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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 to be 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 
EVel}'day 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 vel}' little across maneuvers while males had pIogIessively 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 assessm-mt batteries to aid licensing agencies, rehabilitation facilities, phy­
sicians, driver education specialists, law enforcement officers, families of unfit drivers, and all 
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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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CHAPI'ER 1 
INTRODUCTION 

The purpose of this research was to develop a Simulated Collision Avoidance Testing 

apparatus and procedme and conduct a pilot study to examine the SCAT system sensitivity to age 

and sex differences of the vehicle operator, particularly with respect to inttatask 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, (I) limitations, and (g) assumptions. 

1.1 Importance 

The ability to avoid moving-vehicle collisions is a complex procedme, 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 plOcedures 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, Nod&, & 

O'Hara, 1999). In driving simulation studies, the level of awareness of forthooming maneuvers 

was found to exert a significant influence on braking response times (Schweitzer, Alter, Ben-
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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-c:uing 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 m9.jority of them believed that driving was a privilege and not a right but 

over 60".4 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 m9.jority 

(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 (120.4), and loss 

of vision (10%). In addition, only 8% utilize mental status as criteria, and lOOk 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 impsirments are related to 
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driving behavior. However, bea!nse 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 (Coisher & 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 

visibility, event uncertainty, and type of evasive maneuver. 

1.2 Hypotheses 

1.2.1 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 1 

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 

1.2.4 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-we) when stopping 

1.3 Operational Definitious 

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 trigge.ted stimulus (brake lights of cars being 

approached) and the participant's initial response (lifting foot off of accelerator). 

1.3.l 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) 
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1.3.3 CoIUsioD AvoidaDee RespoDSe 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 DelimitatiODS 

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 mends and family 

of the author and principal investigator in Hawaii. Consequently, the results presented may not be 

representative of the general population. 

1.5 LimitatioDS 

1.5.1 Differeatial Praetiee 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 number 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. 

1.5.1 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 mentsl stress, and minor physical ailments which 

participants msy have been experiencing at any given moment A measure to test reliability could 

have been obtained by having participants return a week later to repeat the tests; however, this 

would have reduced the totsl number of participants thereby compromising statistical power. 
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1.6 Assumptions 

The basic assumptions oftbis 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. 
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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. Vtrtual scenarios were presented 

under intact and degraded visual conditions for pre-cued or un-cueci 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 oflosing 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 7S and older increased by 39%, the proportion of 

older licensed drivers aged 75 and older increase by 129"/0 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. 
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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 old, 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 3(lOA, fatal crashes compared to 1 (lOA, 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 
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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). 

l.1.2 Compared to Teens, Elden 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 Qrnsed by older drivers. h 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 impainnent 

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 screenins 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 drivins skills. Researchers from 

the Insurance Institute ofFfighway 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 
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is that it is VeJY 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, Fersuson. 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 Hawaii, the Department of Motor Vehicles requires license renewals eveJY 6 years up 

to 71 years of age and eveJY 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 iotervention can include adaptive driving instruction or driver retraining, 

coordination of vehicle modifications. or recommendation of driving cessatioo. Unforbmate1y, 

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 ifwe 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 
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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 Jnghway 

Administration, simulators offer a dynamic driving environment with tasks similar to actual 

driving. There are many different types of driving simulators used in research, evaluation 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 imageI}'. 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 laboratOIy 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. Becan"" 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 sensitivity, 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 ~ury 

and lack of sleep. (UI Health Care News, 2004). Systems Technology, Inc., (STI) 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 physical and cognitive 

demands of res) 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 res) world driving (STISIM The Low-Cost Driving 

Simulator. 1995). Some of the simulator's general capabilities include: simulates res) 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 ope.tate and maintain (pc-based) (STISIM The Low­

Cost Driving Simulator, 1995). STISIM, in all its configurations and applications, has been found 

to 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 dec1ined 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 IUD 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. IHghly 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 risk 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 (TIC) and 
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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 tum 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. Laboratmy 

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 TIC, Gray and Regan found that observers can discriminate between the rate of 

expansion and size. TIC studies also suggested that observers can over- and under-estimate TIC 

by 2-12%, but the error was minimized when both monocular and binocular information was 

used. Observers base TIC on the perceived distance and perceived closing speed of the 

approaching object (Gray &. Regan, 2000). Tune-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 resesrch which gives us very important data on accident 

avoidance behavior (Hancock &. Ridder, 2003). 

