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Abstract

Many studies have identified that older (O) and younger (Y) drivers are the most at
risk age groups on U.S. highways. However little information is available on the interaction
of the cohorts. It would seem that the characteristics that make the two groups most risky
would be compounded in situations where the two types of drivers meet on the road. As
expected, statewide analysis of Y-O crashes, using VMT as a sole measure of exposure,
reveals over-representation. However, when adjusted for over-involvement of Y-O drivers as
groups, Y-O crashes are actually under-represented. Causal factors such as passenger load
and type of roadway geometry are also investigated. Spatial and temporal variation of Y-O
crashes reveal that some lowa counties are overrepresented and that 3-4 p.m. is the most

represented hour for Y-O crashes.
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Chapter 1 - Introduction

Traffic safety analysts often study crash and roadway data to identify problem areas
and define populations at risk. Risk usually represented by estimating crash involvement
rates. It is well known that older and younger drivers experience and present the highest risk
on U.S. highways.

The population of America is aging at an increasing rate. Census data indicate that 13
percent of the population, or about 35 million people, were 65 years or older as of 2000 (1).
In fact, the 65 and older age group has grown three times faster than the total population in
the last three decades (1).

Baby boomers begin to turn 65 around 2010. Consequently, estimates indicate that
approximately 20 percent of the population will be 65 or older by 2030 (2). As this occurs,
highway safety improvements benefiting older drivers will become increasingly important.
Improvements will be needed to help maintain the personal mobility this generation expects
without decreasing overall safety performance and increasing risks to drivers of all ages.

In 2000, U.S. drivers between the ages of 16 and 20 had the highest fatality and injury
rates (3). Young drivers comprised 7 percent of the driving population (4) but represented 14
percent of crash fatalities. In addition, persons over 65 years of age made up 14 percent of
driving population and accounted for 16 percent of all traffic fatalities (3). In total, younger
and older (YO) drivers comprised 21 percent of the driving population but represented 30

percent of fatalities (3). The overrepresentation by both of these groups is well known and

studied (3,4).
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lowa data for the year 2000 indicated that 16- to 19-year-old drivers comprised 7.4
percent of the driving population (5) but represented 18.1 percent of all 2-vehicle crashes
(10), and 65-year-old drivers comprised 17 percent of driving population (5) but represented
10.7 percent of all 2-vehicle crashes (10).

In many studies, the age threshold for analyzing older driver issues is 65. We
adopted this convention for this study. Since full licensing age is 16, and exposure data for
15-year-old drivers were not available, drivers of age 15 and below were excluded from the
analysis. Therefore, in this study, “young drivers” refers to drivers who are 16 to 19 years of
age.

Identifying overrepresentation of an age group is clearly dependent on categorization.
It is also dependent on definition of crash type (fatal crashes, injury crashes, and all crashes)

and exposure measures chosen (e.g., by population, licensed drivers, and miles driven) (8, 9).

Older Driver Issues

Census figures indicate that Iowa’s older population (65 or older) increased by
approximately 25 percent from 1970 to 2000. Between 1980 and 2000 (11), the median age
increased from 30 to 36.6. The Census also estimates that lowa’s older population will
increase from about 440,000, or 15 percent of the population, in 2000 to almost 690,000, or
about 23 percent of the population, in 2025. This represents a 55 percent increase in only 25
years (11).

Iowa experienced an even more significant increase in the number of older licensed

drivers from 1970 to 2000. In the early 1970s, about 60 percent of the older population held

driver’s licenses (comprising about 12 percent of driving population). By 2000,
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approximately 80 percent of those over 65 were licensed (comprising about 17 percent of the
driving population). This represents a 40 percent increase in the number of licensed older
drivers during the period. In addition, over 20 percent of drivers are over 65 in 53 of lowa’s
99 counties. In sixteen of those counties, that figure is between 23 percent and 25 percent,
and in three counties—Ringgold, Wayne, and Calhoun—drivers over 65 make up over one-
quarter of the driving population.

It is difficult to predict the percentage of those over 65 who will be able to maintain a
driver license. Falb (02) presents a range of projected values for the future percentage of
older drivers with licenses: 80 percent to 87 percent. The lower number assumes no increase
over the current licensing percentage, assuming 80 percent is the highest value that can be
sustained (12). The higher figure assumes the proportion of licensed drivers will continue to
increase with improvements in health care, advances in transportation technology, and the
aging of large numbers of baby boomers.

Based on the 80 percent assumption, there would be 150,000 more older drivers, or a
44 percent increase, by 2025. If the 87 percent assumption holds, there will be a 56 percent
increase in the number of older licensed drivers, or 200,000 more older drivers on Iowa roads

(12).
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Younger Driver Issues

Although the younger proportion of lowa population decreased dramatically from the
1970s to the early 1990s, it has since begun to increase. “As the last members of the baby
boom approached childbearing age during the 1980s, the number of births rose again,
peaking in 1990.” Although the number of births per capita is at an all time low, “the
population continues to grow because of the children and grandchildren of the huge baby-

boom generation” (1.

The proportion of the Iowa population between the ages of 16 and 19 increased
considerably from 5.6 percent in 1991 to 6.2 percent in 2000 (14). While the proportion of
the total lowa population increased by approximately 4.8 percent during the same period, the
proportion of young population increased by 10.7 percent (U.S. Census Bureau).

As is the case for older drivers, the proportion of young licensed drivers is growing,
and in 2000, they made up 7.4 percent of the driving population (lowa Crash Facts 2000). In
fact, in Iowa, the proportion of young drivers is about 50 percent higher than the national
average. Further, in 72 counties, more than 9 percent of drivers are younger than 19. In 23 of
those counties, young residents account for 10 percent or more of the entire driving
population. In Carroll, Delaware, and Sioux counties, young persons represent 11 percent of

total driving population.

Problem Statement: Interaction of Younger and Older Drivers in Crashes

Many studies have identified that older and younger drivers are the most at risk age

groups on U.S. highways (7, 15, 16, 17, 18, and 19). The executive committee of the
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Transportation Research Board (TRB) identifies the aging population as a special safety and
mobility challenge (6). While literature abounds related to overrepresentation of the two age
groups, little is available on the interaction of the cohorts. It would seem that the
characteristics that make the two groups most at risk would be compounded in situations
where the two types of drivers meet on the road. Increased crash risks of older and younger
drivers are caused by different factors: inexperience, poor judgment, and risk taking behavior
of younger drivers and reductions in physical and cognitive capabilities of older drivers (7).

