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EXECUTIVE SUMMARY

Our work in Toyota GapAdvise is comprised of twtemnelated elements: identify driving task
challenges, and a pilot study on one particulsssct decision support system, an intersection
gap advisor. From these elements, we have recodederountermeasures and potential design

guidelines for the elderly driving population iretbinited States.

We performed our work in the following sequencéeahnical tasks, each corresponding to a

section heading in this final report:

Determine Extent of Problem (Task 1from crash databases and demographic data, we

have determined the projected extent of the propéttending from past work. From

our synthesis and interpretation of data and patiios, we have ranked causal factors.

Conduct Focus Group and Observational Analysisl@éty Drivers (Task 2)Through

focus groups and observing elderly drivers in tbain vehicles, we have developed an

understanding of the problems faced by elderlyatsy

Conduct Driving Experiments (Task.3Using PATH instrumented vehicle and test

intersection at the University of California, Beldygs Richmond Field Station facility,

we have performed in-vehicle experiments to chara driver behaviors.

Recommend In-Vehicle Design (Task Arom Tasks 1 — 3, we provide integrated

recommendations, to include engineering constraintsdesign principles, from Tasks 1
-3

Determine Extent of Problem (Task 1)

The growing number of older drivers presents aigpehallenge and opportunity for health
professionals and the motor vehicle industry. Qlernext few decades, the number of persons
over age sixty-five will increase at least 240%gJ &me number of persons over eighty-five will

increase by at least 466%. In the meantime, theepeof seniors licensed to drive is increasing



steadily. Also, today’s older adults entering irttirement are driving more miles per year than
current retirees, as today’s adults are more aomest to longer commuting, shopping, and

recreation trips than current retirees experiemeeldeir younger adulthood.

The number of licensed drivers and the averageamiles driven are projected to increase for
all age groups. Older adults deserve specialtaitehy health care professionals and the motor
vehicle industry because driving performance te¢adfecline with age. Adults age sixty-five
and over have higher collision rates both per ohileen and per licensed driver than adults age
twenty-five to sixty-four. Seniors are also ovenesented in certain crash types, such as
crossing path collisions and those involving rightway violations.

Our work outlines the projected growth in the numtfeolder adults, older adult drivers, and the
differences in collision outcomes between adults@der adults. Unless otherwise noted, all
data describe the United States population, itseedsj and their collision rates. Data sources and

analysis methods are explained.

Conduct Focus Group and Observational Analysisldéy Drivers (Task 2)

Impediments and potential solutions to safely exteriving for older travelers were explored in
four focus groups conducted in the summer andfé2004 at the Rossmoor Senior Adult
Community in Walnut Creek, California. In total, &@men and 16 men participated in the four
focus groups, and their ages ranged from 70 toe@Bsy(mean age of 78). Driving alone was the
most frequently used travel mode among participamd they owned vehicles that ranged from

small compact cars to luxury sedans.

The focus group research method allows for detaifedepth exploration of relatively new
research areas, but its small, non-random sampitslgeneralizations to the larger population.
As a result, it is important to interpret the réswif the focus group findings in the context @ th
demographic and attitudinal profiles of the papits. These were assessed using
guestionnaires administered before the start df &sms group. The survey results indicate that
participants in this study were most likely to:



* Have begun driving at 18.5 year of age;

* Be married;

» Live in a household with 1.5 people, 1.5 driverg] 4.4 autos;
* Have a Bachelor’'s degree; and

» Have a household income ranging from $20,000 tqGP€®

In addition, the typical focus group participanpeessed the following attitudes related to auto

use:

* Enjoyed and was satisfied with his/her personaicleh
» Did not find operation and maintenance of a perseslaicle to be onerous; and

» Neither inclined nor disinclined to experiment witéw things.

During the focus group discussion, several key lerakareas were identified. In approximate

order of importance, these included:

» Blind spots while merging and changing lanes, ofteaicerbated by the difficulty drivers
experienced turning their necks;

» Problems reversing and parallel parking, againediby blind spots and difficulty
looking backwards;

* Items placed in the trunk not staying in place e/itiving;

» Seats too low for drivers to see above the dasdkerad/or reach the pedals;

» Difficulty with vehicle ingress and egress, partaly for taller drivers and those with
physical disabilities, and often worsened by p@atisig design;

* Problems adjusting or reading knobs, dials, anplalys, particularly dim displays and
clocks set into the dashboard at a hard-to-seeang|

» Concern about glare and the speed of oncomingrdratenight or in the rain; and

» Travel to unfamiliar or long-distance destinations.



Participants also identified potential solutionsheir specific difficulties. Numbers one through
three in parentheses indicate increasing levet®lotion complexity.

Blind spots while merging and changing lanes antem about the speed of other
vehicles: (1) “wink” mirrors, redesigned convexhidhand side mirrors; (2) redesigned
window pillars; and (3) automated blind spot detect

» Problems gauging when to safely make left-handstatrunprotected intersections: (3)
intelligent intersections.

» Concern for hitting other cars, the curb, or petkess when parallel parking and
reversing: (1) reverse beepers (to avoid hittifigeotars or pedestrians), “curb feelers”
(to avoid hitting the curb); and (3) automated pagkechnology.

* Items not staying in place when placed in the tranét difficulty lifting items from the
trunk when loading or unloading: (1) netting, buagerds, Velcro; and (2) “flat” trunks
without additional lip, compartmentalization.

» Seats too low for drivers to see above the daslerad/or reach the pedals: (1) manual
up/down adjustments on vehicles; and (2) electljost memory seat settings, adjustable
pedals.

» Difficulty reading displays and using knobs: (2}fieased brightness, knobs on steering
wheel, remote for radio.

» Physical discomfort or difficulty during access agtess due to limited range of motion
or physical impairment: (1) handles above doornioig boards, mechanical door check
to avoid slamming; and (2) ergonomic design fdetadrivers, adjustable steering
wheels, sliding front doors.

» Decreased visual acuity when driving at night aiirtyirain: (2) automatic-dimming
headlights for incoming glare, faster automatibtggfor night driving.

» Traveling to unfamiliar locations increases anxiély digital compasses; and (3) GPS-
enabled in-vehicle navigation systems (can als@at#é short-term memory loss).

* Sun glare: (1) wider or adjustable visors; andi¢#ed windshields.

* Problems remembering when to turn off turn sign@d¥volume setting, timeout

function.



An important element of this was to observe andyaeaolder adults during “in-vehicle”

performance on an open road course and also dungngss/egress tasks, as it was hypothesized

that problems faced by older drivers would be ¢jeabbserved through analysis of “in-vehicle”

performance. It was also hypothesized that thblpnas detected in this study would direct

future research on specific intervention stratetpesddress these problems. Future motor

vehicle modifications, along with medical and bebeal intervention strategies should be

targeted at keeping older drivers safe on the rdashite functional declines. Three components

were a Rossmoor driving section, a Walnut Creekimigisection and observation of

ingress/egress.

Key results from the Rossmoor section include:

75% of those drivers who reversed out of the stgnpiarking space did not fully look

through rear window before backing out

100% of those who pulled forward out of the parkspgce made no scanning errors

Many errors were made during turn out of Rossmaokipg lot:

(0]

(0]

(0]

(0]

90% did not fully stop before turning
43% did not scan the surrounding area adequately
20% failed to slow

23% failed to signal

40% of drivers made head turning errors at stop santrolled intersections

67% of drivers made head turning errors during larenges

17% of drivers made head turning errors duringdyiel

13% of drivers made signaling errors at intersectio

23% of drivers made signaling errors during lanengjes

57% of drivers did not fully stop at stop sign colied intersections

13% of drivers did not follow prescribed route

30% of drivers did not adequately scan

37% of drivers sped

17% of drivers made critical errors

Key points from Walnut Creek section include:



» 73% of drivers made head turning errors at inte¢ises

e 77% of drivers made head turning errors during l@renges

» 20% drivers made head turning errors while parking

* 63% of drivers turned too wide

* 17% of drivers failed to signal at intersections

* 17% of drivers failed to signal before changingesn

» 23% of drivers failed to signal during parking/pud) out

» 20% of drivers rolled through stop signs

* 43% of drivers inadequately scanned during drive

e 17% of drivers sped during drive

* 17% failed to have two hands on wheel during atiroie

* One driver performed a self-distracting activityil@hdriving (looking at map, misses
light turning green)

* 10% of drivers committed critical errors

Key results from ingress/egress observations irclud

Suitcase Loading

» 70% placed the suitcase in the trunk
» 21% placed the suitcase on backseat floor

* 9% placed the suitcase on backseat

Grocery Bag Loading

*  64% placed the groceries in the trunk
* 21% placed the groceries on the backseat floor

* 15% placed the groceries on backseat

Ingress
* 28% had difficulties getting into the driver seat

*  67% had difficulties getting out of the driver seat



* 65% had difficulties getting into rear passenget se

* 91% had difficulties getting out of rear passersgat

* Required the use of one arm/hand during ingreswerdseat = 12%, backseat = 32%

* Required the use of one arm/hand during egresserdseat = 24%, backseat = 23%

* Required the use of two arms/hands during ingrélsiver seat = one person, backseat =
9%

* Required the use of two arms/hands during egrdaser seat = 9%, back seat = 14%

Conduct Driving Experiments (Task 3)

We experiment with an in-vehicle message for atieft across path / opposite direction
(LTAP/OD) gap advisor, judging its effectivenesshnolder drivers (versus younger drivers).
This work leverages research conducted under teeskrtion Decision Support (IDS) project
and upcoming with the Cooperative Intersection iSiolh Avoidance System (CICAS). This
gives rise to the LTAP/OD display used fiayyota GapAdvise.

This experiment is as follows: the subject veh(8¥) — or the vehicle equipped with the
Toyota GapAdviseTAP/OD warning system — approaches the intergectilt has a
(permissive) green signal, but there is no lefh amrow or protected cycle, so the driver slows
down to a stop to check if it is safe to make atlain onto at the intersection. The SV driver
may be older or otherwise not able to easily juithgespeed or location of this approaching
traffic, making it hard to decide whether or notun. While the SV driver is trying to
determine whether the left turn is safe, other aleki(“Principal Other Vehicles” — POV) are
approaching the intersection with the intent ofgeexding straight. Therefore, intermittent gaps,

some safe and some not save may be present.

In exploring the concept of an in-vehicle gap adwsgstem, this study addressed the following

four research questions on 20 subjects:

1. What is considered an unsafe gap?



2. When should you give the warning to be effectivenituencing the drivers’ decisions?
3. How should the warning be given?

4. How effective might the system be in reducing tbenber of unsafe turns?
We are also able to distinguish between the effentiss of in-vehicle systems versus an
analogous roadside-mounted system, since we acdkicting parallel roadside warning

experiments under the IDS project.

Recommend In-Vehicle Design (Task 4)

We suggest specific solutions that focus on redesigyehicle components or on changes that
are already available in some models, such as weprairrors, minor adjustments to displays
or radios, and mechanical seat adjustments andsloacdoors. Participant focus group results
also suggest improvements involving more complat@lectronics or major structural changes
to vehicle design fall into the second categoryl tese include redesign for blind spots, flat
trunks, and automated or electronically adjustédd¢ures, among other recommendations. We
also provide a set of solutions which integrateagaled driver information into automatic

vehicle navigation or alert systems.

Although our sample population of older drivers walstively robust and most likely higher
functioning than the average population of oldarltsd most drivers in the study made several
driving errors which could affect safety. Our alys¢ional analysis of driving performance
confirm the findings from the focus groups whiclygest that blind spots, difficulties changing
lanes, and concerns about hitting objects suchcasbaor pedestrian were among the most
important problem areas mentioned by our partidggaRecommendations for vehicle
modifications include that might address the reduseck and torso mobility include: mirror
redesign, increased visibility through pillar ansheow reconfiguration, back-up beepers and
cameras, and potentially a warning system of sarte remind individuals to scan

appropriately at intersections and during lane ghran

We were surprised to find that 60% of the individua our study had deficits in working
memory given that they all easily passed the cogngicreening test. This suggests that
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navigation could be beneficial in this populatibowever this idea must be tempered by the fact
that the majority of participants had mild defiagitsdirected visual search and half had mild

deficits in divided attention.

From a usability standpoint, we observed that tlwage mobility problems and taller

individuals had the most difficulty getting intodanut of the vehicle, particularly for the rear
passenger seat. Additionally, the smallest womehe study tended to be positioned too close
to the steering wheel and sometimes forced int@rerflexed, or forward leaning posture.
Greater seat adjustment capability (particulariytii@ height of the seat) might address some of
these limitations. Greater space in the back aé&atg with some form of adjustment might
improve an older adult’s ability to perform ingressl egress more easily.

The drivers’ comments on the overall concept odjp gdvice system were positive. Almost all
of the drivers commented that such a system caeilagskeful and come in handy at times.
However, unsurprisingly, almost all of the drivefso agreed that the interface would need

much more study and work before being accepted as-2ehicle system.

The head-down display used for the visual compoagtite warning was reported as being too
low to be seen, even though it was mounted asdsgbossible for a head-down display. When
asked to comment on the graphical components alifigay, such as the looming no-left-turn
sign or the oncoming vehicle distance to intersectiountdown bar, all 20 drivers reported that
they did not glance to the display during theintng maneuver, rather they simply listened for
the warning beep. A few of the drivers expoundedhis, stating that their eyes and attention
were focused on the oncoming vehicle throughowpizroach, and they did not feel

comfortable taking their eyes off the road.

These and other comments spawn potential desigiderations:

1. Integrated DVI design, with specific auditory aridual meaning to intersection left turn

conflicts.

2. Recognition that the infrastructure mounted acsig®, in the scanning direction of SV

11



drivers, had particular appeal. This may translate into design guidance of head up, not head
down, display location. More specifically, when making left turns drivers tend to scan the
upper left quadrant of the windshield, in the vicinity of the left side A-pillar.' This presents a
visual design placement challenge, perhaps resolved by relying on another channel, e.g.,

auditory.

We recommend that future research include the design and possible deployment of prototype
vehicles incorporating different level solutions for field tests with older drivers. Because of the
high cost and uncertain demand for some technologies, it is possible that the marginal benefits of
component level solutions may be the most cost effective for older drivers. Because many
drivers also had difficulty with merging, another area that deserves future study is merging and
turning behavior, perhaps through a merge assist study with technology development and

interface assessment.

We feel that specific GapAdvise driver interfaces be designed for more comprehensive studies in
the future. Some of the studies, both general observational and with intersections, should be
comprehensively designed. For example, the older adult could also be studied driving during
twilight or night hours. Another interesting study would be to evaluate a prototype vehicle using
the same subjects tested in this study to evaluate how their performance changes in a new

vehicle targeted to older adults.

! Nowakowski, C. (2004). Intermediate summary of IDS (intersection decision support) field test results. Presented
at the IDS Quarterly Meeting 9/26-9/29 in Minneapolis, MN. Berkeley, CA: California PATH.
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1.0 INTRODUCTION

This work was undertaken in recognition that with growing numbers of elderly drivers,
particularly with the impending retirement of thewbwave of the "baby boom™ generation,
most living in relatively low density suburban emriments, the mobility challenges will
increase greatly in coming years. The emergiradl@hge for millions of older adults will be

to maintain driving mobility in the face of functial decline.

This report describes our work, which includes dtirdisciplinary systems-oriented approach
to develop a pilot study on one particular clasdagfision support system, an intersection gap
advisor,Toyota GapAdviseOur work also identified driving task challenggem we which
suggest countermeasures for the elderly drivingifadion by means of interpretation of focus
groups and observations. From these elementeawerecommended countermeasures and

potential design guidelines.

In short, we have performed the following sequesfadechnical tasks, each corresponding to a

section heading in this final report:

Determine Extent of Problem (Task Ifrom crash databases and demographic data,

we have determined the projected extent of thelpnobextending from past work.
From our synthesis and interpretation of data ardigations, we have ranked causal

factors.

Conduct Focus Group and Observational Analysisl@éy Drivers (Task 2)Through
focus groups and observing elderly drivers in tbain vehicles, we have developed an
understanding of the problems faced by elderlyatdy In areas as: ingress/egress, and

seating/control adjustments.

Conduct Driving Experiments (Task.3Ysing PATH instrumented vehicle and test

intersection at the University of California, Beldys Richmond Field Station facility,

13



we have performed in-vehicle experiments to chara driver behaviors. We note
that we have significantly leveraged our Fedenadl Galtrans-sponsored Intersection
Decision Support (IDS) project to focus on gap atamece (versus collision warning)
advisor for older drivefs This has allowed us to add to the Toyota-sp@tseegment,
additional observations on driver acceptance otleh warnings provided from the
infrastructure versus those provided from a drivehicle interface (DVI).

Recommend In-Vehicle Design (Task Arom Tasks 1 — 3, we provided integrated

recommendations, to include engineering constrainésdesign principles, from Tasks
1-3.

2.0 DETERMINE EXTENT OF PROBLEM

2.1 A Growing Senior Population

Traffic safety is an important issue for all segtsesf the population. Population changes
affect the both the number of motor vehicle paseengnd licensed drivers. Also, an increase
in population leads to an increase in motor vehigleries and fatalities. The general
population is expected to grow 157% from 1990 té@®@(rable 2-1). These projections,
published by the U.S. Census Bureau, are baseduea?000 Census.

Table 2-1. Projection of U.S. Population

Total Population
1990 249,622,814
2000 282,125,000
2010 308,936,000
2020 335,805,000
2030 363,584,000
2040 391,946,000

The number of older adults in the United Statexctlerating not only due to overall

% The clear distinction is that our approachToyota GapAdviséocuses on an in-vehicle gap advisor and elderly
drivers, whereas our Federal IDS project does not adareshicle systems, nor does it particularly focus on
elderly drivers.

3 U.S. Interim Population Projections, Based on Cen808.2U.S. Census Bureau, Population Division,
Population Projections Branch. March 18, 2004. Mtpnv.census.gov/ipc/www/usinterimproj/
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population growth, but also because of the agingb{BBoom” generation and an increasing
life expectancy. In 1990, 12.5% of the populatiaas sixty-five years old and older. This
percentage is expected to increase to 20.4% byettne2040. Therefore, the senior population
will not only increase, but it will become a morisilile demographic group. Seniors eight-
five years and older, a demographic group espgdardluencing the demands on health and
care facilities, is projected to grow from 1.1%tloé population in 1990, to 3.9% of the

population in 2040.

Table 2-2. Projection of U.S. Senior Population

65+ 85+
1990 31,242,000 2,830,000
2000 35,061,000 4,267,000
2010 40,243,000 6,123,000
2020 54,632,000 7,269,000
2030 71,453,000 9,603,000
2040 80,049,000 15,409,000

The ratio of males to females changes drastically function of age, and this change is
important to understanding the needs of the avesktpr driver and passenger. In 1990,
59.8% of the population over the age of sixty-fivas female and 72.1% of the population
eighty-five and over was female. Population prioggexs published by the U.S. Census
illustrate an expectation that the average lifeaggfanales and females will increase. Females
may still have longer life-expectancies, but thecpat of the 65+ and 85+ populations that are
female will decrease slightly because both menvamaien are expected to live longer.

Figures 2-1 and 2-2 illustrate this expectation:

45,000
40,000
35,000+

Population in 30,0001
25,000+
1000s 20,0004 B Male
15,0001 EFemale
10,0001

5,000
O_

1990 2000 2010 2020 2030 2040
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Figure 2-1. U.S. Population Projections, Age 65 d@nOver

10,000+

9,000+

8,000+

7,000+

ionin 6,000
Population in 5'000-
1000s 4,000
3,000+

2,0001

1,000

O Male
B Female

1990 2000 2010 2020 2030 2040

Figure 2-2. U.S. Population Projections, Age 85 a@Over*

The large increase in the elderly population wilh a substantial increase in demand for safe
mobility for seniors. Currently, middle-aged adudrive more than the current elderly did
when they were younger. Now, adults drive farthistances to work, for errands, and for
recreational purposes than any other generatiadwits. The transportation infrastructure

and urban design will not change drastically inrib&t forty years, so we can expect private
motor vehicle travel to continue to be the mostysapform of travel.
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Implications for GapAdvise

The very substantial increase in older adults (&8&and over 85) will mean dramatic

increases in need for mobility. A very substargialportion of this mobility will be delivered
by the private automobile. Automobile design néled to be modified to meet the demand|for
safety and comfort for this elderly population, iez they are drivers or occupants.

2.2 Senior Driver Population

An increase in the senior population will lead toikcrease in the number of elderly drivers.
In 1991, 43% of males eight-five and over had aalis license. By 2000, 78% in this age
group had a license. Similarly, the percentagemfles eighty-five and over who had
licenses increased from 13.5% in 1991 to 36.3%9D02 Also, the driving patterns of seniors

have changed dramatically in the last 15 yearsyaltgrobably continue to chande.

To our knowledge, there are no published projestimiithe number of licensed drivers. The
Bureau of Transportation Statistics (BTS) provitesnumber of total number of licensed
drivers nationwide by gender and five-year agegmaies from 1990 to 2001. We can
conclude fairly confidently that the percent of ises1who are licensed drivers will continue to
increase. First, there has been a steady andastibsincrease in percent of seniors who are
licensed drivers over at least over the past dec&eéeond, younger drivers who will be
seniors over the next few decades are more likebetlicensed, and to have driven more,
compared to current seniors when they were younigewever, we do not know the
magnitude and pace of the expected increase. liskewe do not know when and if this
increase will level off, aside from the fact thia¢ {percent of those licensed in any particular

age group will most likely not exceed the curreviel of that group.

To produce a projection of the percentage of liedrdrivers at each age group in future years,
we have used data on the percentage of licenséarsémm 1990 to 2001 and created

projection models to estimate how this percentaggichange between 1990 and 2040. To

4 Rosenbloom, Sandra. The Mobility Needs of Older Americianglications for Transportation Reauthorization.
Brookings Institute Series on Transportation Reformy, 2103.
http://www.brookings.org/dybdocroot/es/urban/publicagi? 0030807 _Rosenbloom.pdf

Accessed 2/20/04
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satisfy the expectation that the percentage willease and then level off, we have used a
logarithmic regression function to approximate ghewth and ultimate leveling-off of the
percentage of licensed drivers. This approacluislp a projection, and the actual percentage
of licensed drivers in each age group will depenédmumber of factors, including future
changes in licensing policies, mobility needs bametiousing and transportation trends and
policy, and vehicle and highway design. As an gXanour projection model for female

licensed drivers age 70 and over is shown in Fige8e

Female 70+
70 -
———t—
60 - - e—————
50 | ej__-‘==s94===;0/,
40 -
y =5.6441Ln(x) + 49
30 R2=0.914

20
10

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

Figure 2-3. Projection Model for Number of Femald_icensed Drivers Age 70+*
*Based on the 2000 Census and BTS Licensed Driv@98-2001.

We then multiplied the projected percentage ohlsszl drivers by the projected population to
obtain the projected number of licensed driversir @ojections rely on the total population
projections from the 2000 Census. The following figures (2-4 and 2-5) show the expected

number of licensed drivers over the age of 70 d&d 8
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25,0004

20,000+

Number of 15 000-
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0-
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Figure 2-4. Number of Licensed Drivers Age 70 an@ver*

*Based on the 2000 Census and BTS Licensed Driv@986-2001.

6,000+
5,000
Number of 40007
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Figure 2-5. Number of Licensed Drivers Age 85 an@ver*

*Based on the 2000 Census and BTS Licensed Driv@98-2001.

Both figures above illustrate that the number odétised senior drivers will increase rapidly, at
an even faster rate than the expected increabe ielderly population. Indeed, figures 2-4
and 2-5 show a large expected increase from 208040 in the number of licensed drivers;
the number of drivers age 70+ and 85+ will incre262% and 466%, respectfully.
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Implications for GapAdvise

The increase in the number of older drivers, whetlefined 70 and older, or 85 and older, i
conjunction with well established declining funatiwith age, will mean a very substantial
increase in the number of drivers on the nationghtvays with reduced capacity for driving

>

There will be a very high, and increasing, demasrdaftered vehicle design to facilitate safe
and comfortable driving for older drivers.

2.3 Elderly Drivers and Increased Motor Vehicle Inury

Motor vehicle fatality or injury rates are presehie many different ways. Often, a simple
number of injuries are reported. Other times, respealculate the rate of fatality or injury per
population size, per licensed drivers, or per nilegen. Each method carries different

implications, and they are each discussed here.

The first data analysis method is to study the tatanber of fatal crashes by age and gender.
These data is often used to provide medical fasliplanners and emergency responders
information about the number of crashes, and thezaheir agency’s expenditures. The
elderly are involved in far fewer motor vehicle sinas than teenagers and adults, and as a
consequence they suffer fewer injuries and fagalifis a result of motor vehicle crashes. In
2001, seniors age 85 and over suffered only a tarthe number of fatalities that teenagers
and young adults (20-24) experienced (see Figue Zhis fact reflects smaller population in

the elderly as well as reduced driving.

