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ABSTRACT

RELATIONS OF DRIVER UNDERSTANDING OF LEFT-TURN
DISPLAY AND
DRIVER AGE WITH LEFT-TURN ACCIDENTS

By

Aris Drakopoulos

This study analyzes older driver comprehension of left-turn signal
displays based on a previously conducted laboratory experiment, and
accident involvement based on field data.

Laboratory data consists of responses of 191 individuals to 82
signal displays representing permitted, protected, red, change and
flashing intervals. Older drivers were found to be more prone to
misinterpretations than other drivers, particularly in response to
complex (defined according to number, color, and type of simultaneously
illuminated signal sections during a particular interval) left-turn
signal indications.

The field database includes information on signal section
arrangement, left-turn phase type, lead/lag phasing, cycle length,
permitted and protected phase duration, number of simultaneously
illuminated left-turn signal lenses, major/minor approach designation,
number, horizontal and vertical signal head position, intersection type,
accident type, driver age and violation, weather, and contributing
circumstances. It consists of 3004 signal, 1217 geometric and 187,715
vehicle accident records.

Laboratory results are used to formulate hypotheses about which
left-turn display characteristics are most likely to affect older driver
safety performance in the field. Left-turn signal displays found to be
less well comprehended by older drivers in the laboratory were generally

found to be present at locations with high older driver left-turn



accident overinvolvement.

The induced exposure method, i.e., the ratio of the proportion of
driver 1 (driver at fault) to the proportion of driver 2 (driver not at
fault--innocent victim) involved in multiple vehicle accidents by age is
used to provide relative accident involvement rates controlled for
environmental and other factors.

Older drivers were found to be over-involved in left-turn
accidents, especially during adverse weather conditions and at
approaches with protected/permitted left-turn control. Left-turn signal
displays were found to be better comprehended and/or be associated with
fewer older driver accidents if: flashing yellow or red ball permitted
indications were used instead of green ball indications; exclusive left-
turn lanes were provided; left-turn signals were placed along the
extension of the left-turn lane centerline instead of between the left-
turn and through lanes, and, protected stacked-three instead of stacked-

four displays were present.
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CHAPTER 1
INTRODUCTION

1.1. DEFINITION OF THE TRANSPORTATION PROBLEMS FACING OLDER DRIVERS

The number of "older persons" is increasing faster than any other
age group in the United States today. Likewise, the percentage of older
people that drive is increasing dramatically both because of their
continuing need to travel, since more older people are retiring in the
suburbs where their transportation needs cannot be satisfied by public
transportation or walking, and because they are living longer, healthier
lives, and feel capable of driving. Moreover, certain traffic accident
patterns have been associated with older drivers, such as a larger
percentage of injury and fatal accidents at intersections, especially
those involving vehicles turning left. The trend toward more older
drivers in the coming decades makes the study of the causes of such
accidents urgent, since accident numbers are expected to increase
proportionately to the older driver population.
1.2. DEMOGRAPHIC PATTERNS OF OLDER DRIVERS

There is no uniform definition of the term "older driver" in the
literature, and the term has been applied to drivers from 55 to those
over 75. Some authors use the terms "young-old" and "old-old" in
recognition of the fact that a large portion of drivers 55 to 70 years
old have no serious physical limitations and go about their everyday
lives the same way their younger counterparts do, while a larger
portion of drivers over 70 years old experience physical limitations
that may interfere with everyday activities among which is driving. The
"graying of America" has been well established demographically.
Moreover, since younger age cohorts are smaller in size, there will be a
higher percentage of older persons in the population. Thus, the fastest
growing age cohort both in absolute and relative terms is that
containing older persons (80, 104, 139).

Since only a small percentage of the older population is

institutionalized and taken care of with the help of special care
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providers, attention needs to be given to the majority of older persons
that have no serious physical limitations, live healthy and active
lives, and are dependent on their own means to satisfy their
transportation needs (80, 104, 139).

Available data (104) show that most persons choose to retire in or
near the communities where they lived and worked for most of their
lives. Thus, the migration to warmer parts of the country is not
expected to have significant impacts on the numbers or percentages of
older persons in the majority of states. This point notwithstanding,
there will still be some states that experience greater problems than
others because their climate attracts some older persons from other
parts of the country.

1.3. TRANSPORTATION PATTERNS OF OLDER PEOPLE

The vast majority of older persons continue to rely on the
automobile for their transportation needs such as shopping, visiting
doctors, worshiping, and socializing (80). More older people in the
near future will need and want to use their automobile since the
majority of them will live in suburbs and will, in all likelihood,
continue to make inter-suburb trips much as they do today.

The 1983 National Personal Travel Survey (NPTS) data indicate that
the number of daily trips and annual travel miles for ages 5-15 are 2.3
and 5,800 respectively; these numbers peak at 3.1 and 12,700 between
ages 40 and 49 and decline thereafter so that for people older than 65
years of age they are 1.8 and 4,400, respectively. Despite the decline
in miles driven by age, the number of drivers over 65 years of age and
the average miles driven by this group have been increasing steadily
(78, 139).

The next most popular mode of transportation among the elderly is
walking. Given that the length of walking trips diminishes with age,
the percentage of trips contained within the limits of their
neighborhood increases. Provision of public transit for inter-suburb

trips is typically unrealistic in terms of service and cost (139). It



has also been shown that older persons avoid using public transit
because they perceive it as dangerous in terms of exposure to crime and
unsafe in terms of increased chances for injury as well as exposure to
weather-related and contagious diseases.

Thus, provision of safer and adequate transportation for the elderly
will have to be focussed on the provision of a roadway environment
suited to the needs of the older driver.

1.4. TRAFFIC SAFETY ISSUES FACING OLDER PEOPLE

Given the predominance of the private auto and walking modes among
older people and the steeply increasing number of older drivers, traffic
safety professionals need to focus their attention on providing a safe
environment for older drivers. Certain accident patterns, such as
increasing accident rates, an increasing concentration of driver
fatalities at intersections and changes in manner of collision
associated with advancing driver age have been identified in research
efforts across the country. Older driver physical and mental parameters
have commonly been used as explanatory variables of accident trends
leading to suggestions about a variety of safety countermeasures some of
which fall within the purview of the traffic engineer and can be readily
applied in the field in order to alleviate, to some extent at least,
older driver safety problems. Such countermeasures may include, for
example, the use of larger and/or more luminous signs and signals to
alleviate problems with visual acuity, or provision of longer sight
distances to allow for longer decision-making time.

Within the intersection environment, older drivers tend to be
overrepresented in accidents when attempting a turn, especially a left-
turn. From a traffic engineer’s point of view, addressing this accident
category is desirable for at least two reasons: i) the high
concentration of traffic conflicts and serious accidents at
intersections provides an ideal opportunity to benefit more drivers with
safety countermeasures applied within the limited confines of the

intersection; and ii) information on the safety ramifications of certain






left-turn control attributes (such as leading or lagging protected
phasing, use and duration of all-red intervals, particular signal lens
arrangements, and signal head positioning) is either lacking or based on
younger driver observations. Thus, the engineer is currently left
without well-documented guidance for making choices associated with
left-turn phasing, especially where older driver safety is an important
concern.
1.5. SCOPE OF PRESENT RESEARCH

Given the severity of left-turn accidents (particularly for older
drivers) and the variety of left-turn signal displays currently in use,
it is unfortunate that relatively limited work has been done on
relations between driver comprehension of different left-turn signal
faces, left-turn accidents, and driver age. The present effort

addresses this void in the current literature in an attempt to bring a

better understanding of the causes of older driver overinvolvement in
left-turn intersection accidents. 1In terms of number of variables
examined and extent of the time period covered, this research is unique
and addressed the need of providing definitive guidance for the traffic
engineer in terms of the proper application of a wide spectrum of left-
turn signal configurations for the purpose of better accommodating the
older driver.

The first stage of the research consists of an extensive
literature review of efforts attempting to shed light on the causes of
older driver accident involvement. Subsequently, the results of a
laboratory experiment designed to measure older driver comprehension of
left-turn displays are analyzed based on information gathered during the
literature search. Hypotheses are formulated about which left-turn
display characteristics emerge as most likely to affect older driver
comprehension. The final stage of the research involves testing these
hypotheses with field data. The extensive field data include accident,
signal/sign configuration, and geometric variables that are compatible

to a considerable extent with the laboratory variables. Thus, testing



hypotheses based on laboratory variables can be readily accomplished
using field data. Based on the results of the hypothesis testing,

recommendations are made about left-turn signal attributes that are

found to be beneficial/detrimental to older drivers.



CHAPTER 2
LITERATURE REVIEW
2.1. INTRODUCTION

A considerable volume of research has been dedicated to older
driver safety issues (5, 20-22, 33, 41, 60, 100, 103, 144, 149). One of
the most crucial issues identified so far has been the higher
concentration of older driver serious accidents within the intersection
environment. The nature of such collisions needs to be examined as a
first step in determining their underlying causes. While accident
information can be used to identify any patterns associated with older
drivers, the investigation into the causes must rely on resources such
as information about older driver driving behavior, driver-perceived
difficulties with the driving task, driver preferences in seeking a
safer driving environment, and driver examination scores.

Thus, citations issued to drivers involved in accidents can
provide helpful leads into why drivers get involved in an accident;
driver ranking of the most serious problems faced in the field can be
used to help the engineer alleviate identified problems to the extent
possible; driver preferences can be kept in mind when designing

intersections; and driver examination scores may be used to assess

relationships b driver compr ion of traffic situations and
probability to be involved in an accident. 1In addition, commonly held
beliefs about the contribution of older driver physical and mental
limitations to accident experience need to be addressed and assessed
based on the most current information available.

A crucial element in correctly assessing the extent of the older
driver safety problem is the use of an accident exposure measure that
will compensate for peculiarities of older driver travel behavior such
as avoidance of peak hour driving, avoidance of bad weather, and

nighttime driving.




2.2. OLDER DRIVER ACCIDENT CHARACTERISTICS

Some uncertainties that surfaced through research into older
driver accident involvement remain to be resolved: although the majority
of accidents involving older drivers has been found to follow patterns
identical to those of other drivers, particular trends emerge for older
driver accidents that, despite concerning a minority of accidents,
become a major source of concern because they are associated with a
higher severity; yet, for another minority of accidents, researchers
disagree on whether differences exist between driver ages.

Indeed, the majority of accidents caused by older drivers are on
dry roads (73) (71), during weekdays, in clear weather, on straight and
level roadways, and more likely to involve local residents (71). Most
injury and fatal accidents occur at non-intersection locations (139,
155). Some disagreement exists among researchers about whether
significant differences are present between daytime and nighttime older
driver intersection accident involvement: three studies report a higher
involvement in daytime accidents (71, 86, 134) while a Michigan study
(73) found no differences between daytime and nighttime accidents.

Many researchers however, agree on a variety of findings (based on a
minority of accidents) that, taken together define what may be construed
as an older driver "accident profile" which sets older drivers apart
from other driver age groups. There is wide agreement, for example, on
the finding of increasing involvement in multi-vehicle accidents with
increasing driver age (4, 52, 71, 85, 86, 145). Consistent with these
studies is the finding that older drivers are less likely to be involved
in single-vehicle rollover accidents (134).

Perhaps the most important accident pattern related to older drivers
is an increase in fatal accident rates with increasing driver age. A
Wisconsin DOT publication (153) identified drivers over 75 years of age
as the second highest ranking driver group (after young drivers) in
fatalities with 4.0 fatal accidents per hundred million vehicle miles

traveled. Verification and explanation of this pattern should be given




a high priority given the dramatic increase in the number of older
drivers expected in the next few decades and the need to come up with
appropriate countermeasures.

In the urban fringe environment where most older drivers currently
live and are expected to continue to live in the coming decades, drivers
over age 64 were found to have a higher involvement in intersection than
mid-block accidents (4, 73) while the highest concentrations of older
driver intersection accidents were found to be at high-volume
intersections controlled by traffic signals or stop signs (77). Not
only were older drivers found to have a higher propensity than other
drivers for intersection accidents, a number of studies found a higher
involvement in injury and fatal accidents in intersections. A
disproportionate concentration of older driver injury and fatal
accidents at intersections has also been noted for 1985 nationwide
statistics (table 2.1.). While 36.7% of older driver fatalities and
59.8% of the injuries occur at intersections, other age groups have only
about 17% of their fatalities and 44-48% of their injuries at

intersections (155).

Table 2.1. U.S. Driver Intersection
Accidents, 1985

% of Age Group

Age Injury Fatal
15-25 44.0 16.4
26-64 48.2 17.7

64+ 59.8 36.7

Source: (139 Vol. 2, p 201)

The intersection problems of older drivers are also supported by
the findings of large sample studies in Michigan (73) and Virginia (4)
which used three years of state-wide accident data: drivers over age 60
were found to be highly overinvolved in fatal, and slightly overinvolved
in injury, accidents in intersections.

There have been a variety of attempts to explain the







disproportionate concentration of older driver fatal and injury
accidents at intersections. Evans, for example, claims that the pattern
could simply be attributed to increased older driver frailty, claiming
that an impact of similar severity will cause a more severe injury to an
older driver than a younger one due to bone frailty and a lower ability
to recover from injuries. This argument is further supported by
findings that the proportion of intersection fatal accidents climbs to
more than 50% for drivers over 80 years-old drivers (52), and that the
probability of surviving a vehicle crash is reduced significantly after
age 70 and is reduced again after age 80 (86). In summary, according to
this line of thinking, the higher concentration of older driver
intersection fatalities may simply be a consequence of increased frailty
with age.