Consider the following potentially dangerous situations:

e an overly aggressive and impatient young driver passing a slow, overly careful

older driver to make a right turn

e a timid older driver having trouble judging a gap to turn onto a high speed
expressway and who does not anticipate the high speed or unclear lane

changing practice of an approaching inexperienced driver

e a young driver with experience in playing video games where you can “play
again” following too closely behind an older driver who may be afraid to go

much faster on the freeway

Thesis Objectives
This research has two objectives. The first objective is to test the hypothesis that two-
vehicle crashes involving older and younger drivers are overrepresented even after

accounting for the overrepresentation of the groups individually. And, if indeed

overrepresentation exists, the thesis seeks to explore underlying causes and potential
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mitigative strategies by analyzing geographic, demographic, and road-related characteristics
of these crashes.

Many resources are being dedicated to reducing the crash rates and consequences
related to older and younger drivers. To date, these measures have not specifically been
coordinated to reduce the types of crashes involving both. This work begins by identifying
and documenting the interaction of older and younger drivers and follows by drawing
attention to the place, time, and other characteristics of the crashes involving both groups of
drivers. It concludes by identifying practices that may be implemented to address these types
of crashes. It is hoped that determining and understanding the main contributing factors of

older and younger driver crashes can lead to appropriate recommendations for prevention and

minimization of problems.
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Chapter 2 — Literature Review

Because the literature on older-younger crash involvement is sparse, this chapter
treats each group individually. Special attention is paid to characteristics of each group that

may be compounded when younger and older drivers meet along the road.

Younger Drivers
Crash Characteristics

The risk of crash involvement per mile driven for 16- to 19-year-old drivers is four
times the risk for older (65+) drivers (19). Of these, 16- and 17-year-old drivers have the
highest risk (20). A look at the driving characteristics of the younger group reveals speeding
as a principal factor of crash involvement. Tailgating, driver error, and single vehicle run-oft-
the-road crashes are the frequent results of this risky behavior (21). A study of Maryland
crash data indicates that the highest driving death rate occurs at age 18 for both males and
females. And, even though older drivers have more difficulty with night vision, the nighttime

fatal crash rate for 18-year-old drivers has been estimated to be approximately three to four

times that of older (65+) drivers (22).

Age or Experience?
We know that young drivers have higher crash rates than more experienced drivers

(19). There are also age-related differences among teenage drivers, with crash rates of

teenagers declining as expected with increasing age (15, 19, 23).
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A study conducted by Daniel R. Mayhew et al. (23) determined the effects of
experience by investigating month-to-month changes in crash involvement rates of teenage
drivers. The results of the study indicated that crash rates dropped noticeably during the first
six months of driving. As driver experience increased, the involvement in single vehicle run-
off-the-road and night crashes decreased rapidly. It was found that teenage drivers improved
their driving in a short period of time. Finally, it was indicated that a graduated driver-
licensing program was a very effective method to ensure the driving improvements took

place in a more forgiving environment (23).

Risky Driving

In response to a telephone survey conducted by the Los Angeles Times, 16- to 24-
year-old drivers stated that they frequently engaged in aggressive driving, easily lost their
temper behind the wheel, found enjoyment when passing others, enjoyed weaving through
traffic, and engaged in other risky behaviors. Among those responding, the 16-19 age group
reported driving the fewest numbers of miles. The study found that drivers who made
offensive gestures and liked to argue with other drivers tended to be unlawful and dangerous.
It also found that youth and aggression toward other drivers were two of the most significant
correlates of risky driving (24).

Another study approached risk as a kind of decision-making process. This approach
emphasized the importance of “decision plans™ for young people. The study found that the
decision-making process could be differentiated from the driver’s skill. The driver visualized

the condition, outcome, and crisis associated with a particular decision and then estimated the
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threat of the situation. The perceived threat was high when the situation was beyond the
driver’s ability to control (25).
Another study reports that the crash risk i1s higher during adolescent development,

where risky behavior and deficiency in decision-making is most pronounced (26).

Effects of Passenger(s)

Presence of the passenger in the vehicle “creates a social system that can affect
driving behavior” (27). Many recent and earlier studies found that crash involvement of
younger drivers was increased by the presence of passengers (29, 30, 31). The risk is
particularly high when teenage drivers are accompanied by multiple teenage passengers. In
fact more than half of all 16- to 17-year-old driver fatal crashes occur in the presence of
young passengers and absence of an adult in the vehicle. However, the presence of all
passengers may not always have a negative effect on driver behavior. The risk may be
expected to vary by the nature of relationship of driver and passengers in the vehicle. In fact
presence of parents or women in the car has been shown to positively affect the driving
behavior of young drivers and indeed reduce the risk of crash involvement (27, 31).
However, findings of an on-road driving study showed that young drivers with young male
passengers drove faster and accepted smaller gaps at intersections (32). In another study,
Baxter et al. concluded that the presence of female passengers caused male drivers to drive

slower and not follow vehicles as closely as if they were driving alone (27).
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Intervention

In many jurisdictions, repeated traffic violations result in severe penalties. The
intervention process starts with warnings and proceeds through suspension or revocation of
licenses. Studies of jurisdictions with graduated licensing programs that start the process
earlier for novices (during the intermediate licensing stage) revealed that early intervention
had a significant preventive effect on later crashes (32). In an experiment in Michigan, a
short-term suspension was imposed on a random sample of young drivers after the first
traffic offense. The group showed lower traffic violations after suspension. In graduated
licensing programs a clean driving record during the learning period will lead to acquiring
full driving privileges. For example, a Maryland law requires six months of violation-free
driving prior to full licensing. The implementation of this law alone (only one element of the

graduated licensing program) led to a 5 percent reduction in daytime crashes (32).

Graduated Licensing

The younger driver problem has been recognized worldwide but is more pervasive in
the United States due to early licensure. In most states, a 16-year-old is allowed to have a full
drivers license, while in many other countries, this privilege is withheld until age 18 (33, 34).
While an early path to licensure greatly contributes to crash risk, only 30 states required a
learner’s permit in 1995. And, few of those states required permits to be held for more than a
short period of time.

Graduated driver licensing is a systematic approach that has been introduced to help

inexperienced drivers improve their skills while protecting them against high crash risks.

Graduated licensing has different phases, starting with the supervised learner stage, followed
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by an intermediate stage (unsupervised driving except in high-risk conditions), and finally
full driving privileges (32).

The idea of graduated licensing was first introduced in early 1970s but was initially
resisted. A full graduated licensing program was first introduced by New Zealand in 1987.
Canadian provinces began using graduated licensing programs in 1994. Florida was the first
U.S. state to adopt graduated licensing in 1996 (35).

Evaluation of the graduated licensing programs indicates a very positive effect on
crash risk. In fact a 20 to 30 percent reduction in crashes was reported by jurisdictions that
adopted this program (36).