—&— Male
——Female

15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85+
19 24 29 34 39 44 49 54 59 64 69 74 79 84
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Figure 2-6. Number of Fatal Crashes by Age and Geler, 2001

* For consistency this graph is based 2001 data tiee Fatal Analysis Reporting System
(FARS). FARS 2002 is available, but Figure 7 aigliFe 8 refer data sources that were most
recently updated in 2001.

Although the absolute number of fatal crasheswsldor the elderly, this does not indicate
that older drivers are safer drivers. After coltitng for the number of drivers in each
category, we actually conclude that older drivexgehhigher fatal crash rates than other
adults. This second data analysis method interestisance companies and the Departments
of Motor Vehicles because it represents the rigk ¢ach driver will be involved in a collision.
Figure 2-7 shows that the average fatal crash pee$0,000 licensed drivers is highest for

teenagers, decreases with age until about agen8Q@han increases steadily starting at age 65.
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19 24 29 34 39 44 49 54 59 64 69 74 79 84

Figure 2-7. Number of Fatal Crashes per 10,000 Lemsed Drivers, 2001

*Based on the FARS 2001 and the BTS Licensed D20éxl database. BTS 2001 is the
latest available national survey of the numbeiagrsed drivers.

Yet another method of analyzing crash involvemerib icontrol for the annual miles driven by
persons in each age category. The number of icoiiger mile driven represents “actual”
risk to the driver, and implies that the more mhesdrives, the more likely he will experience
a crash. This method reveals an even starkerrelifée in fatality rates between older adults
and the younger population. Figure 2-8 showsddatts age 85 and over are involved in
morefatal crashes per mile than any other age growgyding teenagers. If this fact remains

true in the coming years, motor vehicle fatalitiel be one of the top concerns for elderly
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drivers and injury specialists as the elderly iaseeas a percentage of the whole population
and drive more than previous elderly populations.
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Figure 2-8. Number of Fatal Crashes Per 100 Millio Miles Driven, 2001

*Based on the FARS 2001 and the National Househdsportation Survey (NHTS) 2001.
NHTS 2001 is the latest available national surveywonual miles driven.

Elderly drivers might have very high fatality rafger miles driven, but that does not
necessarily mean that elderly drivers are invoimethore forcefully violent crashes than other
drivers. Although poor driver performance may cimite to the fatality rates, older adults
also are far more fragile than younger adults,aedmnore easily injured and are less likely to
recover from injury than younger adult bodies. tealling for the mechanical forces in a
crash, older drivers are more likely to die in astrthan younger drivetsFigure 2-9

illustrates recent driver fragility as a functiohage; these data illustrate the fatality rates per
1000 crashes is eight times higher for adults 8 for teenagers.

® Evans, L. Traffic Safety and the Driver1991
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Figure 2-9. Driver Fragility: Fatalities Per 1000Crashes*

*Based on the California Statewide Integrated Teeiecords System (SWITRS), all crashes
from 1999 to 2002 (inclusive).

Figure 2-9 illustrates a stark difference in fragitates for males and females. Note that this

difference may be misleading, because this anatiydiaot control for the physical impact of a

crash. Males are more often cited for speedinatrans than females, and therefore may

experience more fatal or serious collisions (asragntage of all of their fatal and non-fatal

collisions) than females.

Although seniors are more susceptible to motoratetiatalities due to increased fragility,

fragility is not the sole factor for an increasdatal crashes per mile driven. Figure 2-10

shows that even non-fatal crash rates per millidaswriven increases with age.
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Figure 2-10. Non-Fatal Crashes Per Million MileDriven, 2001*

*Based on the 2001 General Estimates System ar2Dibie National Household
Transportation Survey.

To further examine the causes of high motor vehigley rates in the elderly, we turn from

fragility and injury rates to specific collisionggs and traffic violation citations.

Implications for GapAdvise

The increase in both fatal and non-fatal crash mgth increasing age after about the age of
65 means that there will be a very high demandsétricle and highway design to mitigate thi
increasing risk of crashes.

7

The very sharp increase in fatality (per crash)witcreasing age means that there will be a
very high demand for improved vehicle and occupastraint design to accommodate and
increasingly fragile population.

2.4 Elderly Drivers and Collision Factors

In order to address the problem of high fatalitysan older drivers, we begin by examining
the kinds of crashes most prominent among oldeedsi Collision factors, as well as crash
rates, vary with age. For all drivers, the mostown traffic violation attributed to causing a
collision is failure to yield right-of-way. Adulidge 70 and over are charged with more than
twice as many right-of-way violations per mile dmvthan adults age 30 to 60. The second
most common violation for older drivers is failuceobey a traffic signal or stop sign. The
number of traffic violations shown in Figure 2-1aAswbtained from the General Estimates
System, and the rate was computed based on anilaaldriven from the National Household
Transportation Survey. Although informative, thesg¢a do not detail the primary collision

factors and probably ignore the primary cause wit faf any driver who died in a crash.
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Figure 2-11. Rate of Traffic Violations Contributing to a Crash, 2001*

*Based on the 2001 General Estimates System ar2De National Household
Transportation Survey.

A more detailed look at the two most common vialas of older drivers, right-of-way and

traffic signal or stop sign collisions, highlighigersection crashes. Older drivers are over-

represented in intersection crashes, and, witl@sethin crossing path crashes. We analyzed

the following crossing-path crash types

o bk~ 0N PE

Left Turn Across Path - Opposite Directidonflict (LTAP/OD)
Left Turn Across Path - Lateral Directioar@ict (LTAP/LD)
Left Turn Into Path - Merge Conflict (LTIP)

Right Turn Into Path - Merge Conflict (R}IP

Straight Crossing Paths (SCP)

® Smith DL, Najm WG. Analysis of Crossing Path Crasbesntelligent Vehicle Applications. ™WorldITS

Congress.
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RTIP SCP

Figure 2-12. Intersection Cross-Path Collision Typs

Figure 2-12 shows the distribution of crossing gatircrash scenarios for driver under and
over age 65. The shaded (red) vehicle repredeatstibject vehicle” (usually the turning
vehicle and at-fault vehicle); the other (whitehiate represents the “principle other vehicle”.

First, we will examine the distribution of crossipgth pre-crash scenarios (Figure 2-13). This
graph shows the percentage of collision-path se@nér crossing path collisions. For
example, if a driver under 65 is involved in a sing path collision, it is most likely a straight
crossing path collision because the majority (32%@ll crossing path collisions for adults
under 65 is SCP. Similarly, the majority of crogspath collisions for drivers 65 and over is
LTAP/OD (30%). For all drivers, the most commanoss-path collision types are SCP,
LTAP/OD, and LTAP/LD. For drivers 65 and over tlaefrns make up 57% of all crossing

path collisions. Of all crossing path collisiodsivers 65+ experience slightly more
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LTAP/OD, RTIP, and LTIP collisions than drivers @nagge 65. (Other crossing path
collisions — CP OTHER - could be collisions betwpedestrians and motor vehicles, a

vehicle making a wrong-way turn onto a one-wayettrand other scenarios.)

35+

Percent

B Under 65
@65+

LTAPLD LTAP OD LTIP RTIP RTIP OD SCP CP Other

Figure 2-13. Distribution of Crossing Path Pre-Crah Scenarios, 2002*

*Based on the General Estimates System, data fH8.2

Figure 2-13 describes the distribution of crosgiath pre-crash scenarios, not the actual
number of collisions. Older drivers are actuatiyalved in fewer collisions than younger
drivers. Of all of the collisions in the Uniteda®ts, an older driver is at fault only 7.5% of the
time, and 92.5% of the time, the at-fault driveleiss than 65 years old (from 2002 GES
collision data). However, in the event that asteoldriver is a collision, they are more likely

to be in a left-turn collision rather than a sthaigrossing path collision.

The previous paragraph mentions that older driweake up 7.5% of the at-fault drivers of all
collisions in the United States. However, thisgeet changes if we look at specific collision
types. For example, of all rear-end collisionhia tJnited States in 2002, only 5.7% of the at-
fault drivers were over the age of 65. However Lf6AP-OD collisions, 13.7% of the at-fault
drivers were over the age of 65. These two num&lewes that older drivers cause a small
percentage of rear-end collisions, and cause ava@lalarger percentage of LTAP/OD

collisions. These data, as well as other collisyges, are summarized in Table 2-3.
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(“OTHER” non-crossing path collisions could be sgWipe collisions, head-on collisions

with fixed objects, and others.)

Table 2-3. Percent of Drivers 65+, by Pre-Crash 8aario, 2002*

% Over 65
LTAP OD 13.73
LTAP LD 12.25
LTIP 15.12
RTIP 17.82
SCP 10.90
CP 9.08
OTHER
REAR 5.73
END
OTHER 6.02
TOTAL 7.51

*Based on the General Estimates System, data fQ02 2

Elderly drivers cause a relatively high percentaigerossing-path collisions. This fact is not
the result of elderly drivers driving through mam&ersections than other drivers. To prove
this, we compare the number of “subject vehicles! grimary other” vehicles at intersection
collisions. For cross-path collisions, drivers &eand over more likely to be at fault, or the
“subject vehicle”, than otherwise (“principle othazhicle”). Figure 2-14 shows the
percentage of drivers who are older drivers inedéht crash types. If all drivers were
involved in the same about of collision type-crashed were equally likely to be at fault or
not at fault, the graph’s bars would all be the sdmight. Figure 2-14 shows that in crossing
path collisions, the at-fault driver is more likeétybe older, i.e., over 65 years. This could be
result of different factors. For example, it isspible that older drivers are more likely to drive
locally, and therefore make more turns at intersastthan drivers charting a longer distance
and hence more often driving straight through seetions. Regardless of the absence of an
exposure measure, this graph shows a significéfiereince in at-fault drivers versus
“principle other” drivers. For all cross-path dsibn types, drivers over the age of 65 are
more likely to be the subject vehicle rather tHaprinciple other vehicle. Therefore, older

drivers are more often at-fault in cross-path sadhs than other drivers.
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Figure 2-14. Percent Drivers 65+ By Type of Crashnd Role in Crash, 2002*

*Based on the General Estimates System, data fH8.2

Not only does the General Estimate Systems dataléve over-representation of older
drivers as the “subject vehicle” operator in crpa$h collisions, but the data also show that
older drivers are cited for more violations in @gth collisions (per mile driven) than adults.
Figure 2-15 shows the number of violations, resglfrom a cross-path collision, cited per 1

billion miles.
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Figure 2-15. Rate of Violations in Cross-Path CaBions, 2001*

*Based on the 2001 General Estimates System ar2Dibie National Household

29



Transportation Survey.

Implications for GapAdvise

The increase in both right-of-way violations andiming-a-stop-signal violations will lead to
a high demand to increase driver on-road and irgetion awareness through vehicular ang
roadway instrumentation.

As older drivers are over-represented in intersacitollisions, there will also be a high
demand to introduce instrumentation that augmemdgdriver’s ability to make safe decisions
about when to enter an intersection.

2.5 Causal Factors

Understanding and describing driver behavior besoanehallenge when one tries to identify
driver errors in determining crash causal factois @ountermeasures. Access to data related
to crashes is usually based on crash statisticsesstidcted to general characteristics of the
involved drivers, such as gender, age, type ofckehiriven. Very rarely are the actions and
maneuvers that led to a crash addressed. Thigsdwiefly highlights some previous research

that focuses on the causal factors of older drivieash rates.

The investigation of pre-crash actions and maneuysually relies on either focus groups
involving officers who respond to crashes or drviewolved in crashe’s.They therefore rely

on subjective sources. Another approach adoptedrfderstanding why crashes occur consists
of linking general characteristics with known isswé specific group, such as age linked with
perceptive and cognitive deficfls.

Staplin and Fisk investigated older drivers’ diffiies with intersection$The underlying

" Wierville W. W. Hanowski R. J. Hankey J.M Kieliszewski& Lee S.E., Medina A. Keisler A.S and Dingus
T. A. (2002) Identification and evaluation of driver esrapverview and recommendations FHWA-RD-02-003.

8 Hakamies-Blomaqvist, L. (1996) Research on older drivaersview. IATSS 20(1), pp. 91-101.

° Staplin L., Fisk A. D., (1991) A cognitive engineeriagproach to improving signalized left turn intersections
Human Factors 33 (5) 559-571
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causes were identified to be perceptive and cagngroblems. “Perceptive” can be defined in
terms of visual acuity and contrast sensitivityt.|6€ognitive” relates to working memory and
information processing. Also, the assumption tliasenting information in advance would aid
older drivers was not shown true, as this did rdp lolder drivers to make a faster decision in
the end.

The importance of both perception and cognitiodriming tasks arises in other studies as
well. Larsen and Kines reported on an extensivestigation of crashes in DenmafkThe

main problems they identified for left turning deing are attention errors and misjudgment of
the time available to complete the maneuver. Ndrieeocases they investigated was due to a

driver who misunderstood the right of way.

Hancock and Caird focused on the assessment aptim@priate time to turn left with variable
oncoming traffic speed and time gap siz&hey concluded that decisions do not depend only
on velocity or gap size but on some cue extrirsithése parameters. Older drivers seem to be
more conservative than young. Both young and diteds do not initiate turns upon oncoming
velocities, gap size or distance; rather, theyhigleer order information extracted from these
parameters, like time to arrival or rate of froregpansion.

Implications for GapAdvise

Focus groups, observational studies, and drivingeexnents (as used by other researchers
are the best means of measuring driver decisiorimgand behavior at intersections.

N

Future instrumentation to augment drivers’ decisi@t intersections should address attention
errors and gap misjudgment.

L arsen L. and Kines P. (2002) Multidisciplinary in-dejtvestigations of head-on and left-turn road collision
in Accident Analysis and Prevention (34) 367-380

11 Caird J. K. and Hancock P.A. (2002) Chapter 19: Left and gap acceptance crashes in R.E. Dewar & P.
Olson (Eds) Human factors in Traffic Safety 736 p
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3.0 CONDUCT FOCUS GROUP AND OBSERVATIONAL ANALYSIS OF ELDERLY
DRIVERS

3.1 Focus Group Research

Safe older driving was explored in four focus gr@gpnducted in July, August, and
September of 2004 at the Rossmoor Senior Adult Camnitynin Walnut Creek, California (see
Appendix A for detailed summaries of each focusugrahe focus group protocol). The 20
women and 16 men who participated in the focusgreere Rossmoor residents who drove,
were between the ages of 70 and 85, and passedemsy test of physical and cognitive
acuity (see Appendix A). This summary describeggémeeral findings from all four focus

groups.

3.1.1 Demographic and Attitudinal Profiles

At the beginning of each focus group a questioenaias administered that explored the
demographic attributes of focus group participathtsiy travel patterns, and their attitudes
toward various transportation modes (see AppendlixAe results for all participants in the

four focus groups are examined here.

In Table 3-1, below, data on vehicle type by geradet age are presented. Participants drove a

range of vehicles, from small compacts to luxunyases, manufactured by a variety of

automakers.
Table 3-1. Vehicle Type by Age, Gender and Focusr@up
Focus Group | Gender| Age (Years) Car Make/Model
1 F 72 Hyundai Elantra
1 F 74 2001 Hyundai Elantra
1 F 78 1994 Toyota Tercel
1 Do not drive household car — don’t know
F 79 make/model of vehicle
1 F 83 1995 Buick Century
1 F 83 1998 Chevy Malibu
1 M 71 1996 Dodge Intrepid
1 M 73 1998 Toyota Corrolla
1 M 78 1993 Dodge Shadow
1 M 81 1994 Mercedes E420
2 F 76 2000 Dodge Durango
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2 F 76 2001 BMW 325i

2 F 77 1996 Toyota Camry

2 M 70 2002 Toyota Camry

2 M 77 2001 Ford VXZ Escort

2 M 78 2004 Lexus RX330

2 M 81 2000 Dodge Caravan

2 M 83 1993 Lexus ES300

3 F 71 1998 Toyota Camry XLE

3 F 75 1995 Saturn Wagon

3 Do not drive household car — don’t know
F 76 make/model of vehicle

3 F 81 2003 Toyota Corolla

3 F 84 1998 Honda Accord LX

3 F 85 2002 Honda Accord

3 M 73 1999 Acura Integra

3 M 82 2000 Lexus 300 ES

3 M 83 1991 Toyota Corolla

3 M 84 1996 Toyota Camry

4 F 74 1998 Lexus sedan

4 Do not drive household car— 2004 Honda
F 79 Civic

4 F 80 2004 Hyundai Sonata

4 F 81 2002 Mercedes C240

4 F 83 1988 Toyota Camry

4 M 74 Buick LeSabre

4 M 74 1996 Volvo 850

4 M 79 1996 Mercury Sable

M=male and F=Female

Note: Kathryn Hamel, Ph.D., provided the data is thble.

Aggregate demographic attributes of all participantthe four focus groups are provided in

Table 3-2 (below). The average focus group pasditip

* Was 78 years old and married;

» Had a Bachelor’s degree and an income between @2000$49,000;

e Lived in a household with 1.5 people, 1.5 drivarsg 1.4 autos; and

» Had been driving since s/he was 18.5 years old.
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Table 3-2. Demographic Attributes

Mean (N=36)
Age 78
Household Size 1.5
Household Drivers 1.5
Household Autos 1.4
License Age 18.5

Distribution
Income
< $10,000 6%
$10,000-$19,000 3%
$20,000-$49,000 33%
$50,000-$79,000 14%
>$110,000 14%
Declined to Respond 31%
Marital Status
Single 8%
Married 58%
Divorced 8%
Widowed 25%
Education
High School 9%
Associate's Degree 17%
Bachelor's Degree 50%
Graduate Degree 14%

The travel modes used more than two times per Wwgdlicus group participants are presented
in Table 3-3 (below). Driving alone was the mostjuent travel mode, followed by walking,
and the Bay Area Rapid Transit (BART) District tsédrsystem.

Table 3-3. Frequently Used Travel Modes

Percentage
Drive Alone 97%
Carpool 6%
Bus 6%
BART 11%
Walk 47%

Note that the total sums to more than 100 percecdise respondents indicate use of more
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than one mode.

The types of services and devices used by focugpgrarticipant are presented in Table 3-4
(below). Most participants used both cellular pfoaed the Internet.

Table 3-4. Devices and Services Used by Particigan

Percentage
Cellular Phone 3.1%
Internet 25.0%
Both 71.9%

The survey instrument also explored participamts/dl-related attitudes, with results shown
in Table 3-5. Questions examined participants’ @gtion of vehicle hassle, experimentation,
vehicle enjoyment, and overall vehicle satisfactdehicle enjoyment is a different criterion
than vehicle satisfaction; many participants clalrteeenjoy driving as a recreational activity
(enjoyment), others, to be satisfied with it aseans of mobility (satisfaction). The focus
group participants generally agreed or stronglgeadithat they enjoyed and were satisfied
with their vehicle. In addition, they were geneyalkutral towards vehicle hassle (e.g., costs
and frustrations associated with vehicle ownerahigh maintenance, including taking cars in
for repairs and finding parking) and experimentafjice., attitudes towards trying new things,

such as advanced technologies).

Table 3-5. Attitudinal Factors

Factor Score
Vehicle Hassle 3.2
Experimentation 3.3
Vehicle Enjoyment 4.1
Satisfaction 4.5

Scale: 1=strongly disagree, 2=disagree, 3=neutral,

4=agree, 5=agree strongly

Finally, the survey explored the frequency with evhihe participants used transit, currently
and in the past, as well as barriers to driving taadsit use that may have influenced their
choices. These results are summarized in Tabléb®i6w). For some guestions, the sample

size was smaller because less than half (15) géahgcipants used transit more than
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occasionally. The results indicate that:

* In the past, 42 percent of participants regulasigditransit at some time in their life
before moving to Rossmoor;

» Currently, only 14 percent always or usually us@sit, but 31 percent sometimes use
the service;

* Few participants indicated difficulties with phyaidbarriers to transit use (e.g., stairs,
stepping off the bus, and purchasing tickets);

» Sixty percent or more of the participants sometictesse to take transit when the
alternative was to drive in bad weather, heavyitrabr unfamiliar areas; and

» Insensitivity to transit cost and travel time wapressed by many participants

Table 3-6: Factors Influencing Frequency of TransitUse

N=36
Previous Regular Transit Use 42%
Current Frequency of Transit Use N=36
Never/rarely 53%
Sometimes 31%
Always/usually 14%
Physical Barriers N=15
Stepping Off Bus or Train 7%
Station Stairs 13%
Purchasing Tickets/Paying Fee 79
Take Transit (At Least Sometimes) To Avoid... N=15
Driving at Night 20%
Left Turns 47%
Bad Weather 67%
High Traffic Roads 60%
Unfamiliar Areas 60%
Avoid Transit (At Least Sometimes) If It... N=15
Costs More 27%
Takes Longer 40%
New Schedule 33%
Transfer 33%
Involves a New Transit Station or Stop 20%0

Note: N=15 excludes participants who never or yansk transit.
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3.1.2 Synthesis of Focus Group Discussions

Introductory Comments on General Travel

Although participants in all four groups were awafé¢heir limitations as older drivers, they
expressed an overwhelming preference for travelutigmobile and most used transit
infrequently. Some were concerned about drivingigiit and during bad weather, but most
had little difficulty with congestion. Residentpoeted very little difference between their
travel behavior on weekends and weekdays despanéadrenveekday traffic. Congestion was
cited, however, as a reason for using the Bay Ragaid Transit (BART) system for travel to
San Francisco, and some participants avoided peakthaffic. Overall, however, their

mobility was not limited by adverse driving condits.

Accessing Vehicles

During the focus group discussions, participangsubsed different aspects of getting in and
out of their car, including their use of remote llesg entry, difficulties loading packages into

the trunk or back seat, and their use of seat ad@rgs (both manual and automatic).

Remote Keyless Entrjvore than half of the participants had keylessyedavices for their

automobiles, and those who did described a vaoebenefits of their use, including locating
their parked vehicles and locking/unlocking their doors when unloading or loading
packages. Feelings about the alarm feature indtadiéh the device were mixed, and some
residents reported disarming the feature becawsasitoo easy to activate accidentally. Some
had malfunctioning devices or had difficulty leargihow to use them correctly, but it
appeared that once residents became familiar tniin ise these concerns were outweighed

by the technology advantages.

Loading and Unloading VehicleSeveral participants noted the advantage of ubiegrunk

over the back seat for transporting packages &delitional privacy and more space for large
items). However, nearly all used the floor or baekt at least occasionally because they felt

that items in the trunk were likely to slide outpdfice during driving. Suggestions made for
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resolving this problem focused on low-technologysteeffective solutions that many residents
had already installed in their vehicles, includimgting, bungee cords, foam mattresses, and

removable partitions.
Others found that high trunk lips in the back d@ittvehicles made lifting heavy items into the
trunk difficult. Although sport utility vehicles a@nstation wagons already have flat trunks that

make loading easier, most residents drove sedamther automobiles without this feature.

Seats and Seat Adjustmerialler residents and those with disabilities oftew difficulty

getting in and out of their cars, and all felt thdjustable seats made the maneuver easier. Seat
adjustment, however, did pose some additionaladilies. Residents, particularly those who
shared their cars with a spouse or partner, dislile/ing to move the seat back after it had

been adjusted by another driver. There was an dweming preference for cars with preset

adjustments for multiple users.

Petite residents, who often had to raise theiss®atee over the dashboard, were concerned
about being too close to the steering wheel duaiogash and felt that airbags should be

redesigned for safe deployment.
Seat type was another concern for many drivers.eSwad difficulty getting into cars with low
bucket seats, and others had difficulty adjustivent. Overall, however, there was no

consensus about which seat type was most comfertabl

Other Concerns and Recommendatidors were also a concern for several participants,

who felt that they often did not open widely enou@ithers complained about doors that
closed unintentionally while they were getting maading packages; several suggested that
door stops would make access easier. One resid®mré d car with an adjustable steering
wheel and found that this helped with getting id ant of the vehicle.
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Driving

Focus group participants described a variety dicdities operating their vehicles. For older
drivers, neck turning can often be physically difft, and many residents expressed concern
with blind spots and gauging distances in theiesittw mirrors. As a result, the primary
problems the drivers experienced were with dificaédneuvers that require a broader field of
vision, including parallel parking, reversing, miexgy and making left-hand turns. Night

driving was also mentioned as problematic.

Parking and Reversin&everal residents expressed frustration with penadrking. In

particular, most had difficulty seeing behind thetmle reversing because of blind spots, and
there was general agreement that "wink" mirrordctviprovide a broader field of vision, were
preferable. Other car enhancements that were viéawedably included a remote-adjustable

rear-view mirror and a global positioning systenP&}-enabled camera that allows drivers to

see behind them while fitting into a tight space.

In general, participants felt that reversing wasg#gasous and suggested that their vehicles be
equipped with beepers or other devices to sigmat gresence to pedestrians or other vehicles.