Fitness to drive requires a driver to have adequate situalional awareness, visual-spatial 

processing, memmy of road rules, vehicle ope1ations and good judgment to execute safe 

maneuvers. So studies have suggested that individuals with mild dementia remain fit drivers and 

should be allowed to con1inue to drive unlil their cognilive impairment progresses to a degree 

predictive of unsafe driving (Anderson, Dawson, McGehee, &. Rizzo, 2001). The importance of 

applying collision avoidance abililies to everyday driving is crilical 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 oflooming 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 (rightlleft, turning), head-on, and rear end collisions to better predict driver 

performance (Hancock & Ridder, 2003). Scenario designs muat 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., maiDtaining 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. Ins 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 IInattsinable in the res! world. The National Inghway 

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 warning 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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CHAPI'ER 3 
MEmODS 

3.1 Overview of the Research Method: Quantitative Researth 

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 cbapter 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 bave 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 

AgeGroIlP F_le Sld/)ep Mille SldDn Tolll' SldDn 
6-19 YeaIlI 11 0.71 8 1.39 19 2.16 
20-5'b'eaIlI 22 10.38 21 9.25 43 19.63 
60-75+ VeaIlI 21 7.24 23 8.1 44 15.34 

Total 54 18.39 5% 18.75 106 37.13 

33 SbnulamrAppwmws 

The experimental task was performed on a commercially available (Inte\-based) personal 

computer. In the Simulated Collision Avoidance Task (SCAT) participants drove through virtual 

scenarios on the STlSIM 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 VI. 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 mM 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 mM compatible computer with WindowsNT or Windows 98 and a 3DiX video 

card. STISIM (Version 8) offers several features for llYamining driver abilities that includes 

vehicle dynamics, visual and auditmy 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 pIogJam 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 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 ana1ogjoystick, 64 Mb EOO 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 proprietsry 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 virtua1 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 maneuver. 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 messures in this exercise were age group, and sex, type of run (pre-cued or 

choice), maneuver and visibility condition. The dependent messures were number of crashes, and 

crash severity. 

3.4.1 Simulated Collision Avoidance Task (SCAT) 

Simulated Collision Avoidance Task (SCAT) with overall messures including crash 

frequency and crash severity. A simple SCAT run contsined 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 contsined seven trials in a fixed random order (2 left swerve, 2 right 

swerve, 2 stops, 1 continue through) with the entire set repeated exactly in a second run for a totsl 

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 Tune, Movement Time, Response Time) and 

attention batteries (e.g. Trails B, Visual elevator). The total test time was 90-120 minutes. 

3.4.2 EnvirorunentaI VISibility Condidons 

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 STISlM (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 herlhis 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 trial, 

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 

----I.-

Figure 3.1. Overhead view of roadway vehicle fonnation . Participant's path 
is blocked by a set oftive 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 V-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 ill.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 ligbts on all fi ve 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 fOllnation 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 

ill.3). However, the vehicles in the rigbt 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 perfollfl their maneuvers within 1.25 

seconds. 
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-

Right Swerve Maneuver 

e. -- ' ~- - ----

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 fonnalion 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 

rn.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 perfonn 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 

perfollll 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. 
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Stop Maneuver 

-

I ••• • • • • 
- • 

Figure 3.4. Stop maneuver. Gauntlet into which the participant's vehicle (grey) travels foUowing 
the onset of brakes light on all five lead vehicles (black) is illustJated. 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) 

-

The participant' s vehicle travels for a distance before approaching five vehicles that are 

traveling at 45 m.p.h. in a U shape fOllllation 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 ill.5). 
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-

Continue Through Maneuver 

• . ---. • • • . ' " -------l~ 

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 detennine by 

impact velocity (ft./sec.). 

3.6 Secondary Dependent Measures 

The secondary dependent measures were I) 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 

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). 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. 

AU 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, preoQled 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 SS 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 Slay 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 boarel, 

remove your foot from the accelerator, and depress the brake pedal forcefully. Please tty to 

perform the maneuver as quicldy 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 loadecJ, 

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 quicldy as possible.) 

3.8.1 Task 1- Pre-eued (CertaiD.I-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 quicldy 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 - Uncueel (Uncertain, 4 Choice) Scenario 

"In the choice scenario, there will be two training phases. One with vemal 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 con1rast. The first run will involve clear, day time 

driviog. Remember your driviog 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 occasiona1ly 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 driviog task is the same. You will be driviog in light fog and low 

con1rast. 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 minutes. 

3.9 Treatment Design 

Agel x Sex2 x Visx Task2 x Man3 Mixed Anova Design with the last three factors as 

repeated measures. 

3.9.1 Roadway 'I'ndfic 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 

stalistica1 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 (mcorrect response by participants), PRT (perceptual 

reaction time), MT (movement time), Rest (response time), CIaSh (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 ofeach run (column 17,21,25 in the STISIM raw 

data file). The roadway vehicles were programmed to travel 35.69 ftJsec. 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 ftJsec2. 