Learner’s permit period requirements vary by state. In 2003, 30 states required a six-
month period, while 5 states required more than 6 months. It has been shown that extending
the learner’s period thereby increasing the time for improving driving skills has resulted in
reduction of crash risk (32). Gregersen N.P. et al. (2000) studied the potential safety effects
of the extended learner’s period in Sweden. The extended permit program was independent
from other changes in licensing since it was not part of a graduated licensing program. The
learner’s permit age was changed from 17.5 to 16. This change allowed young individuals to
get a permit and drive with supervision of either professional driving school instructors or
adults with instructor permits. Individuals who chose the early start had nearly 2.5 times the
driving practice of others and had approximately 24 percent less crashes after the learning
period was completed (37). Another study found that the introduction of a 12-month learner’s

period in Toronto correlated with a 16 percent reduction in crash rate per licensed driver (38).

Also, based on the observation of a 5 percent reduction in crash rate per licensed drivers in a
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trial, Quebec’s graduated licensing law now requires a 12-month learner’s period for all new

drivers. (39).

Older Drivers

Today’s elderly are relatively healthier, more active, and more likely to have a driver
license compared to previous generations. However, fatal crash rates start to increase rapidly
after retirement age. Part of the increase can be attributed to elderly fragility, but the increase
is mostly related to behavior. Age related impairment of vision, cognition, and action are

known to affect the ability to perceive danger and react to it quickly (41, 42).

Risk Assessment

One of the key steps in assessing risk for any population group is to determine
exposure. Many studies show that the elderly drive fewer miles and limit their driving to
mostly unchallenging, highly familiar situations and locations during daylight hours. This
means that the crashes that do occur may indicate a much higher risk of older driver crashes
per mile driven in equivalent conditions in other age groups (40).

Compounding physical and cognitive ageing problems are anxiety and stress which
affect driving performance, particularly at high demand situations. This has been shown to

explain why older drivers are over-involved in crashes at intersections (43).

Facing or Imposing Risks?

There are two apparent elements of risks for older drivers in traffic: risks that they are

facing themselves and the risk they may impose to other road users. “There is near universal
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agreement that society should take stronger measures to prevent its members from doing
things that endanger others than to prevent them from doing things that endanger only
themselves” (44).

Careful analysis of driving and crash characteristics of any age group enables safety
analysts to determine which component of risk plays a greater role for that age group. These
tindings may affect licensing policy, legislation, enforcement, and any other measures that
can be used to prevent that age group from posing a threat to other road users (41).

Most measures indicate that risk increases with drivers’ age. According to one study,
fragility was found to be the major contributing factor to the higher risks of older drivers
(45).

In a series of studies using 1994-1996 United States crash data, Evans compared
crashes among different age groups based on population, number of licensed drivers, and
distance they traveled. Ignoring exposure, he found that licensing a 70-year-old male driver
imposed approximately 40 percent less threat to other road users than licensing a 40-year-old
male driver (43). By the same token, renewing the license of a 20-year-old male driver
imposed about 200 percent more threat to other road users than renewing the license of a 70-
year-old driver. However, taking the distance traveled into account, a 70-year-old driver
imposed about 14 percent more threat to other road users than a 40-year-old driver for the
same distance traveled (43). Evans finally concluded that licensing an 80-year-old driver did
not impose a higher threat to other road users than licensing a 20-year-old driver. When a
death occurred, the probability that it was a result of a traffic crash declined increasingly with

age, from above 20 percent for late teens to under 1 percent at age 65 and about 0.5 percent

at age 80 (43).
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Effects of Fragility

Older drivers are more often at risk themselves than to other road users, largely
because of their greater physical vulnerability. In a study by multiple national data systems
were used to investigate the effect of fragility versus the crash over-involvement of older
drivers per vehicle mile of travel (VMT). Deaths per driver involved in a crash and drivers
involved in crash per VMT were computed to determine fragility and crash over-involvement
for each age group respectively. Compared with middle age drivers, both younger than 20
and older than 75 drivers had much higher death rates per VMT. The drivers of age 80 or
older appeared to have highest death rate per crash and also much higher death rate per
VMT. Fragility, which accounted for 60 to 95 percent of excess death rates in older drivers,
and beginning at age 60, steadily increases with age. Crash over-involvement in older drivers
started only at age 75 and explained only 30 to 45 percent of the excess risk in this age group.
Crash over-involvement per VMT accounted for 95 percent of the excess death rate among
drivers younger than 20 and was the major factor contributing to high risk facing young

drivers (46).

Crash Characteristics

Older drivers’ crashes rarely involve speeding or major traffic offenses. However,
older drivers largely have difficulty in driving circumstances requiring rapid response, full
vision, and interaction with other drivers (47). Older drivers tend to have more two-vehicle
crashes and less single-vehicle crashes compared to younger drivers (48).

A number of papers indicate why older drivers have more crashes at intersections

than younger drivers. Typical violations included failure to yield right of way, improper
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turning, failure to see and attend the road signs and incorrect lane changing (49, 18).

Crash Involvement
Age, of course, is not the only prediction factor of driving performance. Age-related
health problems are also important. In fact, it has been shown that a small percentage of

impaired drivers cause an increase in the average crash risk of all elderly drivers (41, 49, 50).

There are a variety of reasons that may contribute to crash involvement of elderly drivers,

including: (43, 47, 51):

Trouble maintaining control over the vehicle
e Problems with normal vision that arise with age
o Low sensitivity to light
o High sensitivity to glare
e Decline of perceptual abilities
o Trouble in paying attention to surroundings
o Difficulties in rapid change of attention from one situation to another as
demanded
e Deterioration of information processing abilities
o Difficulties with driving tactics
o Making good and quick decisions about how to respond to challenging

situations

o Choosing a safe position on the road
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o Driving at an appropriate speed for the situation

e Incomplete knowledge and understanding of highway and traftic codes

As age increases, speed of information processing decreases. This reduction affects the
performance of older drivers on many cognitive operations in terms of how rapidly tasks can
be performed and what errors are made doing those tasks. Therefore, cognitive slowing and
attention are two major factors which explain a pattern of trouble for older drivers,

specifically at highly demanding and challenging situations such as intersections (47).

Older Drivers and Intersections

Many recent studies show that intersection-related maneuvers are the most difticult
aspects of driving for elderly. Older drivers have been found to be overrepresented,
especially in crashes at intersections (18, 47, 57). A study in Finland revealed that crash rates
in complex traffic situations such as intersections increased from age 65 for males and from
age 55 for females (47). Left turns were being made in 41 percent of non-fatal crashes while
right turns accounted for only 6 percent of crashes. While the at-fault driver was turning into
the main road, it was hit 59 percent of the time by vehicles coming from the right and 41
percent of the time by vehicles coming from the left (47).

A study by Preusser et al. (1998) revealed that 65- to 69-year-old drivers were 2.3
times more likely to be involved in intersection crashes than their middle aged counterparts.
Drivers who were 85 or older were 10.6 times more likely to be involved in crashes at

intersections. For those intersection crashes where the major cause was failure to yield right-

of-way, the risk of crash involvement for drivers between the ages of 65 and 69 was 2.2
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times higher than it was for drivers between the ages of 40 and 49 (18).