Merging and Left-hand Turnélthough it was initially assumed that drivers waile

principally concerned with making difficult left-hd turns, focus group participants instead
expressed a much greater concern for both mergitmthe freeway and changing lanes. In
both cases, however, the causes of this concemtiversame: difficulty gauging distances of
oncoming traffic using convex mirrors and troubdeisng other cars because of blind

spots] particularly prevalent among drivers who had diffig turning their necks. In
particular, pillars in the back seat windows welentified as obstructions to the view behind
the vehicle. Several participants felt that othéveds were reluctant to slow down at high-

speed merge points.

Some drivers went out of their way to avoid lefildurns, citing a similar set of concerns

and a lack of left-hand turn lanes in certain liiged. Because of this sense of perceived
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control (i.e., it is possible to make three rights to avoid making a left one) left-hand turns
were not identified as being as serious a difficak merging into a right hand lane or as other

maneuvers, which are often unavoidable.
Participants also noted that many drivers leavie then signals on longer than necessary and
suggested that manufacturers install devices titatraatically shut them off after a specified

period of time or make the audio alerts loudertifigr hearing-impaired.

Night-Time Driving.Several drivers complained about glare from incantieadlights and

inquired whether cars could be equipped with autmnggmmers to lessen this problem.
Another driver spoke highly of a vehicle he hadeoddven that had headlights that pivoted
with the wheels, improving visibility while turnin@ he specific vehicle model was not

identified, however.

Vehicle Use

Residents also had difficulty with features on tlvairs that were not directly related to
driving, including display panels, knobs, and di8articipants also expressed their opinions

on the use of navigation aids and cell phones.

Dashboard Display®articipants noted a variety of difficulties witheir dashboard displays.

Some had trouble reading the LED displays becdwesewere not bright enough or too similar
to the background panel color. One resident wablarta read the digital clock in his vehicle
because of the angle of the dashboard. Another leaomegl that the steering wheel obstructed
his view of the dashboard. In general, participaxtsressed support for digital compasses

mounted in their dashboards.

Radios and Radio Adjustmeneveral participants had difficulty adjusting thraidios and

rarely used them or only used them in light traf8aggestions included using push buttons
rather than more-difficult-to-operate knobs, whotuld assist with dexterity difficulties and
provide pre-set access to favorite radio statiBasticipants also thought that installing
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controls near the steering wheel for easier aceessproviding remote controls might be
helpful, but they did not have direct experiencthwiese features.

Cell PhonesMost of the participants had cell phones but fewiéteéd to using them while
driving. When asked, there was widespread suppottivs against in-vehicle use of mobile

phones.

Maps and Guide®Residents were often familiar with the online seeMMapQues¥, but

several found that the routes provided were ocoaflipcircuitous. Several participants only
used traditional paper maps. In general, parti¢gpauere reluctant to identify cognitive
difficulty with receiving directions or reading mgut they were enthusiastic about readily
accessible, in-vehicle information such as GPSep@ard compasses.

In-Vehicle NavigationThose participants who had in-vehicle navigatiostems spoke

favorably of them. Some were concerned about thieadition of a GPS screen, but the

primary concern of most residents was system cost.

3.1.3 Study Limitations

The focus group research methodology allows fomitdzgt, in-depth exploration of relatively
new research areas, but its small, non-random salinits generalizations to the larger
population. As a result, it is important to intexpthe results of the focus group findings in the
context of the demographic and attitudinal profdéshe participants, as described in detail
above. More specifically, the sample was drawn fresidents of the Rossmoor Senior Adult
Community (Walnut Creek, CA) who are, on averagealthier than members of a random
sample of older drivers drawn from the larger papah. In addition, participants were
screened for physical and cognitive acuity (a negnent of the University of California
Human Subjects Review of the study - see AppenglixTAus, participants in this study do not

represent the frailest or most impaired drivers.

Researchers also made two observations about $itatien among participants to discuss
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their driving impediments. The first was that mpdaticipants were often less forthcoming
with their physical and cognitive challenges tharevfemales. The second was that
participants appeared less willing to talk abowgrgtive difficulties with driving (e.g., getting
lost or merging/turning decisions) than they werewd physical ones (e.qg., difficulty turning
their necks). Because cognitive challenges are wtiffreult to observe in biometric tests, the
relationship between cognitive disability and sdfieing should be studied in more detail than

was possible here.

3.2 Observational Research

The link between specific impairments and “in-védiiperformance has been previously
investigated using laboratory settings, instrumecea's, and closed-road circuits, which
involve driving a set course without other vehigiessent. Additionally, these studies have
primarily used in-vehicle testers to assess impamsiand infractions. Past studies have not
established an association between functional sisssg tests and “in-vehicle” performance

in an open-road scenario using the subject’s ovianciee

Porter and Whitton (200%)established the use of the Global PositioningSygGPS) and
“in-vehicle” video technology to detect age-relatkiflerences during driving performance in
the subject’s own vehicle. This system allowsdheer to perform in a less imposing test
environment in comparison to other methods usédarpast. Porter and Whitton also
recorded the driving scene with video technology,did not record the driver during
performance. While the analysis of the driving parfance can be blinded with this set-up,
crucial knowledge of the driver’s physical activisylost. Studies that analyze the interaction
between the driver’s abilities and the driver’sfpenance within his/her own vehicle, provide

crucial information to the public and the motor \ddindustry.

Once specific impairments of older adults are faextanto the equation to predict “in-vehicle”
performance, research regarding possible interwestirategies can be addressed. Physical,

cognitive, and visual medical intervention, as veslimotor vehicle modifications could be

2 porter, M.M. and M.J. Whitton, Assessment of drivirithwhe global positioning system and video
technology in young, middle-aged, and older drivers.rd@el A Biol Sci Med Sci, 20057(9): p.
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used to address the problem of elderly driver gafBesearch indicates there is a need to
explore modifications of private vehicles and tise of technology to enhance the
performance of older drivefs Use of GPS and video technology, combined ws#easment
of the driver, vehicle, and the driver’'s concermegarding their vehicle, could lead to a safer

driving experience on all roads.

The specific aims of this subtask were to obsengeamalyze older adults during “in-vehicle”
performance on an open road course and also dungimgss/egress tasks. Additionally, we
sought to document the effectiveness of GPS arebvieichnology to assess “in-vehicle”
performance of older drivers. It was hypothesitted problems faced by older drivers would
be clearly observed through analysis of “in-veliigerformance. It was also hypothesized
that the problems detected in this study wouldadifgture research on specific intervention
strategies to address these problems. Future melacle modifications, along with medical
and behavioral intervention strategies should kgetad at keeping older drivers safe on the

road, despite functional declines.

3.2.1 Methods

Subject Population

Sixteen men (average age =& yrs; range = 70-84 yrs) and twenty women (avesge =

78+ 4 yrs; range = 71-85 yrs) were recruited to tade m an observational video analysis of
vehicle use and a focus group (reported in Se&ibrl) on extending safe driving years for
older adults. The study received Institutional RewBoard approval through UCSF and UC
Berkeley. Subjects were recruited from the Rossraommunity in Walnut Creek, CA,

which consisted of 6,700 residential units, inchgdco-operatives, condominiums, and single-
family home developments. In order to reside iis$tooor, one resident per dwelling must be
at least 55 years of age and all residents muableeto live independently. Further

information on the Rossmoor community can be foaingww.Rossmoor.comSubjects were

¥ Shaheen, S., Niemeier, Ditegrating vehicle design and human factors: mining
elderly driving constraintsTransportation part C, 2009. p. 155-174.
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recruited through flyers posted throughout comm@asiin Rossmoor and an article in the

Rossmoor News. Exclusion criteria for the studgiuded:

Having a history of neurological disease likelyaféect neuromuscular function
including a stroke (Cerebral Vascular Accident)zise disorder, or Parkinson’s.
Having a diagnosis of dementia or Mini-Mental Ssaixamination score < 24.

3. Standard visual acuity worse than 20/40.

Having a history of any other previous illness argery, such as a vestibular disorder,
significant visual disorder, arthritis, or cardigealar disease, which might, in the
opinion of the investigator, interfere with norneaiving behavior.

5. Currently taking any medications that might integfevith driving.
6. Did not currently hold a valid California drivetisense.

7.
8
9

Did not currently drive at least 3 days per week.

. Did not own/lease their own vehicle.

. Had been involved in a motor vehicle accident ol Bithin the last 2 years.

10. California car license and registration were ndidvand current

11. Proof of liability insurance did not meet the minim liability requirements of $50,000

for death or injury of any one person, any onedstt; $100,000 for all persons in any
one accident; and $25,000 property damage for amyaccident (California DMV
registration requirements are $15,000/$30,000/%5,00

Specific Procedures

Pre-screening, included the Telephone InterviewClognitive Status (TICS), which is similar

in content to the Mini-Mental Status ExaminatidQuestionnaires on general health, driving

activity, and driving confidence were sent outubjects (Appendix B), completed at home,

and subsequently brought in by each subject oddlyeof testing. All participants voluntarily

consented to take part in the study. Participsv®wed and signed a consent form

acknowledging awareness of the study purpose aksd associated with participation.

Subjects were paid $25 for the driving sessionoaspensation for costs of vehicle use and

time and received an additional $75 after partiniggin the focus group.
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Intake Examination

After completing the informed consent process, maysvisual and cognitive function of each
participant was assessed with a 2-hour batteryaatstrements listed Table 3-7. The subject
was required to complete the intake tests befortcgeating in the driving portion of the

study. If information attained from the medicatory questionnaire or intake assessment led
the investigators to think a condition or impairmeould interfere with normal driving, the
subject was not allowed to perform the on roadipomf the testing. If excluded, the

participant was still allowed to take part in tloeds group.

Package Loading and Ingress/Egress

After completion of intake examination measuredgjetts were asked to perform the task of
putting a bag of groceries and suitcase into teicle “as they normally would.” Each item
weighed 10 pounds. Subjects were videotaped dtine¢pading of packages and during
ingress and egress from the driver’s seat andelirepassenger seat (rear passenger seat
evaluation was added to the test battery aftefitdied subjects had completed the study).
Package loading was evaluated from the video amieédn placement (backseat, floor of
backseat and trunk) and difficulty. Ingress ancksg were evaluated for difficulty compared

to a young healthy adult performing the same téss scoring criteria in Appendix B).
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Table 3-7:

Intake Examination

Physical Range of Motion

Instrument

Cervical Spine Active Range of Motion
(AROM): Rotation

CROM: head mounted goniometer

Gross Upper Body AROM

Driving Health Inventory:

Head-neck-thoracic spine rotation test: requires the participantn their
whole body to see an object on a computer screen 10 feet Ibleind
chair

Lower Extremity AROM:
Ankle, knee and hip motion

Hand-held goniometer: available motion at the ankle, knee ipndas
assessed as the participant actively flexed or extended each joint

Vision

Instrument

Visual scanning

PC-Based version of the Trails A andeBts (Driving Health Inventory):
Asks participant to connect numbers, or letters and numibexs
sequential order while they are being timed

Visual closure

Motor-Free Visual Perception Test (Visuab@e subtest; Driving Healt
Inventory): Asks participants to determine which “urghed” figure
accurately resembles the “finished” figure

o

High and low contrast acuity

Scan Chart test (Driving Healthventory): examined the participants
visual acuity during high and low contrast conditiond at levels of 20/4(
and 20/80

Stereoscopic vision (Depth Perception)

Frisby Stereopsits Asks participants to determine which of four
figures has a “circle in depth” on a series of plastic cards difteeent
viewing distances

Divided attention; Visual processing

UFOV-Useful Field of ViewThe area from which one can extract visua
information in a brief glance without head or eye movemdm. [imits of
this area are reduced by poor vision, difficulty dividattention and/or
ignoring distraction, and slower processing ability.

al

Low contrast vision

Pelli-Robson Contrast Sensitivitgrticipants are asked to identify lette
at decreasing levels of contrast

IS

Strength

Instrument

Grip

Hand held dynamometer (force measuring device)

Plantarflexion (calf muscle)

Repeated single leg toe raises up%won each leg

Dorsiflexion (ankle muscle), Knee Extension

(Quadriceps — thigh muscle)

Hand-held dynamometer

Sit-to-Stand Time

Time it took each participant to cateb sit-to-stand-to-sit trials as fas
as they could (could not use their hands and arms to help)

t

Balance Instrument
Longest time the participant could stand on one leg
Cognition Instrument

Working Memory

Delayed Recall test (Driving Health InventoAgked participant to

remember and recall three words at a latter point duringdestin
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Driving Performance

Following the assessment of package loading aneéssgegress, subjects were asked to drive
a pre-determined loop within Rossmoor followed hyagproximately 5-mile course to
downtown Walnut Creek, CA, “as they normally wou(dée Figure 3-1). The course, which
began and ended at the Rossmoor clubhouse padtirajlbwed the subject to choose their
route to and from the downtown area once the\theftRossmoor gates (and after following
the prescribed route inside of Rossmoor). Subjeete asked to park in any downtown
parking space (within a pre-defined area showheoiton a map) and promptly return.
Subjects were told to return without parking ifylee unable to locate a space within 10
minutes. The driving course began with subjectkiog out of a parking space and included
numerous turns and lane changes. Driving perfocem&or the Rossmoor course and the
section from the gates to downtown Walnut Creek avadyzed for infractions based on a
more detailed modification of the California Depaent of Motor Vehicles Road Test

(scoring criteria located in Appendix B).
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Figure 3-1. Rossmoor driving route and location oflowntown Walnut Creek, CA

A global positioning system was temporarily mounti@the vehicle to monitor driving speed
and location of the vehicle. Additionally, invesitors utilized a four-camera “surveillance”
system integrated with a computer to monitor eatijest’'s automobile use before, during,
and after completing the driving course (see Fig4®). The cameras were attached to the
subject’s own vehicle using various clamps andisnatups. The subject drove alone in the
vehicle without anyone else present. Video datewealyzed at a later time for driving
infractions and physical movements of the driiefractions were judged simultaneously by

two investigators using scoring criteria develofarduse in the study (Appendix B).
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Figure 3-2. Camera views during driving assessment

3.2.2 Equipment

A mobile digital video recorder (Model 5308; Mardletworks, Ottawa, Canada) was used to
collect video data from 4 cameras and positionspegd data from WAAS-enabled
differential GPS (Model NCT-2030M; Navcom Techna&s). The video data were sampled
at 15 Hz per camera. For the first half of thelgfwe attempted to collect GPS data sampled
at 5 Hz, with a positional accuracy of 0.5 m. Plesition and speed of the vehicle were
automatically integrated and synchronized withwigeo data and “time stamped” on the
video output. Unfortunately, due to the locatidiRossmoor in Walnut Creek, CA (within a
valley) and the position of the available satedlibeer Walnut Creek during the daytime hours
of the summer of 2004, we were unable to collectisate and reliable GPS data. Therefore,

we used the camera that originally faced the rétreovehicle (see Figure 3-2) and we
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mounted it to clearly view the speedometer soweatould collect information on the speed
of the vehicle.

3.2.3 Data Analysis

This is a descriptive, observational and correfatictudy of a group of older adult subjects.

Descriptive statistics were used to describe tiifopaance of the participants.

A correlation matrix was created to examine thatr@hships between dependent (intake
examinations measures) and independent (drivinigymeance) variables. The Spearman rank

correlation coefficient was used for all comparison

3.2.4 Description of Participants

The participants in this study were on averagejeés old and 64% were retired at the time
of the study. Most participants drove at leastibad 7 days of the week and typically drove
about 120 miles during the course of one week. ithatehl demographics can be found in

Table 3-8 and in the Focus Group Report.

Table 3-8. Demographics of participants

Mean + Standard

Deviation
Average Number of Days Per Week Driven 5.9+ 1.6 days
Average Number of Miles Per Week Driven 118+ 71 miles
Number of Years the Participants Had Been Driving 58.8+ 7.8 years
Number of Years the Participants Had Lived in Razsm 8.7+ 6.5 years

Number of Years the Participants Had Lived in WalBueek,| 17.3+ 15.4 years
CA

The percentage of participants reporting spec#ialtth conditions can be found in Figure 3-3.
Of particular note was the percentage of partidgpanth arthritic conditions such as
osteoarthritis and rheumatoid arthritis (40%) whaight limit their ability to get into and out

of a car and manipulate controls in the vehicleafly all participants wore some type of
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glasses (35/36) and 45% required the use of hearitsy Although as whole, the participants
in this study were a relatively robust and highclioning group, they still presented with

many typical age-related disorders and diseases.
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Figure 3-3. Health status among patrticipants

Driving Confidence and Avoidance Questionnaires

A surprising number of participants reported soevel of driving avoidance behavior (see
Figure 3-4). Driving at night, in bad weather amdinfamiliar situations were the situations

that the participants reported avoiding most frexdiye Results included:

* 43% of participants reported that they sometimassorally avoid driving at night

* 28% of participants reported that they sometimesisually avoid making left turns
across traffic

* 38% of participants reported that they sometimesusurally avoid driving in bad

weather
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» 25% of participants reported that they sometimesally or always avoid driving on
high traffic roads

+ 39% of participants reported that they sometimssally or always avoid driving in
unfamiliar areas

» 14% of participants reported that they sometimesusually pass up opportunities

because of concerns about driving
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Driving at Night Making Left Turns  Driving In Bad High Traffic Driving in Opportunities
Across Traffic Weather Roads Unfamiliar Areas Because of
Concerns About
Driving

Figure 3-4. Participant responses when asked whidlipe of driving activities they avoid
and how often they avoid them.

Women reported less confidence in their drivindigbwhen compared to the men (Average
for men = 93/100 (Range = 81-100); Average for womer5/100 (Range = 37-100); t-test: p
=0.001) (See Table 3-9).
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Table 3-9. Participants confidence levels in theability to perform certain driving tasks

Median Score

Score Range

Driving Task

Driving at night Men = 10 Men = 3-10
Women =8 Women = 2-10

Driving in bad weather Men =9 Men = 5-10
Women =7.5 Women = 3-10

Driving in rush hour or heavy traffic Men = 10 Men = 7-10
Women = 8.5 Women = 1-10

Highway driving Men = 10 Men = 9-10
Women =9 Women = 2-10

Driving during long trips Men = 10 Men = 9-10
Women =9 Women = 0-10

Changing lanes on busy streets Men =10 Men = 7-10
Women = 8 Women = 4-10

Reacting quickly Men =9 Men = 6-10
Women = 8.5 Women = 3-10

Pulling into traffic from a stop Men =10 Men = 7-10
Women = 8 Women = 5-10

Making a left turn across traffic Men =10 Men = 7-10
Women =9 Women = 4-10

Parallel parking or backing into space Men = 10 Men = 7-10
between cars Women =8 Women = 2-10

Physical/Musculoskeletal Function Status

The older adults in this study had decreased rahgetion in their hips, knees, neck and

spine when compared to the norms for younger adults

» Participants had approximately°li@ss hip flexion compared to adults under theage

60

» Participants had approximately°li@ss knee flexion compared to adults under the age

of 60

* 50% of participants were unable to turn far enot@gbkee directly behind themselves

while sitting

o limited cervical and thoracic spine range of motion

Women had only 40% of the grip strength of men (Me&2+ 6 Ibs; Women = 13 5 I|bs)

and 60% of the thigh (quadriceps) muscle strenfithem (Men = 62.5% 15 lbs; Women =




39.5+ 9 Ibs).

Cognitive Status

All participants were screened for cognitive abpilitefore the start of the study and scored at
least 4 points above the minimum cut-off level ¢w tcognitive screening test (TICS).
Although the participants all passed the screeaiagn, 30% of participants had mild deficits
in working memory and 30% had serious deficits orking memory.

Visual Function Status

A surprising number of participants had deficitslimided and selective attention and directed
visual search tasks. Additional deficits in lowntast visual acuity and visualization of

missing information were also noted:

o 27% of participants had mild or serious deficitéaw contrast visual acuity

» 22% had mild deficits and 14% has serious defigitsvisualization of missing
information

* 78% had mild deficits and 6% had serious deficitdirected visual search

* 51% had difficulty with divided attention on the &gl Field of View Test

+  32% had difficulty with selective attention on tdseful Field of View Test

Driving Performance

The driving performance of 30 out of 36 particigawas evaluated for this report. Three
participants were not allowed to drive in the stbdged on very low intake scores or other
disqualifying criteria. Three other participantatd not be scored because of equipment
malfunction that impaired the ability of the invgsttors to accurately score driving
performance. Make, model and year of each paatntipehicle are listed in Table 3-1. The
results of the remaining 30 participants are dbedrin detail below.

54



3.4.5 Results: Rossmoor

Overall, participants made more frequent errothénRossmoor section of the course than
they did once outside the gates of Rossmoor. Wasa surprising finding considering that
most participants complained about “other drivénsRossmoor, but seemed unaware of their
own poor driving behavior. Five participants madécal errors during the Rossmoor section
of the course. These errors, if made during a Dd&mination, would have constituted a
failed road test and immediate termination of tkene. All critical errors occurred at three- or
four-way stops. The errors included failing topstfailing to yield right of way and driving

straight through an intersection from a turningelan

Four participants did not follow the prescribedteoun Rossmoor. When examining the four
participant’s working memory scores and cognitigeesning test scores, nothing of note stood

out from other participants.

Of particular note in both Rossmoor and in Walntgek were head turning errors. Upon
leaving the staring parking space in the clubhgasking lot, the majority of participants did
not fully scan behind their car before backing olihe turn out of the Rossmoor parking lot
onto the road is uncontrolled and there were aftenerous pedestrians in the immediate

vicinity. However, most participants made at least error leaving the parking lot.

Key results from the Rossmoor section include:

* 75% of those drivers who reversed out of the stgipiarking space did not fully look
through rear window before backing out
e 100% of those who pulled forward out of the parképgce made no scanning errors
* Many errors were made during turn out of Rossmaokipg lot:
0 90% did not fully stop before turning

0 43% did not scan the surrounding area adequately
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0 20% failed to slow
0 23% failed to signal
* 40% of drivers made head turning errors at stop santrolled intersections
* 67% of drivers made head turning errors during lgmnges
» 17% of drivers made head turning errors duringdyiel
» 13% of drivers made signaling errors at intersestio
* 23% of drivers made signaling errors during langngjes
* 57% of drivers did not fully stop at stop sign coiied intersections
* 13% of drivers did not follow prescribed route
* 30% of drivers did not adequately scan
» 37% of drivers sped

 17% of drivers made critical errors

3.4.6 Results: Open Road to Walnut Creek

Three individuals made critical errors during thalwit Creek portion of the test. Two of the
three individuals only made critical errors in Walnut Creek section, while one participant
made critical errors in both Rossmoor and Walnee®r Two of the three errors were failing
to stop the vehicle at a stop sign before makirighg hand turn. Both drivers failed to slow
the vehicle, come to a complete stop behind thesevalk, yield the right of way, or scan
appropriately at the intersection. Both driversareslowed down to below approximately 20

mph before making the turn.

The third critical error was by far the most damger of the entire study. This driver ran a red
light in downtown Walnut Creek and was completataware that he had done so. The light
had turned red well before the driver approachedrttersection. Examination of the video
focused on the driver’'s face showed absolutelyewitation or awareness that the driver had
just driven through the red light.

The majority of non-critical errors made by mosvers mimicked those observed during the
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Rossmoor section of the course. Head turning £(rast turning head appropriately to scan
and/or not checking blind spot) were the most fegquparticularly at intersections and during
lane changes. A little less than half of the dsve#emonstrated generally inadequate scanning
behavior during the Walnut Creek section of therseu Another type of error made

frequently was turning too wide at an intersecti@nce the driver had turned, they often did
not stay in the appropriate lane (they often turawed “drifted over” into the other lane).

Key points from Walnut Creek section include:

» 73% of drivers made head turning errors at intdises

e 77% of drivers made head turning errors during Emnges

» 20% drivers made head turning errors while parking

* 63% of drivers turned too wide

* 17% of drivers failed to signal at intersections

» 17% of drivers failed to signal before changingelan

» 23% of drivers failed to signal during parking/jpudj out

* 20% of drivers rolled through stop signs

* 43% of drivers inadequately scanned during drive

» 17% of drivers sped during drive

* 17% failed to have two hands on wheel during atirofe

* One driver performed a self-distracting activityiletdriving (looking at map, misses
light turning green)

* 10% of drivers committed critical errors
3.4.7 Results: Overall Driving
Overall, seven participants would have failed a DM¥d test because they made critical
errors in Rossmoor and/or Walnut Creek. Additignalur driving performance evaluators

scored those seven patrticipants as well as oné@uaiparticipant as “people they would not

ride with in a vehicle” due to unsafe driving beluas.
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Two interesting observations were made in a nurabparticipants with respect to usability
issues. First, 20% of participants rested themndsaduring driving on the central steering
wheel spokes instead of gripping the wheel its€tis seemed like an odd hand placement,
and potentially unsafe if the airbag were to depl@yditionally, hand placement on the
spokes would increase the force required to agtiadh the wheel. The second observation
of note was that several participants (20%) fretlyerilized tissues during the course of
driving. This was sometimes a distracting actiigcause they would have to reach for the

tissues and did not seem to have an adequatetplatare and dispose of the tissues.

