Cmatio | 0.0877|  0.0346)19 0
ImpVel |ImpVel|20.9474| 8264619 0
F 19{Cmtic  |Cratio | 0.1053| 0036519 0
u ImpVel |ImpVel|24.2679| 8496119 0
R |[C 19/Cratic  |Cmatio | 0.1228] 0.0523 |19 0
ImpVel Vel|19.1768] 8278119 0
F 19|Cratio  |Cratio | 00702] 0.0320(19 0
ImpVel |ImpVel|13.7400|  6.4788/19 0
s |C 19|Cratic  |Cratio | 0.1404]  0,0388]19 0
TmpVel Vel [16.9463|  5.3159(19 0
F 19|Cmtio  |Cratio | 0.1754| 0.0533|19 0
ImpVel |ImpVel |16.9132]  4.9933|19 0
3L |C 19[Cratio  |Cratio | 0.0526]  0.0240[19 0
ImpVel Vel | 11.6263] _ 5.5880|19 0
F 19/Cratic  |Cratio | 0.0263] 0.0181]19 0
ImpVel |ImpVel| 5.1358|  3.5380[19 0
R |C 19(Cratic  |Crafio | 0.1053| 0.0291[19 0
ImpVel |ImpVel|259179]  7.6315(19 0
F 19[{Cmtio |Cratio | 0.0658] 0.0259[19 0
ImpVel |ImpVel|13.5642)  5.7646]19 0
s |C 19|Cmatio  |Cratio | 0.1053| 0.029119 0
ImpVel |ImpVel|158516]  52640|19 0
F 19[Cmtioc  |Cmatio | 0.1579| 0.0343[19 0
ImpVel [ImpVel |23.6000)  5.3508{19 0
YouAdSen [ Sex [N Obs| Variable|Label | Mean|Std Error] NN Miss]
Adult F 264 |Cmatio  |Cratio | 0.0986] 00117219 a5
ImpVel |ImpVel |14.7077]  1.7040|218 46
M 252|Cratic |Cratio | 0.0960(  0.0120(204 48
ImpVel |ImpVel |13.5852|  1.6548|203 49
Senior F 252[Cratic |Cmtio | 0.2133] 0.0191]228 24
Vel [ImpVel [27.9096|  2.2056|226 26
M 276 |Cratio  |Cratio | 0.2114]  0.0191|251 25
ImpVel |ImpVel|26.2811  2.0227|247 29
Young F 132(Cratic |Cratio | 0.0890] 0.0123[132 0
ImpVel |ImpVel |15.5499]  2.3063 132 0
M 9 |Cratic |Cratio | O.1181] 0.0178| 96 0
ImpVel |ImpVel | 19.7236|  3.0345| 96 0
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YouAdSen [Sex | Vis [N Obs| Variable [ Label | Mean |Std Error]| N|N Miss]
Adult F |C 132 | Cratio Cratio | 0.1150 0.0177| 108 24
ImpVel |ImpVel|16.8511]  2.5232!108 24

F 132 | Cratio Cratio | 0.0826 0.0151]111 21

ImpVel |ImpVel |12.6033|  2.2885[110 22

M IC 126 | Cratio Cratio | 0.1193 0.0188]102 24

ImpVel |ImpVel|15.5119|  2.3736(102 24

F 126 | Cratio Cmatio | 00727 0.0145|102 24

ImpVel |ImpVel{11.6395|  2.3013|101 25

Senior F |C 126 | Cratio Crmatio | 02206 00284114 12
ImpVel | ImpVel [ 28.8268 31134114 12

F 126 | Cratio Cmatio | 0.2061 0.0257|114 12

ImpVel |ImpVel|26.9760|  3.1365|112 14

M [C 138[Cratio [Cratio | 02319  0.0292{125 13

ImpVel |ImpVel|28.5901|  2.9148[121 17

F 138 | Cratio Cratio | 0.1911 0.0247|126 12

_ ImpVel | ImpVel | 24.0637 2.8055!126 12

Young F |C 66|Cratio  |Cratio | 0.1010]  0.0188] 66 0
ImpVel |ImpVel|17.8648|  3.6195| 66 0

F 66|Cratio |Cratio | 0.0770|  0.0158] 66 0

ImpVel |JmpVel|132350]  2.8589| 66 0

M |C 48| Cratio Cratio | 0.1042 00231 48 0

ImpVel [ImpVel | 19.1621 43419/ 48 0

F 48(Cratio  |Cratio | 0.1319]  0.0273| 48 0

ImpVel |ImpVel|20.2852|  4.2849| 48 0

YouAdSen |Sex|Man |N Obs| Varigble[Label | Mean [Std Error| N|N Miss|
Adult F |L 88 | Cmatio Cratio | 0.0599 0.0160 (71 17
Vel [ImpVel| 11.7551 2.9801|70 18