There are many causes associated with older driver problems at intersections.
Attentional problems, cognitive slowing, and poor motor performance appear to be major
contributing factors in elderly driver intersection crashes (43, 52).

A report from a Finnish road accident investigation team indicated that older drivers
were less aware of getting into a crash than their middle age counterparts. For example,
approximately 44 percent of older drivers were unaware of any hazard prior to a crash
compared to 26 percent of middle age drivers (47). The high level of risk could also be
explained by slower reaction time and motor skills. Upon entering an intersection, a driver
performed a number of cognitive and motor functions. If too much time was spent
performing all these tasks simultaneously, any remaining gap might not be sufficient to clear

the intersection (47).

Older and Younger Drivers Studies
Several studies have compared and contrasted crash experience and propensity of
younger and older drivers (see studies A, B, C, D, and E). However, only one study was

found which specifically addressed younger-older driver interactions.

A. Comparison between Older and Younger Drivers in Carrying Passenger(s)

The main objective of this study was to find the effects of carrying passengers both in
terms of the number and the age of passengers. Data were obtained from a case-control study
in the Auckland region of New Zealand for 1998 and 1999. Data on the number and age of

passengers were obtained from driver self-reports at the time of crash or at the time of
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roadside survey. The results of the study showed no increase in risk for older drivers who
carried two or more passengers, regardless of their ages. However, carrying two or more

passengers significantly increased the risk of crash involvement for younger drivers (53).

B. Comparing Older and Younger Drivers in Collision Avoidance Judgments

The purpose of this study was to measure the age differences in three types of
collision judgments: (a) when an object would collide another object, (b) whether two objects
would collide with each other, and (c) whether an object would hit the observer. A computer
simulation was used to implement the three judgment experiments on 8 younger drivers and
8 older drivers. The results of experiments revealed that judgments about potential collision
were less accurate among older drivers compared to young drivers, which presumably
increase the risk of crash involvement for older drivers. Driving performance might be
related more to age differences in judgments about whether a collision would occur rather
than about when a collision would occur. The study concluded that, in order to evaluate the
age-related difference in crash rates, the ability to make judgments about potential collisions

was an important factor (54).

C. Greatest Crash Risks for Older and Younger Drivers

The main objective of a Texas DOT study was to find the risks of crash involvement
for older and younger drivers compared to other drivers. Crash data from the state of Texas
between 1995 and 1999 were used to analyze crash characteristics of older (65+) and

younger drivers (14-20), to compare that with all other drivers. The results of the analysis

showed that the risk of involvement in fatal crashes was much higher for young drivers when
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carrying at least two passengers. Further, the probability that drivers younger than 21 were
unlicensed at the time of the crash was found to be three times higher than other drivers. The
analysis also revealed that older drivers tended to disregard stop signs, lights or signals,
failed to yield right of way, and had a higher risk of fatality when they were involved in two-

vehicle right-angle crashes (55).

D. Comparing Crash Characteristics of Older and Younger Drivers

Maryland data for 2000 were analyzed in a study to investigate the crash
characteristics of older drivers age 55 and over and younger drivers ages 15 tol9. Older
drivers were found to have a higher rate of seatbelt usage than young drivers (46 and 37
percent respectively). Young drivers had 39 percent of their crashes at night (between 6 p.m.
and 6 a.m.), compared to older drivers with 20 percent. The study also showed that about 50
percent of older driver crashes happened during afternoon hours. It also revealed that the
most common type of crash for both age groups was “same direction/rear end”. However,
young drivers were involved in single-vehicle crashes twice as much as old drivers. Also,
older drivers were involved in relatively more angle crashes and sideswipes than their

younger counterparts (56).

E. Speed Discrepancies between Older and Younger Drivers at Intersections
Attempts to explain older drivers’ problems at intersections have mainly concentrated
on characteristics and behavior of older drivers only, with no consideration of interaction

between older drivers and other road users. However, a study in Sendai, Japan, investigated

the interaction of older and younger drivers specifically on turning maneuver at T-shape
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intersections. The study results revealed that turning maneuver behavior was closely related
to driver age. The gap time was shortest when an older driver was turning and a younger
driver was approaching on the main road. The study also showed that the gap was clearly
shorter when a young motorcycle driver was approaching and an older driver was turning

(52).
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Risk Assessment

There are different measures to assess driver crash risk including: crash involvement
per capita, crash rate per licensed driver, or more commonly crash rate per hundred million
VMT for highway links. For intersections, the most common measure is crash rate per

million entering vehicles.

Statewide All 2-Vehicle Crash Involvement Rates

Crash involvement based on population data provides a means of estimating overall
risk to an age group. The Iowa DOT 2000 crash database was used to calculate the number
and percentage of drivers involved in 2-vehicle crashes by age group. Figure 3.3 shows that
crash involvement per capita decreases as age increases. Younger drivers are involved in
more than four times as many reported crashes as the older group. Adjusting for the number
of licensed drivers, the younger group again is seen to have considerably higher rates than
older drivers (about 4 times higher).

After adjusting the number of crashes for distance traveled by drivers in each age
group, Figure 3.3 shows a different pattern of crash involvement. Clearly, the highest crash
involvement rate per mile driven occurs for the youngest (16-19) and oldest (85+)drivers,
with the rate of the younger drivers being almost three times that of all the older drivers, and

even twice as high as that of the oldest age group (85+).
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Statewide Interaction of Younger and Older Drivers
Although many studies have indicated that older and younger drivers are
overrepresented in crashes as individual groups, the interaction in crashes between these
groups has not been investigated and is the objective of this research. The involvement of
older AND younger drivers in 2-vehicle crashes is analyzed based on two conditions:
1. No knowledge of crash over-involvement by individual age groups (unadjusted,
based on exposure (VMT) only)
2. Initial knowledge of crash overrepresentation by individual age groups (adjusted

for age)

Overrepresentation in 2-Vehicle Crashes, Unadjusted

To test a hypothesis of overrepresentation in 2-vehicle crashes, the expected number
of crashes is calculated and compared with the observed number of crashes that involved
both older and younger drivers. In this approach, the expected number of 2-vehicle crashes
for any age group combination is calculated based on the measure of exposure of drivers of

individual age groups.

The probability that a driver involved in a 2-vehicle crash (based on exposure, VMT)

belongs to a given age group is calculated according to Equation 3.1.

VM T AgeGroup -
P(Age Group) = W [Equation 3.1]

Where:
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P(Age Group) = Probability a driver is from a specific age group involved in 2-
vehicle crashes

VMT (46,0, = Total vehicle miles traveled by specific age group
D" VMT = Vehicle Miles Traveled by all age groups

The following steps show the calculations of the probabilities of 2-vehicle crash

involvements in lowa by drivers of each age group based on exposure.