The most frequent errors that were made by nedlirtirigers were related to head turning and
scanning activities. This was not surprising, gittee number of participants with limited
neck and torso flexibility and decreased visuatadeand divided attention abilities. A
logistic regression model was used to determinehvimtake examination measures were
associated with head turning errors. The mainipt@dof head turning errors at intersections
was failing the seated head turning task duringriteke examination. Those drivers who
could not identify an object within five secondsanomputer screen placed ten feet away
directly behind them, had a 5.6-fold increased ofsknaking head turning errors at
intersections. Those drivers who failed to loolkyfthrough their rear window before backing
out of the parking space, had significantly lessknange of motion compared to those who
did look appropriately (Mean neck rotation avaiiafir those who turned appropriately =64

Mean neck rotation available for those who didtnoh appropriately = 56 p = 0.046).

3.4.8 Results: Ingress/Egress and Loading of Packages

Individual ingress/egress performance and loadirgaokages for all drivers is compiled in
Appendix B. The majority of participants loadedtbthe suitcase and the grocery bag into the
trunk. The drivers who did not use the trunk tgtlic placed the items on the floor of the

backseat. No one used the front passenger sidad@ackages.
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Participants had the least difficulty getting ithe driver seat. Getting out of the driver seat
and into the rear passenger seat were the nextdifibstlt ingress/egress tasks. Nearly all
participants had some difficulty or used alteredtsgies compared to young adults when

getting out of the rear passenger seat (91%).
Key results include:

Suitcase Loading

» 70% placed the suitcase in the trunk
» 21% placed the suitcase on backseat floor

» 9% placed the suitcase on backseat

Grocery Bag Loading

* 64% placed the groceries in the trunk
» 21% placed the groceries on the backseat floor

» 15% placed the groceries on backseat

Ingress
* 28% had difficulties getting into the driver seat
e 67% had difficulties getting out of the driver seat
* 65% had difficulties getting into rear passenget se
* 91% had difficulties getting out of rear passersgat
* Required the use of one arm/hand during ingresserdseat = 12%, backseat = 32%
* Required the use of one arm/hand during egresserdseat = 24%, backseat = 23%
* Required the use of two arms/hands during ingrelssver seat = one person, backseat
= 9%

* Required the use of two arms/hands during egrdsser seat = 9%, back seat = 14%

3.4.9 Limitations of the Study

A major limitation was the use of a relatively shaald high functioning convenience sample,
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which limits the power and external validity of thieidy. Unfortunately, given the risks
involved with conducting an open-road driving stuhd the large amount of time needed for
data analysis, our options were limited. Althodigh video technology allowed us to perform
a less intrusive assessment of driving performakmaywledge of the equipment may have
affected performance. Use of the subject’s ownalelallows the driver to perform in a
naturalistic setting, but does not allow for a diadized view from the video cameras.
Similarly, use a non-standardized driving rout&alnut Creek and at different times of day

meant that subjects may have encountered diffei@ribg situations.

4.0 CONDUCT DRIVING EXPERIMENTS

4.1 Introduction

In Section 2.0, the case is presented that oldeerdrare over represented in LTAP/OD
crashes (left turn across path with opposite doadraffic). Specifically, older drivers may
have difficulty judging the speed of other vehicdesl available time to turn in front of

oncoming vehicles.

One possible solution conceptualized at CalifoRAd H is an in-vehicle message for a
LTAP/OD gap advisor. This stems from research ootetl under the Intersection Decision
Support (IDS) project, conducted under the ausmédise Infrastructure Consortium (IC).
The IC is comprised of the US Department of Transpion (DOT), California DOT
(Caltrans), Minnesota DOT, and Virginia DOT. TISI project addresses the application of
infrastructure-based and infrastructure-vehiclepevative systems to address intersection
safety and is the predecessor to the US DOT, liméretsire Consortium and Collision
Avoidance Metrics Partnership (CAMP) Cooperativietsection Collision Avoidance System
(CICAS). (For more information on CICAS, see tkeeand initiative under

<http://www.its.dot.gov/press/Initiatives4.htm) PATH is a research participant in both the
IDS and fledgling CICAS programs and the institntinost focused on LTAP/OD.
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In IDS, our emphasis has been LTAP/OD warning ftbeinfrastructure. However, in
concepting alternate messages to make left tureis ewore safe for older drivers, we have
considered a more salient on-board message. Mas gse to the LTAP/OD display used for

Toyota GapAdvise.

How would such a system work? The subject vel{i8\é) — or the vehicle equipped with the
Toyota GapAdviseTAP/OD warning system — approaches the intersectilt has a
(permissive) green signal, but there is no lefh tamrow or protected cycle, so the driver slows
down to a stop to check if it is safe to make atlai onto at the intersection. The SV driver
may be older or otherwise not able to easily juithgespeed or location of this approaching
traffic, making it hard to decide whether or notumn. While the SV driver is trying to
determine whether the left turn is safe, other aleki(“Principal Other Vehicles” — POV) are
approaching the intersection with the intent ofgeeding straight. Therefore, intermittent

gaps, some safe and some not safe may be present.

In order to help the SV driver prevent a collismmear collision, the PATH IDS system
issues a warning to the SV driver by illuminatihg tlynamic “no left turn” sign — or the
Toyota GapAdviseTAP warning system provides a similar in-vehiglarning. These are the

alternatives we studied in this task.
4.2 Research Questions

In exploring the concept of an in-vehicle gap adwsgstem, this study addressed the following

four research questions:

What is considered an unsafe gap?
When should you give the warning to be effectivenfituencing the drivers’ decisions?

How should the warning be given?

0N PR

How effective might the system be in reducing thenber of unsafe turns?

In order to define what an unsafe gap is, we mrstdiscuss how to measure gap. The term
gap (either measured in distance or time) is mostnadiged in the literature to refer to the

space between the rear bumper of one vehicle aniaht bumper of the next where the
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vehicles are traveling in the same direction. Tlnaen the turning vehicle’s point of view,
there could only be a gap in traffic between twoaming vehicles. While this is the case
sometimes, it cannot be used to describe all pess#dses experienced while driving.
Occasionally the terdag (again either in terms of time or distance) haanbéesed in the
literature to describe the space between the bromiper of the turning vehicle and the front
bumper of an approaching vehicle. Finally, fromraersection-centric point of view, all
vehicle movements might be described in termioftime to intersection) ai2i (distance to

intersection).

Unfortunately, none of these terms adequately destihhe nuances associated with having
two moving vehicles. For example, if we were tsatée the vehicle movements in terms of
lag, the value and interpretation changes as thieles approach the intersection. Thus, a lag
of 3 seconds where the turning vehicle is alreadij@intersection is entirely different than a
lag of 3 seconds where both vehicles are stilsé&onds away from the intersection. To
eliminate this problem, we introduced the concétailing buffer. The trailing buffer

roughly equates to a measure of spare time. Asguthe turning vehicle is going to complete
its turn in front of the oncoming vehicle, how musgare time would remain before the
oncoming vehicle reached the intersection? Giltiernvery preliminary and conceptual nature
of this study, trailing buffer was intended to Ihadsed from the range of nobody would turn in

front of the approaching traffic to everybody wotddn.

The second research topic relates to the questidaasion point. At some point during the
approach of the turning vehicle, the driver mustidie whether there is time to turn, or
whether s/he must stop at the intersection andfaaihe approaching traffic to clear. Any
advice or alert given by a system should coinciih this decision making process.
Warnings that come too late carry the risk of begrgpred because the driver has already
committed to the turn and might not have time tegnate the warning and change his or her
behavior. Warnings that come too soon might ba asea nuisance, especially if the driver

disagrees with the system’s assessment of thdisiua
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Ongoing PATH resear¢hhas examined the decision point issue by obsediivgrs making
left turns in an urban environment setting. Asvain Figure 4-1, as the turning vehicle
enters the left turn lane, it is impossible to teflether that vehicle will turn without stopping,
or stop and then turn based on the speed trajeatong. However, around 20-25 meters from
the stop bar, two clusters of speed trajectoriesine noticeable: those that intend to stop
(Trajectory 4), and those that intend to turn withstopping (Trajectory 1). This evidence
suggests that the decision point lies in the rari@®-30 m from the stop bar.

Left turn lane Stop Bar V ", R Middle of Intersection
(™

‘—Trajectory 1 — Trajectory 4 ‘

Figure 4-1. Intersection Approaches: Turned Withot Stopping vs. Stopped Before Turn.

The final research topics, how to implement theehicle warning and how effective such a
warning might be, were not intended to be the prynfiacus of this study, but they are

nonetheless addressed by virtue of creating atiddges prototype gap advice system.

14 Cody, D. (2004).Intermediate summary of IDS (intersection decision supfiett) test results.Presented at
the IDS Quarterly Meeting 9/26-9/29 in Minneapolis, MBerkeley, CA: California PATH.
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4.3.1 TestPlan

4.3.2 Overview

The goal of this experiment was to observe driveAR/OD behavior with the introduction of
a conceptual in-vehicle gap advice warning systé&ime conceptual system would evaluate
the speeds and distances of the vehicles apprapttierintersection and provide an alert to
the driver if it was deemed unsafe to make a teft tn front of the oncoming vehicle. During
the experiment, the SV approached the interseeti@pproximately 20 mph with instructions
to make an unprotected left turn at the intersadii@., the SV has a green light but must yield
the right of way to oncoming traffic). The POV apached the intersection from the opposite
direction at approximately 25 mph. The arrivatlod vehicles (the available gap to turn in
front of the POV) and the timing of the warningsrevgaried in the experiment.

4.3.2 Test Participants

Twenty licensed drivers in two age groups, ten gaur{20 to 38 years old, mean of 28.3) and
ten older (65 to 84 years old, mean of 75.2), pdied in this experiment. Within each age

group, there were five men and five women drivéRarticipants were recruited through email
advertisements placed on various UC Berkeley stugailing lists and a “Resource Center on

Aging” (see <http://ist-socrates.berkeley.edu/~agkghonthly newsletter. There was no

overlap between the test participants in the fggosp and the participants in this test. All
subjects were paid a nominal $30 for their paréitign regardless of their performance in the

experiment.

Based on the responses to a background questientt@rmajority of the test participants
regularly drove small to midsized sedans or wagsmnsh as the Toyota Corolla or Honda
Accord. Ten percent of the participants drove $®EN’s, such as the Honda Element or
Suburu Forester, and twenty percent drove largsrstech as the Buick Century or VW
Passat. As shown in Table 1, younger drivers tegatriving less than 5000 miles per year
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more often than older driver, which most likelyleets the younger driver sample population
being weighted towards urban university graduatdesits.

Table 4-1. Annual mileage

Annual Mileage Younger Older
< 5000 40% 20%
5000 - 10,000 40% 40%
> 10,000 20% 40%

As shown in Table 4-2, most of the driving time younger drivers was spent on freeways,
with the rest of the time split between urban amolsban settings. Older drivers were more
varied, spending most of their time in urban drvirNeither age group spent much time on
rural roads. Overall, these results are not insterst with the mix of roads in the San

Francisco Bay Area.

Table 4-2. Driving habits by driving environment

Younger Older
Female Male Mean Female Male Mean
Freeways 52% 42% 47% 41% 21% 31%
Urban 20% 34% 27% 45% 45% 45%
Suburban 20% 18% 19% 9% 31% 21%
Rural 8% 8% 8% 4% 3% 3%

Tables 4-3 and 4-4 show the mix of day vs. nightidg and familiar vs. unfamiliar
destinations. Younger drivers reported slightlyrenoight driving with a mean of 40 percent
of their time spent behind the wheel at night, whiie older drivers only averaged 30 percent.

Similarly, younger drivers were also more apt witwinfamiliar destinations, than were older

drivers.
Table 4-3. Driving habits by time of day
Younger Older
Female Male Mean Female Male Mean
Day 57% 63% 60% 61% 78% 69%
Night 43% 37% 40% 39% 22% 31%
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Table 4-4. Driving habits by destination

Younger Older
Female Male Mean Female Male Mean
Familiar 79% 59% 69% 81% 77% 79%
Unfamiliar 21% 41% 31% 19% 23% 21%

About 40 percent of older drivers and 70 percertoainger drivers reported that urban/city
driving was “sometimes difficult.” Regarding thectors that cause the most difficulty in
driving, 65 percent reported “other drivers,” 453qant reported “intersection complexity,”
and 35 percent reported “pedestrians.” Left tumoss path with opposite direction traffic and
freeway merging were most often reported as the ditiscult driving maneuvers when it

came to estimating vehicle speed.

4.3.3 Experiment Design

Overview

Two factors were manipulated in this experimente Tirst factor manipulated was the arrival
of the SV and POV to the intersection, which trated time available for the SV to turn in
front of the POV. The second factor manipulated W warning timing, the point during the
SV’s approach to the intersection, at which, thenivey was given. The speed of the SV was
fixed at 20 mph and the speed of the POV was fat€tb mph; however, as both of these
speeds were human controlled, variations were eéggdietween trials. The mean SV
approach speed was 20.5 mph ranging from 16 to##® nihe mean POV approach speed
was 24.4 mph ranging from 21 to 29 mph.

Trailing Buffer (Spare Time)

The arrival to the intersection of both the SV &V were described using the concept of
trailing buffer measured in seconds. This caleotatoughly equates to a theoretical
projection of how much spare time would remairng 8V made a typical turn in front of the

POV. Thus for any given SV position, the predidiedling buffer could be calculated by

66



subtracting the SV time to clear the intersectimmfthe POM2i. In this calculation it is
assumed that the POV will maintain its current gpdekewise, the SV will maintain its
current speed until it decelerates to a turningdpthen continue through the intersection at
its turning speed. A regression of trials at theSRntersection showed that the typical SV
turning speed was 13.18 mph (5.89 m/s), and thealydeceleration rate was 0.16 g

(1.61 m/s/s). Using this model, the typical tughtrme for the RFS intersection (the time from
SV d2i equals zero to the time the SV rear bumfears the intersection) was predicted at
2.85s.

In interpreting the trailing buffer, a positive ual =1
(Figure 4-2) would indicate that the SV’s rear bemp g_':
cleared the intersection before the arrival ofRi@/. ‘;i
For a nominal POV speed of 25 mph and a 10-meter %l

\E)

wide intersection, a trailing buffer between -3l a

0 seconds would indicate a very close call or a
potential collision. Trailing buffers less tharoalb

-3.5 seconds would indicate that the POV cleared th

intersection before the SV’'s arrival. For this

RC
=

experiment, three nominal target trailing buffedsb,

-0.5. and 0.5 seconds, were used Figure 4-2. Positive trailing buffer.

Warning Timing

There were four conditions relating to the warrtinging used in the experiment. First, there
was the possibility that no warning would be givena particular trial. Otherwise, warnings
were given in terms of three SV distances to ieiien stop bar (outer crosswalk line): 16,
24, 0r 32 m. Atan SV speed of 20 mph, these galoeghly translated to 2, 3, and 4 seconds

to the intersection stop bar.
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Summary

A total of four practice trials and twenty-four tesnditions or intersection approaches were
completed for each driver. Table 4-5 shows thebmmof trials for each combination of
warning point and target trailing buffer. A wargiwas not shown when the trailing buffer
value was equal to or exceeded 0.5 seconds asdkialmost universally considered a safe
turning condition in pilot testing. Similarly, aanning was always shown when the predicted

trailing buffer was less than -1.5 seconds.

Table 4-5. Number of trials for each test conditin.

Trailing Buffer Warning Point
16 m 24 m 32m No Warnin
-15s 3 3 3 0
-0.5s 3 3 3 3
0.5s 0 0 0 3

4.3.4 Test Materials and Equipment

Test Vehicles

The test participants drove the California PATHrasented Ford Taurus sedan, model year
1998 (see Figure 4-3), which was designated a®theor the vehicle making the left turn at
the intersection. The POV was a white 1996 Buielsabre, driven by a confederate driver.
The Taurus was outfitted with a video recordingelys a vehicle data recording system, a
laptop dedicated to the DVI (driver-vehicle intexdy, and an off-head, video-based FacelLab
eye tracking system (running software versiont3pwever, the only instrumentation visible
to the driver were the two cameras mounted on ésélbard for the eye tracking system, and

the display used for the DVI.
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Data Recording System

Eye-Tracker
Cameras

In-Vehicle Display

Figure 4-3. California PATH instrumented Ford Taurus sedan.

The DVI used to display the in-vehicle warnings \wag’ LCD display (Xenarc Model

700YV), mounted in the high center position as shawfFigure 4-4 in an attempt to
approximate the position of a typical navigatiostsyn display. The no-left-turn sign shown
on the screen for the visual warning had the charigtic of looming, i.e., the red circle and
slash portion of the graphic increased and decdeaseidth by about 20 percent at a rate of
about 2 Hz. This gave the impression of a flasleffigct, helping to attract attention to the
display, without ever having the no-left-turn warqidisappear. The audio portion of the DVI
was played through the displays speaker with thenwe adjusted to a comfortable level for
each driver. The sound used to indicate an urgggdavas a pair of 2000 Hz tones at a 200 ms
cadence. All of the information displayed on treufius DVI was received via an 802.11b
wireless link from the infrastructure. The vehiblesed sensors, such as the radars, were not

used to calculate or display warnings on the DVI.
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Figure 4-4. DVI mounted in the Taurus displaying he No-Left-Turn Warning.

Test Intersection

The experiment was run at the UC Berkeley, RFSligéat Intersection. This intersection is
a typical four-leg intersection with one lane ircleairection (no left or right turn lanes). The
approach from the POV direction was approximat@@Qlmeters, while the approach from
the SV direction was approximately 100 meters.ngsi suite of in-pavement magnetic loops,
3M microloops, and EVT-300 radars, and 802.11bles®links to the vehicles, a roadside
PC-104 monitored the SV and POV speed, distanckaeceleration continuously during each
trial. The roadside PC-104 then rebroadcast theenration along with a determination of any
warning conditions to the SV over the 802.11b weissllink. The traffic signal was kept in the

green phase for the SV and POV throughout eadh tria
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4.3.5 Experimental Protocol

Test Activities and Sequencing

Upon the arrival of the test participant, s/he geeeted and asked to read and sign a consent
form and fill out a background questionnaire (biothppendix C). They were then seated in
the instrumented Taurus and asked to adjust theregeors, and steering wheel to a
comfortable position. The eye tracking system waibrated for the driver, and the sequence
of the experiment was explained step-by-step iaidt the driver (see Table 4-6).

Throughout the experiment, the experimenter stierrear passenger seat of the Taurus.

The arrival of the vehicles at the intersectiord(anbsequent trailing buffer) was manipulated
by adjusting the start time of the SV relativehe start time of the POV, which was controlled
by the roadside PC/104 computer stack. The POXédstarted each trial by sending a signal
to the roadside computer, which in turn, startedantdown, sending a start signal to each

driver at the appropriate time. To the SV dritbg start signal seemed to come at a random
time between 10 and 15 seconds after the expermeadioed that the SV was in position and
ready. The trial was considered completed afeetdist participant completed the left turn.
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Table 4-6. Typical trial sequence.

Activity Sequence

Driver Instruction

DVI

1. Line up vehicles

The test participant parksShe
approximately 80 m from the
intersection and waits for the start
signal. (The POV parks 260 m
from the intersection.)

Trial Completed

2. Safety check The experimenter radios that SY _
. . eturn to Start
in position and ready to start when
the track is clear.
3. POV driver starts| The POV driver initiates the start
the trial of the trial by sending a signal ove
the wireless network to the
roadside PC-104.
4. POV receives thel The POV driver accelerates up tg
start signal 25 mph towards the intersection.
5. SV receives the | Upon hearing the phrase “Left WronDrve
start signal Turn Ahead” spoken by the DVI,

the test participant was instructeg
to accelerate to 20 mph, drive up
the intersection, and make a left

—

3 J_

Crow Drive

turn.

.

Ahead:

.

300 ft

A Lakprive | ‘

Audio: “Left Turn Ahead.”

5. SV receives the
unsafe gap alert

At the designated warning point
for the trial, the SV displayed a
warning based on the trailing
buffer. The DVI unsafe gap
warning screen change was
preceded by “beep beep” sound {a
alert the driver. The warning
screen consisted of a looming nof
left-turn sign and a countdown bgr
representing the POV distance tg

intersection.

_
.

Ahead:

n
.

0 ft

Vehicle Approaching
—

Audio: “Beep Beep”

6. Trial completed

After the SV has made its leftt
the trial was completed, and the
experiment asked probing
guestions about the trial.

(Same as Activities 1-4)
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Practice Trials and Instructions to Drivers

The test participants were instructed to approlhehrtersection at 20 mph and make a left
turn as they would normally. They were instrudi@turn in front of the oncoming vehicle if
they felt it was safe and appropriate, whetheradranwarning was present. Warnings were to
be treated as advice. The test participants alecediscouraged from speeding up faster than

20 mph in order to beat the oncoming vehicle.

Four practice trials were given before the statheftest. The first two practice trials were
given without the DVI unsafe gap alert, simply &miliarize the drivers with the trial

protocol, the intersection layout, and the handbhthe Taurus. The second two practice
trials added the concept of DVI warnings. Bothwaning and its meaning were described to
the drivera priori, and thus, the drivers were not required to bjindierpret the meaning of

the device.

Post-Trial Probing Questions

After each trial, the test participant was asked probing questions by the experimenter.
1. Did you think there was enough time to turframt of that car?
Responses were coded as follows:
a. Driver answered yes, and turned in front of B@V.
b. Driver answered yes, but stopped to let the Pais.
c. Driver answered maybe, if s/he was in a huoyt, stopped to let the POV pass.
d. Driver answered no, and stopped to let the P@ss.

2. When the warning came, did you feel it wasyedate...?

Responses were coded on a scale of 1-5 with 1 bemegarly, 5 too late, and 3 just right.
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4.4 Results

4.4.1 Trailing Buffer

For each trial or intersection approach, there i@oepossible outcomes, the driver could turn

in front of the oncoming vehicle or stop and wait it to pass. If the driver chose to stop, an

opinion was solicited as to whether the driver tifduthere was enough time to turn after the

fact. Figure 4-5 depicts these results broken dioyhalf-second increments of trailing

buffer. Thus, when the trailing buffer was gredbem 1.0 seconds, almost all drivers turned

in front of the oncoming car. When the trailingfieuawas between -1.0 and -0.5 seconds, 40

percent of the time, drivers thought there wasematugh time to turn; and 60 percent of the

time, drivers thought there was enough time to.tiiowever, the turn was actually only

made a little less than 30 percent of the time.

100% I
90% 1 1 { 1 1 | — — —
80% — - 1 1 1 1 — 1 1 1 1 1
70% +— — 1 1 — | — = = 1 1
60% — — | 1 1 | — 1 1~ 11— 1
5% —+ - 1 1 1 — 1 1~ 11— 1
40% — — — F | — — 4~ 1 1~
30% — - 1 1 — 1 11—
[0 Stopped: Not Enough Time to Turn
20% H H —H 11+ —— —1| [ Stopped: Might Turn if in a Hurry —
l B Stopped: But Could Have Turned
10% 4 1 1 | — [ || ESV Turned —
O% T T T ! T T T T T T |_| T |_| T |_| T |_| T |_| T |_| T
X X
TSI S N N N N R A S R &

Average Predicted Trailing Buffer (sec)

Figure 4-5. Decision to turn as a function of trding buffer.

As shown in contrasting Figures 4-6 and 4-7, younlgeers were slightly more aggressive

than older drivers with a higher percentage ofgureing made in the -2.0 to the -0.5 second

range. However in the -0.5 to 0.0 second traibioffer range, older drivers made the turn
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more than 50 percent of the time, while youngeretd made the turn only about 35 percent

O Stopped: Not Enough Time to Turn
O Stopped: Might Turn if in a Hurry
B Stopped: But Could Have Turned
E SV Turned

Q

22 2% 22 2% A% A% 9P o P A WP S 8§ L8

of the time.

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

0%
b‘gx*
Average Predicted Trailing Buffer (sec)

Figure 4-6. Decision to turn as a function of trding buffer for younger drivers.
100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
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O Stopped: Not Enough Time to Turn
O Stopped: Might Turn if in a Hurry
B Stopped: But Could Have Turned
E SV Turned

Q

X
W8 oY a? a® 8% A P W NP S 8 R 8

Average Predicted Trailing Buffer (sec)

Figure 4-7. Decision to turn as a function of trding buffer for older drivers.
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4.4.2 Warning Timing

It was theorized that the decision of whether ta tar to stop and wait for the approaching
vehicle to pass occurred somewhere between 20@ndfBom the stop bar for a typical 25

mph intersection approach. The values testechiom-vehicle alert were 16, 24, and 32 m
from the stop bar. After each trial, the driversrevasked to rate the timing on a scale of 1 to 5
with 1 being too early and 5 being too late. Theamratings are summarized for each

warning point in Table 4-7; however, the differema@ mean ratings were not very large.