A closer examination of intersection accidents reveals that other
aspects of the older driver "accident profile" may offer an alternative
explanation (at least in part) for the observed serious accident
pattern: changes in the manner of collision as drivers age show that
older drivers are more likely to be involved in accident types that are
associated with higher injury severity regardless of driver age. While
the majority of intersection accidents involve vehicles moving straight,
there is a shift toward turning vehicle involvement with increasing
driver age that is statistically significant when drivers over age 65
are compared to those 50-64 years old in the urban intersection
environment (4). A Nebraska study supported a similar finding, but
identified statistically significant differences in left-turn accident
involvement only between drivers over 75 years of age and mid-aged
drivers. Although not statistically significant, the percent of crashes
caused by a driver turning left was found to be substantially higher for
drivers over age 65 (25%) than for all drivers (about 12%) (150). The
same study found that left-turning driver accident involvement increased
by 35% (from 17.09% to 23.13%) for older drivers. Similar conclusions

are supported by a study by Garber et al. (4).
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The observations regarding the shift from intersection accidents
involving vehicles moving straight to those involving turning vehicles
with increasing driver age are similar to findings reported by others.
Garber et al. (4) and McKelvey et al.(73) document older driver
underinvolvement in rear-end intersection accidents (involving, for the
most part, vehicles moving straight), and a statistically significant
higher involvement in head-on collisions with a left-turning vehicle.
The latter account for 20% of older driver fatalities according to the
former study. Both of these efforts identified a statistically
significant older driver overinvolvement in angle accidents; they were
responsible for 27% of older driver fatal signalized intersection
accidents (73).

It is reasonable to expect that older driver overinvolvement in
turning, head-on, and angle accidents (that are associated with higher
injury severity than rear-end collisions for all driver ages), will be
accompanied by a correlated increase in older driver injury severity,
regardless of any synergistic frailty effect.

In addition to the already discussed aspects of the older driver
accident profile that may be related to the observed increase in
accident severity, other accident characteristics that have emerged from
research efforts include the finding that older drivers are involved in
a higher proportion of backing and parking accidents (71, 73) and that
accidents involving a driver turning right increase by approximately 40%
(from 5.35% for mid-aged drivers to 7.47% for older drivers) with
increasing driver age (150). Older drivers were also found to be
overinvolved in sideswipe-same-direction intersection accidents (4, 73).

Analyses of citations issued to drivers involved in accidents reveal
an emerging older driver "citation profile" that enhances the overall
older driver profile. Older drivers tend to be found at fault by the
officer at the scene of an accident more often than other drivers but
are less likely than their younger counterparts to be cited for

speeding, driving while intoxicated, and following too closely when
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involved in signalized intersection accidents (134). By contrast, older
drivers are disproportionately more likely to be cited for failure to
yield the right of way and illegal turns--particularly in head-on and
right-angle intersection accidents (4, 71, 73, 90, 115, 153). Finally,
illness, fatigue, glare, and inattention are also commonly cited
contributing circumstances in accidents involving older drivers (75).

Since head-on and right-angle collisions are, as previously stated,
responsible for a large portion of serious intersection accidents
involving older drivers, many efforts attempting to explain the older
driver accident profile have naturally focused on older driver
characteristics that may underlie their tendency to be cited for failure
to yield the right of way and undertake illegal turns in such
situations. In this vein, a considerable body of information about the
decline of physical and mental capabilities with age has been used in
attempts to explain the unusually high occurrences of certain accident
types, citations, and contributing circumstances found for older driver
involved accidents. A detailed presentation of such endeavors is
undertaken in the next section.
2.3. DRIVER PHYSICAL LIMITATIONS RELATED TO ACCIDENTS

Since the highest proportion of drivers with diminished capabilities
is found in the oldest age cohort, accident analyses attempting to
explain older driver accident patterns have often used driver age as a
surrogate for diminished driver capabilities. A significant number of
accident studies have attempted to statistically link physical condition
parameters that are more likely to deteriorate with age. These include
characteristics such as ocular (92) and auditory fitness, increased
perception-reaction time (i.e., the time that lapses from the first
visibility of an event to the initiation of an appropriate response),
increased decision-making time, a higher tendency towards confusion,
inattention, and forgetfulness. Attempts have been made to relate such
characteristics to accident proneness measured in driving violations,

number of accidents, accidents excluding those caused by nonvisual






12

factors, and daytime and nighttime accidents--unfortunately causative
relationships have not been empirically validated.

Although there is consensus among researchers about the fact that
older drivers run a higher risk of being involved in accidents, there
are some fundamental questions about assumptions underlying efforts to
link physical condition parameters with safety measures of
effectiveness. Some of these were summarized by Lerner (65) and are
discussed in the following paragraphs.

2.3.1. PHYSICAL CONDITION RELATED TO AGE

The assumption that physical condition parameters deteriorate
uniformly among all individuals with age is only partially true, since
many researchers have found that there is higher variability in physical
condition parameters among older than younger subjects (107, 152). For
example, certain ocular parameters as well as reaction times of
physically active older subjects were found to be better than those less
physically active (131). In addition, frequent drivers among older
subjects were found to have better reaction times (109); exercise
therapy was found to improve cognitive performance and retrieval
activity (133); and perceptual therapy was found to improve visual
scanning, spatial perception, visual discrimination, and figure-ground
perception abilities (71). A number of research efforts point to an
overall decline in physical performance parameters, such as:

1. A decline in information processing ability starting in
the mid-40s (14);

2. A decline in dual task performance after age 60 (102);

3. A doubling of the time needed for a task involving
extensive peripheral search (83);

4. Two seconds longer to determine what to do when crossing
an intersection (40);

5. Two seconds longer to decide on left-turn safety (51);

6. An accelerated loss of peripheral vision after age 50
(23); and,

7. A decrease in dynamic acuity (older persons are not able
to accurately track objects moving slowly across their
visual field at angular velocities equal to, or greater
than 10 degrees per second).

However, other researchers recognize that individuals "age" at

different rates (112, 152). Wide differences in physical abilities among
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older individuals prompt researchers to loosely define relationships of
driver age to physical abilities. Willis (152) states that "most
individuals will show some decline in physical abilities by age 80," and
that accumulated skills are offset by physiological and cognitive
changes that accompany aging by age 75 (139). Nonuniform loss of
physical ability with age has been the motivation behind efforts on the
definition of a "functional age" (14, 16, 56), that is, a measure of
overall individual performance based on basic skills performance.

In conclusion, it should be stressed that, although researchers
resort to using definitive "older" driver age limits for practical
purposes, these limits do not represent "turning points" after which
driver abilities can be assumed to decline sharply. Nonetheless, the use
of "artificially" defined age groups is valid in view of the fact that,
despite the wide variability in older driver abilities, there is no
disagreement about a general ability decline with age, on average, and
that persons having diminished capabilities are, in fact, more prevalent
in older age cohorts. Comparisons between driver age groups, especially
if such groups have wide boundaries to account for the large variability
within the older driver population, are still meaningful in examining
age effects on driver ability.

2.3.2. PHYSICAL CONDITION RELATED TO ACCIDENTS

Although lower than average physical condition parameters typically
associated with older drivers, such as increased perception-reaction
times, may have some impact on accident experience, studies have shown
that for the most part such relations are quite weak. Older drivers may
compensate to a large extent for the most common problems associated
with aging such as reduced night vision and increased perception-
reaction times by avoiding situations that are more demanding on those
physical parameters where they feel deficient (24, 99). For example,
they often avoid driving at night (in order to compensate for nighttime
vision deficiencies) and drive slower (in order to compensate for

increased perception-reaction time). As an indication of older drivers
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successfully compensating for reduced physical abilities, accidents that
would be expected to be related to increased perception-reaction times
such as rear-end or fixed object accidents are not prevalent among older
drivers. Also older drivers have reduced involvement to nighttime
compared to daytime interstate accidents (73), presumably because they
limit their nighttime freeway travel. Thus, only older drivers with
better than average physical fitness driver when conditions are more
physically demanding.

The "self-control" mechanism described above explains some
counterintuitive findings, such as the lower involvement of older
drivers in rear-end and nighttime accidents. However, it falls short in
explaining why overall accident rates increase with driver age. A
logical explanation for this apparent discrepancy between theoretical
expectations of lower overall accident rates (if older drivers are
indeed capable of self-control) and the observed increase in accident
rates can be that older drivers may not be aware of limitations in
certain areas of their abilities.

For example, older driver overrepresentation in intersection head-on
collisions while turning left (responsible for a large portion of severe
driver injuries) has been attributed to diminished ability to judge time
to collision and oncoming vehicle speed, and diminished depth
perception. It can be theorized that drivers may be less aware of
decreasing abilities in these areas, while they are more aware of their
nighttime visibility and perception-reaction time limitations.

Regardless of the causes for older driver underinvolvement in certain
accident categories, benefit/cost oriented research should focus on
analyzing the most serious accidents (associated with higher costs) and
revealing their causes. The theory of older driver self-control (if
proven to be true) further supports a concentrated effort on the
analysis of serious accidents. Moreover, the next generation of older
drivers, given their longer and more intense relationship with the

private auto mode and where they are likely to be living (the urban
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fringe area), may be far less likely to exercise such self control.
2.3.3. RELATIONSHIP BETWEEN LABORATORY AND FIELD MEASUREMENTS

The assumption that laboratory experiments designed to measure older
driver performance are directly applicable to roadway situations may not
always be true. Laboratory experiments often test a single (or at best a
few) variable(s) at a time, while the driving task involves a constant
flow of decision-making based on a large variety of interacting
variables. Contrary to expectations, while laboratory experiments
designed to measure perceptual and cognitive parameters indicate
increased reaction times for older subjects, field tests show no
significant differences between younger and older drivers (49, 61, 87).
The exact compensatory mechanism used in the field is not clear (66).

Those that attempt to explain laboratory and field test

discrepancies point out older driver compensatory mechanisms such as
anticipatory behavior, preprocessing information, driving slower, and
the possibility of limiting the number of monitored information sources
by, for example, allowing for more fixations on the vehicle ahead, not
checking gauges as often. In addition, problems with the definition and
measurement of a "stimulus" and a "response" as well as the large
variability in response time complicate field measurements and might
result in masking the real differences between young and old drivers in
field observations (64). Incompatibility of laboratory test results and
actual field measurements may also be due to measurements of laboratory
variables that cannot be directly translated into measurements of field
variables. For example, visual search time needed to identify particular
patterns among a variety of shapes in a laboratory environment cannot
necessarily be directly translated into visual search time needed in the
field in order to identify a traffic signal, since there are a number of
visual cues that a driver can use to identify the position of a signal
in the field, such as the position of signals in previous intersections
and the behavior of other drivers.

The counterintuitive results mentioned above may also be partially
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explained by the process of "self selection" of subjects involved in
road tests. Perhaps those among older drivers that feel most fit for the
driving task are more likely to participate in road tests compared to
more infirm older individuals, while younger subjects may not be as
hesitant to participate. Such a bias would naturally result in the
diminished differences observed in the field among age groups.

2.3.4. PREVIOUS RESEARCH ON DRIVER PHYSICAL LIMITATIONS
RELATED TO ACCIDENTS

In view of the shortcomings regarding the links between laboratory
tests of driver physical fitness and driver safety measures such as
accident experience and number of violations, it is easy to understand
why a number of studies have failed to establish any statistically
significant relations (20, 21, 22, 37, 84, 135) even in large sample
studies (45, 48, 120). However, certain physical parameters such as low
light recognition threshold, glare recovery, and horizontal extent of
visual field tend to be marginally related to accident experience. Some
positive relations have been identified between dynamic visual acuity
and visual field with accident involvement and driver rate of
convictions (28, 44, 47, 55, 119).

Stronger yet relationships have been shown to exist between
particular accident types, mental demands placed on the driver, and/or
exacerbated driver physical limitations. Studies supporting such
findings are presented in the following paragraphs.

Older driver propensity for accident involvement was found to
increase with increasing complexity of the driving task, for example,
where they have to adjust to other drivers’ behavior as is the case in
merging, emerging from minor streets, and turning left at intersections
(74, 77, 126). In addition, multi-vehicle accidents on freeways (where
less interaction with other drivers is necessary) present less of a risk
to older drivers than accidents on non-limited access highways. By
contrast, younger drivers are overinvolved in freeway accidents and

underinvolved in non-limited access roadway accidents (76). Freeway
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interchanges are a higher risk to older drivers than non-interchange
freeway accidents, presumably because driving on freeway non-interchange
sections is less demanding on quick decision-making abilities while
interchange driving involves interactions with other drivers and is more
demanding on the mental abilities of the driver.

Extent of useful field of view (i.e., the visual field extent needed
for a specific visual task) and mental status test scores were found to
have a statistically significant relationships to accidents in a
57-subject study with an average age of 70 years. The subject’s useful
field of view was found to be reduced when a secondary central task is
added (12, 62), when a target is embedded in distractors, when
similarity between target and distractor is increased, and, finally,
when stimulus duration is decreased. The impact of these factors was
found to be much greater for older adults than for other driver ages
(13, 114, 115).