R 88 | Cmatio Cmtio | 0.0676 0.0169|74 14

ImpVel |ImpVel | 13.7561 3277974 14

S 88 | Cratio Cratio | 0.1667 0.0242 |74 14

ImpVel | ImpVel | 18.4523 2.5345|74 14

M [L 84 (Cratic |(Cmatio | 00674 0.0189|68 16

ImpVel Vel | 10.7207 2831567 17

R 84 | Cratio Cratio | 0.0735 0.0167 |68 16

Vel |ImpVel [142293|  3.1817|68 16

S 84 | Cratio Cratio | 0.1471 0.0246 (68 16

ImpVel |ImpVel|15.7635|  2.5581 (68 16




Senior F 84|Cratio |Cratio | 0.1610|  0.0270|76 8
Vel |ImpVel|27.7877)  4.2207|74 10
R 84(Cratio [Cmfio | 02126 0.0298(76 s
ImpVel |ImpVel |31.9961 4028576 8
S 84 (Cratioc |[Cratio | 02664] 0.0404 |76 8
ImpVel |ImpVel|23.9417 3.1390 /76 8
M [L 92 Cratio |Cratio | 0.1405]  0.0297|83 9
ImpVel |ImpVel|18.9020|  3.4627|82 10
R 92(Cratioc [Cratio | 02003  0.0322|84 8
ImpVel |ImpVel 127.3843 3.7003 | 82 10
s 92|Cratioc  |Cratio | 02926  0.0353(84 8
ImpVel |{ImpVel |32.4813 3.2129(83 9
Young F |L 44Cmtioc [Cratio | 00739 0.0198({44 0
ImpVel |ImpVel|16.1132]  4.4509 44 0
R 44[Cratio |[Cratio | 00985 0.0238[44 0
ImpVel [ImpVel | 17.8761 4423544 0
S 44|Cratio  [Cratio | 00947  0.0204|44 0
ImpVel Vel [12.6605|  2.9842 (44 0
M [L 32[Cmatio |Cratio | 0.0599]  0.0225[32 0
ImpVel |[ImpVel{14.6434|  54841(32 0
R 32|Cratic |Cmtio | 0.0807]  0.0279|32 0
Vel |ImpVel (184072  5.8529|32 0
S 32(Cratio |Cratio | 02135  0.0345[32 0
ImpVel |ImpVel|26.1203| 4.2565|32 0
YouAdSen | Sex {Man | Vis |N Obs | Variable | Label | Mean {Std Error| N|N Miss
Adnlt F [L |C 44|Cmtio [Cratio | 0.0637| 0.0202(34 10
ImpVel Vel |14.6915|  4.8638(34 10
F 44|Cratio [Cratio | 0.0563| 0024637 7
ImpVel |ImpVel| 89819  3.5392(36 8
R |[C 44|Cratio  [Cratio | 0.0653 0.0252 | 37 7
- ImpVel [ImpVel|12.6838|  4.4372|37 7
F 44|Cratio [Cmtio | 0.0698|  0.0230(37 7
ImpVel [ImpVel|14.8284|  4.880837 7
§ |cC 44|Cratio |Cratio | 02117] 0.0368(37 7
ImpVel Vel | 23.0030 3.7372|37 7
F 44|Cratic  |Cratio | 01216  0.0300|37 7
ImpVel Vel{13.9016]  3.3066|37 7
M [L |[C 42[Cratio [Cratio | 0.1176]  0.0340{34 8
Vel Vel |16.6785|  4.4493|34 8
F 42|Cratio |Csmatio | 0.0172 0.0121]34 8
ImpVel Vel| 45824 3.1969|33 9
R |[C 42|Cratic [Cratio | 0.0686]  0.0218]34 8
ImpVel Vel | 12.6706|  4.2477|34 8
F 42/Cratio [Cmtio | 00784 0.0256]34 8
ImpVel Vel 157879 |  4.7872|34 8
s |C 42|Cmatio |[Crmatio | 0.1716]  0.0380(34 8
ImpVel Vel | 17.1865 3.6767!34 8
F 42({Cratic [Crmatio | 0.1225] 00311]34 8
ImpVel Vel [14.3406| 3.5959|34 8
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Senior C 42|Cratio  |Cratio | 01818  0.0392]38 4
ImpVel |ImpVel[30.5855| 5085838 4