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 (feetlsecond2) (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. O11Iy correct responses to 

the maneuvers were counted in the data analysis. Some data were not used because the participant 

28 



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 1atera1 lane 

movement (column 4) prior to the crash (mdicated 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 'li"eatment 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/sec0nd2) 
Running compilation of the crashes (vehicle and off road) that the participant has been 
involved in. 
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Continue Through Maneuver 

• ~-- --- - -. - -, ------I~ 

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 detellnine by 

impact velocity (ft.lsec.). 

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 

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). 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, sensaI}' and cognitive tasks. 

3.7 Independent Measures 

The independent measures were participant age group (youn& 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 PBlenta1 

consent (See Appendix C). Parents also filled out a questionnaire regarding theircbild'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 pro-cued and uncertain SCAT runs, each participant received practice runs. 

Only in the simple SCAT, participants received verbal insttuctions on how to respond to each 

trial. 

The four possible driving scenarios: (pre-cued and clear visibility, pre-cueci 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 ofmistakes. 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 5S 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.a 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 losding. 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 0' 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, l-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 oflow 

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 - Uneued (Uncertain, 4 Choice) Scenario 

"In the choice scenario, there will be two training phases. One with vema! instructions and 

one without. In the choice scenario you will not receive vema! 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 5S m.p.h. until you see the five vehicles in front of you flash their brake fights. 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 SS m.p.h.) Only for this 11l1l, I will give you vema! 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 

vema! 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 fight 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 dw:ing the day." (participant drives 2nd 

time in clear daylight. While the participant drives, the experimenter is observing the behavior of 

the participant The eKpeiimenter 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 minutes. 

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 Traft'ic 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 identificstion 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 (mconect response by participants), PRT (peJ:ceptual 

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 peiceptual 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 ftJsec. However, when the 

brake lights of the roadway vehicles are triggered, the velocity went negative. Hence, by 

cmresponding to where the velocity of the roadway vehicles becmnes 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 decresses 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 gteater 

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 (feetlsecoDlJ2) (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 (feetlsecond2) (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 reslistic 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 
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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 (mdicated 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 'Ii'eatment 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) 
Tota1longitudinal 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 offroad) that the participant has been 
involved in. 
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CHAPl'ER 4 
RESULTS AND DISCUSSION 

This experiment investigated age and sex differences in collision avoidance behavior 

using a portable driving simulator. Vutual 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 sma x VISl"ility2 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 pius/minus 

(±) standard deviations and pius/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 Results 

4.1.1 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 ±o.o14, and senior = 0.257 ± 

0.014) varied little in young and adult participants but rose in the seniors with Task 4 markedly 

bigher 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 6()+ age group were significantly bigher 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 CIlISh 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 42. Mean CIlISh ratio (± SEM) by maneuver. 

The mean crash frequency ratio for visibility varied slightly (only marginal significance); 

by clear and fog (F = 3.75, P Q 0.0532, see Figure 4.3) with the clear condition having more 
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crashes than fog '" (0.1333 ± 0.009). No other crash frequency or ratio comparisons were 

significant 

Crash Ratio 
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FJgURl4.3. Mean crash ndio <± SEM) by visibility. 

4.1.2 Crash Severity (Measured As Impact Velodty 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 a J-shaped curve. The effects of age depends on level of task such that there was 

little 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 bigher than Task 1 

(M = 20.45 ± 1.95) for the senior group. The impact velocity for participants in the 60+ age group 

were significantly bigher 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 (Ieft= 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 varied slightly with visibility (F = 3.62, P = 

0.0574, see Figure 4.7). (M = 21.908 ± 1.237),). Clear had more severe crashes than did fog (M 

= 18.583 ±J .233). No other crash severity comparisons were significant. 
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Figure 4.7. Mean impact velocity (± SEM) by visibility. 

4.2 General Discussion 

What stimulated this research project was a reaU7J!tion 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 ope!ation of a vehicle. 

The five main factors that were shown to influence driving were as follows: (1) age group 

(young, adult, senior); (2) sex (male, female); (3) visibility conditions (clear, fog); (4) certainty 

(pre-cued or uncertain); and (5) evasive maneuver Oeft 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 p.xamining 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 

maneuver 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 occwrence correllated 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 warning 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 ans1yzing 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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CHAPfER 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-c:ued or un-cuecl 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) slImmary of procedures, (b) summary of findings, (c) COIIClusions and (d) 

remmmendations for future research. 

5.1 Summary of Procedures 

lBgh 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 ofwithin 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 ffiM 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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mM 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 auditoIy 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 arbitraJy sequence of tasks, events, and performance measurement intervals. This 

allowed the examineeltrainee 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 summllIY of each run. The microcomputer used to test for SCAT was developed on 2D 

system that operated on an Inte1 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 BOO 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 

proprietBIY dongle. 

Participants were greeted at the Pacific Islands Geriatric Education Center (Kuakjni HPM-

9) or Hawaii 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. 