Table 4-7. Drivers’ mean rating for each warning int

Warning Point Mean Rating Young Older
16 m 3.37 3.28 3.49
24 m 2.94 2.95 2.92
32m 2.59 2.38 2.85

Figure 4-8 shows the same data in a slightly dfiexvay, breaking out the percentage of time
each warning point was rated in each category, stipthat, overall, drivers were fairly
insensitive to the variations in warning point.cEavarning point tested was rated as “just
right” 50 to 65 percent of the time. However, flem warning point was rated as late almost
40 percent of the time, while being rated earlg lésn 10 percent of the time. Conversely,
the 32 m warning point was rated as early at [8agtercent of the time, while being rated late
less than 10 percent of the time. The middle waypioint, 24 m, was equally rated as too
early or too more equally, being too late aroungh&feent of the time and too early about 25

percent of the time.

As shown in Figure 4-9, there was a pronouncedeéfiget on the warning point. Overall,
older drivers preferred the warning to be giverdieathan younger drivers. The older drivers
rated the latest warning point (16 m) as beingditeost 45 percent of the time, as compared
to younger drivers who rated this condition as 9éate only 30 percent of the time. Similarly
for the earliest warning point (32 m), younger drivrated this condition as early almost 50

percent of the time, whereas older drivers onlgdat as early 25 percent of the time.
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Figure 4-8. Percentage of driver responses by waing point.
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Figure 4-9. Percentage of driver responses by wairng point and age.

The analysis of the driver ratings of various wagnpoints provides a subjective evaluation of
the warning timing. One possible objective measwrald be a comparison of the warning
point to the braking point. As shown in Table 4a8ypical driver began braking 16.9 m from

the stop bar when intending to turn in front of tmeoming vehicle and no warning was
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present. When the drivers intended to stop anithéebncoming vehicle pass, the mean
braking point was slightly earlier, near 19 m frtme stop bar. Older drivers typically began
braking earlier, around 20 m from the stop bar |efounger drivers began braking later,
around 18 m from the stop bar. The warning poadt little to no influence on the braking
point. Given that braking typically started beftine 16 m warning point, this analysis would
suggest that the 16 m warning came after the dhadralready made a decision, and thus,
came too late. Assuming the SV was traveling anp@ (9 m/s), the 24 m warning came just
under a half-second before the typical older drbegan braking, suggesting that this
condition at least had a chance to influence the=ds initial decision.

Table 4-8. Drivers’ mean braking point.

Condition Mean Braking Point in Meters from the Stop Bar (slel.)

Overall Younger Drivers Older Drivers
No Warning / SV Turned 16.9 (5.1) 16.3 (5.6 176 4.5)
Warning Present / SV Turned 16.4 (5.9 153 (6.) 771 (4.7
16 m Warning / SV Stopped 18.8 (4.8 17.8 (4.6) 020, (4.9)
24 m Warning / SV Stopped 18.9 (5.3 17.6 (4.9) 120, (5.5)
32 m Warning / SV Stopped 19.5 (4.0 19.1 (3.7) 919, (4.2)

4.4.3 Warning Format

The goal of this study was not to design the peifegehicle gap advice warning system, but
to create and test the concept of such a systance o system like this exists as a reference
point, the prototype system was designed to sirhplld off familiar technology and systems.
The gap advice system was presented as an exténgtom navigation systems already in
some vehicles, and thus the visual portion of taemimg appeared in the context of a
navigation system screen. The auditory warning simplistic “beep beep”, was presented as
a tone alerting the driver to the emergence of ianiwg on the navigation screen. The main
comments about the warning interface centered drplacement of the display and use of the

auditory tone.

Most of the drivers commented that the visual infation was too low to be seen. During the
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intersection approach, most said that they felteexély uncomfortable taking their eyes off
the road and, specifically, off the oncoming vehiclThus, almost no glances to the in-vehicle
display were made during the trial. Several devierther explained that they were in the
habit of visually tracking the oncoming vehicle base of its unpredictability. In an urban
environment, the oncoming vehicle may suddenlygouits turn signal or slow or stop for any

number of reasons, allowing an opportunity to turn.

As for the auditory warning, drivers commented ahtsulack of specificity, lamenting that
the noise could have come from any one of a nummbgystems having nothing to do with a
left-turn warning. Additionally, many drivers coremted that they would not really want a
car that beeped at them at every intersection. eéxew this last comment should be taken
with a grain of salt, as the drivers in the expemtperformed 54 consecutive left turns in the
space of 2 hours, and thus experienced the wawithga frequency unlikely to be matched in

any conceptual real world driving scenario.

4.4.4 Warning Effectiveness

Although this experiment put drivers into a highbntrived situation where they were making
the same left turn over and over again for aboutaur, one measure of the system
effectiveness was to compare the percentage of taade for a given trailing buffer when no
warning was present (see Figure 4-10) versus treepege of turns made when there was a
warning present (see Figure 4-11). Comparing tgesghs, there was a reduction on the
order of 10% in the turns made in front of the onowy vehicle for trailing buffers between -
1.0 and 1.0 seconds. (Note that for trailing nsffess than -1.0 seconds, there were too few

samples in the “no warning” category to allow anuxate comparison.)
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Figure 4-10. Decision to turn as a function of tréing buffer with no warning.
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Figure 4-11. Decision to turn as a function of tréing buffer with warning present.

Note: An * indicates that the number of samplesaftrailing buffer bin was less than 5.
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4.5 Discussion and Limitations of the Results

One glaring issue with the interpretation of thessaults is the fact that drivers made turns
even though the predicted trailing buffer was bss zero. Negative values for the trailing
buffer mathematically indicate a close call or hagitlision potential; however, the trailing
buffer is just a prediction. In actuality, the v&@és may slow down, or speed up, or otherwise
fail to follow their predicted path, thus alteritige outcome. When comparing the predicted
trailing buffer with an estimate of the actual lireg buffer, there was a standard deviation on
the order of a half-second, meaning that the pteditailing buffer, currently in half-second
bins, has the potential of being a half-seconcediffit from the actual outcome.

Furthermore, this variance may further be compodrxethe measurement errors present in
the estimate of the actual trailing buffer, whicasabased on the assumption of a 2.85 second
turning time. Although attempts were made to arynieasure vehicle movements inside the
intersection box, none of the sensors used wengaecenough to capture the behaviors of the
drivers. As an example, one solution to decreagésdurning time (thus increasing the

trailing buffer) was to cut the corner. A centeelito centerline turning arc requires 16.8 m of
travel to clear the intersection. Cutting the eommight shave off 4 or 5 m of travel, easily
providing an extra half-second or even secondastirig buffer.

From these results, it is clear that the trailinffdr as situational description and the
associated model used to describe driver turnihgaer are not without flaws. One

important lesson learned is that drivers routimeéke turns that might be considered as or
result in close calls. Even in the turns made withsmallest trailing buffers, the largest
deceleration (if any) seen in the oncoming car erathe order of 0.09 g. The POV drivers,
when informally probed, would typically commenttladéthough there were some aggressive
turns made by the subject, there was nothing otlteobrdinary. Further research is needed to
develop the trailing buffer concept and model anddrrelate the predicted trailing buffer with

SV and POV driver ratings on the aggressivenessmifort level of the resulting turns.
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5.0 RECOMMENDED IN-VEHICLE DESIGN

Our recommended in-vehicle design is predicatetheriact that the near future will see a
very substantial increase in the number of oldeweds on U.S. highways. Older drivers
represent a higher crash risk, and both older dyigad their older passengers experience
increased susceptibility to injury in the eventafrash. Hence, as a higher-level
recommendation, in order to extend safe drivingyéar older drivers, is that injury
prevention programs might focus their efforts alueng intersection cross-path collisions,
since older drivers are over-represented in crggsath collisions. Non-fatal crash rates, as
well as the rate of right-of-way violations andffiasignal violations, are also higher for

drivers over age 65 than for drivers age 30-64.

The most common cross-path collision types fordlderly, in decreasing order, are “Left
Turn Across Path- Opposite Direction” (30%), “Sgtati Crossing Path” (28%), and “Left Turn
Across Path- Lateral Direction” (20%). In bothhrigand left crossing path collisions, older
drivers are more often controlling the turning wéhirather than the vehicle proceeding
straight. Similarly, older drivers are cited foaffic violations in cross-path collisions more
frequently than adults age 30 to 64. Previousareseidentifies both cognition and perception
errors as the primary cause of misjudgment atsetgions.

Our research has yielded further specificity, hosvevConsider results from the focus groups

and observations and olioyota GapAdvisexperiments:

5.1 Focus Groups and Observations

Table 5-1 summarizes the major recommendationsigtetom the four focus groups. The
problem areas are divided by category as deschibied preceding section, and the
recommendations are grouped by difficulty of desigd implementation of the proposed
change. While not absolute, problems are rankeuh iapproximate order of importance as

subjectively identified during the focus group $ess.
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In general, level one solutions focus on redesigrebicle components or on changes that are
already available in some models, such as impraviegrs, minor adjustments to displays or
radios, and mechanical seat adjustments and clhaaisors. Improvements involving more
complicated electronics or major structural chartgeshicle design fall into the second
category, and these include redesign for blindssglatt trunks, and automated or
electronically adjustable features, among othesmenendations. Level three solutions
typically involve intelligent transportation systéiiS) or GPS-based solutions, which

integrate enhanced driver information into automadéhicle navigation or alert systems.

We recommend that future research include the desid possible deployment of prototype
vehicles incorporating different level solutions field tests with older drivers. Because of the
high cost and uncertain demand for some techndogies possible that the marginal benefits
of level one solutions may be the most cost effedior older drivers. Because many drivers
also had difficulty with merging, another area ttleserves future study is merging and
turning behavior, perhaps through a merge assidy stith technology development and

interface assessment.

Although our sample population of older drivers walgtively robust and most likely higher
functioning than the average population of oldarltsgd most drivers in the study made several
driving errors which could affect safety. The mosinmon type of error involved inadequate
turning of the head while backing up, scanningrggetions and making lane changes. Those
individuals who had limited head/neck/torso mobpjlperformed these errors more frequently
than those with adequate range of motion. Ourrebsenal analysis of driving performance
confirm the findings from the focus groups whiclggest that blind spots, difficulties
changing lanes, and concerns about hitting obgatk as a curb or pedestrian were among
the most important problem areas mentioned by attrgppants. Recommendations for
vehicle modifications include that might address thduced neck and torso mobility include:
mirror redesign, increased visibility through pilend window reconfiguration, back-up
beepers and cameras, and potentially a warningreyst some sort to remind individuals to

scan appropriately at intersections and during tdranging.
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We were surprised to find that 60% of the individua our study had deficits in working
memory given that they all easily passed the cogngicreening test. Additionally, four
drivers were unable to follow the prescribe roat&ossmoor. These findings might suggest
that navigation could be beneficial in this popiaiat however this idea must be tempered by
the fact that the majority of participants had nd&ficits in directed visual search and half had

mild deficits in divided attention.

From a usability standpoint, we observed that tlvagie mobility problems and taller
individuals had the most difficulty getting intocanut of the vehicle, particularly for the rear
passenger seat. Additionally, the smallest womehe study tended to be positioned too
close to the steering wheel and sometimes fordedaimore flexed, or forward leaning
posture. This would place these women in a velyrposition if the airbags were deployed.
Greater seat adjustment capability (particulariytiie height of the seat) might address some
of these limitations. Greater space in the baek, sdong with some form of adjustment might

improve an older adult’s ability to perform ingressl egress more easily.

Two of our frailest participants had noted diffigulvith the gearshift, with one woman
requiring two hands to change gears. We weresalgarised by the number of participants
who held on the steering wheel by the center spwistead of the wheel itself. We are unsure
as to why participants chose this particular hdadgment as it would seem to afford less

control of the wheel.

From both a marketing and a design standpointyeldenen tend to be less confident in their
driving abilities when compared to men and ofteduce their driving activity because of their
lack of confidence. Targeting older women driweith ways to make them feel safer and

more confident in their driving ability could bertedicial.

We anticipate several possibilities for continueserarch concerning older adult driving. The
equipment used in this study could be mountedsualgect’s vehicle on a semi-permanent
basis and used to collect data over a period oksveééhis would allow for a more
comprehensive look at older adult driving and mgbhabits. The older adult could also be
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studied driving during twilight or night hours. @imer interesting study would be to evaluate
a prototype vehicle using the same subjects testiuls study to evaluate how their

performance changes in a new vehicle targeteddter aldults.
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TABLE 5-1. SUMMARY OF KEY PROBLEM AREAS AND RECOM MENDATIONS

Major Problem Areas

Level 1 Solutions

Level 2 Solubns

Level 3 Solutions

1. Blind spots while
merging and changing lane
and concern about the spe|

of oncoming vehicles

“wink” mirrors; redesign of convex
DS right-hand side mirrors

ed

redesigned window pillars

2. Problems gauging whet
to safely make left-hand
turns at unprotected
intersections

=

intelligent intersections,
including vehicle-to-
infrastructure
communication

3. Concern for hitting the
curb, pedestrians, and oth
cars when parallel parking

or reversing

reverse beepers (for hitting other can
er - and pedestrians); “curb feelers” (for
hitting the curb)

Cameras to monitor activit)
behind vehicle; automated
parking system

4. Items not staying in plag
when placed in the trunk
and difficulty lifting items

e netting; bungee cords; Velcro

low lift-over loadifrg trunk
lip); compartmentalized trunks

5. Seats too low for drivers

to see above dashboard
and/or reach pedals.

Difficulty re-adjusting seat
when sharing vehicle.

manual up/down adjustment

]

electric-adjust memegyt s
settings; adjustable pedals

6. Difficulty reading
displays and using knobs

increased brightness; controls
steering wheel; remote for radi

7. Physical discomfort or
difficulty during

access/egress due to limite
range of motion or physica

grab-handles above door or on pillars
running boards; mechanical door che

d to avoid slamming

5;  ergonomic design for taller
ck drivers (e.g., more foot room,
wider doors); adjustable steerir]

wheel; sliding front door

g

impairment
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8. Decreased visual acuity
when driving at night or
during rain

automatic-dimming headlights
for incoming glare; faster

automatic lights for night driving

(e.g., entering a tunnel)

8. Traveling to unfamiliar
locations increases anxiety

digital compass

GPS-enabled in-vehicle
navigation system (can alsp
mitigate short-term memor

loss)

9. Sun glare

wider or adjustable visors

tinted wistdelds (top only)

10. Problems remembering
when to turn off turn signal

72

volume setting; timeout function
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5.2 Toyota GapAdvis&xperiments

The drivers’ comments on the overall concept odjp gdvice system were positive. Almost all
of the drivers commented that such a system cailgskful and come in handy at times, and the
data collected showed potential for an in-vehiclT&PR/OD warning to influence drivers’
decisions as there was a 10 to 20 percent reductithre percentage of turns made when the
warning was present. However, unsurprisingly, ainatl of the drivers also agreed that the

interface would need much more study and work leef@ing accepted as an in-vehicle system.

The head-down display used for the visual compoaktite warning was reported as being too
low to be seen, even though it was mounted asdsgtossible for a head-down display. When
asked to comment on the graphical components alifipgay, such as the looming no-left-turn
sign or the oncoming vehicle distance to intersectiountdown bar, all 20 drivers reported that
they did not glance to the display during theintng maneuver, rather they simply listened for
the warning beep. A few of the drivers expoundedhis, stating that their eyes and attention
were focused on the oncoming vehicle throughowpiroach, and they did not feel

comfortable taking their eyes off the road.

Comments on the auditory alert mentioned two deficies. First, the alert was not specific, i.e.,
there was no inherent association between thealdrits meaning. The beep could have come
from any number of systems in the car. Secongledsiwere concerned with the prospect of a

car that would start beeping at them every timg Hpproached an intersection.



These comments suggested several avenues of fuesdearch needed before an in-vehicle

LTAP/OD warning could be implemented:

1. Further research is needed on the potentiadedead-up displays for intersection
warnings so that drivers don’t have to take the@seoff the road.

2. Further research is needed to design auditorgiags specific intersection conflicts.

Two additional parameters critical to the activatad an LTAP/OD warning were studied in this
experiment: the warning criteria (trailing buffand the warning timing. The warning criteria
was based on the concept of the prediction ofingebuffer (or margin of safety) should the

SV actually turn in front of the POV. One glarisgue with the results of this experiment is the
fact that drivers made turns even though the preditailing buffer was less than zero
(practically interpreted as a predicted collisioiihese results lead to two conclusions. First,
drivers are willing to make left turns with littte no trailing buffer (margin of safety). Second,
since the trailing buffer is a prediction made Ipefeither vehicle reaches the intersection, it
would seem that the prediction model used to cateuthe trailing buffer needs some fine tuning

to better match reality.

Even though the trailing buffer prediction algonittstill needs fine tuning, the experiment
showed an approximate 3 second (trailing buffanyeabetween conditions where no one would
turn in front of the POV and where everyone woulchtin front of the POV. As the trailing
buffer increased, the percentage of turns madeirt bf the POV also increased fairly linearly.

However, the data collected on the decision to &sra function of trailing buffer does not



inherently suggest any guidance towards choossyeaific warning criteria.

The second parameter studied that is critical écetttivation of an LTAP/OD warning was the
warning timing or the point during the SV’s intetgen approach, at which, a warning should be
triggered. Generally speaking, the warning ponaiéd be early enough for the driver to be able
to integrate and act upon the warning, but notosm ¢hat the warning is considered annoying.
Fortunately, this study found that drivers werelyansensitive to the warning point. The latest
warning tested, 2 seconds before the stop baretetabe rated as little too late, and the earliest
warning point, 4 seconds from the stop bar, teriddx rated as little too early but not
considered annoying. Based on this study, the lmmdrning point, 3 seconds before the stop
bar, would be recommended as it was equally ragedldtle too early or a little too late.

Further research is, however, needed to investigh&ther or not the SV approach speed would

have any influence on the desired warning point.
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FOCUS GROUP ONE

July 8, 2004
Rossmoor, Hillside Clubhouse, Delta Room

Safe older driving was explored in a focus groupsdeicted on July 8, 2004 at the Rossmoor
Senior Adult Community in Walnut Creek, Californighe participants in the focus group were
Rossmoor residents who drove, were between theadg@sand 85, and passed a screening test
of physical and cognitive acuity (see Appendix B)is summary describes the findings from the
focus group. Dr. Susan Shaheen of California PAd¢ilitated the focus group with researchers
assisting and taking notes.

BACKGROUND SURVEY RESULTS

At the beginning of the focus group, PATH researsfaministered a survey that explored the
socio-demographic attributes of focus group paudiots, travel patterns, and attitudes toward
various transportation modes.

The following were the socio-demographic attribugésocus group participants:

* Five were women, and four were men,;

* Five were between the ages of 75 and 84, and fewe aetween the ages of 65 and 74;

* Five had a high school degree, three had a batheegree, and one had a master’s
degree;

* Five were married, one was widowed, one was simagld,one was divorced;

* Five had a household size of one, and four haduadiwld size of two;

* Two had two members in the 65 to 74 age rangehadeone in the 65 to 74 age range,
and two had two members in the 75 to 84 age raargethree had an unspecified number
of members in the 75 to 84 age range,;

» Five had two drivers, and four had one driver m tlousehold;

* Five had one auto available to the household, andifad two autos available to the
household.

* One reported a 2003 pre-tax household income i$106000-$19,000 range, four were
in the $20,000 - $49,000 range, and one reportezliaehold income of more than
$110,000.

Participants’ responses to questions about theietrpatterns indicated that they use the auto as
their primary commute mode and use BART, busemdrand walking as supplemental modes:

» Six participants used a single occupancy vehicleertftan two times a week;
» One participant used a single occupancy vehiclenaaikls to destinations;

* One participant used a single occupancy vehicleRBAand a bus; and

* One participant used a single occupancy vehicleRBAa bus, and a train.

In addition, five participants used a cellular pb@mnd the Internet. Three other participants only



used the Internet. None of the participants ugeersonal digital assistant. The average age at
which participants obtained their driver’s licenga&s 18. Four had previously used transit
regularly before moving to Rossmoor and four haid no

In the survey, a series of questions were askaddess participants’ attitudes toward their modal
choices. Eight of the nine participants reporte thiving is their primary transportation mode.
The results indicated that participants generallyrhost strongly that their primary travel mode
was convenient, an expression of themselves, ebl@yand economical. Participants felt less
strongly about the safety and comfort of their @niynmode. The results also indicated that
participants’ were slightly disinclined to experimieTheir attitude toward ease of auto use was
only somewhat positive. They indicated a somewhaempositive attitude toward ease of transit
use. In general, the participants who used tramditated that they were more likely to use it to
avoid driving at night (relative to other drivingallenges). In addition, they were most likely to
avoid taking transit because it took longer andémt more than other available modes, required
use of a new transit schedule, and involved a fealsid/or a new station or stop.

INTRODUCTIONS & TRAVEL PATTERNS

Most participants reported that they had driveresitheir teens; only one participant began
driving at age 32. One participant avoided drivamgl preferred to take transit whenever
possible. Five participants reported that they tiwaksit when traveling to San Francisco
because it was less stressful than dealing witkiyhaffic or having to find and/or pay for
parking. However, two participants indicated thnagyt still drove to San Francisco. One of these
participants specified that he drove to San Franaiather than riding BART because he was
unfamiliar with transit systems. He also stated bHeawould not go somewhere if it was
necessary to ride transit to get there. Six padicis reported no limitations on their driving
ability or comfort, and two indicated that they uauot drive in bad weather. None reported a
marked difference in their driving patterns betwdenweekend days and weekdays.

ACCESSING VEHICLES

Remote Keyless Entry

Participants expressed mixed views about remotke&eentry. Two participants liked the
technology, one considered it a necessity for sigcand others preferred manual keys. One that
used keyless entry liked to open all doors, andtimeed that it was easier for opening the trunk,
if holding packages. One liked simpler devices mmahtioned that too many buttons are
confusing. One expressed frustration with the ed@at combination pad, citing it as difficult to
use in a hurry. One participant’s wife did not litke feature that caused the automatic locking of
all doors when exiting a car.

One participant would prefer if the door lock wamstbe inner door handle, rather than at top of
door where the window comes out, because it i®e&sireach.



Loading and Unloading Vehicles

Most of the participants (five) agreed that whegibg a car, they preferred a low truck lip so

that they did not have to lift packages very hi@he reported using the trunk very rarely,
preferring to use the backseat for groceries, exodpe case of valuable goods, which she puts
in the trunk. One commented that a drop down reat was a nice feature when a flat surface is
needed, and a split back seat is very nice andigltme to drop down the passenger seat to store
longer objects.

Several participants liked that the idea of a reambe partition/netting that did not allow objects
to shift around and/or slide to the front of a k@amd, in general, made it easier to retrieve
objects. Similarly, a suggestion was made to pokhan the trunk that allow you to “bungee”
objects in place.

Regarding trunk space, a few participants mentighatthey kept their golf clubs or a box of
maintenance supplies in the trunk. Several expdefsgstration with the donut tire in the car
because it does not provide long-term use. Thresedghat cars should just have a regular sized
spare tire in the trunk.

Entering and Exiting

Several comments were made about entering ana@xitvehicle. One participant mentioned
that certain cars (like the Mercedes Benz) with-lmyeket seats made it difficult to get in and
out of the vehicle. One participant with a hip esg@ment said cloth material made it difficult to
slide in and out and suggested the use of leasitieerrthan cloth for seniors. Another participant
disagreed and stated that leather gets very hat@ddbut cloth handles temperature extremes
well. One participant mentioned that hitting higks on the steering column was a problem
when entering a vehicle. One petite participaritdieé was too close to the steering wheel and
that if an airbag was released she could be hurt.

When the conversation turned to seat adjustmeniries eight participants agreed that controls
allowing drivers to customize their seats and m#&nould be helpful. One participant said that
she was the only person who drove her car andftiwnsl this feature unnecessary. One
mentioned that when you take a car to a mechaaicbsh the seat far back, and it can be
inconvenient to get it back to the original setti8gveral nodded in agreement, particularly
women. One participant cited the advantages oddmss sports utility vehicle: “when you are
ready to get in the car, you can push a buttortlamdeat will go back as far as you want it to
and once you get in, you can push a button anddhaeslides back into place (i.e., memory
seat).” He mentioned that this feature would bagireany car, but noted its cost. Two
participants used seat cushions to adjust theirnseght.

Vehicle Access Factors that Affect Purchase Decisi®

Participants indicated that a shallow trunk deppitth four doors were important factors in their
decision to purchase a vehicle. It was mentionatdhdeep trunk was difficult to load and



unload while a shallow loading trunk meant thatseagers did not have to lift packages up as
high. All nine participants drove four-door carsuf door cars were preferred to two-door cars
because it is easier to get more than two passengtre car, their smaller doors were easier to
handle, and, in general, they were easier for pgsse to get in and out of.

Handles to Ease Vehicle Entry and Exit

There were a range of views on including handlegelmicles to ease entry and exit. It was
mentioned that such handles were helpful for pagssmgetting in and out, passengers liked
holding on to them, and they were useful when tegckids to drive. One said he currently did
not use the handles, but that he may want handles the road as he aged. Another mentioned
that handles might be useful for a temporary diggbiwo thought that they were useful for
helping people shift position during long trips.dther thought that overall, handles were a good
idea, but not essential for this age group. Seveaaitioned that running boards that emerge
when a vehicle door is opened make it easier tangers.