F 42|Cratic  |Cmatio | 01403  0.0375[38 4
ImpVel |ImpVel|24.8344|  5.9924|36 6

C 42|Cratio  |Cratio | 02082  0.0413[38 4
ImpVel | mpVel|32.1900]  5.7379/38 4

F 22|Cmtic  |Cmtio | 02170|  0.0435]38 4
ImpVel |ImpVel|31.8021|  5.7330|38 4

C 42|Cratic |Cratio | 02718]  0.0636]38 4
ImpVel |FmpVel [23.7047]  4.354638 4

F 42|Cmtic  |Cratio | 02610]  0.0507|38 4
ImpVel |ImpVel|24.1787)  4.5805|38 4

C 36|Cratio |Cratio | 0.1747|  0.0474|41 5
ImpVel |ImpVel |23.0745| 5092740 6

F 46|Cmatio |Cmatio | 0.1071|  0.0360]42 4
ImpVel |ImpVel|14.9281|  4.6864|42 4

C 46|Cratio  |Cmfio | 02141|  0.0466|42 3
ImpVel |ImpVel|29.3278]  54319(40 6

F 46|Cratio  |Cratio | 0.1864]  0.0450(42 4
ImpVel |ImpVel|25.5333|  5.0904(42 4

C 46|Cratic  |Cmtio | 0.3055|  0.0561|42 4
ImpVel |ImpVel|33.2515| 4602941 5

F 46|Crafio  |Cratio | 02798 0.0434[42 4
ImpVel Vel |31.7295|  4.5381|42 4

Young C 22|Cmtio |Crafio | 00795] 00287]22 0
ImpVel |ImpVel|17.8355|  6.7068 |22 0

F 22|Cratic  |Cratio | 0.0682]  0.0278(22 0
ImpVel Vel |14.3909|  5.9888(22 0

C 22[Cratio |Crafio | 0.1212]  0.0391]22 0
ImpVel Vel |23.1382|  74881{22 0

F 22|Cratic  |Cratio | 0.0758]  00274|22 0
ImpVel Vel |12.6141| 4628722 0

C 22|Cratio  |Cmtio | 0.1023] 0.0300]|22 0
TmpVi Vel |12.6209|  4.2380|22 0

F 32|Cmatioc  |Cratio | 0.0871]  0.0282]22 0
ImpVel |ImpVel}12.7000]  4.3023|22 0

C 16{Cratio |Cratio | 0.0573]  0.0311(16 0
Vel |ImpVel|14.1575|  7.6260{16 0

F 16[Cratio  |Cratio | 0.0625|  0.0336(16 0
ImpVel |ImpVel|15.1204|  8.1318!16 0

C 16(Cratio  |Cratio | 01082  0.0466(16 0
ImpVel |ImpVel|21.7350|  8.6270|16 0

F 16[Cmfio  |Cratio | 0.0573| 0.0311(16 0
ImpVel Vel |15.0794|  8.1050]16 0

C 16[Craio |Cratio | 0.1510]  0.0397|16 0
ImpVel |ImpVel [21.5938|  6.4900!16 0

F 16[Crafio  [Cratio | 0.2760]  0.0531|16 0
IopVel |ImpVel |30.6469]  5.4805)16 0

[YouAdSen[Sex|Task [N Obs|Varisble|Label | Mean[Std Error] N]|N Miss|
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Adult F 1| 132{Cmfic |Cratio | 0.0704] 0.0162| %0 42
ImpVel |ImpVel| 9.5432]  2.3061] 90 42
4| 132|Cmtic |Cretio | 0.1182|  0.0161]129 3
ImpVel |ImpVel|18.3390]  2.3616|128 4
M 1| 126|Cmfio |Craio | 0.0940]  0.0201| 78 48
Vel |ImpVel|11.8732) 25634 77 49
4| 126|Cmfio |Cmtio | 0.0972]  0.0149126 0
ImpVel |ImpVel|14.6314|  2.1598|126 0
Senior F I[ 126{Cmfic |Cratio | 0.1632] 0.0231[102 24
Vel | ImpVel |23.4074| _ 3.2063 102 2
4| 126[Crmtioc |Cratio | 0.2540]  0.0287[126 0
ImpVel |ImpVel|31.6130|  3.0046|124 2
M 1| 138|Cmfio |Cratio | 0.1519] 0.0260|114 24
ImpVel |ImpVel [17.7012( _ 2.6852{110 28
4 138[Cmtio |Cmtio | 0.2609|  0.0269|137 1
Vel |ImpVel 33.1700|  2.8141]137 1
Young F I 66|Cmtio |Cratic | 0.0909] 0.0198] 66 0
ImpVel |ImpVel|16.1147|  3.6656| 66 0
4] 66|Cmfio |Cratio | 0.0871| 0.0148] 66 0
ImpVel |ImpVel|14.9852|  2.8271| 66 0
M 1| 48|Cmfio |Crtio | 0.1528] 00297| 48 0
ImpVel |ImpVel |22.1723|  4.5469| 48 0
4| 48[Cratico |Cmtio | 0.0833] 0.0187] 48 0
ImpVel |ImpVel[17.2750|  4.0368| 48 0
YounAdSen | Sex | Task [ Vis |N Obs | Variable | Label | Mean [ Std Error| N|N Miss
Adnlt F 1/C 66|Cratio  |Cmtio | 0.1037|  0.0277(45 21
Vel |ImpVel(11.0513|  2.9939|45 21
F 66|Crmatio |Cratio | 0.0370]  0.0158 |45 21
ImpVel |ImpVel| 8.0351)  3.5280|45 21
3|C 66 |Cratio  |Cratio | 0.1230]  0.0232(63 3
ImpVel |ImpVel|20.9938|  3.6916{63 3
F 66 |Cratio |Cratio | 0.1136]  0.0224|66 0
ImpVel |ImpVel|15.7658]  2.9646)65 1
M 1|C 63 |Cmtio | Cratio | 0.1453]  0.0319|39 24
Vel |ImpVel(17.3505]  3.8213 (39 24
F 63|Crtio |Cratio | 0.0427|  0.0218]39 24
Vel |EmpVel| 62518)  3.204938 25
3|C 63[Cratio |Cratio | 0.1032]  0.0231(63 0
ImpVel |ImpVel|14.3737|  3.043663 0
F 63 |Cratio  |Cratio | 0.0913|  0.0190|63 0
Vel |[ImpVel [14.8892|  3.0894 |63 0