5.2 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 tbis 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 tbis result that drivers were more guarded in fog scenarios therefore reducing 

the number of collisions. Understsnding 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 peIformance. 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 primaIy focus of an 

effective driving renewal program is to keep people driving safely longer, while pIOtecting the 

public from potential fatalities. 

5.3 Conclusious 

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. 

5.3.1 Conclusion 1 

There were significant differences in crash frequency ratio and crash severity as a function 

of age, sex, uncertainty and maneuver. VISibility was only marginally significant. 
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5.3.1 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. 

5.3.2 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. 

5.3.3 Conclusion 4 

There was no interaction of age and sex in crash frequency and severity such that females 

pe!fonn worse than males especially among seniors. 

5.4 Recommendatious 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. 

5.4.2 Automated Data Analysis 

Data should be structured so additional subjects' data may be added and the submit key is 

pressed. Currendy, participant data must first be reduced in a spreadsheet ptognun, converted into 

a SAS data file, and the SAS program must be rerun, making data analysis a time-consllming 

process. 

5.4.3 Correlatious 

Correlation of data with that collected in previous research may implicate impottant 

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. 
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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 simultaneously. 

5.4.5 Test ModificatioD 

Incorporate audio or verbal distraction into the Trails B task and the Visual mevator Task. 

This will provide further insight into the effect of distraction on attention switching and visual 

search skills across age groups. 

5.4.6 Cbild 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 ofvideo 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 SampliDg 

As more participants are recruited, a better stratification system should be employed to 

reduce systematic sample bias. 

5.4.' 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 iDfluenced 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 ofvision on performance. 
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5.4.11 DeatbiCrasb Ratio: 

Additional analysis should be deaths per crash ratio (# of exbemely 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 wbich 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 'DIsks Grip Strength Test 

Before testing, a brief inteIview 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 tbat 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 researcher read the dynamometer dial to record all trials for tbat 

participant The median score for each hand is used to analyze data. Grip strength figures are 

Cleated from raw data tbat 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 

at05 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 Balanee 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 openIclosed are 

analyzed and using Statistical Analysis Systems computer program. Balance figures are created 

from raw data tbat 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 Agel 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 level 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 rll tell you 

when 20 seconds have elapsed. If you are unable to balance for 20 seconds rll 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 Kneedle 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.OS 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 tie a 

bow using only their thumbs and pinkie fingers, as quickly as possible. A rubeJband 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 
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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 ANOYA deaign with repeated 

measures on the last factors. Instructions: 

Said: 

In this exercise, you will practice tying a bow with these two shoe laces. (point 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'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 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 AgeS x Sex2 ANOYA design. All contrasts are at the.OS 

significance level with post-hoc tests conducted using Tukey WSD 

Instructions: 

Said: 
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For this task you are required to pick up the nuts 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 I'll stop the timer. Participant completes one trial. We'll do the test two more times 

for a tota1 three trials (as tester replaces nuts on sheet). 

6.2 Design. 

Age3 x Sex2 x Vts2 x Task2 x Man3 Mixed Anova Design with the last three factors as 

repeated measures. 
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APPENDIX B: CONSENT FORM 

You are invited to participate in a study to gain an understanding offront to rear-end aut0-
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 ofHawaii... .. The laboratory assistant is Ms. Ann Marie Ryan. This re­
search examines the effects of age, sex, and health differences on the ability ofindividuals 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 appiOximately 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 
otherinterested 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, III 96817, Telephone: (808) 537-5481 

47 



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 ofHawai'i, University 
of Minnesota, Kuakini Medica.\ Center, or Kapiolani Medica.\ Center for Women and Children. 

Signature of Individual Participant Date 

Signature of Parent (uunder 18 yrs) Date 

Signature of Caregiver, or Authorized Date 

Signature of Investigator Date 

lfyou 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 ofHawai'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. 
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APPENDIX c: CoNSENT FOIl MlNollS 

Hello (gbfId""""'" 

1'bis _1IIDdy wiD boip IIIuIII ' 4 I "'" ClblldnlllIIIIIIIId yaor "'" .... 1dI by 
.... PcopJe lIIIIIIIdyaor8lii!dpaeal·.""' .... nldlby .... Iot ... 8'liaID.lDtof ............ W01llllll 
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__ yaD lUDifyaDdooiIolIt 1ooIp1l& 
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1IdI .... TIIo 'Oidoo wiD !IIIddoaIJ IIIop pIIJlDI at yaD IboaId fmqiDo tIoat Ibo 'Oidoo 114111 playiDllIIII Iloo 
osrio4ll100111iDsu-1ItyaD. WImJIIIIlldDktlm..,.wiDbitJIIII ..... JIIII ............ yaD ... 1It1f'lak, 
If ..... nd baIIom. 
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GIIlJlllClloo .... _lIofln ... 4IIt. 