DIFFICULTIES DRIVING A VEHICLE
Parking, Merging, and Reversing

One participant said that parallel parking was \dffycult because of the need to look behind
you. Another mentioned that it is difficult to paskcause of the variation in the size of cars on
the road (e.qg., sport utility vehicles and mini gers). One suggested that every car should have
a backup signal, a beep like a truck, to let otkamsv when you are backing up. Two
participants preferred street parking to garageause they wanted to avoid the bottlenecks that
occurred after events ended. One thought it was safd less of a hassle to park in a garage
rather than on the street because cars passirpa@treet. Regarding valet parking, several liked
valet parking with the exception of the fact thatng valet drivers changed the seating
positioning without returning it to the original giton. Petite women participants were
particularly affected by this problem. A few exsed interest in cars that assisted with parallel
parking. Some mentioned that, in the past, they aseb feelers to assist with parallel parking
(or wires attached to car fenders that scratcictinie).

Left Turns

One participant thought that left turns were difftdoecause it required physically turning one’s
neck to the left. This participant thought thatréhehould be something more than the mirror to
facilitate rear vision. Many agreed that it woukldesirable to eliminate the blind spot. One
suggested the use of a larger rear-view mirrordhgped on to the standard rear-view mirror,
but another mentioned that this would not elimirtaeeproblem. Three participants agreed that it
was disconcerting that the right hand side-viewoniwas wide angled and preferred that the
mirrors reflect the actual size of the vehiclesriroehind. One participant said that drivers
should notely too much on mirrors.

Suggestions for Improving Vehicle Design



A few expressed interest in a sun visor that waldially keep sun out of eyes or a tinted
windshield that would make driving into the sunieaOne participant suggested a sun visor
that extends down the length of the entire fromtdeiv.

VEHICLE USAGE
Knobs, Dials, LED Lights, and Turn Signals

Three participants mentioned that they sometimesused the gas tank release lever with the
trunk release lever and suggested differentiatiege levers. Another participant liked the levers
under the seat to release the trunk/gas tank. @nieipant expressed interest in the idea of cost
savings for leaving out extra features (i.e., #are that pops the trunk from inside the car).
Regarding the gas and trunk levers, one said hleagize was okay but suggested differentiating
them because it is easy to confuse them. Anothatiomed problems with confusing the gear
shift with the windshield wipers.

A wide variety of views were expressed on thesemtyidesign features:

» Transparent extension to sun visor to shield esgra the sun when driving west (two
supported);

» Make visor lower;

* Push buttons rather than turning knobs so you dbawee to take your eyes off the road
(two supported);

* Remotes for operating radio;

» Buttons to operate radio on steering wheel;

* Improve LED lights so that they can be read dutirgdaytime;

» A sign telling you which side of the vehicle thesgank is on;

» Lights that provide messages about whether thiegsl to be fixed;

» Light on dash to indicate that brake-light or taght is out (a few agreed); and

* Manual override for windows in case of submergeuicle.

Use of Radio/CD Equipment

Seven participants reported listening to the radhde driving. Another reported not learning to
operate it. One reported using the radio to stast.alwo had experienced difficulty operating
the radio.

Driving in New Areas, Getting Lost, and Following Drections

Five participants used Yahoo.c8hor Mapquest to find directions, and one mentioned AAA
triptiks. One used a regular map from a dealer. @arécipant’s neighbor had to pull over to use
GPS wayfinding. This participant thought that tl@ature was unsafe to use while driving, and
that it was better to have a passenger operdited.used cell phones while driving, but most
thought that is was unsafe to use cell phones vdnileng.



Driver's Test

One participant thought that people should be requio take an actual driving test every few
years. He had not taken a new driving test sinsedy first one.



FOCUS GROUP TWO

August 4, 2004
Rossmoor, Hillside Clubhouse, Delta Room

Safe older driving was explored in a focus groupsdeicted on August 4, 2004, at the Rossmoor
Senior Adult Community in Walnut Creek, Californighe participants in the focus group were
Rossmoor residents who drove, were between theadg@sand 85, and passed a screening test
of physical and cognitive acuity (see Appendix B)is summary describes the findings from the
focus group. Dr. Susan Shaheen of California PAdtilitated the focus group with researchers
assisting and taking notes.

BACKGROUND SURVEY RESULTS

At the beginning of the focus group, PATH researsla@ministered a survey that explored the
socio-demographic attributes of focus group pao#ots, travel patterns, and attitudes toward
various transportation modes.

The following were the socio-demographic attribugésocus group participants:

* Five were men, and four were women,

» One was between the ages of 65 and 74, and théniamaight were between the ages
of 75 and 84;

* Four had a bachelor’'s degree, three had a mastiegi®e, and two had an associate’s
degree;

» Six were married, two were widowed, and one waglsjn

* Five had a household size of two, and four haduséloold size of one;

* Four had a household with two members in the #Bitage range, three with one in the
75 to 84 range, one with two in the 65 to 74 aggeaand one with one member in the
85 and above age range;

* Six had one driver in the household and one awdable to the household, and three
had two drivers in the household and two autoslavia to the household.

* One reported a 2003 pre-tax household income ofn®t0,000, five were in the
$20,000 - $49,000 range, two had household earmh$s0,000 - $79,000, and one
reported a household income of more than $110,000.

Participants’ responses to questions about theietrpatterns indicated that they used the auto as
their primary commute mode and used BART, busa$waiking as supplemental modes:

* Three participants used a single occupancy vehole than two times a week;

» Four participants used a single occupancy vehiulevealk to access destinations;
* One participant used a single occupancy vehickpocd, and walk; and

* One participant used a single occupancy vehicléeRBAa bus, and walks.

In addition, six participants reported that thegdia cellular phone and the Internet, two



additional participants only used the Internet, and only used a cellular phone. None of the
participants used a personal digital assistant.aWieeage age at which participants obtained their
driver’s license was 18. Five had previously usaddit regularly before moving to Rossmoor,
and four had not.

In the survey, a series of questions were askaddess participants’ attitudes toward modal
choice. All participants reported that the auto Wessr primary travel mode. The results
indicated that participants generally felt thatitipeimary travel mode was convenient and
comfortable. Participants felt less strongly alibetsafety, economy, self-expression, and
enjoyment of their primary travel mode. The resalso indicated that participants’ attitudes
towards experimentation and ease of transit armlzé were relatively neutral. In general, the
participants who used transit indicated that theyeamore likely to use it to avoid driving at
night (relative to other driving challenges). Irddobn, they were most likely to avoid taking
transit because it cost more than other availalolde® and involved a transfer and/or a new
station or stop.

INTRODUCTIONS & TRAVEL PATTERNS

As indicated above, all nine participants repotted the auto is their primary mode of
transportation. All participants indicated thatythed been driving since their teens or early
twenties. Eight participants reported that theyktBART when traveling into San Francisco
because they were unfamiliar with the city andénkpg was expensive and hard to find. Aside
from taking BART into San Francisco, participaritansit use appeared to be limited. One
participant stated that she liked taking the sbwtbund Rossmoor. Four took the bus
occasionally, but three described their frustratibthe longer bus travel times relative to auto
travel times. Four stated that they did not useteanysit other than BART. Five participants
reported that they avoided driving during congestediway conditions on weekday peak
commute periods, and one participant avoided dyiduaring and after heavy rain. Only one
participant felt completely comfortable driving avtyere at anytime. In general, most
participants indicated that they were fairly contdibte driving, but they preferred to avoid peak
traffic. None expressed a marked difference inrttieving patterns between the weekend days
and weekdays.



ACCESSING VEHICLES
Entering and Exiting

Many participants (six) thought that cars with seéab low to the ground were hard to enter and
exit, for example, the Mercedes Benz. Another pestated that some friends would not drive
with him because his car was too low to the groand, they had to turn around to get out of his
car.

Participants expressed mixed opinions about the efasntering and exiting vehicles as well as
other features of sport utility vehicles (SUVs).e€Jperson said she would not drive an SUV
because it was too high off the ground. Anothespersaid that it was easy to slide out of an
SUV, and it was easier to see ahead. Three othcipants agreed with this statement. Another
person said he had an accident because he coute@bieyond the SUV in front of him.

To address the difficulties of entering and exitingehicle, one person stated that he used and
liked his hydraulic lift. The other participantseseed interested in this feature.

Loading and Unloading Vehicles

Some participants indicated that they tended td iteans inside the passenger area of the car
rather than in the trunk. Two participants said thay preferred putting packages on the
backseat or the floor, rather than in the trunke @articipant commented that she typically

stored one bag on the front seat; however, if thene several packages, then she stored them in
the trunk. She stated that placing items on senatlklde a problem because if the car stopped
quickly, then the bag would tip over and spillatntents. One woman commented that she could
not get her walker with wheels into the trunk, asd result she had to put it in the back seat of
her four-door sedan.

On the other hand, one participant felt items sthdel in the trunk for safety. She also
commented that she had to get at a low angle teayeething from the back seat or floor.
Another participant commented that in most new t@@drunk was down near the bumper to
eliminate the need to lift heavy items up high. @eeson said that it was easy to load and
unload her SUV, which had a foam mattress in tlek b&nother person also said he felt it was
easier to unload an SUV relative to a sedan.

Six participants agreed that they would like nettio prevent items from moving around in the
trunk. One person commented that it should be plesg) easily connect and disconnect the
netting.

Remote Keyless Entry

Six participants had remote keyless entry deviSeme participants described the features of the
electronic key that they disliked. One did not ltke “honk” sound produced when locking and
unlocking the doors. One gentleman complainedgbatetimes his device did not work.

Another commented that he had to get used to uisargl that he once hit the panic button by



mistake (i.e., a learning curve). Another gentler@inthat the alarm was disturbing in quiet
areas.

On the other hand, there were features of the ds\ltat they did like. Five agreed that they
sometimes used the remote electronic key to ldbaie cars. Another commented that she could
use the panic button for safety if she saw a sgar@ne person stated that she wished she had
one. One gentleman said that he would never buthanoar without one again, and he was
upset that his current car does not have one.

Remote Release for Trunk and Gas Tank

A range of opinions were expressed regarding thte release for the trunk and gas tank and
on issues related to the location of such vehed¢ures. One participant felt the remote release
for the trunk/gas was very handy, especially whendid not have her keys. Several people
commented on the location of the remote releasdefor their gas tanks and trunks. One said
that his lever was on the lower part of his daste @oman was not sure if she had one because
she had not found it yet, although this was natraraon problem among focus group
participants. Another commented that he had justaliered a soda can holder after one year.
One gentleman commented that it would be nice v laamap of the location of items in the car.
Another commented that color-coded knobs wouldddpftil. One gentleman suggested a
diagram on the trunk. One gentleman said instrostiwere needed on how to release the front
hood. Another said that the release gadget unédrdabd was difficult to maneuver. Another
commented that the brake and hood release levakedaalike. Three to four people agreed that
the instruction book was too long to read. Onelgemdn said his book had 600 pages. One
woman commented that she only wanted to know tkeba

DIFFICULTIES DRIVING A VEHICLE

Next, the discussion turned to difficulties facgddarticipants when driving a vehicle. A wide
variety of views were expressed:

* Five people agreed that headlights on other vehigkre too bright and hurt their eyes at
night.

* Four agreed that vehicle safety was important. Seere concerned about car safety
design (i.e., crash protection and rollovers in Sldvid minivans). Two to three
participants stated that they felt side airbagsvearer.

» People who drove an automatic (vs. manual) veldiclenot use the hand or footbrake,
but they thought that those who did should be cétefrelease it before driving. No one
had a problem using a parking brake.

» One felt that cars were made for “normal-sized pedpather than tall or petite
individuals. For tall people, there was not enolggiioom, and this interfered with
circulation. One felt that SUVs were better fof pople because they could swing their
legs around.

» Five participants drove a four-door sedan. Onelgeran commented that he had a two-
door to avoid taxiing others around. Another perstated that cars with only two doors
were dangerous because they were hard to get aubafaccident. One person felt that



the seatbelts in the back seat of a two door wifieudt to use and unsafe. Another
commented that the door was too wide in a two-daeabiicle to get out of the car in a
tight parking space.

Parking, Merging, and Reversing

Participants indicated that the lack of availaldekphg and parking expense were significant
problems. One person preferred not to parallel patksaid that he could if necessary. Four
agreed that a tight car turning radius was helfule person did not like to parallel park in
small spaces. Participants expressed frustrati@uUsts parking in compact parking spaces and
at people who occupy two parking spots to keep tas from getting dents.

Some participants expressed difficulty merging. ©ommented that other cars and people were
reluctant to merge or slow down. One individualrsdahat he had a blind spot in his minivan.
Five people also commented that they had problemfshind spots. One woman suggested
adjusting mirrors to correct the blind spot. Onatigman stated that you do not have a blind
spot, if you can see the car in both the rearviesvsade mirrors. It was stated that pillars in fron
of and to the right of cars blocked views and miatiarder to see other vehicles.

One person commented that she could not see beamahen she reversed her car. One person
suggested that a camera on the rear bumper wouldlpgil (like motor homes). One gentleman
commented that all cars in five years should hareearas — especially in high SUVs. He said
that the camera was a plus but not the main refasdouying his car. He stated that he would
want a camera in a new car because it would hefpairioid hitting people and things. One
woman used her hazard light for backing up. Oneg@ewould like a beeping sound (like

trucks) for reversing. One commented that it wasadlem when two cars were merging into the
same lane from opposite sides. One woman saidssateher hazard lights if she was lost and
needed to pull over.

Left Turns

One gentleman stated that he would drive aroundltek or go three blocks out of his way to
avoid making a left turn. One woman said that she teld in the “driving alive” class to avoid
left turns. Three participants agreed that theydadmaking left-hand turns. Another gentleman
said he could not see the curb, road divider, atiamewhen making a left-hand turn. Another
stated that he needed to adjust the mirror onetitiside of his car to see the curb.

VEHICLE USAGE
Adjusting Seats

Two persons stated that they had automated settswutton for customized adjustment. One
gentleman complained that the bar that raiseddas g tilts the seat at the same time. He would
prefer the seat to just go straight up. Five pigdicts found it annoying when someone else
adjusts their seat, especially if they are tallestworter. Some indicated that automated seat
adjustment was a nice feature. One person commémdéed was hard to adjust the seat in other



people’s cars because it is difficult to figure botv to use the adjustment levers. She suggested
that car manufacturers should standardize seastatgmt levers. The gentleman with the
hydraulic lift said it was the reason he boughtdais Others agreed it that it would help if they
could elevate their seat. Another person commethtdall people needed more head room.

Mirror Adjustment

One gentleman complained about the mirror distostithat make cars behind you look farther
away. He stated that turning is difficult when yamnot know where other cars are located. One
woman stated that she would like a bigger and loregr-view mirror.

LED Light Displays

One gentleman complained that the display paneldivasvhen he turned his lights on to go
through a tunnel. Two persons agreed that the lagtsis were too dim. One woman complained
that the button for the air conditioning was tomdind small to see. She could not tell when the
button was pushed in or out.

Turn Signals

One person complained that he could not hear tinesignal, so he forgets to turn it off. He
suggested it should be louder or the dash ligghéd) should be brighter. Also, he stated that it
would be nice to have an adjustable volume comdrathe turn signal.

Door Handles

One woman complained that the door handles somefninehed her hand.

Dashboard

One woman complained that she could see the tadkoimat not the speedometer because the
steering wheel was in the way.

Cell Phones

Seven participants had cell phones. Many felt urfodmatble using the phone while driving. One
person complained that people on phones do noagpagtion to the road when pressing cell
phone buttons. Others agreed with this statemanly. @e person dialed a cell phone while in a
vehicle but only after when the car is stopped.

Radio Controls



Participants indicated that radio controls werérddding. One suggested the use of a remote
control or easily accessible buttons. GPS (or imiste navigation system) was also considered a
driving distraction. On the other hand, one perstated that he used his GPS all the time and
would not buy another car without it. Many partenis would like a compass in their car. One
person complained that the compass readout indx¥ad.was too small.

Driving Outside Territory

Four people used the Internet for mapping theitini@son. One person complained that the
Internet map was not always accurate and did matyed give the most direct route. Six people
used traditional maps — some in addition to therhdt. One person commented that it would be
nice to know the street prior to their destinatstreet. Two people stated that they minimized
travel outside the Rossmoor territory.

Last Thoughts

Concern was expressed about automatic windowsalidtap on the 2002 Camry. It was stated
that there should be a safety stop on the windoawtad getting arms caught and to protect
children.

A desire was expressed for greater availabilitifyddrids by more automakers at cheaper prices.
It was stated that there is a long waiting listtfogse cars, they are good for the environment,
and they use less gas.






TOYOTA FOCUS GROUP THREE

Morning, September 21, 2004
Rossmoor, Hillside Clubhouse, Delta Room

Safe older driving was explored in a focus groupsdeicted on the morning of September 21,
2004, at the Rossmoor Senior Adult Community inMaCreek, California. The participants in
the focus group were Rossmoor residents who dmeee between the ages of 70 and 85, and
passed a screening test of physical and cognitiviya(see Appendix B). This summary
describes the findings from the focus group. Dsa&uShaheen of California PATH facilitated
the focus group with researchers assisting andgakotes.

BACKGROUND SURVEY RESULTS

At the beginning of the focus group, PATH researsla@ministered a survey that explored the
socio-demographic attributes of focus group par#ots, travel patterns, and attitudes toward
various transportation modes.

The following were the socio-demographic attribugésocus group participants:

* Four were men, and six were women;

» Two were between the ages of 65 and 74, sevenhedneen the ages of 75 and 84, and
one was 85 or over;

* Four had a Ph.D., one had a master’s degree, tdva hachelor's degree, and one had
graduated high school (two indicated another deboeelid not specify);

» Six were married, one was divorced, and three wetewed,

* Six had a household size of two, and four had aé&loold size of one;

* One had a household with one in the 65 to 74 ramgewith two members in the 64 to
74 age range, three with one in the 75 to 84 ramge with two in the 75 to 84 age range,
and one with one member in the 85 or above agesrang

* Four had one driver in the household and six haddmvers in the household;

* Five had one auto available to the household aredhfad two autos available;

* One reported a 2003 pre-tax household income aéru®t0,000, one fell into the
$20,000 - $49,000 range, two had household earmh$s0,000 - $79,000, and two
reported a household income in the $80,000 to $D0%ange (four declined to respond).

Participants’ responses to questions about theretipatterns indicated that the auto was their
primary travel mode, followed by walking, and thearpooling.

* Ten participants used a single occupancy vehiclerti@an two times a week;
» Eight participants walked more than two times akyead
* One participant carpooled more than two times ekwee

In addition, six participants reported that thegdia cellular phone and the Internet and two
used the Internet. None of the participants ugeersonal digital assistant. The average age at



which participants obtained their driver’s licengas 19.5 years old. Two had previously used
transit regularly before moving to Rossmoor, amghehad not.

In the survey, a series of questions were askaddess participants’ attitudes toward modal
choice. All participants reported that the auto Wessr primary travel mode. The results indicate
that participants generally feel that their primagvel mode is convenient, comfortable, and
economical. Participants feel less strongly aboetsafety, self-expression, ease of use, and
enjoyment of their primary travel mode. The resals® indicate that participants’ attitudes
towards experimentation and ease of transit usestatively neutral. In general, the participants
indicated that they were more likely to use tratesévoid bad weather, high traffic roads, and
unfamiliar area (relative to other driving challesy In addition, they were most likely to avoid
taking transit because it takes longer than othaillable modes and involves a transit schedule,
transfer, and/or a new station or stop.

INTRODUCTIONS & TRAVEL PATTERNS

Participants expressed an overwhelming preferemrcedvel by automobile. Seven of the nine
participants reported that they had driven foeast 55 years; one had been driving for 50, and
another for only 40. Every resident reported triangeprimarily by car, and only two said that
they drive less than seven times per week.

Aware of age-related driving limitations, most t¢ri® avoid congestion or highways when
possible, but less than half (three) avoided dg\ahnight. One resident only drove at night
within the retirement community because of eye |enois. Five residents tried to avoid
congestion, the freeway, or both, and one saidskd the carpool lane when traveling with his
wife. Two residents said they avoid the highwayawse of vehicle speeds and the traffic,
although one resident preferred highways to cityess.

Most participants made local trips primarily, botee participants reported taking longer trips by
car, and several traveled throughout the Bay AFean residents said they greatly enjoyed
driving. Most expressed little difference in thieavel behavior on weekends and weekdays,
although one took longer trips on weekends. Ondeaspreferred driving on weekends because
of reduced traffic.

Despite their overwhelming preference for carstip@ants did report using transit. Six
participants used BART to travel to San Francisud/@r Berkeley, and one used the service
exclusively for travel to Berkeley. The frequendytiweir transit use, however, varied: one
participant reported using it only once in her enlifetime, and others used it more frequently.
Two residents used the Rossmoor shuttle, and atkthe ferry twice per month. Three reported
never using transit at all.

Of those who traveled to the city by transit, oggearted the attraction of cultural activities like
the symphony, opera, or museum, and one reported o get to the San Francisco airport.
Of those who never used transit, two described ttags as more convenient for personal travel,
and one said that knee replacements made acaeasst stations difficult. One participant said
that he uses Amtrak to visit family in Fresno.



Several residents reported difficulty with trangiside from the participant with knee
replacements, mentioned above, other complaintsded limited parking at stations and the
complicated interface of BART with San Francisdd&dNI system. The resident who found it
difficult to park only used the system on weekewtien more spaces were available; the
resident who disliked MUNI avoided the city wherspible.

ACCESSING VEHICLES
Remote Keyless Entry

Five residents used remote electronic keys for trehicles. In general, their feelings about the
technology were mixed. One noted that they arefiledp night or when carrying groceries. One
participant liked the alarm feature, but others plaimed that it goes off too easily and is often
ignored by bystanders. Another participant fourdifficult to remember to press the button
twice to open the door and once to lock it. Twodests had removed the automatic lock feature
on their car because of lockouts. Another residentplained about the short battery life of his
device. There was little interest among those ezg&lwithout the devices to purchase one.

Loading and Unloading Vehicles

Four participants exclusively used the backse#ibor for transporting packages, and five used
the trunk. Participants complained that trunks waithigh lip were particularly bad for heavy
parcels that had to be lifted up before they ctagldemoved. Several residents noted that items
tend to slide around in the trunk but are morelstatbthe backseat. One participant suggested a
compartmentalized trunk and another recommendecr¥el

Entering, Exiting, and Seats

Residents expressed varying opinions about théamaabiles’ seats and doors and were
particularly concerned about accessing their vebidParticipants generally felt that their seats
were big enough and had enough legroom to getdroahof the car without difficulty. Three

had difficulty when getting into the front seatdagight had trouble in the back. Adjustable seats
were viewed favorably, although one participant ptaimed that it was more difficult to get into
his car after his wife had moved the seat forw@nmke participant said that Suzukis have more
legroom under the steering wheel. Four participaataplained about doors that closed
automatically while they were exiting. Two partiaigs complained that their doors did not open
wide enough for easy access, and one mentionedd®yoparticular as a problem in this
regard. Two participants had learned a techniquysical therapy that made getting in and out
of cars easier.

Seat comfort and safety were also of particulaceomto participants, but there was no clear
preference for one type of seat over another. @nigcgpant who experienced lower back pain
had difficulty with bucket seats, but another fouhem more comfortable. Two participants
expressed a preference for seats higher off thengraalthough there was some reluctance to
purchasing SUVs. Several participants complainat thecause they were petite, they were



unable to see over the dashboard, and one notedyhaoving closer to the steering wheel, she
was putting herself at higher risk in an accid@nrte resident expressed preference for the Prius,
which had higher seats.

Car Type

Participants expressed a variety of concerns tilaieinced their automobile preferences. Several
complained about blind spots, and two referredifipally to the Honda Accord and Toyota
Corolla as problematic in this regard. One paréinipalso complained that the nose of the Honda
Accord is too long. However, the Accord, Camry, &adurn station wagon were identified as
particularly easy to enter. Two participants wesaaerned about the cost of their car; one
mentioned that the Corolla was more economical tharCamry, and one drove a four-cylinder
sedan because of its gas mileage. Another fourichthautomatic headlights took too long to
activate when driving into a tunnel. Another conpda about the pattern his air conditioning
vents made on the windshield, and that he was daxceover them with a leather strap.

Several participants, however, made positive remablout their vehicles. One resident was
particularly happy with her sunroof, and a Lexuselrfound the pre-programmed seat
adjustments for himself and his wife very usefuh Accord driver expressed similar support for
his car seats, which could be adjusted up and @gmmmell as back and forward.

Most drove four-door automobiles. One participamtvé an Accord, two drove Corollas, one
drove a Camry, two drove a Lexus, one drove a Batiation wagon, and two others described
their cars as typical sedans.