A model incorporating extent of useful field of view and mental
status score explained up to 40% of the variance in total and
intersection accidents and driver multiple accident involvement for
experiment subjects. Older drivers with restricted useful field of view
and poor mental status test scores had three times more accidents than
those without these problems. Subjects with restricted useful field of
view had 15 times more intersection accidents than those with normal
useful field of view (90, 115). These findings were theorized to be due
to any combination of the following: a reduced speed of visual
information processing, inability to ignore distractors, and, finally,
inability to divide attention (13).

Older drivers with unusually highly restricted physical capabilities
are more likely to be involved in accidents and/or commit more moving
violations. For example, individuals with less than 20/50 binocular
visual acuity and below normal specific contrast sensitivity were found
to have a higher total and nighttime accident rate per million miles

driven (54, 55). Furthermore, a study on 117 impaired drivers 55-88
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years of age found statistically significant relations between accident
involvement, on-road driving test scores, depth perception, peripheral
vision, reaction time, figure-ground perception, and visual
discrimination (71). In a 1983 study of ten thousand drivers, those with
severe visual field loss in both eyes had accident and traffic violation
conviction rates (an indication of accident involvement potential) twice
those of the general population (55).

In conclusion, increased older driver accident involvement is more
readily explainable for drivers with severely restricted physical
abilities while minor physical ability limitations do not seem to be
linked to accident experience, at least to a detectable degree. In
addition, older drivers are disproportionately represented in accident
types associated with driving situations placing a heavier demand on
driver mental functions such as merging, emerging from minor streets,
and turning left at intersections.

2.4. DESIGN STANDARDS APPLICABILITY TO OLDER DRIVERS

In view of the link between accident proneness of the older driver
and his/her diminished physical capabilities, it has been pointed out
that some standards currently used in highway design, such as
assumptions for gap acceptance, reaction times, and signal/sign
legibility and complexity may adversely affect older drivers (124, 140).

Reviews of the technical basis for a wide variety of standards and
recommendations in the Manual of Uniform Traffic Control Devices (MUTCD)
identified many standards that had no empirical basis or were based on
empirical data from younger drivers (66, 117). Concerns about the
applicability of highway design and operational standards to older
drivers were also expressed in a study by McGee et al. (72).

2.4.1. PERCEPTION-REACTION TIME

Existing design standards for perception-reaction times required for
stopping in response to a traffic signal and turning left through
opposing traffic were calculated (71) (table 2.2.) based both on

sequential (upper value) and parallel (lower value) information
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processing models using data from the literature on older drivers.

Table 2.2. Perception reaction times in seconds

Maneuver Design value Older Drivers
Stop in response to traffic sign 1.0 (106) 1.0 - 2.1
Turn through opposing traffic 2.8 (101) 1.9 3.8

The somewhat slower older driver perception-reaction times
reported in table 2.2. do not necessarily mean that those drivers are
not adequately provided for by current design values, since various
assumptions built in the current standards allow for some redundancy.
For example, braking distance assumptions incorporate conservative
friction coefficient (travelling at the design speed-wet pavement) and
deceleration rate values (less than that necessary to lock the wheels)
that allow for some safety margin. Thus, even if older drivers take a
longer time to react, they may still be provided with adequate distance
to stop safely (64) considering that they are more likely to be driving
slower than the design speed and avoiding adverse weather conditions.
However, the longer reaction times required by older drivers while
turning left through opposing traffic (assuming that the sequential
information processing model is applicable) may place them in serious
jeopardy, especially when the synergistic effect of depth perception
deficiency is taken into account: older drivers turning left may not
only incorrectly assess the distance to and speed of an oncoming through
vehicle, they may also be slow to decide on the appropriate maneuver
required to safely complete the turn or avoid an imminent collision.
2.4.2. TRAFFIC SIGN/SIGNAL DESIGN STANDARDS

Traffic signs are often used to supplement left-turn signal displays
by providing information not immediately evident to the driver by mere
signal placement and appearance, such as the meaning of certain signal
intervals, the traffic movement a signal head is addressed to, or lane
assignment. Supplemental left-turn signs, to be effective, need to: i)

be easily identifiable; ii) be placed in a manner that allows enough
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time for driver response; iii) convey a concise message; and, finally,
v) not overburden the driver with information. It is in this context
that signal legibility distance is examined: longer legibility distances
(i.e., earlier sign detection) allow drivers to perform the necessary
maneuvers in a timely and safe manner. By contrast, short legibility
distances deprive drivers of valuable decision-making and reaction time.
Older drivers will most likely be the first to be adversely affected in
situations allowing brief decision-reaction time windows, since, on
average, they require longer than other drivers to perceive and react to
stimuli.

Since stimulus complexity has been shown to adversely affect older
driver reaction times, the following questions require attention: i) do
the explanatory benefits of a left-turn sign outweigh the additional
information processing burden placed on the driver by the mere presence
of the sign? and, ii) Does the answer to the previous question depend on
sign message/placement and left-turn strategy interactions? Conclusions
of a number of recent research efforts addressing sign relations to
accidents and/or driver age are presented in the discussion that
follows.

Current standards for highway sign legibility assume 50 feet
legibility distance per inch symbol height, which corresponds to a
vision of 20/25 (1). According to Bailey et al.(10) this standard cannot
accommodate 40% of persons 65-74 years of age who have vision worse than
20/25 and 95% of people older than 75 who have 20/40 or worse vision.

Age-related legibility problems are further compounded at nighttime
when legibility distance was found to be 15% less than daytime (7, 38)
and average older driver corrected vision was found to be 20/42 (123).
According to Kline et al.(59), older driver nighttime vision problems
are exacerbated by a higher sensitivity to glare and decreased contrast
sensitivity. Supporting these findings are the conclusions of a
laboratory experiment testing driver response times to signs with

respect to fixed illuminating source type, headlight type, and
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daytime/nighttime illumination where no differences between sexes or
ages were found, but statistically significant differences were
identified in driver response times between day and night; color
specification; and fixed light source type (113).

In a study of sign legibility distance involving 40 subjects with
visual acuity 20/40 or better, younger males had the longest distance
legibility (statistically significantly different than any other age and
sex group). Older and female driver distance legibility was found to be
70%-87% and 84%-92% that of young male drivers respectively. Both
differences were statistically significant (57).

Based on the above mentioned findings about reduced older driver
visibility distance and diminished nighttime visual capabilities, a
number of federally funded highway improvement projects were undertaken
with the explicit goal to improve traffic control device (TCD)
visibility in an effort to provide a safer environment for older
drivers. Typical corrective measures incorporated in these projects
included improved sign and pavement marking reflectivity and the
installation of larger traffic signal lenses and backplates (71).
However, a report summarizing the safety effects of eight such projects
undertaken in the states of Florida, Arizona, and Nevada noted that they
tended to be more beneficial (in terms of accident reduction) to other
ages rather than older drivers in particular (85). Older driver
nighttime accident involvement was lower than that of other driver ages
before the TCD improvement projects, a situation supported by findings
of other accident analyses (73, 76) that showed no older driver
overinvolvement in nighttime accidents. Despite the TCD upgradings, no
significant reduction in such accidents was evident in the after period.

An explanation for this outcome may be that older drivers avoid
nighttime driving as has been documented in the National Personal Travel
Survey (NPTS) (80). Perhaps those older drivers that are at highest risk
to be involved in nighttime accidents are the ones that choose not to

drive at night.
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Presence or absence of supplemental left-turn signs as well as sign
message effects on driver comprehension of particular left-turn signal
displays have been addressed in a number of research efforts. Typical
findings as reported by Hummer (77), are: for protected signal displays,
the presence or absence of a supplemental sign had no significant impact
on driver comprehension; for protected-permissive displays, the message
"left-turn on green or arrow" performed better than the no sign
situation and much better than the "left-turn on green ball" message.

In conclusion, although certain supplemental signs have been found
to enhance driver comprehension of left-turn signals, the presence or
absence of such signs has not been found to contribute significantly to
left-turn accident experience in research efforts to date. Thus,

inability to detect such signs by drivers with reduced visual acuity

(the majority of which is found among older drivers) should not be
expected to have a serious impact on accidents related to left-turn
signal/sign displays. The importance of findings of reduced nighttime
vision among older drivers is moderated by the fact that older drivers
seem to avoid nighttime driving and accident analyses show that older
driver involvement ratios are not higher for nighttime accidents.
Avoidance of nighttime driving could be due to older drivers correctly
assessing (even overcompensating for) their vulnerability under such
conditions.

2.5. LEFT-TURN ACCIDENTS, LEFT-TURN PHASE TYPE AND SIGNAL
CHARACTERISTICS

The preponderance of left-turn accidents among older drivers is a
source of concern for traffic engineers seeking to provide a safe
driving environment for all drivers. Traditionally, the choice of
particular left-turn phase strategies has been dependent on traffic
engineering evaluations based on overall accident and delay
considerations ignoring differences in accident experience among age
groups. However, it is widely recognized that existing design standards

may need to be updated and additional criteria may need to be
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incorporated in the decision making process in order to adequately
accommodate the needs of older drivers.

A number of research efforts discussed in the following sections
have examined driver comprehension and preferences of left-turn signal
displays as well as signal characteristics relations to left-turn
accidents and driver age. Such endeavors may eventually lead to more
comprehensive guidelines about the proper use of left-turn phasing to

better accommodate older driver safety needs.

2.5.1. DRIVER C ION AND PREF OF SIGN/SIGNAL DISPLAYS
Among 2000 subjects over age 55 taking the standard test required to
renew a driver’s license in Nebraska, two predominant patterns were
identified for percent correct answers: first, an overall decline with
age; and, second, percent correct answers for three questions related to
right-angle accidents and four questions related to left-turn accidents

declined with age (table 2.3. source (71)).

Table 2.3. Percent correct answers in driving knowledge test
scores (*)

Age

55-64  64-74 74+

Right-Angle questions 833 78% 72%
Left-turn questions 86% 82% 73%

(*) Passing score: 80%
Source (71)

Hummer et al. (50) classified questionnaire responses of 402
individuals to eight left-turn signal display understanding questions as
correct, close errors ("actions that would probably not have
catastrophic consequences in traffic"), and gross errors ("actions that
would likely result in a catastrophe in traffic"). It was found that
protected phasing was far better understood than permissive, and
permissive was better understood than protected/permissive. The same
study found no statistically significant comprehension differences in
terms of respondent age, sex, and urban or rural residence. This result

disagrees with McCoy’s (71) conclusions in terms of age-related
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comprehension differences. Although McCoy’s sample size is considerably
larger, direct comparisons of the two studies are not appropriate since
they were based on different sets of questions.

Hummer did not find statistically significant relations between

presence of supplemental signs and ion of pr displays,
except when a left-turn green arrow was simultaneously illuminated with
a through green ball, in which case the "no sign" situation was found to
be superior to displays using a sign, while for permitted/protected
displays the sign "left-turn on green or arrow" was found to perform
better than the "no sign" condition and much better than the "left-turn
yield on green ball" sign. A simple explanation for the observed
comprehension patterns could be that protected displays are simpler,
relying on a green arrow lens with a unique, concise meaning that needs
no reinforcement from a supplemental sign, while protected/permitted
displays can easily confuse the driver displaying either a left-turn
green arrow and/or a green ball during different intervals. Drivers
might get confused by the message "left-turn yield on green ball" when
the green arrow is simultaneously illuminated with the green ball, not
knowing whether they have the right of way (green arrow message) or they
should yield (sign-green ball message). The information is also
discordant--yield means yield while green ball typically means go.
Hummer’s analysis of driver preferences found that protected is
preferred to permitted and protected/permitted, and protected/ permitted
is preferred to permitted. Preferences were found to be statistically
different by respondent age, with protected/permitted being the top
preference only for 16-25 year-olds. Reasons given by respondents for a
higher overall preference of protected phasing were that it is less
confusing, safer, and results in less delay. Apart from the arguable
accuracy of the perception of lower delay at protected left-turn
locations, drivers’ preferences based on ease of comprehension and
safety are in line with the comprehension analysis results based on the

same subjects and accident analyses by other researchers to be presented
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in the following section.

Finally, Hummer found a preference for leading protected phasing
versus lagging with almost one-fourth of the respondents having no
preference. There were no statistically significant differences in the
preference for leading phasing, except for drivers residing in rural
communities who preferred lagging left-turn phasing.

The most common general problems identified for the intersection
environment in a survey of 425 drivers 75 years of age or older (71)
were: i) right turn on red (RTOR), ii) proper turn lane identification,
and, iii) seeing the signal. Among the same individuals the most common
problems related to left-turns were found to be: i) view blocked by
vehicles in opposite left-turn lane, ii) proper turn lane
identification, iii) identification of acceptable gaps that allow enough
time for a safe turn, iv) identification of left-turn signal meaning,
and v) proper turning path.

The author does not indicate whether the same problems are equally
high in the priority list of other driver ages, however, they can be
directly related to the previously presented studies on older driver
mental and physical abilities.

RTOR presents older drivers with one of the most complex situations
in which the driver has to perform an extensive visual scan of the
intersection to identify any vehicles and/or pedestrians that legally
have the right of way, decide about the adequacy of available gaps, and
finally accelerate and perform the maneuver. The required extensive
physical and mental effort can be reasonably expected to be perceived as
one of the major problems for older drivers at intersections.