TIIo 1IIl_ wiD _ -fIIlJlllGlll .... t1mdaJlt II1II Joftbal1ooa .... ___ Y ... 
wiD dollil 'IIIoaiyaD _111_ "" tho ........ na. wiD ........ .a._1lb IIiI ballwiD tell yaD 
aDabaatlhomlllor. WOGlllplOliDo_of .... _ ........ yaDaIIIt. 

lIlno_gf+lI\ 1IiI1I.lmlglllttloatwiD lIbaballttlnl ...... "1iIdaIL Ifat., tImoJlllt.el 
lind II1II .... alai, pIaootdJ melllllweGlll 1Ib.lnak. WowiD sMJIIlIIISIBia bot!nm _IDe. Wo 
..... JIll ..... lit JiDbb f10tItJ _ bat If III "'1-JIIII do aat_ lit do Iloo IIIDdy ., _ ... wiD 
I • 4 1II1II ,.. wiD slap Iloo Ia!Iia& """""""', """" ia IIiIIlIIIIy is up lit J1IIIo II1II ... CD wiD .. mall 
IIlYCIIIfJIIII dCIII" 1I11III lit do 1IdI1IDIIy ... lfyaDaIoIaIpyaormilllllmr.IfJCII lInD., qaestimt,,.,.. 
do aat .. daId",_ DoJCllbaft.,~ 

IfJCII .... lDboipllliaoar ; i. I ,.. ..... lIiIpoportloatlBllsllltloatJCllvM '1IIoot 
IIiIIlIIIIy IlIbaaIIIIII tIoat yaD' ,. 4"''' whatYOll wiD .. daIa& ThII!Io: JIIII apia for""",, ~ of oar 
-.h. 

llbowlhatllililm , .• ,IIIdDatpatofli\Y.."r.raabual ...... lhnDr-lDIdllloatlwiD .. """" 
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APPENDIX D: DEMOGRAPIIIC QIJFBnONIwRE 

~ _~_or"CIIo_atbClllrapGIIIIIlllOlllCllopnwilledobolael. 

DU 
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Do you fiDd you must Imep JIIIII' head e1CVIItId CII' propped up em. sm:ml plIIows to 1naIbe comctly whim 
sIecpfas?yIIS DO' 

Are you taIdDs II1J)' lilt! ~Ir.a'!mr(8)? yes DO 
Ifso, what medfut/ml(s)? _________ _ 

Do you have artbrltis arbursltls, CII' OIberjolDtpmblems wJdl:h kap you IiamcloiDg die II1IDIIII1 actI.lthis of 
B JIIII80D JIIIII' age BIId COlIdi1km? yes DO 

Have you had II1J)' pmbIcms ar Iqjurles to JIIIII' bcmes CII' !D1!S!!1cs wIIk:h kap you Iiam cIoiDg die IIIIIII!IIl ac­
thitIes of a JIIII80D JIIIII' age BIId cgmIi!fon? yes DO 

Do youhavell1J)' badr:pmbIcms arCGDdi1ionofdle apIae (SIlChaa aiuplWeddlsc, pinched _) wllk:hkeeps 
you Iiam IIOIIIIIIl acd.vl1ias? yes DO 

Do you aow, arhaveyou_hada",,,wfi,hill wllk:hnsulledill Sj4 'h il), sdza:nt, CIIIlVIIlsicm, fitCll'epllep­
sy?yesDO 

Do you have II1J)' cIjfIIl:ghy wi1h JIIIII' cowdhW'il1D which may maim it c!jfficuJt1ilm Il81IIIl for you to IU' liilin 

RI1l1iDe taaJm dum other pelSOIIS of your age? yes DO 

Haft you _ had a SIIOke? (J:m:lwIe a smaD S1Ioke, jm:amplgm ar jIIrIiaJ sIIOke, artokl by a doctor"aJmast 
had a iiIlOb") yes DO 

Have you _ becD dlaga wi ar tnrated ill a impI1allll' 1M'".''' CIIIIter for a _.0118 I tilion? 
yes DO 

Do you IIDIDke DOW? yes DO If yes, how many pao:Im per clay? 
Ifao,haveyoupwviDuslysmokcd'l yes DO -----

Ifyes,bDwmanyjl8Cbperclay? Farhowmanyyeam? __ 

Have you em' !J;IIp'r1eiii:e4 tile f'oJkJwiaa -mans wlam ill aD CIlClosed Bp!ICCI? (cheek tha _ that apply) 
__ Fear Ajmea (diftimity Ia diI"s) Nausea 

Doyouhavell1J)'men1aIarphysfcaldismdenthatmlghtaflictymalimiipacepJiunoryowlCSjiUIISolspeed? 
yes DO Ifyes,p1caseapJaiD: 