DIFFICULTIES DRIVING A VEHICLE
Parking, Merging, and Reversing

Three participants expressed difficulty with pagbfiarking, specifically with turning their heads
to look behind them and with blind spots in theirrors. One participant expressed a preference
for “wink” mirrors that eliminate blind spots, amathother praised her remote-adjustable rear-
view mirror as a parking aid. Another complaint wiaat there was not enough space to park on
the street without hitting another car. One pgvtai preferred on-street parking, but another
expressed a preference for garages, particularipglhot weather. One participant had never
learned how to parallel park.

One participant reported that it was difficult etekrmine the speed of incoming cars while
merging, particularly on curved roads, and anotioenplained about crossing multiple lanes. Six
expressed concern about crossing multiple lan&siffic and tried to avoid the practice when
possible. Cars with large pillars in the back (sastihe Camry and Accord) were flagged for
having blind spots, and one participant mentioted the hatchback she used to own did not
have this problem. Again, several expressed aamde for remote mirrors, and one suggested
that convex rear-view mirrors, like those currentbed on boats, be installed in new autos.

Several participants felt that reversing was dificand one, who had been through the AARP



mature driving course, always drove out of parkiaper than backing up because of difficulty
turning his neck. Participants viewed improvemeéateehicle design favorably, including
hazard lights and beeps like those currently inamskarge vans and golf carts.

Miscellaneous Concerns and Suggested Improvements

One participant found that Berkeley has too fewtiefn lanes. Other concerns included glare-
blinding headlights. One participant used the ddls visor on the Accord to block out the sun,
and another praised the double visor in his Tauknsther suggested that automobiles be
equipped with an automatic dimmer for approachitimgiovehicles at night.

VEHICLE USAGE
Knobs, Dials, LED lights, and Turn Signals

Several participants had difficulty with their daslrd displays. One Corolla driver felt that his
display was not bright enough and had trouble repthe odometer. A Lexus driver found that
his odometer was also difficult to distinguish dgrthe day because the display color was
similar to the background. The participant's wigésp present) complained that the mileage
display on the Lexus had to be switched betweetrifhenileage and total miles, and preferred
her Saturn, which displayed both simultaneously A&nord driver could not read the digital
clock radio because of the slant of the dashboard.

Several participants had trouble with their rad@se had difficulty adjusting her radio for static
and only listened to it in light traffic. Anotheagicipant said that he had always had trouble
with static but that when he sold his car he redlior the first time that he had never lifted the
antenna.

Two participants (a married couple) expresseddiffy with their turn signals because they
were both hard of hearing, and the device that sialgnals louder was incompatible with their
two carsl a Saturn and a Lexus. Another recommended thaalsigern off automatically if the
driver does not turn for a certain amount of time.

A wide variety of views were expressed on assartadr design features:

* One participant liked the automatic ignition lighthis Accord when the car door was
opened at night.

* Another liked the two different sounds his car maue for opening the door and
another for when the keys were left in the ignition

* One Camry driver noted that her car will not allpeu to close the door with the key in
the ignition, but another participant said she wawt like this feature.

» Two participants expressed support for a beepyiogfdrivers that their headlights are
left on.



* One participant inquired about the Studebaker “Hitk” on his old car, which
automatically prevented cars from rolling backwasdsa hill with one tap of the brake.

Cell Phones
Five participants used cell phones, but all saad they did not use them while driving.
Driving in New Areas, Getting Lost, and Following Drections

Two participants used MapQu8stand another two preferred traditional maps. Quoeded
unfamiliar locations entirely.



TOYOTA FOCUS GROUP FOUR

Afternoon, September 21, 2004
Rossmoor, Hillside Clubhouse, Delta Room

Safe older driving was explored in a focus groupsdeicted on the afternoon of September 21,
2004, at the Rossmoor Senior Adult Community inMaCreek, California. The participants in
the focus group were Rossmoor residents who dmeee between the ages of 70 and 85, and
passed a screening test of physical and cognitiviitya(see Appendix B). This summary
describes the findings from the focus group. Dsa&uShaheen of California PATH facilitated
the focus group with researchers assisting andgakotes.

BACKGROUND SURVEY RESULTS

At the beginning of the focus group, PATH researsla@ministered a survey that explored the
socio-demographic attributes of focus group par#iots, travel patterns, and attitudes toward
various transportation modes.

The following were the socio-demographic attribugésocus group participants:

* Four were men, and four were women;

» Three were between the ages of 65 and 74, andvive between the ages of 75 and 84;

* Five had a bachelor’'s degree, one had an assacadgree, and two had graduated high
school (two indicated another degree but did netsy);

* Four were married, one was single, one was divormed two were widowed,;

* Four had a household size of two, and four haduséiwold size of one;

* One had a household with one in the 65 to 74 ramgewith two members in the 64 to
74 age range, four with one in the 75 to 84 raagd,one with two in the 75 to 84 age
range;

* Four had one driver in the household, and fourtteddrivers in the household;

* Seven had one auto available to the household meathad two autos; and

» Two reported a 2003 pre-tax household income ir$#te000 - $49,000 range, one had
household earnings of $50,000 - $79,000, and odertaae than $110,000 (four declined
to respond).

Participants’ responses to questions about theietrpatterns indicated that the auto was their
primary mode of travel, followed by walking, carpiog, and BART.

* Seven participants used a single occupancy velmole than two times a week;
* Two walked more than two times a week;

* One participant carpooled more than two times akyaed

* One participant used BART more than two times akwee

In addition, five participants reported that thesgd both a cellular phone and the Internet, and
two used the Internet only. None of the participarged a personal digital assistant. The average



age at which participants obtained their driveicethse was approximately 19 years. Four had
previously used transit regularly before movingrtmssmoor, and four had not.

In the survey, a series of questions were askaddess participants’ attitudes toward modal
choices. All participants reported that the auts teeir primary travel mode. The results
indicate that participants generally felt that thimary travel mode is safe, convenient,
comfortable, and economical. Participants feel #gmgly about the self-expression, ease of
use, and enjoyment of their primary travel modee Tésults also indicate that participants’
attitudes towards experimentation and ease ofitrass are relatively neutral. Most of the
participants (with the exception of one or two)igaded that adverse driving conditions (e.qg.,
bad weather, left turns, high traffic roads, anthomliar area) were important factors in transit
use. In addition, five participants indicated tluaiger travel times sometimes cause them to
avoid taking transit. One or two others indicateat ta new transit schedule and/or a new station
or stop caused them to avoid transit.

INTRODUCTIONS & TRAVEL PATTERNS

Participants traveled primarily by automobile. Sewéthe nine participants reported that they
had driven for at least 59 years, and only onedna@n for fewer than 50 years. The car was the
primary transportation mode for every participamig only one reported to drive fewer than
seven times per week.

Most participants were comfortable driving on costgd freeways and at night. Only one
participant was bothered by congestion. Severdigyzants, however, reported concerns about
driving at night, including incoming lights, dri\gnn the rain when it was dark (two), the threat
of a hit and run at night, and glare (although pasicipant found that glare ceased to be a
problem after she had cataract surgery). One netsaiztually preferred to drive at night because
of the reduced traffic.

Most driving was done locally, but two participamade longer trips by car. Residents
described their weekend and weekday travel as dbewame, although one took longer trips on
weekends, and another used the weekends to drivantd-rancisco.

Residents reported occasional transit use. SevashB&RT to travel to San Francisco, and three
used it to get to other destinations in the BayaAmecluding Berkeley and Oakland. One
resident reported using the Rossmoor shuttle. Htendhey used transit, however, varied: three
participants reported using it four or fewer tinpes year, and three others used it between one
and three times per month. One resident used ti@iier the Rossmoor shuttle or BART) only
when his wife was using the car. Two others regbntver using transit at all, and both
described their cars as more convenient for petsaneel. Of those who traveled to San
Francisco by transit, several reported the attvaatf cultural activities.

ACCESSING VEHICLES

Remote Keyless Entry



Five residents had remote electronic keys for thelicles. Despite the prevalence of this
technology, there was no clear preference for aragrparticipants. One resident liked that the
car made noise when opened and when locked, anlikeddhe alarm feature. A Mercury Sable
owner, however, found that his device malfunctioaed was unreliable. One participant wished
that her lock would fully open the trunk ratherrihast unlock it.

Loading and Unloading Vehicles

Most participants used their trunks for transpgrpackages, but one used the seat and another
used the trunk and seat interchangeably. One hsdobickseat for packages simply out of habit,
but others complained that trunks with a lip (apaged to SUVs and station wagons, with
completely flat trunks) were particularly bad faavy parcels that had to be lifted up before
they could be removed. One participant preferragstothe trunk because of the protection it
provided against theft. Most participants had mttomatic hood and trunk releases and used
them frequently.

Entering, Exiting, and Seats

Participants generally felt that their seats wegeelmough and had enough legroom to get in and
out of the cars easily. One patrticipant, howevauntl that the Volvo had enough legroom in the
front but not in the back. Generally, the partioisaiked adjustable seats, and one was
particularly happy with the adjustable steering &ltieature, which made entry and exit easier.

Participants expressed a wide variety of preferefmedifferent types of seats, both for access
and egress and driving comfort. Feelings were matamlit bucket seats — there was no clear
consensus about preference for bucket or bench, seat one participant complained that his
bucket seat was not easily adjustable. Anothertsaidife felt confined in bucket seats. One
participant liked heated seats.

Car Type

Several participants complained about blind spotsdifficulty with the right side-view mirror.
Their primary concerns were a limited field of wisiand depth perception. One participant also
complained that the nose of the Honda Accord wasaing. Another participant mentioned that
his four-door Toyota felt safe. One participant pteimed that his headrest was too high and too
wide. Three participants identified the Volvo gsaaticularly safe car. An Accord driver
complained about the car’s turning radius.

When the discussion turned to gas mileage, paattgppexpressed varying opinions about their
automobiles and the benefits of hybrid vehiclese ©@omplained that the Accord only gets 20
miles per gallon on city streets, and another fatiwadl six-cylinder cars have worse mileage.
Five participants expressed support for hybrids olvers noted that the cost is not justified
unless gas prices continue to climb, or if the elrispends a lot of time on highways.

Most drove four-door automobiles. Two participamtsve Hondas, two drove Toyotas one
drove a Volvo, one drove a Buick, one drove a Mercaone drove a Mercedes, and one drove a



Hyundai.
DIFFICULTIES DRIVING A VEHICLE
Parking, Merging, and Reversing

Four participants had trouble with parallel parki@g particular concern were blind spots and
the difficulty several participants had turningitheecks. One participant had a GPS-enabled
camera on the back of her car that made parkingre@sother complained about clearance
during parking and was concerned about scrapingdatis

Merging into the right lane was particularly diffit because of the depth perception problem in
the right-hand mirror and was considered to baqadarly dangerous at high speeds. One
participant mentioned the Volvo in particular asihg a troublesome blind spot when merging.
One suggested larger, sectioned mirrors for betsdsility. Eight residents thought that a beeper
would be useful for reversing their vehicles.

Miscellaneous Concerns and Suggested Improvements

One resident had trouble gauging distances whikingdeft-turns. Other concerns included
drivers passing on the right, difficulty at busyeirsections, glare, and blinding headlights.

VEHICLE USAGE
Knobs, Dials, LED lights, and Turn Signals

Several participants had difficulty with their daslard displays. A Volvo driver also was unable
to read the digital clock, and another participagressed a preference for a big clock in the
dash rather than a small one on the CD playeralis@ne participant complained that the
steering wheel was too large and made it diffitméee the odometer.

Several participants had trouble with their rad@se had difficulty adjusting the tuner for
static, and used a CD player for long trips. A Mekes driver found radio/CD button
adjustments confusing, and another participantesigg that knobs be placed on the steering
wheel for easy access. One participant found ficdit to remember to turn off blinkers and
would have liked an alarm to notify the driver whes or her blinkers were still on. Another
noted that GM already has this feature installeseweral of its models.

A wide variety of views were expressed on assastbdr design features:

* One participant liked overhead interior lights thtty on while driving.

* Five participants would prefer a full spare tirdhe “donut” model many had in their
vehicles.

* One participant complained about the height ofiln@per on SUVs and wished that all
cars had the same bumper height.

» Three liked lights that changed direction whilening the vehicle.



* Three expressed a preference for a digital compatalled in their vehicles.
» Several complained that their car manuals werdaiog and that they had not learned
about all the features of their cars.

Cell Phones

Seven participants used cell phones. All ninetfedte should be a law against driving while on
the phone.

Driving in New Areas, Getting Lost, and Following Drections
Three participants used MapQu#sand six preferred traditional maps. Several gsg would

consider using GPS, and one said that she hadiimgeassed with the system on her son’s car.
Another participant said it was better than Map@¥ew/hich can be inaccurate.






CRITERIA FOR EXCLUSION FROM FOCUS GROUPS

Rossmoor residents were not allowed to not pa#tein the focus groups if any of the
following were true:

1.

2.

History of neurological disease likely to affecunemuscular function including cerebral
vascular accident (CVA), seizure disorder, or Restin’s.
Diagnosis of dementia or Mini-Mental Status Exartiorascore < 24.

3. Standard visual acuity worse than 20/40.

B

©WooNOO

History of any other previous illness or surgengisas a vestibular disorder, significant
visual disorder, arthritis, or cardiovascular dggavhich might, in the opinion of the
investigator, interfere with normal driving behavio

Currently taking any medications that might integfevith driving.

Do not currently hold a valid California driverisénse.

Do not currently drive at least three days per week

Do not own/lease your own vehicle.

Have been involved in a motor vehicle accident bil @ithin the last two years.

10 California car license and registration are notdvahd current
11. Proof of liability insurance does not meet the mnim liability requirements of $50,000

for death or injury of any one person, any onedsi; $100,000 for all persons in any
one accident; and $25,000 property damage for apyaocident (California DMV
registration requirements are $15,000/$30,000/%5,00






FOCUS GROUP PROTOCOL

15 Minutes: Pre-Focus Group with Participants:
* Permission to record (i.e., video and/or audio)
» Consent to participate

e Questionnaire

* Table Tents

15 Minutes: Introduction

* Moderator introduction and focus group purpose

Focus group overview

Participant introductions (including primary tedynodes)

Car usage during the week & weekends and trassit

Ask participants to think about their driving exgnce OUTSIDE OF ROSSMOOR
(including automobile Likes and Dislikes)

30 minutes: Difficulties Entering, Loading & Unloading Vehicle

Discuss concerns/observations of difficultiesldaking, loading, and unloading)
Ask about where they put packages and why (fpassenger seat, back seat, trunk)
Ask about electronic key entry and remote reldas&unk

How do these issue affect vehicle ownership (rjadeiceb

Suggestions for improving/modifying vehicle desig

Discuss “good” vehicle design features for emiggrioading and unloading vehicle

10 minutes: Break

30 minutes: Difficulties Driving A Vehicle

» Discuss concerns/observations of difficultievérsing vehicle, parking, merging)
Left turns (both controlled and uncontrolled,.etwp dedicated left turn signal)
Lane changes--Use of mirrors to see behind amahalversus turning head/body
How do these issues affect vehicle ownership @hathoiceb

» Suggestions for improving/modifying vehicle desigr driving

30 minutes: Vehicle Usage

* Preparing to drive (e.g., seat and mirror adjustinen

Knobs, dials, LED lights (reading console), turgnsils (size, location, brightness)
Parking brake, adjusting seat, adjusting mirrets,

Use of cell phones

Do they drive outside of normal territory, gegfilost, following directionsb

» Discuss “good” vehicle design features for driv{dgsplays, knobs)

5 minutes: Final Questions

End: Adjourn & Incentives ©






FOCUS GROUP TRANSPORTATION QUESTIONNAIRE

Thank you for filling out this questionnaire. All aswers are confidential. First, we have a few
travel related questions.

1. How many persons (including yourself) are theren your householdb_~
2. How many people in your household driveb

3. How many autos are available to your householdb

4. How old were you when you first obtained your dver’s licenseb

5. Please check the modes that you typically use toavel more than two times a weekb

[ ] Drive Alone [ ] Carpool [ ]Bus
[ 1 BART [ 1 MUNI [ ] Train
[ ] Bike [ ] walk

[ ] Other, Please Specify
6. How frequently do you use transit (e.g., bus, &in, BART, or MUNI) when you travelb
[ ] Always [ ] Usually [ | Sometimes | Rarely [ ] Never

If you checked “Never” in response to question 6aite, please skip questions 7, 8 and 9 and
go to question 10 on page 3.

7. How frequently do you use transit (e.g., busEn{rBART
or MUNI) for a trip, if traveling by car involves...

a. Driving at nightb

[ ]Always [ ]Usually [ ]Sometime$ |Rarely [ ] Never
b. Making left turns across oncoming traffich

[ ]Always [ ]Usually [ ]Sometime$ |Rarely [ ] Never
c. Driving in bad weather (rain, snow, fog, etch

[ ]Always [ ]Usually [ ]Sometime$ |Rarely [ ] Never



d. Driving on high traffic roadsb
[ ]Always [ ]JUsually [ ]Sometime§ | Rarely
e. Driving in unfamiliar areasb

[ ]Always [ ]JUsually [ ]Sometime§ | Rarely

[ ] Never

[ ] Never

8. How frequently do you avoid traveling by trar(gitg., bus, train, BART or MUNI), if it...

a. Costs more than other available modeshb

[ ]Always [ ]JUsually [ ]Sometime§ | Rarely
b. Takes longer than other available modesb

[ ]Always [ ]JUsually [ ]Sometime§ | Rarely
c. Involves identifying a new transit scheduleb

[ ]Always [ ]JUsually [ ]Sometime§ | Rarely
d. Involves a transferb

[ ]Always [ ]JUsually [ ]Sometime§ | Rarely
e. Involves a new transit station or stopb

[ ]Always [ ]JUsually [ ]Sometime§ | Rarely

[ ] Never

[ ] Never

[ ] Never

[ ] Never

[ ] Never

9. When you use transit, do you ever experience psigal difficulty with any of the

following (please check all that apply):

[ ] Stepping on or off Bus or Train

[ ] Station Stairs

[] Purchasing Tickets or Paying the Fare
[ ] Any Other, Please List

Start here if you answered “Never” to question 6.



10. Prior to moving to Rossmoor, have you ever lideor worked in a community in which
you typically used transit one or more times a wedk

[ ]Yes [ ] No
Next, we ask for your views on various transportatiissues....
11. For each of the following statements, pleaseeaxtk the one response that best expresses
how strongly you disagree or agree. “My current transportation methods (that is, all the
different transportation modes | currently use) ...
a. "Are enjoyable to me."
[ ] Strongly Disagred ] Disagree[ | Neutral [ ] Agree [ ] Agree Strongly
b. "Allow me to visit friends when | want."
[ ] Strongly Disagred ] Disagree[ ]| Neutral [ ] Agree [ ] Agree Strongly
c. "Fit my budget.”
[ ] Strongly Disagred ] Disagree[ ] Neutral [ ] Agree [ ] Agree Strongly
d. "Allow me to be spontaneous.”
[ ] Strongly Disagred ] Disagree[ | Neutral [ ] Agree [ ] Agree Strongly
e. "Help me go everywhere."
[ ] Strongly Disagred ] Disagree[ ] Neutral [_] Agree [ ] Agree Strongly
f. "Say a lot about who | am."
[ ] Strongly Disagred ] Disagree[] Neutral [_] Agree [_] Agree Strongly
g. "Do not make me feel safe.”
[ ] Strongly Disagred ] Disagree[] Neutral [_] Agree [ ] Agree Strongly
h. "Give me a sense of independence."
[ ] Strongly Disagred ] Disagree[] Neutral [_] Agree [_] Agree Strongly
i. "Are great for my lifestyle needs."

[] Strongly Disagred | Disagree[ | Neutral [_] Agree [_] Agree Strongly



J. "Allow me to quickly respond to an emergency."

[ ] Strongly Disagred ] Disagree[ ] Neutral [ ] Agree [ ] Agree Strongly
k. "Are comfortable.”

[ ] Strongly Disagred ] Disagree[ ] Neutral [ ] Agree [ ] Agree Strongly

12. For each of the following statements, pleaseatk the one response that best expresses
how strongly you disagree or agree.

a. “I like to experiment with new ways of doing thngs.”

[ ] Strongly Disagred | Disagree[ | Neutral [_] Agree [ ] Agree Strongly
b. “I sometimes don’t drive because finding a parkiag space is difficult and frustrating.”
[ ] Strongly Disagred | Disagree[ | Neutral [_] Agree [ ] Agree Strongly
c. “Transit is too expensive, so | don’t use it muz”

[ ] Strongly Disagred | Disagree[ | Neutral [_] Agree [ ] Agree Strongly
d. “Once I'm happy with something, | don’'t want to change it.”

[ ] Strongly Disagred | Disagree[ | Neutral [_] Agree [ ] Agree Strongly
e. “l spend too much time dealing with car maintenace.”

[ ] Strongly Disagred | Disagree[ | Neutral [_] Agree [ ] Agree Strongly
f. “Keeping licenses and smog checks current is igively easy.”

[ ] Strongly Disagred | Disagree[ | Neutral [_] Agree [ ] Agree Strongly
g. “l usually do not have to wait too long for buse and trains.”

[ ] Strongly Disagred | Disagree[ | Neutral [_] Agree [ ] Agree Strongly
h. “I use transit when it goes where | want to go.”

[ ] Strongly Disagred | Disagree[ | Neutral [_] Agree [ ] Agree Strongly

i. “If friends and neighbors reduced their driving, | would follow their example.”



[ ] Strongly Disagred ] Disagree[ ] Neutral [ ] Agree [ ] Agree Strongly
J- “I know transit schedules and routes relativelywell.”

[ ] Strongly Disagred ] Disagree[ | Neutral [ ] Agree [ ] Agree Strongly
k. “The benefits of owning a car are higher than tle costs.”

[ ] Strongly Disagred ] Disagree[ ] Neutral [ ] Agree [ ] Agree Strongly
l. “I sometimes do not feel safe while using transft

[ ] Strongly Disagred ] Disagree[ | Neutral [ ] Agree [ ] Agree Strongly

Finally, we have a few demographic questions thall Welp us categorize the responses to this
survey.

13. Please check all of the devices/services thauyuse...
[ ] Cellular Phone [ ] Personal Digital Assistant
[ ] Internet

14. Are you...
[ ] Female [ ] Maleb

15. What is your current marital statusb
[ ] Single [ ] Married [ _] Separated
[ ] Divorced [ ] Widowed

16. What is the last level of school that you comgiedb
[ ] Grade School [ ] Graduated High School
[ ] Associate’s Degree  [_] Bachelor's Degree
[ ] Master’s Degree [ ] Ph.D. or Higher

[ ] Other, Please Specify



17. Please indicate theumberof your household members (including yourself) thiafall
into the different age groups listed below.

___0-5 ___6-15 __16-18
_19-23 _24-44 ___45-64
___65-74 __75-84 ____85o0rolder

18. What is your ageb

[ 124 or Younger [ ]25-44 [ 14554 [ ]55to0 64
[ ]65-74 []175-84 [ 185 or Older

19. What was your household’s 2003 pre-tax incomeb
[] Under $10, 000 [ 1$10,000- $19,999
[ ]$20,000 - $49.999 [ ]$50,000 - $79.999
[]$80,000- $109,999 [] More than $110,000
[] Decline to Respond

Thank you very much for your cooperation!



APPENDIX B : OBSERVATIONAL GROUP SUMMARIES






HEALTH/ACTIVITY QUESTIONNAIRE

Name Address

City State Zip
Home Phone # Gendés: M Female
Age Year of Birth Height  Weight
Ethnicity Highest level of educatiompleted
Whom to contact in case of an emergency Phone#
Name of your Physician Phone #

1. Have you ever been diagnosed as having anyedbtlowing conditionsb
Yes K) Year of onset (approximate)
Heart attack

Transient ischemic attack (stroke)

Angina (chest pain)

High blood pressure

Stroke

Peripheral vascular disease

Diabetes

Neuropathies (problems with sensations)

Respiratory Disease

Parkinson's disease

Multiple sclerosis

Polio/post polio syndrome

Epilepsy/ seizures

Other neurological conditions

Osteoporosis

Rheumatoid Arthritis

Other arthritic conditions

Visual/depth perception problems

Inner ear problems/recurrent ear infections




Cerebellar problems (ataxia)

Other movement disorders

Chemical dependency (alcohol and/or drugs)

Depression

2. Have you ever been diagnosed as having anyedbtlowing conditionsb
Yes (X) Year of onset (approximate)
Cancer
If YES. describe what kind
Joint replacement _
If YES. which joint (e.g.. knee. hip) and sideft(ler right).
Cognitive disorder
If YES describe condition
Uncorrected visual problems
If YES. describe type
Any other type of health problemb
If YES. describe condition

3. Do you currently suffer any of the following sgtams in your legs or feetb
Numbness Arthritis

Tingling Swelling

4.Do you currently have any medical conditionsvithich you see a physician regularlyb YES or NO
If YES. please describe the condition(s).