Reduced visual acuity and increased sensitivity to glare associated
with aging can be expected to be the reasons behind the difficulty in
identifying proper turn lane and proper turning path, since these
factors are logically related to identifying pertinent traffic control
devices such as lane lines and lane assignment signs.

The laboratory-observed difficulty of older drivers to identify a
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stimulus in visual clutter or when secondary tasks become more complex
expresses itself in the field as driver difficulty in spotting the
signal among various visual distractions (such as advertising signs) and
mental distractions (such as traffic moving in many directions) present
within the intersection environment.

Reduced depth of field of perception and difficulty in tracking
objects moving across the visual field associated with older drivers can
be readily related to difficulty in identifying acceptable gaps.
Although older drivers are sometimes aware of this situation being a
problem, their overinvolvement in left-turn accidents may be construed
as an indication that they are not aware of the full extent of their
problem. It should be recalled here that, by contrast, in the case of
nighttime driving, older drivers not only seem to be aware of their
limitations, but they seem to be able to accurately assess their risk
and thus often avoid nighttime driving.

2.5.2. RELATIONSHIP OF ACCIDENTS TO LEFT-TURN PHASE AND SIGNAL TYPE

In view of a higher percent of older drivers correctly understanding
the meaning of protected left-turn phasing, and a stated preference for
protected (and particularly leading) left-turn phasing based on
perceptions of improved safety and message clarity, it is interesting to
examine whether better comprehended and more widely preferred left-turn
phase types are actually associated with lower older driver accident
involvement.

A before-after study with approximately one-year before and after
periods (6) based on approaches with left-turn phasing at 24
intersections found that a change from permitted to protected left-turn
phasing in intersections with comparable average annual daily traffic
resulted in a decrease of left-turn accident rates (number of left-turn
accidents per million left-turning vehicles) from 3.76 to 0.86, while
total intersection accident rates were not affected significantly due to
a shift from left-turn (a decline of 85%) to rear-end accidents (an

increase of 33%). Since left-turn accidents tend to be more severe than
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rear-end accidents, percentage injury accidents declined slightly
(particular information on injury severity was not provided).

A before-after Arizona study based on four years of accident data for
523 intersection approaches with separate left-turn lanes (143) concurs
with the findings of the previous study, concluding that exclusive
phasing is the safest form of left-turn phasing. Conclusions are more
robust since they are based on comparisons of permitted phasing with all
other forms of left-turn phasing and four years of accident data instead
of two. A Michigan study based on four years of accident data (125)
supported the same conclusions for drivers over age 70 while no
differences were found for drivers up to age 70.

The Arizona study found that left-turns across two opposing lanes
with permitted/protected (lagging) phasing had the worst accident rate
(in accidents per million vehicles turning left), followed by
protected/permitted (leading) left-turn phase, and permitted. For left-
turns across three opposing lanes, protected/ permitted (leading) was
the most dangerous, followed by permitted, and permitted/protected
(lagging).

A study that concentrated on accident statistics for older drivers
found that permitted left-turn phasing is present at most older driver
high accident involvement locations (Nebraska) (71). Drivers between 60
and 69 years of age had a higher involvement in head-on left-turn and
rear-end left-turn accidents at permitted left-turn locations (Michigan)
(125).

The Arizona study showed that changes in left-turn phasing on a
particular intersection are directly related to changes in left-turn
accidents. For example, when a permitted approach with two opposing
lanes is changed to protected/permitted, there is a left-turn accident
reduction, while a change from protected/permitted to permitted is
accompanied by an increase in accidents. The only anomaly observed was
that, for approaches with three opposing lanes, a change from permitted

to protected/permitted was accompanied by an increase in accidents.
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However, many intersection approaches included in the study had short
before or after periods and results cannot be considered conclusive for
all signal phasing changes included in the study.

An accident analysis using four years of accident data from 14
intersection approaches with lagging left-turn phasing and 15 approaches
with leading left-turn phasing found no statistically significant
differences between approaches with leading and lagging left-turn
phasing based on the number of left-turn accidents per million vehicles
turning left. However, left~turn accident rates per million total
approach vehicles were statistically significantly higher for approaches
with a leading phase than approaches with lagging left-turn phasing
(50). A Michigan study (125) based on an extensive accident database
also concluded that lagging left-turn phasing was safer for drivers
between 70 and 74 years of age while no differences were found for
drivers of other ages. Traffic conflict studies have been used to
provide an estimate of accident potential associated with certain signal
phasing sequences in situations where accident data are lacking. A
left-turn conflict analysis based on data from three intersections
showed a dramatic reduction in left-turn conflicts of the order of 69%
to 94% when left-turn phasing was changed from permitted to protected
phasing (6). These findings were expanded in a more recent traffic
conflict study (50) evaluating leading versus lagging left-turn phasing.
Based on observations collected from six intersections in Indianapolis,
the conclusion was that lagging left-turn phasing was associated with
fewer conflicts under similar opposing volumes. Most of the differences
between the two interval sequences were due to drivers turning on the
yellow arrow at the end of the leading phase.

In conclusion, older drivers tend to be less involved in accidents at
intersections with protected left-turn phasing while they are more
involved at intersections with permitted left-turn phasing. Furthermore,
lagging left-turn phasing was found to be associated with fewer traffic

conflicts and lower accident rates per million entering vehicles. Older
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driver perception about improved safety afforded by protected left-turn
phasing is verified by accident experience observations, however, their
perceptions of leading left-turns being safer have not been found to be
true.

2.6. DISCUSSION OF ACCIDENT EXPOSURE MEASURES

Many traffic accident studies have shown an over-involvement of older
persons in accidents based on various accident rate measures (5, 21, 22,
42, 60, 96, 98, 149). The magnitude and starting point of the "accident
proneness"” of older persons has been shown to depend on the denominator
of the chosen accident rate. For example, fatality rates per licensed
driver show an over-involvement for persons over age 65 with men being
involved more than twice as often as women (31, 34, 139) (150-250
fatalities per million licensed male drivers compared to 50-100
fatalities per million licensed female drivers) while the fatality rate
per mile driven shows an identical increase in involvement for both
sexes (34) starting at age 50 with 8 fatalities per billion miles
travelled and reaching 40 fatalities per billion miles travelled by age
85 (1).

The argument of increased frailty of older persons (often attributed
to, for example, reduced bone strength, fracture tolerance and residual
brain dysfunction following initial injury) as drivers and passengers is
widely accepted among researchers (26, 121, 139, 147, 148). It is
theorized that older persons have a much higher probability of being
fatally injured as a result of an accident that would only injure
younger persons.

Thus, the occurrence of accidents where an older driver is fatally
injured is not necessarily a direct indication of impact severity: the
estimated number of crashes of sufficient impact to kill an 80-year old
driver declines dramatically up to age 65 and increases slightly there
after for male drivers, while the decline for female drivers continues
until age 85. Thus, a higher older driver fatality rate is not

necessarily an indication that older drivers are behaving differently
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that other driver ages, it may simply be a manifestation of increased
older driver frailty. Fatal or injury accident rates should, therefore,
not be used to detect changes in impact severity with driver age without
controlling for increased frailty.

Some biases are inherent in traditional eXxposure measures, such as

number of accidents per number of licensed drivers or miles driven. The

Using exposure measures based on distance travelled, although the
most common measure for accident rates, does not necessarily provide a
fair comparison between age groups in terms of the environment in which
they travel, especially with the older age group in urban areas. The
National Personal Travel Survey (80) shows that older People have
significantly different travel patterns than the rest of the population
(such as avoidance of peak hours and nighttime, trip origins ang
destinations in the suburbs, avoidance of bag weather driving).
Moreover, accurate travel estimation differentiateq by age groups are
difficult to obtain.

Left-turn accident involvement based on an exposure of left-turning
volume (number of accidents per million vehicles turning left) would be

more appropriate for the present study, but this involvement measure is

control while avoiding intersections with left-turn control they
perceive as unsafe or they may choose to turn right around the block
more often than other drivers, if they perceive that it js safer to do

so.
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Involvement statistics based on number of licensed drivers per age
group may similarly be biased because a smaller number of older holders
of drivers’ licenses actually drive.

The intent of the present study is to make use of an accident
involvement measure that will reveal whether older drivers are
significantly under- or over-involved in certain types of accidents
while controlling for environmental exposure per se. Within this
context, the ratio of the proportion of driver 1 (driver at fault) to
the proportion of driver 2 (driver not at fault--an innocent victim)
involved in multiple vehicle accidents by age will be used to provide
relative accident involvement rates controlled for environmental and
other factors.

Driver-at-fault/innocent victim ratios (referred to as D1/D2 in what
follows) provide an ideal older driver accident involvement measure,
since the older "innocent victims’" (D2) distribution in the traffic
stream provides, in essence, a relative exposure measure for older
drivers that reflects older driver travel behavior.

Any age group with a ratio of 1.0 is neither over- or under-involved,
since equal proportions of drivers are identified as driver 1 and driver
2. A ratio of less than 1.0 indicates that drivers in this age group are
more likely to be the victim than the cause of an accident (i.e., they
are under-involved in accidents--they are "safer" drivers), while a
ratio of over 1.0 shows that drivers in this age group are more likely
to be the cause of an accident than the "innocent victim" (i.e., they
are over-involved in accidents--they are not less "safe" drivers). Such
an exposure measure can reflect the travel patterns of all age groups,
since it is the ratio and not the absolute numbers of driver 1 and
driver 2 that are of importance.

2.7. THE PRESENT RESEARCH: NEED AND SCOPE

The need to study the source of older driver over-representation in

accidents and take corrective action is urgent since the population of

older drivers is expected to increase even faster than the increase of
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the older age cohort (139). Moreover, the next generation of older
drivers may well make more and longer trips than the current one. Key
among older driver safety problems is their particular
overrepresentation in the intersection environment, relative to other
drivers.

At the same time, the intersection environment is suitable for
engineering measures designed to correct accident problems because of
the severity and heavy concentration of accidents in a relatively
limited area where corrective measures may benefit a larger number of
drivers. By contrast, mid-block accidents are less serious and dispersed
over a larger area thus, corrective measures for mid-block locations
need to be applied over a larger area to achieve similar accident
savings.

Previous research efforts attempting to explain increasing driver
accident involvement with driver age have had varying degrees of
success. Higher accident involvement by older drivers is most commonly
assumed to be an expression of reduced driver physical capabilities with
increasing age. However, not all physical attributes that were commonly
found to deteriorate with age were found to be significantly related to
accident experience. Older drivers seem to be able to realize the
existence and extent of a number of their limitations (e.g., visual
acuity at night) and successfully compensate for them as mentioned
previously. On the other hand, older drivers do not seem to be able to
recognize the extent of their physical limitations in other areas (e.g.,
detection of motion across their visual field) and are more prone to
accidents associated with such limitations (e.g., left-turn accidents).
While severe physiological limitations have also been found in a number
of research efforts to be associated with older driver accident
overinvolvement, the number of older drivers with such limitations is
small and does not explain the much wider trend of accident
overinvolvement of older drivers. For example, a study by Johnson et

al. (55) found that drivers with severe visual field loss in both eyes
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had accident and conviction rates twice those of the general population,
but there were only 196 such drivers among the 10,000 included in the
study.

Laboratory tests measuring the mental capabilities of drivers as well
as interactions of mental and physical capabilities (e.g., extent of
useful field of view) have successfully correlated poor laboratory test
scores with poor performance in the field. The success of such efforts
stems from a close relationship between demands placed on the driver in
real world situations and those tested in the laboratory. Field-measured
older-younger driver reaction time similarities to simple stimuli may be
attributed to younger drivers spending more time monitoring secondary
information in addition to the main task while older drivers concentrate
on the main task. However, as the main task becomes more complicated,
older drivers become handicapped compared to younger ones since task
complexity starts to exceed their processing capacity while younger
drivers can use reserve mental processing capacity previously occupied
in secondary tasks.

In this context, the intersection environment presents one of the
greatest challenges for driver mental capacity due to the presence of
conflicting vehicular and pedestrian traffic movements, and the need for
quick decision-making regarding reactions to signs, signals, other
driver actions and so forth. Within the intersection environment the
through maneuver may be assumed to be the simplest since the driver has
the right of way and only needs to keep safe distances from other cars
and be ready to stop for a changing signal, while turning maneuvers
require much more information and more intense processing of it. The
right-turn maneuver requires the driver to identify both other vehicles
and gaps in other movements having the right of way while simultaneously
watching for pedestrians. The left-turning maneuver is by far the most
demanding on the driver since it requires clear differentiation of the
shape and meaning of a green arrow from a green ball, interpretation of

a protected/permitted sign and signal display, identification of the
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proper turning path, and, finally, successfully identification of
acceptable gaps in oncoming traffic and the pedestrian stream crossing
the side street.

Identification of the proper turning path is considerably harder
for drivers turning left than those turning right, since, contrary to a
right turn where the driver is guided by the edge of pavement or curb,
during the left-turn operation the driver has guides only at the
beginning and at the end of the maneuver; namely, the centerline of an
undivided crossroad or median edge of a divided crossroad, and the
curved median end. For the central part of a left-turn the driver has no
physical guidance (except where "puppy trails" are provided). Thus,
drivers with limited physical abilities are at a considerable
disadvantage compared to other drivers when turning left.