DmvINGEXPEiUENCE ANDIIECORD 

Do you have a vaIicI US cIIiviDg 1Icease? yes DO 

Row many yeam bave you becD cIrivlq? yeam 
Row many homs do you dzive a week? homs 

Please divide up your drlviDg iDto tha fo1lawiDg catDgadcs: 

Itaras each WIck 
__ homs each WIck 
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Whatislbo 

Maslat'~cIIIvIIII!is: IIIIIIII?_ mbadIIIl7_ 1I11II1'I_ 

IIcay i' [ , 'U' 1-

Do,... .. 10 _ &Iases .. _lmaafilrc1dY1Ds7 ,. ID 
if,...wIdcIl7 ___ _ 

fa JOUr ¥isiaD 20140, -n, co Q.. IDI'},. ID 

,. ID 

Do,... ...... IIDJ ...... J1111b1=17 ,. ... 
If,... ... ,.,.."", IIDJ ...... do¥iaeo"""" ddviDa'I ,. ID 
If,... dill YGlI1lselbo IariIIa dcvb 1DdaJ"I,. ID 

WIlI1:h fiIIII ... yru uaelD kick .II1II'1 If8Itt left 
WIlI1:h o,elD yru II1II10 odm7 If8Itt loll 

ACCIDENTlIBCOJID 

BaWlyrubeeDiIIlDII I • !It oa:Idad(l)IDlboIalJlll'l,. ID 
If,...~~~?, ___ _ 

WhatIJPO at'onc!drn!1(l) am1lloy7 Cin:le __ OlIO /fopplla. 
L vebII:Ie lad ... mIIisInnb 'RIIdcIe lllduwlpo Co afDaIe 'VddcIo ID iiiWlDilna objeot 
d., ' 'j.,,1dI Co qdisI .. _o)CIJII1dIr. _CllllcooIIIaiaD 

g. otba: _______ _ 

Bow ~ III1Ii IIIlkIeIIIa ...... ,... had IIIDae yru IIIItIed ddvlq, mpnIIaa at' ...... _ It liliiii7 

BaWI,... .... 11!COIvtd III)lIlOd/II8 tIoket'I if,..., ~mmyl', __ _ 

CONTAClIlllOBMATlON. 

YOURNAMB: 
ADDlU!SS: 
PHONJi: 
BiR.TBDATB: 
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APPENDIX B: QuEsTIONNAIRE FOR PARENTS 

PuIioljioalNumbar ___ _ 

What .. ,..,.. abIJ4'. oaIgoodor ba? MIlo l'cmIIe BlIIbdIIIo'1 ___ _ 

What .. ,..,..oblId· ... "''JWD'I __ I&IBhtI __ Wclgbt1 __ 

WhIlil,..,..cIdld'.lIImiI:~ _____ _ 

WhIl .. ,..,..abIJ4's tiat/.qulp7 ____ """"""/.quip? ___ _ 

FGr,..,.. cIdI4' ..... do}lllll CIIIIIIdor his IIeakh ID he: 
_ ..... mage mage JIICIII 

Far yaur oIIIId'. _ his pIIJIfcaI S-Is: 

""'.......... IIIDdaaIo bfah ""'* IIIIIIIIIIIIybfah 
IJGw IIIIdI pbJsicIllCIi9IIy docs yaur oblId i L coda 4afI 
aImast_ I!IIlo IIIDdaaIo _Ibm_ _1bm1l\J .... cIdId,... ...... 

Baa yaurcbild ............ filrll\JmaIicaI 0IIIIdiIIcD? ,... "" 
if ,.., far what .,.,. of caadIIfaD .. "" .... tile dacIDr fcI'1 (e.a. IIIbmo, dIIbcas) 

II ,..,.. cbiId IIIdII; II\J rnpI!aI/m(R)7 ,... "" If .... wha!." .... "b"(I)7, ________ _ 

Does yaur cIdId hnD Ill' CIIIIIIiIkm dill wwllllIIeoI his arbor ablIiIy III 1lllfmalll1iD? 
)'01"" 

If,..,what~..wdD''"'~ __________________________ __ 

OONTACi' INFOIIMATION: 

PAIUINTS NAMII: 
CIiIlJ)'S NAMII: 
ADDlUiSS 
PHON1\: 
ALTllllNAnYB PJIONlI CONTACT: 
EMAIL ADDlUiSS: 
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APPENDIX F: THE MEANS PROCEDURE SUMMARY TABLES 
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Task VIS NObs Variable Label Mean StdError N NMiss 
1 C 318 Cmtio Cm1io 0.1391 0.0143 249 69 