VMT e 1265 MVMT

P(Younger Drivers) = =
(Young : > VMT 27029 MVYMT

=0.047

VMT i sge _ 23247 MYMT _ o
Z VMT 27029 MVMT

VMT,,,, _ 2519 MVMT
Z VMT 27029 MVMT

P(Middle Age Drivers) =

P(Older Drivers) =

=0.093

Where

P(Younger Drivers)= Probability of a younger (16-19) driver involved in a 2-vehicle
crash

P(Middle Age Drivers)= Probability of a middle age (20-64) driver involved in a 2-
vehicle crash

P(Older Drivers)= Probability of an older (65+) driver involved in a 2-vehicle crash
VMT,, ., = Vehicle Miles Traveled by younger (16-19) age group (millions)

VMT, iie 15 = Vehicle Miles Traveled by middle (20-64) age group (millions)
VMT,,., = Vehicle Miles Traveled by older (65+) age group (millions)

Based on exposure (VMT), there is a 4.7 percent chance that a given driver is young,

86 percent chance he or she is middle aged, and 9.3 percent chance of being an older drivers.
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Table 3.2: Probability of 2-vehicle crash outcome for all age group drivers

Crash -
Outcome Probability
Younger & Younger P(Y) * P(Y)

(16-19) & (16-19)
Younger & Middle age P(Y) * PM) + P(M) *

(16-19) & (20-64) P(Y)
Younger & Older P(Y) * P(O) + P(O) *
(16-19) & (65+) P(Y)
Middle age & Middle age %
(20-64) & (20-64) P(M) * P(M)
Middle age & Older P(M) * P(O) + P(O) *
(20-64) & (65+) P(M)
Older & Older %
(65+) & (65+) P(0) * P(O)
TOTAL 1

Table 3.2 shows the probabilities of 2-vehicle crash outcomes for all age groups. The

sum of all probabilities for all possible crash outcomes is 1.

Knowing the probability of crash involvement by individual age group, expected 2-
vehicle crashes for all age group combinations, based on exposure (VMT), are
calculated using Equation 3.2.

- VM TAge Groupl
E| (Age Groupl — Age Group2) = (

VMT, . ..
S vMT )*( A;e:/‘(;;i,ﬁ )*> 2 Veh Crashes

[Equation 3.2]
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Where:

E| (Age Groupl — Age Group2) = Expected # of 2-vehicle Crashes between drivers of
age group 1 and age group 2, unadjusted for age

Z 2Veh Crashes = All 2-Vehicle crashes

The following steps show the sample calculations for expected 2-vehicle crash

involvements by age group combination.

VMT,
Ey (Y-Y) = (s )*( Dhowee ) = (0.047%0.047)* 34,262 = 76

> yMT Z VMT
E; (Y-M) = ( M e )*( VMT e 1 ) = (0.047*0.86)* 34,262 = 1,385
Z VMT Z VMT

MT,
E, (M-Y) = ( Middle Age )*( Do ) = (0.86*0.047)* 34,262 = 1,385

> ¥YMT Z yMT

E, (Y-O) -( M g )*( Lo ) = (0.047%0.093)* 34,262 = 150

> ¥YMT Z VMT

Ey (0-Y) = (2 ouer v Lrowse ) = (0.093*0.047)* 34,262 = 150

Z yMT Z YMT

VTMflee VMTi(ee
E| (M-M) = (— Hedse yu __Mdde dee y () 86%().86)*34,262 = 25,340

>, vMT > vMT

MT,
E; (M-0) = ( Middle Age )*( Lot ) = (0.86*0.093)* 34,262 = 2,741

> VMT Z yMT

VMT VMT iddle Age
E| (O-M) (5 Qe ys(____Mddedee y — ((),093%0.86)* 34,262 = 2,741
D VMT ™ " > VMT

VM

E, (0-0) = ( Lo )*( Lo ) = (0.093%0.093)* 34,262 = 296

z VMT

Z VMT
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Where:

E, (Y-Y) = Statewide expected number of crashes between younger (16-19) and
younger (16-19) drivers

E, (Y-M) = Statewide expected number of crashes between younger (16-19) and
middle age (20- 64) drivers

E| (M-Y) = Statewide expected number of crashes between middle age (20-64) and
younger (16-19) drivers

E| (Y-O) = Statewide expected number of crashes between younger (16-19) and older
(65+) drivers

E, (O-Y) = Statewide expected number of crashes between older (65+) and younger
(16-19) drivers

E| (M-M) = Statewide expected number of crashes between middle age (20-64) and
middle age (20- 64) drivers

E; (M-O) = Statewide expected number of crashes between middle age (20-64) and
older (65+) drivers

E; (O-M) = Statewide expected number of crashes between older (65+) and middle
age (20-64) drivers

E; (O-0O) = Statewide expected number of crashes between older (65+) and older
(65+) drivers

34,262 = Total number of all 2-vehicle crashes

Table 3.3 reveals how the expected result of all 34,262 2-vehicle crashes is
distributed among all age group combinations based on exposure to roadways. Recall that

crashes that involved drivers less than 16 years of age and drivers with unknown age were

excluded from the analysis.
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Table 3.3: Expected number of 2-vehicle crashes by age group combination, based on
exposure (unadjusted )

Crash Expected Total
Outcome 2-vehicle Crashes ota
Younger & Younger Ei(Y-Y) 76
(16-19) & (16-19) 76
Younger & Middle age Ei(Y-M) + E;(M-Y) 5770
(16-19) & (20-64) 1,385 + 1,385 ’
Younger & Older Ei(Y-O) + Ei(O-Y)
(16-19) & (65+)
Middle age & Middle age E\(M-M) 95340
(20-64) & (20-64) 25,340 ’
Middle age & Older E|(M-0) + E;(O-M) 5437
(20-64) & (65+) 2741 + 2741 ’
Older & Older E;(0-0) 296
(65+) & (65+) 296
TOTAL 34,262

Overrepresentation in 2-Vehicle Crashes (Adjusted)

In the above analysis, results are biased as no accounting for individual group’s
overrepresentation was made (the age effect). In this approach, the expected number of crash
involvement by individual age group is isolated from the age effect. Table 3.4 shows the
observed number of 2-vehicle crashes and drivers involved for combinations of all age
groups.