Judgment of acceptable gaps for a left-turn maneuver is a process
considerably more complex than that facing right-turning drivers, since
pedestrians are further from the turning driver, making judgment of
their speeds harder (especially for persons with limited physical
abilities), and completing the turn requires the identification of
sufficient simultaneous gaps in pedestrian and vehicular traffic. 1In
addition, an emergency stop to yield for a pedestrian leaves the left-
turning driver exposed to a far greater risk than the right-turning
driver: in the case of a right turn the vehicle may be susceptible to a
rear-end collision, while a left-turning vehicle is not only susceptible
to a rear-end collision, but also to a much more potentially hazardous
right-angle collision with a vehicle moving in the opposing through
direction.

Older driver accident experience is consistent with the above
observations about maneuvers of increasing complexity and the previously
hypothesized older driver accident involvement mechanism. Indeed, there
is a higher concentration of accidents at intersections with advancing
age, and, within the intersection environment, there is a shift to

accidents involving turning vehicles, especially left-turning ones.
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In this context, the present effort attempts to link driver
comprehension of left-turn signal displays to accident experience and
driver age. It is expected that, since the left-turn maneuver places a
heavy burden on older driver physical and mental capabilities, left-turn
signal displays that are easier comprehended, and thus place less
demands on driver mental capacity, will be related to lower older driver
accident involvement. The results of tests of driver comprehension of
left-turn signal displays in a laboratory are analyzed with respect to
signal display complexity and the message conveyed to the driver. The
data analysis includes direct tests of driver comprehension of left-turn
maneuver right-of-way rules (no physical limitation interference is
allowed through the experiment design). Thus, it is assumed that
comprehension variations among signal displays are a result of mental
capabilities rather than a manifestation of varying physical limitations
among subjects. The design of the laboratory analysis is directed to
identifying signal display characteristics that may place a heavier
mental load on the subject either by conveying a complex message
requiring interpretation, or leading the subject to an erroneous
interpretation of the meaning of a signal display by mere signal
placement and/or color of simultaneously illuminated through signal
sections. Variables examined in the analysis include number and position
of left-turn signal heads, supplemental sign message, signal face
arrangement, number of through signals, and color configurations of
simultaneously illuminated left-turn and through signals.

Once signal characteristics that are related to driver confusion
have been identified in the laboratory experiment, hypotheses are
formulated about signal configurations that are expected to cause driver
confusion and thus be related to higher accident experience in the
field, as well as those that are expected to be better comprehended and
thus be related to lower accident experience. The hypotheses are
subsequently tested against field data collected over a ten-year period

for 324 signalized intersections in Michigan. Database records include
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accident, signal, and geometric information and allow the identification
of the intersection approach on which a vehicle was moving prior to the
accident. Thus, the specific left-turn signal/sign configuration facing
the driver-at-fault and the innocent victim can be identified and the
hypotheses regarding signal comprehension can be tested.

Considerable compatibility exists between laboratory and field
variables allowing extensive testing of hypotheses. For example, driver
age, signal position, supplemental sign presence and message, left-turn
strategy, flashing (nighttime) operation configuration, existence of
left-turn lane, and signal sections simultaneously illuminated are
included in both the laboratory and field databases. Additional
hypotheses are subsequently formulated and tested based on variables
exclusive to the field database, such as type and duration of change
interval, roadway width and lane configuration, cycle length, left-turn
phase duration, and weather conditions at the time of the accident.

The results of the analyses of laboratory and field data lead to
suggestions about left-turn signal display attributes and strategies
that should be used and those that should be avoided in order to improve

older driver safety in the intersection environment.






CHAPTER 3
ANALYSIS METHODOLOGY

3.1. INTRODUCTION

As has been pointed out in the literature review, although higher
accident involvement by older drivers is most commonly assumed to be an
expression of reduced driver physical capabilities with increasing age,
not all physical attributes (such as reduced visual acuity and nighttime
vision) that were commonly found to deteriorate with age in laboratory
measurements were found to be significantly related to accident
experience. Some older drivers seem to be aware of certain physical
limitations and adequately compensate for them by driving in a
conservative manner (e.g., avoid nighttime and bad weather driving).
Furthermore, no significant differences have been found between older
and other drivers in field tests measuring reactions to simple stimuli
(e.g., braking in response to a leading vehicle braking). However,
laboratory tests measuring driver mental capacity have been more
successful: poor laboratory test scores have been positively correlated
with poor accident experience, perhaps because older drivers are unable
to compensate for intellection and decision deficiencies rather than
physical or reaction time deficiencies. Accident trends reinforce the
notion that older drivers tend to have more accidents than other driver
ages in more complex driving environments, e.g., they tend to have
relatively more serious accidents within the intersection environment
where more decisions need to be made, and especially when executing the
most complex intersection maneuver i.e., turning left. Thus, it is
reasonable to assume that, if indeed driver comprehension is the most
critical link between driver age and accident experience, an ideal
departing point for research efforts attempting to link driver age with
accident experience is left-turn accidents where such relationships will

most likely be the most pronounced.
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Context of current research

Based on these observations of relations between laboratory
measurements and accident experience, the present research focuses on
analyzing older driver comprehension rather than physical limitation
relations to accident experience. The first phase of the present effort
involves an investigation of signal display characteristics affecting
driver comprehension based on laboratory data collected during an
earlier research effort. A second phase involves the analysis of
accident, geometric, and signal field data collected during the present
effort. The latter analysis is focused on the evaluation of the effects
of various signal and geometric characteristics on the accident
performance of older drivers.

Although the data and analyses for the two phases are independent,
an effort is made to use the knowledge gained from laboratory data in
analyzing the field data. Connections between the two databases rely
primarily on a number of variables present both in the laboratory and
field databases. Thus, it is possible to examine, for example, whether
signal characteristics found to be associated with erroneous answers in
the laboratory environment are also present at intersections where older
drivers have higher accident involvement. Compatibility of conclusions
based on the laboratory and field data sets is discussed in the final
chapter. A schematic representation of the relationships between the
two phases of the work is presented in figure 3.1. The present chapter
includes, in turn, the laboratory and field data, hypotheses, and
analysis procedures.

3.2. THE LABORATORY EXPERIMENT

A laboratory experiment to measure driver comprehension of
various left-turn signal head/sign configurations was part of a 1988
study funded by the Federal Highway Administration (FHWA) (122) to
investigate driver comprehension and accident experience in relation to

left-turn signal characteristics. The study, titled "An Evaluation of
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Figure 3.1. Analysis flowchart.
Laberaiery data Fleld geometric signal
asccident data
lMdhw Suggestiens abeut variables Analysis of signal
-p s riabl >, afTecting comprehensk characteristics found to cause
driver confusion (a inberatery
Conclusions Conclusions
older driver confusien In the
laberatery and accident
experionce in the Neld

Left-Turn Signal Displays" (FHWA contract DTFH61-85-C-00164), was
contracted to JHK and Associates, which in turn subcontracted Ketron
Inc. to conduct the laboratory experiment.

Driver comprehension was evaluated based on the responses of 191
individuals to a set of slides depicting 82 different signal intervals
representing 17 signal displays, similar to the one depicted in figure
3.2, used in permitted, protected, and permitted/protected left-turn
phasing. (Permitted/protected is used throughout to denote the left-
turn phasing scheme where both a permitted and a protected phase are
present, but not in any particular order unless otherwise indicated.)

Subject selection

Subjects were recruited through newspaper advertisements in
Philadelphia, Pennsylvania; Seattle, Washington; Dallas, Texas; and
Lansing, Michigan; and paid $25 to participate in the two-hour
experiment. The research plan was to recruit equal numbers of male and
female subjects for each of four age groups (16-30, 31-45, 46-60, and 61

and older). General characteristics of the subjects in the experiment

are summarized in table 3.1.
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Figure 3.2. Typical stimulus display.

(Y4}
Iwa
16D

Source: Final report FHWA contract DTFH61-85-C-00164 "Signal
Displays for Left-turn Control"”

Experiment protocol

The experiment protocol involved using a set of slide projectors
set up to simulate the color, shape (ball or arrow), and mode of
operation (steady or flashing) of real signal displays (see figure 3.2).
Each stimulus replicated an interval of one of seventeen left-turn
signal/sign configurations, referred to as signal face arrangements
(SFA) in what follows. Eighty-two stimuli (see appendix A) were shown
to subjects in two prearranged random sequences, not necessarily
following the interval and phase order of individual signal/sign
configurations. Two groups with similar sex and age distributions were

formed at each testing location and each group was assigned one of the
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prearranged st}muli sequences at random. This was done to provide some
control over order-of-presentation effects since resource limitations
did not allow for a completely randomized experimental design.

Subjects were provided with a test booklet consisting of a page of
instructions and six pages of response sheets each of which contained a
number of multiple choice answer boxes corresponding one to one to the

presented stimuli (figure 3.3.).

Figure 3.3. Multiple choice answer box for scene number 1.

Scene 1. a) ¥ N
Number by ¥ N
1 c) Y N
d)y ¥ N

Y N

e)

2. 1 2 3 4 5

After being given a brief introduction about the purpose of the
experiment, subjects were shown sample slides depicting stimuli (similar
to figure 3.2) and were told to imagine that they were driving in the
left-turn lane and wanted to turn left. They were instructed to answer
yes or no for each slide to each of the following five options for
action:

a) Turn left, you have the right-of-way.

b) Turn left without stopping unless you have to

wait for a large enough gap in the opposing

traffic.

c) Stop. Then turn left when there is a large
enough gap in the opposing traffic.

d) Stop. Then turn left when there is a large
enough gap in the cross street traffic.

e) Stop. Wait until the signal changes to
indicate that you may proceed. '

Subjects were to record their answers to item 1 in the box

corresponding to the appropriate scene number on the answer sheet (see
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figure 3.3). If, for example, the left-turn stimulus was a left-turn
green arrow, the correct answers to options a) through e) were
respectively Y, N, N, N, N. If the individual’s response was N, Y, N,
N, N, then, that response was incorrect. Thus, a subject’s answer could
be classified either as "correct" or "incorrect" according to whether
the response agreed with a set of predetermined correct answers.

For each display, experiment participants were asked to provide
the degree of confidence they felt about the chosen answer. The degree
of confidence was coded on a scale from one to five (a score of five
indicating the highest degree of certainty) and corresponds to item 2 in
each response box (see figure 3.3). Subjects were instructed to ask
questions if the color or shape of a lens or word message of a sign were
not clear, but were not allowed to ask questions pertaining to the
meaning of a stimulus. The experimenter would ask if everybody was done
before proceeding to the next slide. Five example slides were used to
familiarize subjects with the method, followed by the series of 82
stimuli of interest to the experiment (only 81 of which are analyzed in
the present effort). Following the stimuli presentation, individuals
were asked to provide additional information on the last answer sheet
about their age, sex, miles driven annually, and years of driving
experience.

Differences between original and current analysis

The original study addressed driver age only in terms of comparing
correct answer rates for each display among age groups. Only displays
showing statistically significant correct answer rate differences among
age groups were discussed (approximately half of the analyzed stimuli
showed such differences). Correct answer rates were found to typically
decline with driver age. Displays were categorized by mode of operation
(normal or flashing) and interval (i.e., permitted, protected, and
protected/permitted operation). Typical conclusions were that older

subjects had: half the correct answer rate as their youngest
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counterparts for an interval including a protected left-turn display
simultaneously illuminated with a through green ball; one-fourth the
correct answer rate of the youngest drivers for protected/permitted
displays using a fast flashing yellow interval for permitted left turns;
and particular comprehension difficulties with clearance intervals.

No comparisons among alternative signal configurations that can be
used to convey the same message were offered for older drivers, and
there was no attempt to explain comprehension differences between older
and younger drivers. Thus, it was felt that the analysis needed to be
modified if: i)older drivers were to become the focal point of the
analysis, and, ii)signal attributes that are beneficial/detrimental to
older driver signal comprehension were to be identified.

Furthermore, the categorization of driver responses into correct
and incorrect used in the original analysis was deemed inadequate for
the present study since not all signal display comprehension errors are
believed to be equally grave. If, for example, drivers chose to stop
when they had the right of way, the error was considered to be less
serious than if their answer indicated they thought they had the right
of way when in fact they did not. Thus, errors were separated into
minor and serious errors, respectively.

The literature search indicated that driver mental load is an
important factor in explaining differences in the performance of the
driving task among driver age groups. It is therefore reasonable to
expect that signal displays requiring some degree of interpretation are
more likely to be misinterpreted by drivers than those conveying a
simple message. For example, an illuminated green ball section has a
different meaning for the through driver (proceed, you have the right of
way) than a driver turning left (proceed without stopping if there is no
opposing traffic). Thus, some potential exists for turning drivers to
mistakenly assume that they have the right of way, especially at busy
intersections where drivers are distracted by other decisions associated

with the driving task. By contrast, a left-turn green arrow is only
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used for the left-turn maneuver and the presence of an arrow always
gives the driver the right of way--therefore, confusion of turning
drivers can be expected to be minimal with respect to such displays.
Based on expectations about signal display characteristics that
might contribute to driver confusion, a number of "complexity" variables
were defined. These characteristics include the number, color, and
shape of simultaneously illuminated lenses; signal placement; and number
of left-turn and through signals. All of these may contribute to driver
confusion. A detailed discussion about complexity variables can be found
within the sections discussing displays used for particular left-turn
phases.
In summary, three innovations to the original study are introduced
in the re-analysis of the laboratory data:
i) Emphasis is placed on older driver performance.
ii) Individuals’ answers are analyzed based on a
three-level of correctness concept--answers
considered "incorrect" in the previous study are
further categorized into "minor errors" and
"serious errors" depending on whether subjects
incorrectly chose to give away their right of

way or to violate other drivers’ right of way
respectively; and,

iii) Stimulus complexity is introduced in the
analysis as an explanatory variable of driver
comprehension.