n




Senior C 63|Cratio |Cratio | 0.1696]  0.0328|51 12
JmpVel Vel |25.1039| 4634051 12

F 63 |Craio  |Cratio | 0.1567|  0.0328]51 12
ImpVel |ImpVel|21.7108]  4.4658|51 12

C 63|Cratio  |Cratio | 02619]  0.0436|63 0
ImpVel _|ImpVel|31.8405|  4.1979}63 0

F 63 |Cratic  |Cratio | 02460|  0.0377|63 0
Vel |impvel|313780| 43373|61 2]

C 69|Cratio  |Cratio | 0.1577]  0.0392(57 12
ImpVel |ImpVel [20.5428|  4.1497|53 16

F 69|Cmtio |Cratio | 0.1461|  0.0344|57 12
Vel |ImpVel|15.0589|  3.4579(57 12

C 69|Cratio |Cmtio | 0.2941|  0.0412]68 1
Vel |ImpVel|34.8622|  3.9141(68 1

F 69|Cratic  |Cratio | 0.2283|  0.0345|69 0
TmpVel Vel |31.5023|  4.0605|69 0

Young C 33 [Crafio  |Cratio | 0.1i11]  0.0313|33 0
ImpVel |ImpVel|19.5809|  5.8308(33 0

F 33[Cratic  |Cratio | 0.0707]  0.0241(33 0
ImpVel Vel |12.6485|  4.4540(33 0

C 33[Cratio |Cratio | 0.0909|  0.0213 |33 0
ImpVel Vel |16.1488|  4.3634|33 0

F 33|Cratio  |Cratio | 0.0833]  0.0208(33 0
ImpVel |mpVel|13.8215]  3.6530|33 0

C 23|Cratio  |Cratio | 0.1250]  0.0392]24 0
ImpVel {ImpVel|182571|  6.1218|24 0

F 24[Cratio  |Cratio | 0.1806|  0.044824 0
Vel |ImpVel[260875|  6.7592(24 0

C 24[Cmatic  |Cratio | 0.0833]  0.0246]24 0
ImpVel |ImpVel |20.0671]  6.2848 |24 0

F 24 [Crtio  |Cratio | 0.0833|  0.0288(24 0
Vel Vel|14.4829]  5.1405)24 0
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YouAdSen | Sex | Task [ Man [N Obs| Variable [Label { Mean |Std Error| N| Misg
Adult F I[L 44|Cratio |Cmfio | 00333] 0.0186(30 14
TmpVel Vel| 5.7137| 3344630 14

R 4 Cntio |Cratio | 0.0667|  0.0295[30 14

ImpVel |ImpVel|12.4093|  5.2387|30 14

S 4 |Cmtic |Cratio | 0.1111]  0.0333(30 14

ImpVel _|ImpVel | 10.5067| _ 3.0840|30 14

3L 44(Craio |Craio | 0.0793|  0.0238(41 3

ImpVel |ImpVel|16.2863|  4.4755(40 4

R 44|Cratic |Cmtio | 0.0682] 0020544 0

ImpVel |ImpVel|14.6743|  4.2437/44 0

S 44|Cmatio  |Craio | 02045  0.0328]44 0

Vel |ImpVel [23.8608|  3.5047 44 0

M 1L 42[Cratioc |Cratio | 0.0897|  0.034926 16
ImpVel |ImpVel|12.7604|  4.9256|25 17

R 42|Crafioc | Cratio | 0.0769]  0.0336)26 16

ImpVi Vel [10.5823| 4757926 16

5 42[Cmtio |Cratio | 0.1154| 0.036726 16

Vel |ImpVel|123112|  3.7447|26 16

4L 42|Crafio  |Cratio | 0.0536]  0.0218[42 0

Vel Vel| 9.5067|  3.4698 |42 0

R 42[Cratio |Cmafio | 0.0714|  0.0176|42 0

ImpVel |ImpVel|16.4869!  4.2325[42 0

5 42|Cratio |Cratio | 0.1667|  0.0326|42 0

TmpVel Vel[17.9007| 3.4247|42 0

Semior F 1L 42[Cratio |Cratio | 0.1467|  0.0377|34 8
ImpVel _[ImpVel |26.4456|  6.2612[34 8