5. Do you require eyeglassesb YES or NO If YEScdibe type:

6.Do you require hearing aidsb YES or NO

7. Do you use an assistive device for walkinghc(ejr No Yes Sometimes
Typeb

8. List all medications that you currently takec(irding over-the-counter medications).
Type of medication For what condition




9. Have you required emergency medical care oritadigation in the last three yearsb YES or
NO
If YES. please list when this occurred and briefkplain why.

10. Have you ever had any condition or sufferediajuyy that has affected your balance or
ability to

walk without assistanceb YES or NO

If YES, please list when this occurred and briefkplain condition or injury.

11 . How many times have you fallen within the paesdrb
Did you require medical treatmentb YES or NO

If you answered YES to either question. pleasdHhistapproximate date of the fall, the medical
treatment required, and the reason you fell in easle (e.g.. uneven surface. going down stairs)

12. Are you worried about fallingb (circle appraig number)
1 2 3 4 5 6 7
no alittle moderately very extremely

13. How would you describe your healthb
Excellent Very good Good Fair Poor

14. In the past 4 weeks, to what extent did hgaibblems limit your everyday physical activities¢h
as walking and household chores)b
Not at all Slightly Moderately  Quite a bit Esinely

15. How much "bodily pain" have you generally hadling the past 4 weeks (while doing normal
activities of daily living)b
None Very little Moderate Quite a bit 8ev



16. In general, how much depression have you expeed in the past 4 weeksb
None Very little Moderate Quite a bit Seve

17. In general, how would you rate the quality obiylifeb (circle appropriate number)

1 2 3 4 5 6 7
very low  low moderate high very high
18. Please indicate your ability to do each offtlewing. Can Can do with Cannot
do difficulty or do
with help
a. Take care of own personal needs-such as dregsimgelf 2 1 0
b. Bathe yourself using tub or shower 2 1 0
c. Climb up and down a flight of stairs 2 1 0
(e.g., to a second story in a house)
d. Walk outside one or two blocks 2 1 0
e. Do light household activities-cooking, dusting, 2 1 0
washing dishes, sweeping a walkway
f. Do own shopping for groceries or clothes 2 1 0
g. Walk 1/2 mile (6-7 blocks) 2 1 0
h. Walk 1 mile (12-14 blocks) 2 1 0
I. Lift and carry 10 pounds (full bag of groceries) 2 1 0
j. Lift and carry 25 pounds (medium to large sis&Ega 2 1 0
k. Do most heavy household chores-scrubbing floors, 2 1 0
vacuuming, raking leaves
I. Do strenuous activities-hiking, digging in gande 2 1 0

moving heavy objects, bicycling, aerobic dance eses,
strenuous calisthenics, etc.

19. In general, do you currently require houselooldursing assistance to carry out daily activities
YES or NO
If yes, please check the reasons(s).
___Health problems
___Chronic pain
__Lack of strength or endurance
___Lack of flexibility or balance
___ Other Reasons:

20. In a typical week. how often do you leave yoouse (to run errands. go to work. go to meetiogsses,
church. social functions, etc.)b

less than once/week 3-4 thvesf
1-2 times/week adhrevery day



21. Do you currently participate in regular physiegercise (such as walking. sports, exercise efass
housework, or yard work) that is strenuous enoogtatise a noticeable increase in breathing, hataytor
perspirationb YES or NO

If yes. how many days per weekb (circle)
One Two Three Four Five Six  Seven

22. When you go for walks (if you do). which oétfollowing best describes your walking paceb (&hec
_____Strolling (easy pace, takes 30 minutes or nvealk a mile)

_____Average or normal (can walk a mile in 20-30 utés)

____Fairly brisk (fast pace. can walk a mile in2bminutes)

Do not go for walks on a regular basis

23. Did you require assistance in completing tbrsnb
None (or very little) Needed quite a bit of help

Reason:

Thank you!

Reprinted from the Center for Successful Aging alifGrnia State University, Fullerton.
Question 18 reprinted from Rikli & Jones, 1999

Driving Confidence Rating Scale

1. How confident are you when driving at nightb

Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10



2. How confident are you when driving in bad weatherb

Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10

3. How confident are you when driving in rush houheavy trafficb

Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10

4. How confident are you when driving on the higgtwva

Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10

5. How confident are you when driving on long$t

Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10

6. How confident are you when changing lanes basy streetb

Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10



7. How confident are you when you have to reaatkdyb
Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10
8. How confident are you when pulling into traffrom a stopb
Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10
9. How confident are you when making a left tacnoss trafficb
Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10
10. How confident are you when parallel parkindpacking into a space between carsb

Not at all confident Completely Confident
0 1 2 3 4 56 7 8 9 10






DRIVING QUESTIONNAIRE

Subject:
Driver’'s License Number: Empleyt Status:
(1) Unemployed

(2) Work part time

(3) Work Full time

(4) Retired

(5) Volunteer part time

(6) Volunteer full time
1. How many days per week do you normaliyedr (circleone) 1 2 3 4 5 6 7
2. How many total miles do you drive in amal weekb

3. How many miles per yedo you driveb (circle one)

Less 1,001 2,501 5,001 7,501 10,00 12,50 15,00 17,50 20,00 25,00 30,00

than to to to to 1to 1to 1to 1to 1to 1to 1or

1,000 2,500 5,000 7,500 10,00 12,50 15,00 17,50 20,00 25,00 30,00 more
0 0 0 0 0 0 0

1 2 3 4 5 6 7 8 9 10 11 12

Alway Usually Sometime Rarel Never

s s
4a. Do you avoid driving at nightb 5 4 3 y2 1
4b. Do you avoid making left turns across 5 4 3 2 1
oncoming trafficb
4c. Do you avoid driving in bad weather 5 4 3 2 1
(rain, snow, fog, etch)
4d. Do you avoid driving on high-traffic 5 4 3 2 1

roadsb



4e. Do you avoid driving in unfamiliar 5 4
areasb

4f. Do you pass up opportunities to go 5 4

shopping, visit friends, etc...because of
concerns about drivingb

5. How long have you have been drivingb

6. How long have you been living at Rossmoorb

7. How long have you been living in the Walnut Creekad




Open Road Driving Evaluation — Rossmoor (ORDE —R)

Depart Fastens seatbelt before driving [ Yield Signals
[
Parking Releases brake; shifts gears O Slows vehicle
[
Space Looks both ways before moving [ Looks left
[]
Looks through rear window initially’ Forward check
[
Looks appropriately as pulling out(’ Proceeds when safe
0 Pedestrian awareness O
Appropriate speed O
Reversel!  Forward![]
Lane Checks traffic
L]
R turn Signals 0 Change Signals
L]
from lot Slows vehicle 0 Appropriate speed
L]
Completes stop M Appropriate spacing
H
Stops before cross traffic 0 Appropriate lane
L]
Follows lane markings 0
Proper speed 0 General Appropriate speed
L]
Looks both ways 0 Self distracting activities
L]
Proceeds when safe 0 Two hands on wheel
O Acceptlyield right of way O

Appropriate evasive action (1]
Follows prescribed route [
Appropriate spacing

H
4 way Slows vehicle 00 Scans repeatedly
[]
stop Completes stop 00
Behind crosswalk 00 Legend
Follows lane markings 0 V = Error
Proper speed 00 Blank = No error
Acceptlyield right of way 00 Filled in black = Not observed
Looks both ways 00 X = Not applicable
Forward check 00 Filled in red = Critical error
3 way Slows vehicle 00000

stop Completes stop 00000 Overall



Operational Definitions

Errors

Critical error = An action or lack of action thatudd potentially result in an accident, whether
the accident occurs or not.

Checks traffic as appropriate (backing out fronkpay space)

* Turns body and looks directly behind through reardow to check for cross traffic before
moving vehicle

» Continues looking directly behind through rear vandwhile backing out

* Looking through rear view mirror is not acceptable

Pedestrian awareness (departing parking space)

» Scans for pedestrians before moving vehicle
* Yields to pedestrians if present at corners orswasks
* Does not pass a car from behind that has stoppedratsswalk

Appropriate speed

* +/- 5-10 mph of speed limit is a minor error
e > +/- 10 mph of speed limit is a critical error

Signals
» Signals during the last 100 feet before reachiegunning point

Slows vehicle
* The driver slows the vehicle prior to arrival a¢ intersection

Stops vehicle

* The driver stops the vehicle completely prior te thtersection
* The vehicle does not roll through the intersection

Behind crosswalk

* No error=behind both crosswalk lines
* Minor error=behind front line



» Critical error=beyond both lines/into the line obss traffic
» This criteria is difficult to observe on the vidabis easiest to judge based on the vehicle’s
relation to other vehicles or street reference fsoin

Follows lane markings

» Stays within appropriate lane

* Turns from appropriate lane

» Turns into appropriate lane

» Critical error=turns from inappropriate lane

* Minor error=turns into inappropriate lane if no aent would result

» Critical error=turns into inappropriate lane if accident could result (e.g. turns into
oncoming traffic)

Looks both ways
» Head visibly turns both ways to check for traffréop to moving vehicle

Forward check
» After looking both ways, driver looks forward agdiefore proceeding

Obeys signal light
* Responds appropriately to red, yellow, and gregt li

Acceptlyield right of way

* At an intersection without STOP or YIELD signs,\wni slows down and is ready to stop.
Driver yields to vehicles already in the intersewtor just entering it. Also, yields to the car
which arrives firsor to the car to the right if it reaches the intergecat the same time. At a
“T" intersection, without STOP or YIELD signs, veles on the through road have the right-
of-way.

* When there are STOP signs at all corners, driieavis the above rules.

* When turning left, driver gives the right-of-waydt vehicles approaching you that are close
enough to be dangerous.

» Whenever parking off the road or leaving a parkotgetc., yield to traffic before entering
the roadway.

Self distracting activities

» Critical error=holding and talking on cell phoneiighvehicle is moving (one hand driving),
or eating while driving

* Minor error=talking on cell phone with hands frdeope (two hands driving)

* Blowing nose with one hand is ok



Two hands on wheel
* Minor error=driver repeatedly uses one hand fovidg

Appropriate evasive action

* Proceeds cautiously through construction areas
» Critical error=does not yield to emergency vehicle
* Minor error=does not signal when proceeding arcamabstacle in road

Follows prescribed route

* Minor error if deviates from prescribed route
* See Rossmoor map for route

Appropriate spacing

* Maintains appropriate following distance behindesthehicles

* Minor error=driver is not abiding the “three-secantk.”

» If possible, use the “three-second rule” to detearappropriate spacing. When the vehicle
in front passes a certain point, such as a sigmtcone-thousand-one, one-thousand-two,
one-thousand-three.” This takes about three sectintie vehicle passes the same point
before you finish counting, the vehicle is follogitoo closely.

» Critical error=hits object

Check your rear view mirrors frequently (every Bteeconds) so that you know the position of
vehicles near you.

Open Road Driving Evaluation (ORDE)

Stop sign Signal light
Uncontrolled Score
Right turn ~ Signals Oo0oDoDoooooogao _
Slows vehicle 000000000000 _
Completes stop D0O00DO0o0oo0DO0ooooaog

Behind crosswalk DO0o0o00ooooood



Left turn

Straight

Lane

Change

Follows lane markings
Proper speed
Acceptlyield right of way
Looks both ways
Forward check

Obeys signs/signals

Signals

Slows vehicle
Completes stop

Behind crosswalk
Follows lane markings
Proper speed
Acceptlyield right of way
Looks both ways
Forward check

Obeys signs/signals

Slows vehicle
Completes stop

Behind crosswalk
Follows lane markings
Proper speed
Acceptlyield right of way
Looks both ways
Forward check

Obeys signs/signals

N I O I B O B O
N I O I B O B O
N I O B O B O
N I O I O B O
N I I B O B O
N I O I O B O
N I O O B O B O
N I I O B O
N I O I B O B O
N I O I O B O
N I O I O B O
N I O I B O B O

N Y Yy I By
OO0 o0o-0Oo0o-googdg
OO0 o0o-0go-0o-gdo0oogdg
OO0 o0o-0Oo0o-go0oogdg
N Y Yy IO By
OO0 o-0go-o-go0oogdg
N Y Yy I By
N Y Yy I By
N Y Yy I By
N Y I Y I By
N Y Yy I B
N A Y Yy I By

N I O I B O A O
N T O O e O B O
O O 0o oo-g o
O O 0o oo-g o
N O I e O B O

0Oo0oooo

0Ooond
0Ooognd

Left

Checks traffic (turns head) [ O [ [

Signals
Appropriate speed
Appropriate spacing

0Oodogad
0oodogaod
0oodogaod

OO0 o0oo-goo-god
O OO o0oo-goo-god
O OO o0oo-goo-god
O Oo0oo0oo-goo-god
O Oo0oo0oo-gooo-god
OO0 o0oo-goo-god
O Oo0oo0oo-goo-god

O O O O
O O O O

Right

0oodgd
0ooggd
0oogdad
0oogdad

O O O O
O O O O

Merge



Appropriate lane OO0oo0ooOooooooaoao

Parking Parallel: in/foutPull in: in/out

Signals O O O O

- Appropriate speed 0 0 0

- Follows markings O O O

- Looks appropriately 0 0 0
General Appropriate speed Oo0oooao
Driving— Self distracting activities 00000
—Two hands on wheel O0000d

Appropriate evasive action 1 [ [1 [] []

Other critical error O0000

Inappropriate equipment use [ [] [] []

Scanning OO0000d

Overall ___Would ride with this driver ___Would not ride withis driver

Comments




Legend
v = Error
Blank = No error

Filled in black = Not observed
X = Not applicable
Filled in red = Critical error

Critical Errors

Strikes object

Up and over curb or sidewalk

Drives into oncoming traffic lane

Disobeys traffic sign or signal

Dangerous maneuver (could result in accident)
Inappropriate reaction to school bus
Inappropriate reaction to emergency vehicle
Inappropriate speed (fast/slow)

Turning from improper lane

Stopping beyond crosswalk at intersection
Poor pedestrian/cyclist awareness

Not turning to look back when in reverse
Failure to check blind spot before/during lane dsan
Talking on cell phone while driving






INGRESS/EGRESS SCORING CRITERIA AND INDIVIDUAL RESU LTS
Legend
* Normal = performed activity similar to healthy, ymuadult

e S =Dbackseat of car
e F =floor of backseat

e T=trunk

* UE = upper extremity
e L=left

* R =right

* A =person enters or exits the vehicle in one flaiotion

* B = 3 steps (distinct movements) to perform task;leg, then right leg, then stand (egress);
sit, right leg, then left leg (ingress)

» C =uses one arm/hand to help stand up or sit down

* D =uses two arm/hand to help stand up or sit down

* E = pushes up on both legs to stand up



Subject | Driver seat | Backseat Driver seat | Backseat Suitcase | Grocery | Other
Ingress Ingress Egress Egress bag
002 Normal Not observed Normal Not observed S S
M, 78 speed; A; L speed; B; L
'93 UE assists UE assists
Dodge with R LE with R LE
Shadow
003 Normal Not observed Slow; B; C| Notobserved F S
F, 72
Hyundai
Elantra
004 Normal Not observed Normal Not observed T T - 2 pushes t
F, 78 open car door
'94 Toy from inside and
Tercel outside
005 Normal Not observed Normal Not observed F F
F, 83
Buick
Century
006 Normal Not observed Normal Not observed F F -2 pushes t
F, 74 open door from
01 inside
Hyundai
Elantra
007 Normal Not observed Normal Not observed T T - Key to oper
M, 73 trunk
'98 Toy
Corolla
008 Normal Not observed Normal Not observed S F
M, 71
'96
Dodge
Intrepid
009 Normal Not observed C Not observed T F - Remote to 0
F, 83 speed; A; trunk
'98 Slow with
Chevy bringing L
Malibu LE into

vehicle

pen



Subject | Driver seat | Backseat Driver seat | Backseat Suitcase | Grocery | Other
Ingress Ingress Egress Egress bag
010 Normal Not observed Normal Notobserved T T - Key to ope
M, 81 trunk
'94
Merced
E420
013 Normal, but | Normal Normal, but | Normal T T - SUV
F, 76 slower speed; A; slower speed; A; - 2 pushes to
'00 Maintains Maintains open door from
Dodge contact with contact with inside
Durango door during door during - Latch to open
entry (1 UE) entry (1 UE) trunk
014 Normal Not observed Normal Not observed T T - 2 dotiicle
M, 77 - Latch to open
'01 Ford trunk
Escort - Key to open
trunk
015 Normal Normal B, E B, C F F
M, 70
'02 Toy
Camry
016 Normal Normal; Normal Normal T T - Mini-van
M, 81 takes extra
'00 hop due to
Dodge recessed seat
Caravan
017 Normal D, slower B; D; uses | B; D; uses T T - Latch to open
F, 77 speed; A; C; pillar pillar initially trunk
'96 Toy | Slow with initially to to pivot in
Camry bringing L pivot in seat| seat
LE into
vehicle
018 Normal Normal Normal Normal T T - Latch to open
M, 78 speed; B speed; B trunk
'04
Lexus

RX330




Subject | Driver seat | Backseat Driver seat | Backseat Suitcase | Grocery | Other
Ingress Ingress Egress Egress bag

019 Slow, C Slow, Slow, B, C | Slower T F - Key to open

M, 83 especially L trunk

'93 LE; C

Lexus

ES300

020 Normal Normal B B, plus more S T - Key to open

F, 76 effort trunk

01 - 2 pushes to

BMW open door from

325i inside

021 Normal Normal Normal Normal T T -Key to open

M, 83 speed; B trunk

'98

Lexus

Sedan

022 Normal Normal Normal Normal ; T T -Key to open

F, 85 speed; C Maintains trunk

'04 contact with -Had some

Honda door during difficulty using

Civic exit (LUE) remote to open
car doors

023 Slow; C Slow; C Normal Increased | T F -Latch to open

F, 83 effort needed trunk

'88 Toy to open door; -Some difficulty

Camry Slower lifting grocery
bag

024 Normal Unable to get B Not observed| T T -lifts grocery bag

M, 83 L LE into and suitcase

'91 Toy backseat; D together

Corolla slower -Key to open
trunk

-tall subject




Subject | Driver seat | Backseat Driver seat | Backseat Suitcase | Grocery | Other
Ingress Ingress Egress Egress bag
025 Normal Slower; B, | B,C Slower, F S
F, 85 C pivots in
'02 seat, brings
Honda out both feet
Accord together,
then stands;
D
026 Normal Slower; C 2 steps Slow; C T T
M, 73
'99
Acura
Integra
028 Normal Normal Normal Normal T T -Key to open
F, 84 trunk
'98
Honda
Accord
LX
029 Extremely Unable Extremely | N/A T T -Maintains
M, 79 slow, D; slow, L then contact with
'96 increased R LE out of vehicle while
Mercury | effort, uses vehicle; D, walking around
Sable both hands increased it
to bring R effort going -Used remote to
then L LE from seated open trunk when
into vehicle; to standing loading, used
B key to open
trunk when
unloading
030 Used a Used a B, C B, C: F S
M, 84 forward forward Slower,
'96 Toy | kneeling kneeling leaned back
Camry motion to motion to before
lower to seat| lower to seat pushing up
height while | height while to stand
entering; C | entering; C
031 Normal Normal but | Normal Normal T T
F, 80 slower vs. speed; B, C | speed; B, C
'04 driver seat
Hyundai ingress

Sonata




D

Subject Driver seat | Backseat Driver seat | Backseat Suitcase | Grocery | Other
Ingress Ingress Egress Egress bag
033 Normal Slightly Normal Slightly T T -Uses remote to
M, 74 slower, C speed, B slower, B open trunk
Buick
LeSabre
034 Normal Normal; Normal B, C; Slower| T T
F, 81 Slower vs. speed, B, C| vs. Driver
'02 driver seat seat egress
Mercedes ingress
C240
035 Normal Normal Normal Normal but 2T T -Station wagon
F, 75 pushes to
'95 fully open
Saturn door
Wagon
036 Normal Normal Normal B,D F S
F, 71 speed, D
'98 Toy
Camry
XLE
037 Normal Normal but | Normal B; Slower, T T -Used Remote t
M, 82 slower vs. speed, B had to shift open trunk
'00 Lexus driver seat body
300ES ingress forward on
seat before
coming to
stand
038 Slow; sits Slow, C; B, E Slow, B; T T
M, 74 bringingR | L hand Used hands
'96 Volvo | LE in, then | assists L LE to assist both
850 uses into vehicle LE into
L hand to flexion to
exit vehicle

assist L LE
in




APPENDIX C: DRIVING EXPERIMENT SUMMARIES






APPENDIX A - Consent Form

Informed Consent for the Evaluation of a Gap AdviceSystem

My name is Christopher Nowakowski. | am a researehéhe California PATH program, part of
the University of California at Berkeley. | woulgh@reciate your participation in my research
study on driving behavior. The aim of this reseaisho observe driver's decision making
behavior at intersections.

You will to come to my office at UC Berkeley's Rmbnd Field Station on a weekday between
9:00 a.m. and 12:00 a.m. or between 1:30 p.m. aB@ g.m. There we will show you the
instrumented vehicle that you will use and desctiileecontent of the test. This test will include a
guestionnaire on your driving practice and a tested You will be asked to drive through an
intersection at the Richmond Field Station sevenats for a period of about 2 hours. During the
entire driving test, video will be recorded. Thenemas will be aimed at your face, front and rear
traffic. If you are not allergic to latex, you wible asked to wear several dime-sized sticky
markers on your forehead while driving in the expent to improve the tracking accuracy of
our eye-tracking equipment. If you agree to pgstte in the experiment, we will make an
appointment for you to participate in the study.

If you agree to take part in the research, you roadify the following by signing this consent
form:

1. You must provide a valid driver’s license to shdw experimenter.

2. Your driving record must be clear of any movinglatmns or DUI convictions for the past 3
years.

3. You must provide proof of insurance to the expentae(as evidence of insurability).

All of the information that | obtain about you dogi the research will be kept confidential. 1 will

not use your name or identifying information in aeports of my research. | will protect your

identity and the information | collect from you ttee full extent of the law (this does not include
subpoena). Should you be involved in an accidentewdriving the study car, the videotapes
taken may be subpoenaed as evidence. LiabilityRimygical Damage insurance for this vehicle
will be provided by the University of California daog your participation in the research.

After this project is completed, | may make theonnfiation collected during your participation
available to other researchers or use the infoonat other research projects of my own. If so, |
will continue to take the same precautions to preseour identity from disclosure. Your

identity will not be released to other researchers.

If you are injured as a result of taking part irststudy, care will be available to you. The costs
of this care may be covered by the University ofifGania depending on a number of factors. If

you have any questions about your rights or treatrae a participant in this research project,
please contact the University of California at Baely’s Committee for Protection of Human

Subjects at 510/642-7461, subjects@uclink.berketky”



Your participation in this research is voluntarypurare free to refuse to take part, and you may
stop taking part at any time. There is no directdbi¢ to you from the research. | hope that the
research will benefit society by improving our kredge about driver behavior and using this
knowledge to improve the development of advancaaksportation concepts and prototypes.

You will be paid a total of $30 for your particigat in installments of $10 per hour of
participation.

If you have any questions about the research, yayaall me, Christopher Nowakowski, at
(510) 231-5756.

| have read and understood this consent form.deatyy take part in the research.

Signature Date



APPENDIX B - Driver Background Questionnaire

Driver Information

Age: .............. Gender: ..............

What is the type of vehicle you are currently drg?

MBKE: .

MOAEL: .
Annual Mileage:

[0 Less than 5000 [J 5000 - 10,000 O Greater than 10,000
What Percentage of your driving includes the folloy®

....... Freeways

....... Rural Highways

....... Suburban/Residential (Walnut Creek, Psuia)

....... Urban/City (downtown Berkeley, Oakland San Francisco)

What percentage of your driving is done duringDtag/Night?

What percentage of your driving is to Familiar/Unfhar destinations?
....... Familiar Destinations

....... Unfamiliar Destinations




Driving Opinions

Do you think that urban/city driving can be difficor problematic?

0 Often Difficult 0 Sometimes Difficult O Nota
Problem

What factors cause the most difficultyPlease check any that apply)
[0 Intersections Complexity
Other Drivers

O
0 Pedestrians
O

Estimate the speed of other vehicles is...

0 Often Difficult 0 Sometimes Difficult O Nota
Problem

What situations cause the most difficulty in spestimation?
[0 Left Turn with Oncoming Traffic
Left Turn with Lateral Traffic
Right Turn

N

U

0 Merging
[0 Overtaking
N

Would you like to be contacted about participaiifuture driving-related studies
organized at California PATHPAnswering “Yes” in no way obligates you to panpiate
in future studies.)

U Yes U No



Driver Vision and Health

Do you wear corrective lenses when you drive?

0 Glasses O Contacts O None

Are you: (Please check all that apply)

Myopic (Near sighted)

Hyperopic (Far sighted)

Astigmatic

Presbyopic (Far sighed due to aging)
(@1 [T o

I I B B |

Have you had corrective eye surgery (e.g., LASIK)?

Are you currently taking any medications? 0 No OO Yes
If yes, please describe?
If yes, for NOW loNg? ..o

Do any of the medications you are currently talgogtain warnings against
driving while on that medication?

0 No O Yes