3.3. LABORATORY DATABASE RECORDS

The database used for the re-analysis of laboratory data consists
of 191 records, one per subject. Data collected in the original
laboratory experiment were recoded to convert each set of five yes/no
answers for each stimulus into a "1" indicating a correct answer, a "2"
indicating a minor error, or a "3" indicating a serious error. Thus,
for each individual, answer correctness level was represented by a set
of 81 digits (ranging from one to three). Each record contains subject
number, age, sex, miles driven per year, years of driving experience,
answer correctness, and a series of 81 digits (ranging from one to five)

representing the degree of confidence each individual felt about each
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stimulus. The database layout is illustrated in table 3.2.

Table 3.2. Laboratory database variables

MONTH

DAY

LOCATION

SUBJECT

AGE

SEX

YEARS OF DRIVING EXPERIENCE

MILES DRIVEN PER YEAR

CORRECTNESS OF ANSWER TO QUESTION 1

CORRECTNESS OF ANSWER TO QUESTION 82
CONFIDENCE IN ANSWER TO QUESTION 1

CONFIDENCE IN ANSWER TO QUESTION 82

3.4. LABORATORY DATA ANALYSIS

Two major directions were identified in the literature review for
studies attempting to explain the poor driving performance of older
drivers: a number of authors cite a general deterioration of physical
abilities, while others believe that it is mainly caused by a
deterioration in mental abilities. Laboratory experiments measuring
mental abilities have shown better correlations with poor driver
performance in the field than similar experiments measuring physical
abilities. Thus, the present research is geared towards identifying
signal attributes that tax driver mental rather than physical abilities.

Indeed, the experimental protocol precluded any consideration of
physical limitations (individuals were free to ask questions about the
physical appearance of stimuli--e.g., wording of sign messages, shape of
lenses) while it measured driver mental load (albeit indirectly), by
measuring answer correctness and confidence in given answer. The
analysis of signal characteristics that contribute to better/poorer
driver comprehension of signal displays in the laboratory environment
provides useful insights into which signal characteristics could be
important in improving older driver signal comprehension in the field.

A correct answer, especially one given with a great degree of
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certainty, is an indication that a signal message is concise and will
not require a great share of driver attention to be understood in the
field, allowing the driver to concentrate on the other tasks involved in
turning left and contributing to diminished risk of an accident. By
contrast, a hard-to-understand or ambiguous display may lead to driver
confusion or incorrect action and will require a larger share of
available driver mental processing capacity--diverting attention from
other crucial tasks involved with turning left, possibly leading to an
accident.

The main interest in the laboratory data analysis is identifying
signal display characteristics that affect older driver comprehension.
However, before the more detailed analysis of such characteristics, an
examination of subject demographic information is used as a starting
point to establish background statistics about the experiment subjects.
Overall relations between answer correctness (regardless of stimulus
meaning and signal display characteristics) and various driver-related
variables are analyzed to establish a base for signal comprehension,
with which the detailed analysis can be compared. Thus, questions such
as whether older drivers show significantly decreased comprehension,
whether more experienced drivers show better comprehension, and whether
any comprehension differences exist between sexes can be addressed
before undertaking a more detailed examination of which signal meanings
or particular signal display characteristics affect driver
comprehension.

The analysis of laboratory data is divided in two major parts: a
general introductory analysis focusing on demographic and general driver
comprehension-related information, performed in part A, and a detailed
analysis of driver comprehension relations with signal meaning,
characteristics, and driver age, performed in part B. This analysis is

graphically presented in figure 3.4.
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%igure 3.4. Laboratory data analysis flowchart
N

General demographics analysis

Part A Answer correctness related to
confidence in given answer, age,
sex, miles driven per year, driving
experience

* Y

Answer correctness relations with
Part B various signal characteristics

The issue of designating a "cutoff age" for the purpose of
defining "young"” and "old" drivers has been extensively discussed in the
literature review. As has been mentioned, although mental and physical
abilities associated with the driving task generally deteriorate with
age, a large variation in mental and physical abilities exists among
individuals, even within the same age group. Thus, age cutoff limits
are employed for practical purposes only; they are used to study broader
trends related to driver age and are not related to specific physical
and psychological changes that take place at certain precise ages. The:
limited number of subjects available, and the need to have adequate age
group sample sizes for statistical inferences, allowed for consideration
of four age groups: 16-30, 31-45, 46-60, and older than 60 (the same age
groups as used in the original analysis). The age cutoff for the older
group (60 years) is compatible with typical cutoff ages for "older"
drivers used by the majority of authors which range from 55 to 65 years
of age. Thus, the results here can be easily compared to previously
published findings.

Subject characteristics analysis

The first part of laboratory data analysis involves a broad
overview of subject characteristics and their relationship to answer
correctness. Overall trends in miles driven per year by age group are
examined to test whether subject sample characteristics are consistent

with national trends towards less miles driven per year as drivers age
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reported in the 1983 National Personal Travel Survey (80); sex
differences in miles driven per year are also examined.

Although the number of subjects (here) is very small for
inferences about the entire driving population, any differences in miles
driven by age and sex among study participants have significant
ramifications for the appropriateness of the use of traditional million
vehicle mile-based accident rates, particularly when investigating
differences among driver ages and sexes: if older drivers drive
significantly more (less) miles than other drivers, overall accident
rates based on accidents per million vehicle miles need to be adjusted
downwards (upwards) to correct for driver age.

It is also important to know whether subjects that felt confident
about their answers were more likely to have chosen a correct answer or
not. Ideally, correct answers should be chosen with a high degree of
certainty indicating that the message conveyed by signal displays is
concise, and erroneous answers should be associated with a high degree
of uncertainty, indicating the existence of some confusion about the
correct signal message. A worst case scenario would involve serious
error answers chosen with a high degree of confidence, indicating that a
signal conveys precisely the wrong message--a situation that should
clearly be avoided. Thus, relations between subject confidence in the
given answer and answer correctness will be addressed in this part of
the analysis. Answer correctness is addressed in terms of correct,
minor error, and serious error percentages among all answers for each
individual. The corresponding terms used throughout this text are
correct, minor error, and serious error rate, respectively.

It is reasonable to expect that the more miles individuals drive,
the better their comprehension of signals will be, since they have more
opportunities to familiarize themselves with the driving environment.
The question arises about whether miles driven per year can be used as a
predictor of how well an individual comprehends left-turn signal

displays. If subjects reporting a low number of miles driven per year
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have reduced comprehension scores, drivers in the low mile per year
category could be given special attention, such as additional signal
comprehension instruction.

Finally, the more experienced drivers are, the better their
comprehension of signals can be expected to be. However, older drivers
that are most likely to have the highest number of years of experience
are expected to show low comprehension scores according to the
literature review. Thus, it is of interest to investigate statistical
relationships between driver comprehension and years of driving
experience in order to identify the age at which comprehension peaks due
to increasing years of driving experience without noticeable adverse
comprehension impacts due to advancing driver age.

Research hypotheses and statistical methods-general comprehension analysis

Database information is presented through general descriptive
statistics, and appropriate null and alternative hypotheses (presented
in table 3.3) are tested for statistical significance. Typical testing
procedures are presented below while a full presentation of results can
be found in chapter 4.

As stated above, older subjects are expected to have reported less
miles driven per year than younger ones. General descriptive statistics
will be used to provide an overview of database information before
proceeding to verify whether statistically significant differences exist
between age groups. An example of null and alternative hypotheses to be
tested is illustrated below:

H,: There are no statistically significant differences in miles
driven per year among driver age groups.

H,: Miles driven per year differs at a statistically significant
level among driver age groups.

These hypotheses are tested using an analysis of variance (ANOVA)
model where miles driven per year is the dependent variable and driver
age is the independent variable. A 95% confidence interval is nominally

used as the criterion for statistical significance throughout this
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Table 3.3. Tested hypotheses for comprehension analysis--part A

H,: There are no statistically significant differences in miles driven per year
among driver age groups.

Hy: Miles driven per year differ at a statistically significant level among
driver age groups.

H,: There are no statistically significant differences in miles driven per year
among driver sexes.

Hy: Miles driven per year differ at a statistically significant level among
driver sexes.

H,: There are no statistically significant differences in miles driven per year
by each age group among sexes.

H,: Miles driven per year by each age group differ at a statistically
significant level among sexes.

H: Correct answer(serious error) rates are not statistically significantly
different among miles driven per year categories.

H,: Correct answer(serious error) rates are statistically significantly
different among miles driven per year categories.

H,: Correct answer (serious error) rates are not statistically significantly
different among driver experience groups.

Hy: Correct answer (serious error) rates are statistically significantly
different among driver experience groups.

H,: Correct answer (serious error) rates are not statistically significantly
different among sexes.

Hy: Correct answer (serious error) rates are statistically significantly

different among sexes.

analysis. A high F-statistic value supports a rejection of the null
hypothesis with a high degree of confidence and indicates that, for the
above example, significant differences in miles driven per year among
age groups exist, and H, is rejected. Conversely, a low F-value
indicates that no significant differences exist among age groups and H,
cannot be rejected. The hypotheses to be tested in this manner are
shown in table 3.3. The Statistical Package for the Social Sciences
(SPSS) is used to compile ANOVA tables for each of the hypotheses listed
in table 3.3. An example is shown in table 3.4.

In table 3.4 the F-statistic value of 1.772 for factor age
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Table 3.4. Miles per year by age
sum of Mean Signif
Source of Variation Squares DF Square F of F
Main Effects 942855462 .635 3 314285154.21 1.772  .155
AGE 942855462 .635 3 314285154.21 1.772  .155
Explained 942855462.635 3 314285154.21 1.772  .155
Residual 26605785789.5 150 177371905.26
Total 27548641252.1 153 180056478.77
191 Cases were processed.
37 Cases ( 19.4 PCT) were missing.

corresponds to a significance of 0.155. That is, the statement that

miles driven per year are statistically significantly different among
age groups is correct only 84.5% (100-15.5) of the time, which is lower
than the desired 95% certainty, thus H, cannot be rejected.

A similar ANOVA model can be used to test whether vehicle miles
driven per year are statistically significantly different between sexes.

Once basic age and sex differences in miles driven per year have
been assessed, the interaction between age and sex can be investigated
in order to decide whether sex is differentially related to miles driven
per year according to subject age. The hypotheses to be tested are
stated as:

H,: There are no statistically significant differences in miles
driven per year by each age group among sexes.

H,: Miles driven per year by each age group differ at a
statistically significant level among sexes.

A multivariate ANOVA model with age and sex as the independent
variables and miles driven per year as the dependent variable will be
used to test the hypothesis.

In table 3.5 the F-statistic value of 2.095 obtained for age
corresponds to a significance of 0.103, an insignificant value. The F-
statistic value of 2.095 obtained for the effect of sex corresponds to a
significance level of 0.002 which indicates statistically significant

differences among sexes. The combined effect of age and sex has an
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Table 3.5. Miles per year by age and sex
Sum of Mean Signif
Source of Variation Squares DF Square F of F
Main Effects 2580676750.55 4 645169187.64 3.918 .005
AGE 1035217075.90 3 345072358.63 2.095 .103
SEX 1637821287.91 1 1637821287.9 9.945 .002
2-way Interactions 923426094 .556 3 307808698.19 1.869 .137
AGE SEX 923426094 .556 3 307808698.19 1.869  .137
Explained 3504102845.10 7 500586120.73 3.040 .005
Residual 24044538407.0 146 164688619.23
Total 27548641252.1 153 180056478.77
191 Cases were processed.
37 Cases ( 19.4 PCT) were missing.

F-statistic of 1.069 and is associated with a significance level of
0.137, indicating that sex effects are not significantly different
across age groups.

Other analyses will be focused on examining relations between
driver comprehension scores and certainty in the given answer, subject
age and sex, miles driven per year, and years of driving experience.
Statistically significant comprehension differences among age groups are
similarly tested.

In order to simplify the analysis, number of miles driven per year
are classified into four categories: up to 7,000 miles, 7,001-10,000,
10,001-15,000, and more than 15,000; and driving experience is
classified into four categories: up to 12, 13-24, 25-38, and over 38
years of experience.