R 42[Cmfioc |Cratio | 0.1371[  0.0348(34 8

ImpVel |ImpVel|24.6253|  6.1184 |34 8

S 42|Cratio |Crafio | 02058|  0.0467 (34 8

ImpVel |ImpVel|19.1512]  4.1084[34 8

4|L 42[Cmtio |Cratio | 0.1726]  0.0386|42 0

Vel Vel [28.9285| 5780940 2

R 42[Craio |Craio | 02738  0.0441[42 0

Vel Vel |37.9629| 5233242 0

S 42[Cratio |Cratio | 03155  0.0621]42 o

Vel |ImpVel [27.8198|  4.560542 0

M 1L 46|Cratio |Cratio | 00964  0.0415[38 8
ImpVel Vel|11.5668|  4.3535)37 9

R 46|Cratio  |Cmatio | 0.1138]  0.0339|38 8

Vel Vel [19.4772|  5.2509|36 10

S 46|Cratio |Cratio | 02455  0.0544 |38 8

Vel Vel [22.1076| 42660 |37 9

L 46|Crafio |Cratio | 0.1778|  0.0418]45 1

ImpVel |ImpVel|24.9331|  5.0635|45 1

R 46|Cratio  |Cratio | 02717  0.0497[46 0

Vel Vel [33.5724 5021346 0

5 46|Cratio |Cratio | 033151  0.0460|46 0

ImpVel |ImpVel|40.8254|  4.3312|46 0




Young L 22|Cratio |Cratio | 00909  0.0324]22 0
ImpVel |ImpVel{209195|  7.5178(22 0

R 23 [Crtio  |Cmatio | 0.1061]  0.0404(22 )
ImpVel |ImpVel|17.4614|  6.9403 |22 0

5 22 [Cmatio |Cratio | 0.0758|  0.0305[22 0
ImpVel |ImpVel| 9.9632|  4.1349(22 0

L 22 [Cmtio  |Cratio | 0.0568]  0.0229|22 0
ImpVel |ImpVel|11.3068|  4.7342|22 0

R 22|Cratio |Cratio | 0.0909]  0.0262]22 0
ImpVel |ImpVel|18.2009|  5.6523|22 0

S 22[Crmafio |Cratio | 0.1136]  0.0272(22 0
ImpVel Vel |153577| 4.3222(22 0

L 16|Cratio  |Cratio | 0.1042]  0.0399|16 0
ImpVel |ImpVel|24.9288|  9.5507/16 0

R 16|Cmtio |Cmtio | 0.0833|  0.0481]16 0
ImpVel |ImpVel|15.0794|  8.1050{16 0

S 16|Cratio  |Cratio | 02708]  0.0546|16 0
ImpVel |ImpVel |26.5088|  5.6851[16 0

L 16|Crafio |Cratio | 00156  0.0156[16 0
ImpVel |ImpVel| 4.3581|  4.3581[16 0

R 16[Cratio  |Cmatio | 0.0781|  0.0299[16 0
ImpVel |ImpVel|21.7350|  8.6270|16 0

S 16[Cratio |Cratio | 0.1563|  0.0387[16 0
ImpVel _|ImpVel|25.7319|  6.5228(16 0
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YouAdSen | Sex | Task Yis [N Obs| Variable |Label | Mean | Std Error| N[N Miss
Adult F 1 C 22[Cratic  [Cratio | 00444 0.0303[15 7
ImpVel |ImpVel| 88393  6.1847/15 7,