The number of drivers involved in 2-vehicle crashes by individual age group is as follows:

Younger Drivers = 2,970 + 8,234 + 1,084 = 12,288

Middle Age Drivers = 8,234 + 35,444 + 5,207 = 48,885

Ol LaCu Zyl_i.lbl
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Older Drivers = 1,084 + 5,207 + 1,060 = 7,351

Table 3.4: Observed number of 2-vehicle crashes and drivers involved by age group

Crash Observed Observed Drlv_ers
. Involved 2-vehicle
Outcome 2-vehicle Crashes
Crashes
Younger & Younger
(16-19) & (16-19) 1,485 2,970
Younger & Middle age
(16-19) & (20-64) 8,234 16,468
Younger & Old
(16-19) & (65+)
Middle age & Middle age
(20-64) & (20-64) 17,722 35,444
Middle age & Older
(20-64) & (654) 5,207 10,414
Older & Older
(65+) & (65+) 530 1,060
TOTAL 34,262 68,524

The actual probability that a driver involved in a 2-vehicle crash (accounting for
overrepresentation by age) belongs to a given age group is calculated according to Equation

3.3.

Age GroupCras/i

Involvement

Z D rlvers(‘msh Involvement

P(Age Group) = [Equation 3.3]

The following steps show the calculations of the probabilities of 2-vehicle crash

involvements by drivers of each age group.

Young er(' rash Involvement _ 1 23288 _

P(Younger Drivers) =

Z Drlvers('msll Involvement 68’524
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Mlddle Age('ms/l Involvement 48,885 _ 0 71
Z D rivers("l'a.sll Involvement 68’52 4 .

P(Middle Age Drivers) =

Older rash fnvolvemen 1
P(Older Drivers) = Crash movement__ _1.351 _ 0.11
Z Driverscm;, Involvement 68’524

Younger,, ., ivomemens = 1NUmMber of younger (16-19) drivers involved in 2-vehicle crashes
Middle Agec, .., mmorvemen: = 1Number of middle age (20-64) drivers involved in 2-vehicle
crashes

Older,, ., 1moremens = Number of older (65+) drivers involved in 2-vehicle crashes

12,288 = Statewide Younger Drivers (16-19) Involved in 2-vehicle Crashes
48,885 = Statewide Middle Age Drivers (20-64) Involved in 2-vehicle Crashes
7,351 = Statewide Older Drivers (65+) Involved in 2-vehicle Crashes

68,524 = Statewide All drivers involved in 2-vehicle crashes

The actual probability of crash involvement for both young and older drivers is higher
than that calculated based only on VMT, while it is lower for middle age drivers, reflecting
the relative risk of each of these groups, we call this the age adjusted probability.

Equation 3.4 is used to determine the expected number of crashes for interacting age

groups when isolated from the age effect, and results are shown in Table 3.5.

1 Crash Involvement )*| E

Z Dr vers rash Involvement

AG?2
Crash Involvement
; — )* E 2Veh Crashes
L FIVeTS cyush invotvement

E, (AGI — AG2) = (

[Equation 3.4]
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Where:

E> (AG1- AG2) = Expected # of 2-vehicle Crashes between drivers of age groupl and
Age group 2, based on number of observed crashes (adjusted for

age)

Table 3.5: Expected number of 2-vehicle crashes for all age group combinations, age

adjusted
Crash Expected
Outcome 2-vehicle Crashes Total
Younger & Younger E(Y-Y) 1.102
(16-19) & (16-19) 1,102 ’
Younger & Middle age E(Y_M%;_ E(M- 8766
(16-19) & (20-64) 4383 + 4,383
Younger & Old E(Y-O) + E(O-Y)
(16-19) & (65+)
Middle age & Middle age E(M-M) 17.438
(20-64) & (20-64) 17,438 ’
Middle age & Older E(M_O&I;— E(O- 5244
(20-64) & (65+) 2,622 + 2622
Older & Older E(0-0) 394
(65+) & (65+) 394
TOTAL 34,262

The same steps used for determining the expected number of crashes based on

exposure (unadjusted) are used to calculate the expected number of crashes when adjusted

for age.
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Summary of Statewide Unadjusted and Adjusted Overrepresentation

The interactions in 2-vehicle crashes for all age groups in lowa are shown in Table
3.6. To determine the possible overrepresentation in 2-vehicle crashes for all age groups, the
expected number of crashes is compared with the observed value. Results show that
statewide, Y-O crashes are overrepresented by 260 percent. However when isolating the
expected number of crashes from the age effect, statewide Y-O crashes are actually

underrepresented by approximately 18 percent. However, there is approximately a 35 percent

overrepresentation in Y-Y and O-O crashes even after adjusting the expected number of
crashes for age, Although, the over-involvement is much higher for Y-Y crashes than it is for
O-0O crashes (1850 percent vs. 79 percent) when the expected number of crashes is based on
exposure (VMT only). Crashes between middle age and young drivers are overrepresented
by 200 percent when unadjusted, but underrepresented by approximately 6 percent when
adjusted for age. Finally, M-O crashes are underrepresented by 5 percent and 1 percent,

before and after adjustment respectively.
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Table 3.6: Statewide overrepresentation in 2-vehicle crashes by age group combination

Unadjusted, based on .
scma] exposure (VMT only) Adjusted for age
Crash (observed)
Interaction 2-\?eh Expected # % Expected # o
Crashes 2-(\)/feh Overrepre 2-(\)/feh Overrepres
Crashes sentation Crashes entation
Younger & Younger | 4g5 76 +1,854 1,102 +34.8
(16-19) & (16-19)
Younger & Middle
age 8,234 2,770 +197 8,766 -6.1
(16-19) & (20-64)
YO“ﬂger & Older 1.084 300 1.318
(16-19) & (65+) ’ ’
Middle age & Middle
age 17,722 25,341 -30 17,438 +1.6
(20-64) & (20-64)
Middle age & Older | 5 507 5,481 -5 5,244 -0.7
(20-64) & (65+)
Older & Older 530 296 +79 395 +34.2
(65+) & (65+)
TOTAL 34,262 34,262 34,262

* Actual numbers of 2-vehicle crashes are from lowa Department of Transportation crash

database (year 2000).
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Statewide Chi-Square Analysis, Unadjusted

To test the significance of the findings in the previous section, a Chi-square analysis
1s performed. Chi square is a test of statistical significance. Any appropriately performed test
of statistical significance identifies the degree of confidence in accepting or rejecting a
hypothesis. The Chi-square statistic can be used to test if the difference between expected (E)

and observed (O) data is an unusual one, or if it can be observed rather often (by chance).

Chi-Square Requirements
The requirements of a Chi-square test are as follows:

¢ Random sample

¢ Independent variables

¢ Data must be reported in raw frequencies

¢ Expected frequencies in each cell should be at least 5

¢ Outcomes are mutually exclusive

Null Hypothesis

To find if the difference between observed and expected crashes is indeed statistically
significant, first, a null hypothesis needs to be defined. We define the null hypothesis as
follows: The observed number of 2-vehicle crashes for combinations of all age groups is not
significantly different from what is expected under random occurrences.