Answer correctness relations with various signal characteristics

The second part of the laboratory data analysis (part B--figure
3.4) is concerned with determining whether comprehension differences
exist among driver age groups based on stimulus meaning. Although it is
anticipated that, in general, older drivers will have lower correct
answer rates and higher serious error rates, it is also expected that

for certain stimuli there may be particularly pronounced comprehension

differences among age groups while comprehension differences may be less
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pronounced among age groups for other stimuli. Displays that are
particularly difficult for older drivers to comprehend need to be
identified since they pose a threat to their safety, and the confusing
displays should be avoided to the extent feasible. A broader analysis
of driver comprehension differences based on signal interval and driver
age precedes the more detailed investigation of which stimulus, among
alternatives used for the same interval, is best understood by older
drivers. Thus, the first analysis stage involves comprehension
comparisons among stimuli used for the permitted, protected, and
protected/permitted left-turn intervals, the red interval, the change
interval, and flashing mode operation in order to identify which signal
interval(s), if any, is (are) more likely to be misinterpreted by older
drivers.

Since comprehension scores are compared between groups of stimuli
used for different signal intervals, this component of part B
comprehension analysis is called the inter-interval analysis.
Comparisons are based on comprehension scores (i.e., correct, minor
error, and serious error rates) compiled for the groups of stimuli
belonging to each interval for each individual. A correct answer rate,
a minor error rate, and a serious error rate are compiled for each
individual for all stimuli representing a red interval. A separate set
of answer rates is compiled for all stimuli representing permitted
intervals, and so on. The results of this analysis will determine
whether particular emphasis needs to be directed to specific signal
intervals. The segregation of stimuli into stimulus meaning categories
allows the rank ordering of subsequent inquiries: low comprehension of
the red interval, for example, is more likely to lead to serious
accidents since drivers will violate another driver’s right of way,
while low comprehension of a protected left-turn arrow may not have such
dire consequences, since drivers facing such displays already have the
right of way.

The last component of part B of the comprehension analysis
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involves comprehension comparisons within groups of stimuli used for the
same signal interval in order to identify which display among
alternative signal displays better conveys the same message to drivers,
particularly older ones. Since comparisons are made within groups of
stimuli conveying the same message, this part of the analysis is
designated as the intra-interval analysis. The detailed stimulus
analysis allows an examination of the effect of supplemental signs,
signal head position, signal section arrangement, and other stimuli
characteristics that may benefit/handicap the comprehension of
particular intervals while they may have no effect (or even the opposite
effect) on other intervals.

Based on the literature search, it is expected that increasing
display complexity will be inversely related to older driver
comprehension. Thus, seven traits of signal display complexity are
examined in this analysis:

1) The simultaneous illumination of two sections on the left-turn
signal face (ILLUMINATED--e.g., a yellow ball simultaneously
illuminated with a green arrow);

2) The concurrence or discordance of the messages of two

simultaneously illuminated sections on the same left-turn signal
face (AGREELT);

3) The concurrence or discordance of the illuminated left-turn signal
section(s) with the through signal message (AGREETH);

4) The presence of multiple through signals (NoTHRU);

5) The presence of a supplemental sign (SIGN);

6) The presence of more than three sections on the left-turn signal

(NOSECTIONS); and, finally,

7) The presence of an arrow on the left-turn signal (ARROW).

All of the above signal face arrangement (SFA) characteristics
require the identification and processing of more than one (or a hard-
to-identify) piece of information present in an SFA in order to arrive
at a decision about the driver’s right-of-way privileges associated with
a left turn and may lead to driver confusion especially for older
drivers. A comprehensive list of variables used for intra-interval
comprehension comparisons is presented in table 3.6.

The results of this analysis provide information for the design of
better comprehended signal displays based on knowledge about which

signal characteristics are most likely to lead to better comprehension
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Table 3.6. Signal variables used in comprehension analysis

VARIABLE NAME VARIABLE DESCRIPTION

Complexity Variables

AGREELT Concurrence/discordance of simultaneously illuminated left-turn
signal sections

AGREETH Concurrence/discordance of left-turn and through signal
indications

ARROW Presence of left-turn arrow signal section

TLLUMINATED Number of simultaneously illuminated sections on left-turn signal

NOSECTIONS Number of left-turn signal sections

NoTHRU Number of through signal faces

SIGN Sign related to left-turn signal

Other variables

ARRANGEMENT Stacked three, stacked four, doghouse signal face arrangement

CHANGE Colors illuminated on left-turn signal during change interval

COLORS Left-turn and through signal color configurations

FLASH Flashing signal operations configuration

HPOSITION Horizontal signal position (in feet to the left of driver)

LFTFLSH Left-turn signal section type used in flashing operations (dark,
arrow, ball)

THRUCOL Through signal color

VPOSITION Vertical signal position

of each interval displayed in a particular signal configuration. The
organization of part B of the laboratory data "reanalysis" is shown in

figure 3.5.

Figure 3.5. Part B laboratory data reanalysis

Inter-interval analysis

Differences among permitted,
protected, red, change and
nighttime displays

Intra-interval analyses

Permitted ~Complexity,
Protected Other

Red Relations with signal
Change variables

Nighttime (table 3.6)







57

Hypotheses and statistical methods used for the inter- and intra-interval analysis

Null and alternative hypotheses used to examine comprehension
differences among (and within) stimulus meaning groups presented here
are tested for statistical significance and the results are presented in
the next chapter. Typical testing procedures and statistics are
described below.

Based on the literature review, older drivers are expected to have
higher error rates. However, practitioners need to know whether older
driver comprehension difficulties are significantly different from those
of other drivers and whether such differences are more pronounced during
specific signal intervals. Stimuli categories associated with
significantly higher serious error rates should be addressed
immediately. Typical null and alternative hypotheses for the inter-

interval analysis are:

H,: There are no statistically significant differences in
correct answer rates (serious error rates) among stimulus
meaning categories between age groups.

H;: Statistically significant differences in correct answer

rates (serious error rates) among stimulus meaning
categories between age groups exist.

These hypotheses will be tested using a multivariate multi-group
analysis of variance model, appropriate for multiple-response data.
Subjects (considered a random effect) are nested within age groups (AGE)
and crossed with stimulus meaning groups (MEANING), while age and
stimulus meaning are completely crossed. Each stimulus group serious
error rate is examined as a separate dependent variable. Subjects and
stimulus meaning groups are the independent variables. The following

three questions are answered in turn:

1) Does stimulus comprehension vary among age groups;

2) Is stimulus comprehension dependent on stimulus meaning;
and,

3) Does an interaction between comprehension of stimulus

categories and driver age exist.

A summary of typical ANOVA model results is presented in table 3.7.
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Table 3.7. Inter-interval serious error rate comparison

Source of Variation SS DF MS F Sig of F
Main effects

AGE .26 3 .09 5.65 .001
MEANING 1.47 3 .49 38.31 .000

2-way Interactions
AGE BY MEANING .13 9 .01 1.1 .354

Comprehension (measured in serious error rate) is statistically
significantly different among driver age groups (F-value 5.65,
significance 0.001). It is also statistically significantly different
among stimulus meaning categories given an F-value of 38.31 and a
significance of 0.000 for variable MEANING. Finally, the F-statistic
value for AGE by MEANING interactions of 1.11 corresponds to a
significance of 0.354 which is not statistically significant, indicating
that comprehension of stimulus group meaning is not statistically
significantly different among age groups. An example of statistics for
age and stimulus meaning groups compiled for each ANOVA model are
presented in table 3.8.

Based on the results presented in table 3.8, the mean serious
error rate for change interval stimuli is .010 (1%). This average is
calculated based on the answers of all subjects (N = 186). Drivers 61
to 75 years of age have an average serious error rate of .014 (1.4%) for
the same stimuli. Older subject results are based on a sample of 42
subjects, and the 95% confidence interval for the older subject average
is a serious error rate between .003 and .026.

Hypotheses tested using similar models are presented in table 3.9.
Following inter-interval hypotheses analysis, intra-interval hypotheses
will be examined using similar statistics. Hypotheses tested in the
intra-interval analysis are presented in table 3.10. A complete

discussion of findings can be found in the next chapter.
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Table 3.8. Serious error rate statistics for inter-interval analysis

Permitted interval stimuli

FACTOR RANGE Mean Std. Dev. N 95 percent Conf.Intvl.
AGE 16 10 30 .040 .100 48 .01 .070
AGE 31 10 45 .091 .183 51 .039 <142
AGE 46 1O 60 .082 119 45 .046 .118
AGE 611075 .125 172 42 .07 179
For entire sample .083 .150 186 .062 .105

Red interval stimuli
FACTOR RANGE Mean Std. Dev. N 95 percent Conf.Intrl.
AGE 16 10 30 .014 .044 48 .001 .027
AGE 31 10 45 .021 .107 51 -.009 .051
AGE 46 TO 60 .038 .073 45 .016 .060
AGE 617075 .083 .142 42 .039 127
For entire sample .037 .100 186 .023 .052

Nighttime operations stimuli
FACTOR RANGE Mean Std. Dev. N 95 percent Conf.Intvl.
AGE 16 10 30 .103 .138 48 . .143
AGE 31 70 45 .107 154 51 .064 .151
AGE 46 TO 60 L1464 .143 45 .101 .187
AGE 61 70 75 .154 146 42 .109 .200
For entire sample .126 . 146 186 .105 147

Change interval stimuli
FACTOR " RANGE Mean Std. Dev. N 95 percent Conf.Intvl.
AGE 16 70 30 0N .035 48 .001 .022
AGE 31 70 45 .008 .035 51 -.001 .018
AGE 46 TO 60 .006 .020 45 .000 .012
AGE 61 10 75 .014 .036 42 .003 .026
For entire sample .010 .032 186 .005 .015

Table 3.9. Tested hypotheses,

inter-interval comprehension analysis

H: There are no statistically significant differences in correct answer rates
(serious error rates) among stimulus meaning categories between age groups.

Hy: Statistically significant differences in correct answer rates (serious error
rates) among stimulus meaning categories between age groups exist.

H,: There are no statistically significant differences in correct answer rates
(serious error rates) among stimulus meaning categories for older drivers.

H,: Statistically significant differences in correct answer rates (serious error
rates) among stimulus meaning categories exist for older drivers.




60

Table 3.10. Tested hypotheses, intra-interval comprehension

analysis

Permitted interval

There are no statistically significant differences in correct answer rates
(serious error rates)' based on:
signal horizontal position (HPOSITION)?
concurrence/discordance of left-turn signal with through signal
(AGREETH)
number of through signals (NoTHRU)
presence of supplemental sign (SIGN)
between age groups (among older drivers)'.

Statistically significant differences in correct answer rates (serious error
rates) based on the above variables exist between age groups(among older
drivers).

Protected interval

H,:

Hy

There are no statistically significant differences in minor error rates’
based on:
signal horizontal position (HPOSITION)
signal vertical position (VPOSITION)
concurrence/discordance of left-turn signal with through signal
(AGREETH)
concurrence/discordance of simultaneously illuminated left-turn
signal sections (AGREELT)
presence of supplemental sign (SIGN)
number of simultaneously illuminated sections on the left-turn
signal (ILLUMINATED)
through signal color (THRUCOL)
between age groups (among older drivers).

Statistically significant differences in minor error rates based on the
above variables exist between age groups(among older drivers).

Red interval

H,:

There are no statistically significant differences in serious error rates*
based on:

signal horizontal position (HPOSITION)

signal vertical position (VPOSITION)

presence of supplemental sign (SIGN)

signal face arrangement (ARRANGEMENT)

presence of a left-turn arrow (ARROW)

between age groups (among older drivers).

Statistically significant differences in serious error rates based on the
above variables exist between age groups(among older drivers).
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Table 3.10. (cont‘d). Tested hypotheses, intra-interval
comprehension analysis

Change interval

H,: There are no statistically significant differences in correct answer
(serious error rates) based on:
signal horizontal position (HPOSITION)
signal vertical position (VPOSITION)
concurrence/discordance of left-turn signal with through signal
(AGREETH)
concurrence/discordance of simultaneously illuminated left-turn
signal sections (AGREELT)
presence of supplemental sign (SIGN)
number of simultaneously illuminated sections on the left-turn
signal (ILLUMINATED)
through signal color (THRUCOL)
number of through signals (NoTHRU)
between age groups (among older drivers).

Hy: Statistically significant differences in correct answer (serious error
rates) based on the above variables exist between age groups(among older
drivers)

Flashing operations

H,: There are no statistically significant differences in correct answer
(serious error rates) based on:
signal horizontal position (HPOSITION)
signal vertical position (VPOSITION)
presence of supplemental sign (SIGN)
through signal color (THRUCOL)
number of through signals (NoTHRU)
left-turn signal indication (LFTFLSH)
left-turn action (FLASH)
between age groups (among older drivers).

Hy: Statistically significant differences in correct answer (serious error
rates) based on the above variables exist between age groups(among older
drivers)

1. Separate models for correct answer rates and serious error rates, all drivers and
older drivers

2. See table 3.6

3. No serious error rates possible for protected interval stimuli, since drivers have
the right of way

4. No minor error rates possible for red interval stimuli, since drivers do not have the

right of way
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3.5. FIELD DATABASE

Field database records represent vehicles involved in accidents.
Each record contains vehicle, driver, and accident information as well
as geometric and signal information about the approach on which the
vehicle was moving when it was involved in the accident. The data,
covering a span of 10 years and 324 intersections, were assembled in
separate databases and then combined.

Each geometric file record represents conditions at a given

intersection approach that consists of information about
intersection type, lane assignment and other variables (see
table 3.11). Geometric information was obtained from Michigan
Department of Transportation (MDOT) archives and dates that geometric

changes were enacted were obtained from work contracts.