F 22|Cratic  |Cmtio | 0.0222| 0.0222]15 7

ImpVel |ImpVel| 2.5880|  2.5880|15 vi

c 22(Cratio [Cratio | 00444  0.0444[15 7

ImpVel |ImpVel| 3.3013| 3301315 7

F 22 [Cratic |Cratio | 0.0889| 0.0394|15 7

ImpVel [ImpVel|21.5173|  9.5365[15 7

C 22|Cmatio [Cmtio | 02222  0.0531[15 7

ImpVel [ImpVel|21.0133|  4.8614}15 7

F 22|Cratic |Cmatio | 0.0000| 0.0000]15 7

ImpVel |ImpVel| 0.0000]  0.0000|15 7

4 C 22[Cratio |Cratio | 00789 0.0274]19 3
ImpVel |ImpVel|193116| 7.1718|19 3

F 22|Cmtio [Cratio | 0.0795] 00382(22 0

ImpVel |ImpVel|13.5490|  5.6325|21 1

C 22[Cratio  |Cratio | 0.0795|  0.0303[22 0

ImpVel |ImpVel|19.0809|  6.8559|22 0

F 22|Cratio [Cratio | 0.0568  0.0282(22 0

ImpVel |ImpVel|10.2677|  4.9899|22 0

C 22 [Cratio  [Cratio | 0.2045| 0.0511(22 0

ImpVel Vel |24.3595|  5.4137(22 0

F 22{Cratio  [Cratio | 02045 0.0424[22 0

ImpVel [ImpVel|23.3800|  4.5794[22 0

M 1 C 21|Cmtio [Cmtio | 0.1538] 0.0610|13 [
ImpVel |ImpVel|18.3323| 7047313 8

F 21[Cratio [Cratio | 0.0256]  0.0236]13 8

ImpVel |ImpVel| 6.7242 6.7242|12 9

C 21|Cratio |Cratio | 0.1026] 0.0444[13 8

ImpVel Vel|14.9577|  7.2529(13 8

F 21({Cmatio [Cratio | 00513] 0.0513(13 8

ImpVel |ImpVel| 6.2069|  6.2069|13 8

C 21[Cratic |Cratio | 0.1795| 0.0610(13 ]

ImpVel |ImpVel|18.7615|  59776|13 8

F 21|Cratio |Cratio | 0.0513| 0.0347|13 8

ImpVel |ImpVel| 58608|  3.9702,13 8

4 C 21|Cmtio [Cmatio | 0.0952]  0.0404]21 0
ImpVel |ImpVel 15.6548)  5.8567)21 0

F 21|Cratic |Cratio | 00119 0.0119]21 0

ImpVel [FmpVel| 33586|  3.3586)21 0

C 21|Cmtioc |Cmatio | 0.0476] 0.0220|21 0

ImpVel |ImpVel|11.2548|  5.3291|21 0

F 21|Cratio |[Cratio | 0.0952] 0.0271[21 0

ImpVel |ImpVel|21.7190] 6504821 (]

C 21[Cratio [Cmatio | 0.1667| 0.0498(21 0

ImpVel |ImpVel|16.2114|  4.7662|21 0

F 21|Cmtio |Cmtio | 0.1667] 0.0433|21 0

ImpVel Vel |19.5900|  5.0085(21 0




Senior 1lL |C 21|Cratio  |Cratio | 0.1563]  0.0503|17 4
ImpVel |ImpVel[31.0876|  9.3286|17 4

F 21(Cmtic |Cratio | 0.1371| 0.0575{17 4
ImpVel |ImpVel|21.8035|  8.4850|17 4

R |C 21|Cmtio [Cratio | 0,1567| 0.0505|17 4
ImpVel |ImpVel|266982|  8.7515(17 4

F 21|Cratic [Cmatio | 0.1175] 0.0490(17 3
ImpVel |ImpVel|22.5524| 8.7918|17 4

S |C 21|Cratio |Cratio | 01959 00703]17 4
ImpVel |[ImpVel|17.5259| 5632017 4

F 21|Cmtic |Cmtio | 02157 0.0637|17 3

Vel |ImpVel|20.7765|  6.1300|17 4

3L |C 21|Cratic [Cratio | 02024 0.0588(21 0
ImpVel |ImpVel|30.1790|  7.9729|21 0

F 21{Cmtio [Cmtio | 0.1429| 0.0505(21 0
ImpVel |ImpVel)27.5463 8.6123|19 2

R |C 21|Cmtio |Cratio | 0.2500| 0.0622(21 0
ImpVel Vel |36.6357|  7.6423 )21 0

F 21|Cratio  [Cratio | 0.2976] 0.0637{21 0
ImpVel |ImpVel 392900  7.3282{21 ]

s |C 21|Cmtic |Cmtio | 03333 0.0996|21 0
ImpVel |ImpVel |28.7067|  6.3357|21 0

F 21|Cratic [Cratio | 0.2976] 0076421 0
ImpVel |ImpVel|26.9329| 6712121 0

1]L IC 23[Cratic [Cmatio | 0.1402] 0077719 4
ImpVel |ImpVel|13.7911| 6.6209|18 5

F 23[Cratic [Cratio | 0.0526] 0.0286]19 4
ImpVel |ImpVel| 94595| 58385|19 4

R |C 23[Cratio |Cratio | 0.1049| 0.0364[19 4
ImpVel [ImpVel|23.9935| 83654|17 6

F 23[Cmatio  [Cratio | 0.1226] 0.0582|19 3

Vel |ImpVel[154363|  6.6336|19 4

S |[C 23|Cratio [Cratio | 02279  0.0808]19 3
ImpVel |ImpVel|24.0356|  6.7076]18 5

F 23[Cratio [Cratio | 0.2632] 0.0747|19 4
ImpVel |ImpVel|20.28111 5499319 4

2L [C 23[Cratio  [Cratio | 0.2045| 0.0585(22 1
ImpVel |ImpVel|30.6700)  7.2413|22 1