IImpVe1 ImpVe1 18.8873 1.8436 245 73 
F 318 Cm1io Cmtio 0.1057 0.0129 249 69 

IImDVe1 ImDVe1 14.5494 1.7367 248 70 
4C 318 Cm1io Cmtio 0.1775 0.0151 314 4 

IImDVel ImDVei 24.2651 1.7197 314 4 
F 318 Cm1io Cm1io 0.1549 0.0131 318 0 

IImpVe1 ImDVei 21.7594 1.6509 315 3 
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Sex NObs Variable Label Mean StdError N NMiss 
F 648 Cmtio Cmtio 0.1416 0.0095 579 69 

ImpYe1 IImpVe1 20.0806 1.2281 576 72 
M 624 Cratio Cmtio 0.1524 0.0105 551 73 

ImDVe1 IImDVe1 20.4079 1.2472 546 78 
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M 104 CIlIIio CIlIIio 0.0958 
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1 L c S2 Cllllio Cllllio 0.1332 0.0426 40 12 

61 



62 



63 



64 



65 



66 



Young 1 L C 19 Ctatio Ctatio 0.0877 0.0346 19 o 
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68 



Senior L 84 Cmtio CmIio 0.1610 0.0270 76 8 

69 



Senior F L C 42 Cllllio 

R 

R 

I YouAdSen I Sa I Task I N Obs I Variable I Label I Mean I Std Error I N I N Miss I 
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Adult F 1 132 Cmtio Cmtio 
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Senior F 1 C 631Cm11io CraIio 0.1696 12 
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73 



Young F 1 L 22 Cmtio o 

74 



7S 



Senior F 1 L C 21 CraIio 

M 

76 



Young I L C 11 Cmtio Cmtio 0.0909 o 

M 
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APPENDIX G: MIXED ANOVA DESIGN 

MIXED Procedare 

DataSet WORK.amr 

Depend\9lt Variable Cmtio 

CovarIance Strudare Varlance CompoiCiI!S 

Subject Efl'ed SublD 

EsIl1ll8Ii .... Method REML 

lI...!dnal VariaDce v ...... "lII PmfiIe 

Fbed Effects SE Method MocJe1-Based 

Degrcea of Freedom Method Between-Wltbin 

Class Leftllnformation 

Class LeftIa Values 

SubID 106 AA60 AGl2 ARlO Am AK80 A V31 AWll 8])65 BFll BG73 BK09 BLSOBP60 
BT21 BW27 CADS CA12 CCS3 CD22 CH46 CM25 CM80 DAM DJ25 DJ33 
DKlIDMlIDM40DM67D067DS25DS27EM49ES60FA74FM38FM63 
GUll GY70 HC22 HC73 HC76 HI77 1H74 1060 JM3 JB12.J0)8 000 JK65 
JM20 JN77 J025 JP79 JQ40 JR20 J831 KC61 KF39 Kll2 KMIl KS38 KS61 
KU75 KVll Mel3 MC21 MH50 MH80 MIDI MSOI MW78 NS31 NU74 PB61 
PD66 PG39 1'034 RAJ8 RB20 RC21 RC69 RI87 RM45 RR47 RW6S SC20 SEll 
SF42 SH77 8138 SM71 TB33 TD09 TD69 TK82 TM73 TM88 1'822 TY66 WCSO 
WL84 W022 WR34 WW72 YL21 

YoaAdSeD 3 Adult SeDiDr YCRDJg 

Sa 2 FM 

Task 2 14 

MaD 3 LRS 

VIs 2 CF 
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DI ... fjud .... S 

Co.8Iimce PaNmden 2 

CoID ..... ·IDX 432 

CoIumJIs ID Z Per Subject 1 

Subjel:lll 106 

Max ObsPer Subject 12 

Number of ObseJullons 

NumberofObRnldlons Read 1272 

Number of Obserfalit,ns Used 1130 

Number of Oblel wallons Not Used 142 

DeJal .... BisIory 

IteralhQI Evaluations -2 Res Log LIIie Cliterlon 

0 1 48.73937890 

1 2 -101.34392389 0.00074768 

2 1 -102.20391875 0.00003623 

3 1 -102.24227020 0.00000C)10 

4 1 -102.24237716 0.00000000 
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II QmvmgeDlXlcrllmiamet II 

CO,arfa ...... Pan .... d e V .... I .... lcs 

CotParm Subject VAII ... ate 

..... f9Iu;p1 Subm 0.01571 

R"",,,nal 0.03783 

Least Squares MeaDs 

Effect YouAdSen Sa Man VIs Task V1IIIihate Standard DF tVaIue Pr>1tJ 
EmIr 

YouAdSen Adult 0.1132 0.02179 100 5.19 <.0001 

YouAdSen SeaIor 0.2231 0.02107 100 10.s9 <.0001 

YouAdSen YOIIIII 0.1035 0.03191 100 3.24 0.0016 

Sa F 0.1422 0.01990 100 7.14 <.0001 

Sa M 0.1510 0.021S6 100 7.01 <.0001 

Task 1 0.1427 0.01631 77 8.75 <.0001 

Task 4 o.ISGS 0.01565 77 9.61 <.0001 

Man L 0.1051 0.01710 200 6.15 <.0001 

Man R 0.1309 0.01707 200 7.67 <.0001 

Man S 0.2038 0.01707 200 11.94 <.0001 

VIs C 0.1588 0.01593 100 9.97 <.0001 

VIs F 0.1344 0.01591 100 8.45 <.0001 
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Modd IDformadon 

DataSet WORK.amr 

DepeM'I9It Variable ImpVel 

CO\'aria!ce Stnu:ture Vadance COnq.,....,.'" 