The Chi-square table of outcomes for combinations of all age groups in lowa is

generated, and, subsequently, Equation 3.5 is used to calculate the Chi-square values for 2-
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Y-O Interaction Demonstration (Venn Diagram)

Venn diagrams are presented in Figures 3.7 through 3.9 to illustrate the subsets of
older and younger drivers in the set of all 2-vehicle crashes and the results. The intersections
of two age groups in the diagrams represent the interaction of older and younger drivers in 2-
vehicle crashes.

Figure 3.7 shows the interaction between two age groups based only on the measure
of exposure, VMT by each age group. The expected number 300 is based on the addition of
expected Y-O and O-Y crashes (150 + 150 = 300), as shown in Table 3.2. The unadjusted Y-
O interaction reveals 300 percent more crash involvement than expected, based on exposure
(VMT only).

The Venn diagram of Figure 3.8 reveals the Y-O interaction when adjusted for age.
The expected number 1,318 in this diagram is a combination of Y-O and O-Y crashes (659 +
659 = 1,318), as demonstrated in Table 3.4. Comparing the observed with the expected data,
adjusted for age, Y-O crashes are slightly underrepresented—18 percent less crash
involvement than expected.

The Venn diagram in Figure 3.9 represents the observed number of Y-O crashes.

There are 1,084 observed 2-vehicle crashes involving both older and younger drivers.
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Chapter 4 — Caused, Spatial, and Temporal Analysis of Y-O Crashes

Analysis of Y-O crashes in previous chapter does not indicate any overrepresentation
at statewide level. In this chapter we explore underlying causes and perform spatial,
geometric, and temporal analysis to identify crash characteristics, specific locations, time,

and road-related characteristics which may explain involvement in Y-O crashes.

Crash Causation
This section explores the characteristics of Y-O crashes as compared to crashes of

other types.

Crashes by Major Cause

Failure to yield right of way (FTYROW) from stop sign is the leading major cause of
Y-O crashes (14 percent). FTYROW in making left turns, ran traffic signal, and failure to
have control, with 13 percent, 6 percent, and 5 percent respectively, are the next major causes
of Y-O crashes, as shown in Figure 4.1.

FTYROW from stop sign is the principal major cause in all 2-vehicle crashes and it
varies among age group combinations, (17 percent for O-O crashes, while only 9 percent for
M-M crashes). Amongst FTYROW left turn crashes, Y-O is the most represented type, while
Y-Y is actually the lowest. Ran traffic signal is another major cause of 2-vehicle crashes for

older drivers (7 percent for both O-M and O-O crashes, and 6 percent for Y-O crashes).

Following too closely is a substantial major cause for Y-Y crashes. Failure to have control is
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Spatial Analysis

Statewide analysis does not indicate overrepresentation of Y-O crashes. This may be
due to younger and older drivers not driving in the same places. However, there may be
locations in the state where they do drive in the same places. Spatial analysis can be used to

indicate regional variations in crash patterns. This section explores those variations.

Y-O Over-Involvement by County

Total vehicle miles traveled by each age group is obtained using the number of
licensed drivers by county and age group and the estimate of exposure derived from National
Household Travel Survey (2001). A complete table of the number of drivers and their
exposure (VMT) by age group and county for all 99 counties in lowa is shown in Appendix
A. Ranking of lowa counties based on the total percent of older and younger drivers is shown
in Appendix B. As a case study, a sample analysis for Polk County is shown in the following

section.

Polk County Y-O Overrepresentation (Unadjusted)

Table 4.1 shows VMT by age group for Polk County, the most populous county in the
state. Younger and older drivers are the smallest groups of licensed drivers and therefore
have lower exposure than the statewide average. Middle age drivers represent about 90

percent of drivers in Polk County as compared to 86 percent statewide.

The unadjusted procedure used for statewide analysis was used to calculate expected

numbers of drivers involved in 2-vehicle crashes based on exposure in Polk County.
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Expected numbers ot drivers involved in 2-vehicle crashes for all age group combinations are
shown in Table 4.2. Crash analysis at the county level is performed based on the number of
drivers involved in all 2-vehicle crashes in order to have larger sample sizes for Chi-square
analysis. Since the analysis involves 2-vehicle crashes, the number of crashes is half the

number of drivers in any step of the process.

Table 4.1: Measure of exposure (VMT) by age group in Polk County

Age Group VMT (Million) Percent
Young (16-19) 135.5 3.6
Middle Age (20-64) 3360.4 89.9
Older (65+) 240.2 6.4
Total 3736 100.0

Table 4.2: Polk County expected number of drivers involved in 2-vehicle crashes,
unadjusted (based on exposure, VMT)

Crash Expected # of
Outcome Drivers Involved in 2- Total
Vehicle Crashes
Younger & Younger Ei(Y-Y) 18
(16-19) & (16-19) 18
Younger & Middle age Ei(Y-M) + EIM-Y) 374
(16-19) & (20-64) 437 + 437
Younger & Older Ei(Y-O)+ E(O-Y)
(16-19) & (65+)
Middle age & Middle age E(M-M) 10.829
(20-64) & (20-64) 10,829 ’
Middle age & Older E|(M-0O) + E(O-M) 1548
(20-64) & (65+) 774 + 774 ’
Older & Older E(O-0) 55
(65+) & (65+) 55
TOTAL 13,386
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As in the statewide analysis, the expected number of drivers involved in 2-vehicle
crashes was adjusted for age effects. Table 4.3 shows the observed numbers of 2-vehicle
crashes and drivers involved for combinations of all age groups involved in 2-vehicle crashes

in Polk County.

Table 4.3: Actual number of drivers involved 2-vehicle crashes in Polk County

Crash Observed IObs:rv;dz Iz,ril\;?rls
Outcome 2-Vehicle Crashes nvolved 2-¥elicle
Crashes
Younger & Younger 196 392
(16-19) & (16-19)
Young & Middle age 1510 3.020
(16-19) & (20-64) ’ ’
Younger & Older
(16-19) & (65+)
Middle age & Middle age
(20-64) & (20-64) 4,016 8,032
(20-64) & (65+) ’
Older & Older 44 88
(65+) & (65+)
TOTAL 6,693 13,386

The probability that a driver involved in a 2-vehicle crash belongs to a given age
group i1s 15 percent, 77 percent, and 8 percent for young, middle, and older drivers,

respectively, which are calculated using the statewide analysis process.
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Polk County Y-O Overrepresentation (Adjusted)

The statewide adjusted calculation process is used to determine the expected number
of drivers involved in 2-vehicle crashes for combinations of all age groups in Polk County,
and results are shown in Table 4.4. There are 13,386 drivers involved in 2-vehicle crashes in

Polk County compared to 68,528 drivers statewide.