F 23|[Catic [Cmafio | 0.1522] 0.0603|23 0
ImpVel |ImpVel|19.4457|  7.0463|23 0

R |C 23[Cratic |Cratio | 0.3043| 0.0753[23 0
ImpVel |ImpVel|33.2704|  7.189223 0

F 23(Cratio  [Cratio | 0.2391| 0.0657|23 0
ImpVel |ImpVel|33.8743| 7.1730|23 0

s |C 23[Cmtio  |Cmatio | 0.3696| 0.0768(23 0
ImpVel |ImpVel |40.4639|  6.0063|23 0

F 23[Cratio [Cratio | 02935 0051323 0
ImpVel [ImpVel|41.1870|  6.3763]23 0
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Young

c 11|Cratio  |Cratio | 0.0909|  0.0469]11 0
ImpVel |ImpVel |21.9282| 11.3239|11 0

F 11|Cmtio |Cmtio | 0.0909] 00469[11 0
ImpVel Vel [19.9109| 104374 |11 0

C 11|Cratio |Cratio | 0.1515] 0069111 0
ImpVel |ImpVel|25.7882| 12.2835(11 0

F 11{Cratto |Cmatio | 0.0606|  0.0407[11 0
ImpVel |ImpVel| 9.1345 6.1283 11 0

c 11|Cratio |Cratio | 00909 0.0469]11 0
ImpVel |ImpVel|11.0264! 5961911 0

F 11|{Cratic [Cmtio | 0.0606] 0040711 0
ImpVel |ImpVel| 89000}  6.0031|11 0

C 11|Cratio |Cmatio | 0.0682] 0.0352[11 0
ImpVel |ImpVel|13.7427]  7.5724/[11 0

F 11[Cmtioc [Cmtio | 0.0455] ~ 0.0305[11 0
ImpVel |ImpVel| 8.8709|  5.9669(1 0

C 11[Cratic  |Cratio | 0.0909] 003801 0
ImpVel |ImpVel|204882|  9.1222|11 0

F 11{Cratio |Cratio | 0.0909| 0.0380(11 0
ImpVel |ImpVel|16.0936|  7.0714|11 0

C 11|Cratio |Cratio | 0.1136] 0.0394]11 0
ImpVel |ImpVel|14.2155|  6.2736|11 0

F 11{Cmtio [Cmatio | 0.1136] 0.0394[11 0
ImpVel |ImpVel|16.5000 6230311 0

C 8/Cmtio [Cmtio | 0.0833] 0.0546) 8 0
ImpVel |ImpVel |19.5988| 12.8377| 8 0

F 8[Cratic [Cmatio | 0.1250] 0.0610 8 0
ImpVel |ImpVel|30.2588) 147648 8 0

C 8(Cmtio |Cmtio | 00833] 0.0833] 8 0
ImpVel |ImpVel |10.0863| 10.0863| 8 0

F 8|Cratic [Cmatio | 0.0833) 00546 8 0
ImpVel |ImpVel|20,0725| 13.1408| 8 0

C 8(Cmtio |Cmtio | 0.2083] 0.0610] 8 0
ImpVel |ImpVel|25.0863|  9.2957| 8 0

F 8/Cmtio |[Cratio | 0.3333] 0.0891| 8 0
ImpVel |fmpVel [27.9313|  7.1783| 8 0

C 8|Cric [Cratio | 0.0313] 00313 8 0
ImpVel [ImpVel| 8.7163| 8.7163] 8 0

F §[Cmatio |Cratio | 0.0000] 0.0000] 8 0
ImpVel [fmpVel| 00000  0.0000] 8 0

C 8(Crtio [Cmatio | 0.1250| 0.0472| & 0
ImpVel |ImpVel |33.3838| 133590 8 0

F 8[Craio [Cratio | 0.0313| 0.0313] 8 0
ImpVel |ImpVel|10.0863| 10,0863 | 8 0

C 8{Cmtio |Cmtio | 00938 0.0457| 8 0
ImpVel |FmpVel|18.1013|  9.5193| 8 0

F 8[Craic [Cratio | 02188 0.0566| 8 0
Vel | ImpVel [33.3625!  8.6655| 8 0




APPENDIX G: MIXED ANOVA DESIGN

MIXED Procedure

Data Set WORK.amr

Dependent Variable | Cratio

Covariance Structore Variance Components

Subject Effect SubID

Estimation Method REML
Residual Variance Method | Profile
Fixed Effects SE Method | Mode!l-Based
Degrees of Freedom Method | Between-Withi

Clmlatllnformaﬁo;