Table 3.11. Geometrics file variables

Intersection type: Tee
Four-leg two two-way streets
Four-leg one two-way one one-way street
Number and position of signals (signal profile)
Horizontal and vertical signal position
Lane assignment (geometric profile)
Number of left-turn lanes

Number of opposing-through lanes

Left-turn sign

Signal information was obtained from MDOT intersection files and
controller configuration printouts. Each signal file record corresponds
to an intersection approach and contains variables
pertaining to phasing, signal display complexity, and other

signal-related variables (see table 3.12).
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Table 3.12. Signal file variables

Approach ID
Signal section arrangement

Controller type: Mechanical
Actuated
Solid state

Left-turn phase type: Permitted
Protected
Protected/permitted

Protected phase type: Lead
Lag

Cycle length in sec.
Permitted duration in sec.
Protected duration in sec.

Number of simultaneously illuminated
left-turn signal lenses

Concurring or discording left-turn
and through signal indications during the:
Red Phase
Yellow Phase
Permitted Phase
Protected Phase
Flashing operations mode

Major or minor approach

Multiple records were coded in the corresponding files for
intersection approaches where changes were made to geometric and/or
signal approach parameters; beginning and ending dates (defining the
period during which a particular configuration was in effect for a
particular approach) were coded for each record. Only intersection
approaches with a left-turn movement facing an opposing through movement
were coded in the two files: for example, there is only one leg with
left-turns facing an opposing through movement present at
T-intersections, the one allowing left-turns off the main direction onto
the Tee leg. Similarly, at intersections of one-way with two-way

streets, there is only one approach for which left-turning drivers face
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opposing traffic.

Accident records were obtained from accident records maintained by
MDOT. All accidents within 150 feet from each study intersection were
selected based on milepoint information coded in the accident record.
Each original accident record containing information about all vehicles
involved in an accident was separated into vehicle records, one for each
vehicle involved in the accident (accident-related variables contained
in the database are shown in table 3.13). Vehicle direction before the

accident, from the original accident record, was used to assign vehicles

to intersection legs.

Table 3.13. Accident variables

Hour, month and year
accident occurred

Weather, light, and road surface,
conditions

Injury severity
Accident type
Vehicle type
Driver age
Driver residence
sex
violation

Contributing circumstances

Visual obstructions

In all, 3004 signal, 1217 geometric, and 187,715 vehicle
(accident) records were entered in the corresponding files. Geometric
and signal information records were merged into an intersection
configuration file in such a manner that each new record represents a
time period during which the approach signal and geometric configuration
remained unchanged. The intersection configuration file contains a
total of 3444 records. Finally, each vehicle record was merged with the

appropriate intersection configuration record according to where (i.e.,
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which intersection leg) and when an accident occurred. This final merge
produced the field database (figure 3.6). The field database allows the
analysis of the effects that particular signal and geometric
configurations have on the occurrence of an accident. Information at
the intersection approach level is necessary because in many instances
different approaches of the same intersection use different left-turn

signal phasing and have dissimilar geometric configurations.

Figure 3.6. Field database

Geometric
data Signal data Vehicle data
table 3.11 table 3.12 table 3.13

Merge

Intersection
configuration /
data

Field
database

3.6. FIELD DATA ANALYSIS

Based on the literature review, it is expected that as drivers
age, they have a higher tendency to become involved in accidents.
Furthermore, older driver propensity for higher accident involvement is
expected to be more pronounced for more complex intersection maneuvers.
The purpose of the field data analysis is to answer a number of
questions:

1) Does accident involvement increase with increasing age;

2) 1Is older driver accident (over)involvement related to
intersection maneuver (driving straight through the
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intersection versus turning left or right);
3) 1Is older driver accident (over)involvement present during
both normal (daytime) and emergency/ nighttime signal

operations;
4) 1Is older driver accident (over)involvement related to left-

turn signal control type;

S) Which approach geometric and signal variables are associated
with higher left-turn accident involvement, especially for
older drivers; and, finally,

6) What are the most prominent accident characteristics
differences that set older drivers apart from other driver

age groups.

The field data analysis closely follows the organization of
laboratory data analysis in order to facilitate comparisons between
findings from the two efforts. Thus, for example, accidents during
daytime and nighttime left-turn signal operations are examined
separately, also accidents at approaches with permitted, protected, and
protected/permitted operations are examined individually, closely
following the laboratory data analysis format. Based on signal
controller information daytime is defined as the period between 7:00am
and 10:59pm and nighttime as the remainder of a 24-hour period.
Intersections with 24-hour full-color operations were excluded from
nighttime statistics to avoid the introduction of bias due to
differential older driver daytime/nighttime performance at full color
locations. The abundance of accident information allows the
introduction of finer (i.e., narrower) driver age groups than those used
in the laboratory data analysis. The original age group limits are
augmented depending on the amount of information available. Thus,
comparisons between the two analyses are still possible, but a more
refined pattern of changes in accident statistics is obtained. However,
throughout the field data analysis driver age groups identical to those
used for the laboratory data are maintained allowing direct comparisons
between the two analyses.

A summary of intersection configuration information can be found
in table 3.14. Field database analysis is organized into four parts as
outlined in figure 3.7, proceeding from general descriptive statistics

analyzing relations of driver age with intersection maneuver to an
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Table 3.14. Intersection configuration information

GENERAL INFORMATION

Number of records

INTERSECTION CONFIGURATION FILE MATCHED RECORDS

Both geometric and signal information available 2409
Missing geometric record 441
Missing signal record 594
APPROACH 1S MAJOR/MINOR
Major approach 1240
Minor approach 1182
INTERSECTION CONFIGURATION
Tee 173
4-leg two two-way streets 2681
4-leg two-way & one-way 147
SIGNAL PROFILE (most common configurations)
1 Left turn 1 Through & right-turn 1653
1 Left turn 1 Through 170
1 Left turn 1 Through 1 Through & right-turn 872
2 Left turn 1 Through & right-turn 116
LEFT TURN SIGNAL HORIZONTAL POSITION (feet left of driver)
up to 3 feet 1466
4-16 feet 1759
17-38 feet 219
CONTROLLER TYPE
Mechanical 2194
Actuated 224
Solid State 432
LT PHASE TYPE
Permitted Green Ball 1864
Protected Green Arrow 400
Protected Green Arrow + Green Ball 40
Protected/Permitted Flashing Red ball, Green Arrow 337
Protected/Permitted Green Ball + Green Arrow 152
CYCLE LENGTH
45-60 sec. 918
65-75 sec. 726
80 sec. 875
90-120 sec. 224
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Table 3.14. (cont‘d).

PERMITTED PHASE Number of records

DURATION IN SECONDS

up to 21 sec. 772

22-27 sec. 549

28-35 sec. 467

36-66 sec. 521

PROTECTED PHASE Number of records
PHASE TYPE

Lead 21

Lag 555

DURATION IN SECONDS

up to 6 sec 256

11-52 sec 334

7-10 sec 226

FLASHING OPERATIONS Number of records
LEFT-TURN THROUGH
SIGNAL SIGNAL

Flashing yellow 706 894

Flashing red 1046 910

Dark 56

24-hour operation 1032 1032
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Figure 3.7. Field data analysis flowchart

General descriptive statistics for left-turn, through, and
right turn intersection accidents-relations with driver
age. All approaches:

Full color hours

Flashing hours

With permitted left-turn phasing

With protected left-turn phasing

With permitted/protected left-turn phasing

Involvement ratios for
All accidents full color operation hours
All accidents flashing operation hours
Left-turn accidents full color operation hours
Through accidents full color operation hours
Right-turn accidents full color operation hours

Y

Involvement ratios for left-turn accidents
Full color operation hours:
All approaches
Approaches with permitted phasing
Approaches with protected phasing
Approaches with permitted/protected phasing

Flashing operation hours:

All approaches
Left-turn accident involvement relations with:
Signal control characteristics
Signal face and phase type
Approach geometry and left-turn signal position
Accident and driver characteristics
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examination of involvement ratios for particular intersection maneuvers
(e.g., left turn, through, right turn) and further focusing the analysis
into a detailed examination of left-turn accident involvement ratios for
each left-turn phasing strategy present in the database (permitted,
protected, permitted/ protected). The analysis concludes with an
extensive examination of relations of signal control, approach geometry,
and driver and accident characteristics, with older driver left-turn
intersection accident experience.

Statistical method used for field database analysis

In view of the lack of a measure of exposure that is not age-
biased, the driver-at-fault/innocent victim ratio method (D1/D2)
discussed in detail in the literature search is used in the present
analysis, since it provides a differential measure of exposure based on
driver age. Over- (under-) involvement of each driver age group is
based on whether more (less) drivers within a particular age group tend
to be at-fault than innocent victims in multi-vehicle accidents.

Based on information presented in table 3.15, the involvement

Table 3.15. Male driver D1/D2 table for daytime left-turn accidents
at intersections with permitted left-turn phasing
Driver not at fault (D2) age
15-19 20-45 46-60 60+ Row
total
15-19 91 293 66 41 491
Driver 20-45 188 800 123 87 1198
at fault
(D1) age 46-60 56 230 33 20 339
60+ 65 296 52 38 451
Column 400 1619 274 186
total

ratio of 15-19 year-old male drivers involved in daytime left-turn

accidents at intersections with permitted left-turn phasing is:
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o =:ioé =1.227

Similarly, the involvement ratio for drivers 20-45 is 0.74; for
drivers 46-60, 1.237; and for drivers over 60, 2.42. These involvement
ratios indicate that among male drivers, only those between the ages of
20 and 45 are underinvolved in this particular type of accidents.
Drivers from this age group are at fault on 1198 occasions, while they
are innocent victims on 1619 occasions out of a total of 2817 occasions
when a driver from this age group was involved in an accident. There
were 800 accidents where both involved drivers were males between ages
20 and 45. The total number of accidents for this gender and age group
is 1619 + 1198 - 800 = 2017. All other male driver age groups were
overinvolved in accidents (i.e., the involvement ratios are greater
than 1), with drivers over age 60 showing the most pronounced

overinvolvement at a ratio of 2.42.







CHAPTER 4

ANALYSIS OF LEFT-TURN SIGNAL COMPREHENSION IN THE LABORATORY
4.1. INTRODUCTION

The material that follows is organized into three major parts as
outlined in the analysis methodology (figure 3.4):

I) General subject demographic information;
II) Answer correctness relations with:
confidence in given answer,
subject sex,
miles driven per year, and
driving experience; and,

III) Answer correctness relations with various signal

characteristics.

Demographic information (part I above) is analyzed with general
descriptive statistics and analysis of variance (ANOVA) models
(summarized in appendix B). Comprehension (parts II and III above) is
evaluated using two criteria, namely the overall and older driver error
and correct answer rates. The comprehension analysis is organized into
paragraphs following similar outlines with an introduction, a
presentation of error rates and correct answer rates for all and older
drivers and a section summary.

4.2. SUBJECT CHARACTERISTICS ANALYSIS-GENERAL COMPREHENSION ANALYSIS

Of the 191 subjects in the laboratory experiment, fifty-six
percent (107) were males. Subjects were distributed fairly evenly over
the four age groups: ages 16-30 (50 subjects), 31-45 (51), 46-60 (48),
>60 (42) so that enough individuals are present in each group for
statistical inferences (see table 3.1.). A graphic summary of various
demographic and driving characteristics of the subjects is presented in
figures 4.1-4.3. BAbout 86% of the respondents in the youngest and
oldest age groups drive less than 15,000 miles per year compared to
about 72% for the other two age groups. About 62% of the youngest
drivers drive less than 10,000 miles per year. This percentage drops to
44% for the 31-45 year-olds, and then increases until it becomes 75% for

the oldest driver group (figure 4.1). The youngest and oldest drivers

tend to drive less than the other two age cohorts with the oldest group
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Figure 4.1. Miles driven annually by age
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Figure 4.2. Miles driven annually by age (male drivers)
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Figure 4.3. Miles driven annually by age (female drivers)
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driving less than any other.

When mileage is further analyzed by sex (figures 4.2 and 4.3), an
important difference between male and female subjects becomes evident: a
larger percentage of female drivers tend to drive less than 10,000 miles
per year for all age groups. This difference is especially striking for
the 46-60 year-old drivers 71% of female drivers drive less than 10,000
miles per year compared to 22% of male drivers.

Male drivers drive more miles per year as they age, until age 60.
Males older than 60 show a dramatic decrease in miles driven as they
drive even less than the youngest drivers. A similar trend was observed
for female drivers, except there is a drop in miles driven for the 46-60
year- old drivers and this trend continues through the oldest driver
group where 76% drive less than 7,000 miles per year. The percent of
female drivers that drive 15,000 miles or less annually remains around
87% for all age groups while for males this percentage represents only
the youngest and oldest drivers. About 65% of the other male age groups
are within this range. BAnalysis of variance (ANOVA) models were
developed to analyze miles driven per year (dependent variable) by
subject age and sex. Using AGE as the only independent variable,
statistically significant differences in miles driven per year were
found (F4 = 2.62, Fpg = .053). A model including both sex and age as
independent variables, showed statistically significant differences for
main effects (Fn4 = 3.95, Fpe = .004), while the age-sex two-way
interaction was not found to be statistically significant. A multiple
classification analysis shows a sample average of app<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>