Subjed Etfed SubID 

EsIi"'a,Lm MeIIIod REM!. 

Resldnal Varianee Method Profile 

Fbed Effeets SE Method Model-Based 

Degua of Freedom Medlod Between-WIthIn 

Class I.eftIlDformadon 

Class Levels Values 

SubID 106 AAro AG12 ARlO AJ73 AK80 A V3l AWl 1 BD6SBFll BG7l BK09BL80BP60 
BT2l BW27 CA08 CA12 CCS3 CD22 CH46 CM2S CM80 DA84 DJ2S DJ33 
DK1l DMll DM40 DM67 D067 DS2S DS27 EM49 ES60 FA74 FM38 FM63 
GUll GY70 HC22 HC73 HC76 H177 004 1060 JA63 JB12 Jeos 000 JKliS 
JM20 JNT1 J025 JP79 IQ40 JR20 J83l KC6l KF39 KJl2 KMII KS38 KS6l 
KU7S KVII Me13 MC2l MHSO MH80 MN3l MSOI MW78 NS3l NU74 PB6l 
PD66 PG39 P034 RAJ8 RB20 RC2l RC69 RI87 RM4S RR47 RW65 SC20 SEll 
SF42 SH77 8138 SM7l1B33 TD09 TD69 TK82 ThI73 TM88 1'822 TY66 WCSO 
WL84 W022 WR34 WW72 YL2l 

YouAdSen 3 AdoIt SenIor YCJUDg 

SG 2 FM 

Task 2 14 

Mall 3 LRS 

VIs 2 CF 
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D'menslnns 

CovarImce Parameters 2 

CoIDn .... InX 432 

CoI"'ri_1n ZPerSubjed 1 

Subjeell 106 

Mu:ObsPerSubjed 12 

Numberof Obsenalk'D8 

Number of Ob8ehatlons Read 1272 

Numberof Obsel ,allons Used 1122 

Number of 0bseI ,atlons Not Used ISO 

ItetaUlla IDItol)' 

iteration EwluaCInDS -2 Res Log LIke Criterion 

0 1 10207.38637469 

1 2 10112.03623806 0.00001602 

2 1 10111.96773904 0.00000008 

3 1 10111.96740402 0.00000000 
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Covariam:e Pam" .... e' ES!l"'AI-

CovParm Subja:l li'.oll"'ate 

Jutmcepl SubID 170.05 

IINldll81 655.34 

IRast Squares MeaDs 

meet YouAdSeD Ss Man VIs Task Esdblate 8fandard DF tVaIue Pr> It! 
Error 

YouAdSeD Adult 15.6920 2.4114 100 6.51 <.0001 

YouAdSeD SenIor 27.6218 2.3180 100 11.92 <.0001 

YouAdSeD Young 17.6368 3.4823 100 5.06 <.0001 

Ss F 20.0501 2.1832 100 9.18 <.0001 

Ss M 20.5836 2.36S5 100 8.70 <.0001 

Task 1 18.8812 1.8609 77 lo.IS <.0001 

Task 4 21.7526 1.7643 77 12.33 <.0001 

Man L 17.6885 1.985S 200 8.91 <.0001 

Man R 21.2287 1.9781 200 10.73 <.0001 

Man S 22.0334 1.9771 200 lLl4 <.0001 

VIs C 21.9413 1.8056 100 12.lS <.0001 

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 to conduct a project, part of 

which was this thesis. All received approval to test human subjects (participants): 

• K"Iooni Medical Center (Honolulu), approval number: 96-06; 

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

• University ofHawai'i (Honolulu), approval number: CHS 9938/a; and 

• University ofMionesota (Minneapolis), approval number: M1337. 
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All esperJment to In.eatIpte factors Inf!pepel!qj qe.reJated dIfl'emIcei In cn!Us!on ."..w,n..., 
I'IlSJIODR apabIIItfeI. ThIs genm,ocJIi""'v ..-rch Is part of. pmJect 8D af'ety.1IDI'I!StrIeIId 
mobDIty.1IId sacIal, M'ty for /ndMduIIs of lIlaps8DII flmeIIoDal capaldlitls. 
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