Class Levels Values
SubID || 106 AAGD AG12 AH10 A¥73 AKS0 AV31 AW11 BD65 BF11 BG73 BK09 BL30 BPG0
BT21 BW27 CA08 CAl12 CC53 CD22 CH46 CM2S CMB0 DAS4 DI25 DJ33
DK11 DM11 DM40 DM67 DO67 DS25 DS27 EM49 ES60 FA74 FM38 FM63
GU11 GY70 HC22 HC73 HC76 HI77 IH74 1060 JA63 JB12 JCO8 JH10 JK65
JM20 INT7 JO25 JP79 IQ40 JR20 JS31 KC61 KF39 KJ12 KM11 KS38 KS61
KU75 KV11 MC13 MC21 MHS0 MH80 MN31 MS01 MW78 NS31 NU74 PB61
PD66 PG39 PO34 RA38 RB20 RC21 RC69 RIS7 RM45 RR47 RW65 SC20 SE11
SF42 SH77 S138 SM71 TB33 TD09 TD69 TK82 TM73 TMSS T822 TY66 WC50
WL84 WO22 WR34 WW72 YL21
e ——]
YouAdSen || 3 Adult Senior Young
| ——r—
Sex 2 FM
Task 2 14
Man 3 LRS
Vis 2 CF




Max Obs Per Subject

Number of Observations Read

Nuamber of Observations Used
Number of Observations Not Used

79



Convergence criteria met.

Covariance Parameter Estimates
CovParm H Subject || Estimate
Intercept || SubID [| 0.01571
Residual 0.03783
Least Squares Means
Standard | DF || ¢ Value || Pr> {1
Error
—
002179 100 || 5.19 <.0001
0.02107 100 || 10.59 <,0001
003191 100 || 3.24 0.0016
0.019% 100 || 7.14 <.0001
002156 100 | 7.01 <.0001
001631 ||77 |{8.75 <0001
001565 |77 | 9.61 <0001
0.01710 200 {| 6.15 <.0001
0.01707 200 |} 7.67 <0001
001707 | 200 || 11.94 <,0001
0.01593 100 || 9.97 <,0001
0.01591 100 |[ 8.45 <.0001




AAG0 AG12 AH10 AJ73 AKS0 AV31 AW11 BD65 BF11 BG73 BK09 BLS0 BP60
BT21 BW27 CA08 CA12 CC53 CD22 CH46 CM25 CMB0 DAS4 D125 D133
DK1! DM11 DM40 DM67 DO67 DS25 DS27 EM49 ES60 FA74 FM38 FM63
GU11 GY'70 HC22 HC73 HC76 HI77 IH74 1060 JAG3 JB12 JCO8 JH10 JK65
JM20 INT77 JO25 JP79 3Q40 JR20 JS31 KC61 KF39 KJ12 KM11 KS38 KS61
KU75 KV11 MC13 MC21 MHS0 MHR0 MN31 MS01 MW78 NS31 NU74 PB61
PD66 PG39 PO34 RA38 RB20 RC21 RC69 RIB7 RM45 RR47 RW65 520 SE11
SF42 SH77 SI38 SM71 TB33 TD09 TD69 TK82 TM73 TMS8 TS22 TY66 WCS0
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Number of Observations

Number of Observations Read

Number of Observations Used

1272
1122

Number of Observations Not Used " 150

Tteration || Evaloations | -2Res LogLike || Criterion

0

1

10207.38637469

2
1

10112.03623806
10111.96773904

0.00001602
0.00000003

1
2
3

10111.96740402

0.00000000




Convergence criteria met. _

Covariance Parameter Estimates
Cov Parm || Subject || Estimate
Intercept || SubID |{ 170.05
Rexidual 655.34
- Least Squares Means
Effect YouAdSen || Sex || Man || Vis || Task || Estimate || Standard || DF || ¢ Valoe || Pr> [t
Error
YonAdSen= Adult 156920 |{2.4114 tTlO(l 6.51 <0001
YounAdSen Senfor 276218 |{2.3180 100 || 11.92 <,0001
YouAdSen Young 176368 ||3.4823 100 || 5.06 <0001
Sex F 200501 || 2.1832 100 |1 9.18 <0001
Sex M 205836 || 2.3655 100 |{ 8.70 <0001
Task 1 188812 || 1.860Y 7 [} 10.15 <0001
Task 4 |/21.7526 ||1.7643 77 [j1233 |[<.0001
Man L 17,6885 || 1.9855 200 || 8.91 <0001 |
Man R 212287 ||1.9781 200 || 10.73 <0001
Man S 220334 {1971 200 (| 1L14 |} <0001
Vis C 21.9413 || 1.8056 100 I 12.15 4=.(ll)1_:I
Vis F 18,6925 || 1.8034 100 |} 10.37 <.0001
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APPENDIX H: INSTITUTIONAL REVIEW BOARD APPROVALS

Four Institutional Review Board (IRB) applications were submitted fo conduct a project, part of
which was this thesis. All received approval to test human subjects (participants):

»  Kuakini Medical Center (Honolulu), approval number: 96-06;

* Kapiolani Health System (Honolulu), approval number: CHS 9938/a; and

»  University of Hawai‘i (Honolulu), approval number: CHS 9938/a; and

»  University of Minnesota (Minneapolis), approval number: M1337.
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An experiment to Investigate factors influencing age-related differences in collision avoldance
response capabifittes. This gerontechnology research is part of 2 project en safety, onrestricted
mobility, and soclal accessibility for individnals of afl ages and functional capabilities.
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