Table 4.4: Polk County expected number of drivers involved in 2-vehicle crashes, age

adjusted
Crash Observed # of
Outcome Drivers Involved in 2- Total
Vehicle Crashes
Younger & Younger E>(Y-Y) 309
(16-19) & (16-19) 309
Young & Middle age E(Y-M) + EM-Y) 3142
(16-19) & (20-64) 1,571 + 1,571 ’
Younger & Older E>(Y-0) + E(O-Y)
(16-19) & (65+)
Middle age & Middle age Ex(M-M) 7982
(20-64) & (20-64) 7,981 ’
Middle age & Older E>(M-0) + E(O-M) 1.568
(20-64) & (65+) 784 + 784 ’
Older & Older E>(0O-0) 77
(65+) & (65+) 77
TOTAL 13,386

Summary of Polk County Unadjusted and Adjusted Overrepresentation

Results of 2-vehicle crash analysis for Polk County are summarized in Table 4.5. Y-

are overrepresented by 326 percent. However, similar to statewide
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analysis, when the expected number of crashes is isolated from the age effect, Y-O crashes
are again underrepresented by 14 percent. While the unadjusted Y-O overrepresentation is 25

percent higher, adjusted Y-O crashes are 30 percent lower in Polk County.

Although the probability of young driver’s 2-vehicle crash involvement based on
exposure is 30 percent lower than statewide (4.7 versus 3.6 percent), Y-Y unadjusted over-
involvement increased from 1,854 percent to 2,128 percent and adjusted underrepresentation
decreased from 35 percent to 27 percent. Y-M unadjusted overrepresentation increased from
197 percent to 246 percent and adjusted underrepresentation decreased from -6.1 percent to -

4 percent.

The probability of older driver’s crash involvement based on VMT decreased to 6.4
percent in Polk County from 9.3 percent statewide. The unadjusted O-O overrepresentation
dropped as expected. There was a significant decrease in O-O over-involvement from 34
percent to 14 percent when adjusted for age. A significant increase of 267 percent

(unadjusted) and 286 percent (adjusted) for O-M overrepresentation was also observed.
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Table 4.5: Polk County overrepresentation in 2-vehicle crashes by age group combination

Unadjusted, based on .
exposure (VMT only) Adjusted for age
Actual #
of
Crash Drivers Expected Expected #
Interaction | Involved # o.f YO A Of_YO A
Drivers Drivers
2-Veh Over- Over-
Crashes Involved representation Involved representation
2-Veh 2-Veh
Crashes Crashes
Y-Y 392 18 +2,128 309 +27
Y-M 3,020 873 +246 3,142 -4
Y-O 266 62 308
M-M 8,032 10,829 -26 7,982 +1
M-O 1,588 1,548 +3 1,568 +1
| 0-0 88 55 | +59 77 +14
TOTAL 13,386 13,386 13,386

Summary of Osceola County Unadjusted and Adjusted Overrepresentation

Using the process performed for Polk County, results of 2-vehicle crash analysis for
Osceola County are summarized in Table 4.6. Y-O crashes in Osceola County are

overrepresented by 1007 percent when unadjusted. However, Y-O crashes remain

overrepresented by 113 percent even after adjustment for age.
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Table 4.6: Osceola County overrepresentation in 2-vehicle crashes by age group

combinations
Unadjusted, based on .
exposure (VMT only) Adjusted for age
Actual #
of Drivers | Expected # Expected #
Crash
. Involved of YO of YO
Interaction . % . %
2-Veh Drivers Drivers
Over- Over-
Crashes Involved representation Tnvolved representation
2-Veh P 2-Veh pr
Crashes Crashes
Y-Y 2 0 +717 3 -29
Y-M 14 7 +92 19 -25
Y-O 12
M-M 38 54 -30 31 +22
M-O 10 16 -38 19 -47
0-0 4 1 +233 3 42
TOTAL 80 80 80

Tables 4.5 and 4.6 present data for sample counties discussed here. The results of
overrepresentation in 2-vehicle crashes in all 99 lowa counties for all age group

combinations are presented in Appendix C.

Chi-Square Analysis for Counties, Unadjusted

Chi-square analysis was performed for all counties with relatively large sample sizes
(expected number of drivers involved in 2-vehicle crashes equal to or greater than 5 for all
age group combinations). Table 4.7 shows Y-O overrepresentation for counties with
expected number of drivers involved in 2-vehicle crashes being equal or greater than 5. The

unadjusted over-involvement in Polk County is higher than statewide. The Y-O over-

involvement in Scott, Blackhawk, and Pottawattamie counties are not much different from
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Y-O Crash Over-representation for counties with expected sample size greater than 5
(2000 data), Unadjusted
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Figure 4.5: Y-O crash over-involvement for counties with large sample size

In a second analysis counties with unadjusted expected cell frequency of 3 to 5 are
selected. Figure 4.6 reveals that Cherokee and Winneshiek counties are overrepresented in Y-

O crashes by more than 500 percent. There are 7 counties with 300 to 500 percent

overrepresentation.
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Y-O Crash Over-representation for counties with expected marginal sample size
between 3 to 5 (2000 data), Unadjusted

DICKINSON EMMET
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RINGGOLD DECATUR WAYNE APPANQOSE DAVIS VAN BUREN

T Expected # of YO <3 8 >5
> 500%
300% - 600%
200% - 300%
160% - 200%
L, 100% - 160%

Figure 4.6: Y-O crash over-involvement for counties with marginal sample size
Over-involvement in Floyd, Kossuth, and Jackson counties is greater than 400 percent. There

are 8 counties with nearly the same over-involvement as the statewide average. Clay,

Bremer, Henry, Hamilton, and Buena Vista counties experienced less Y-O crash over-

involvement than the statewide average.

A third analysis, accounting for age of drivers, is displayed in figure 4.7. Osceola,

Greene, and lIowa counties are overrepresented by more than 50 percent when considering
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Table 4.18: Counties ranked by overrepresentation in Y-O crashes

Unadjusted, based
on exposure (adjusted for age)
Actual # (VMT only)
* Driovfers Expected Expected Chi Percent
County #of YO % #of YO % .
Rank | Involved Drivers | Over- Drivers Over- Square | Confiden
2-Veh ce
Crashes Involved | represent| Involved |represent
2-Veh ation 2-Veh ation
Crashes Crashes
Osceola 1 12 1 1007 6 113 13.83 99.5%
Greene 2 14 2 511 8 66 S -
lowa 3 10 2 311 6 63 6.73 90.0%
Cherokee 4 22 3 616 15 44 6.55 90.0%
Cedar 5 12 3 355 9 40 8.12 95.0%
Delaware 6 14 3 382 10 35 7.09 90.0%
Ringgold 7 8 ] 818 6 32 14.89 99.9%
Lyon 8 12 2 488 9 28 6.36 90.0%
Harrison 9 16 2 543 13 25 4.82 75.0%
Tavlor | 10 8 1 972 6 24 S -
Franklin I 1U 3 290 8 21 5.20 75.0%
Webster 12 76 14 437 68 11 8.32 75.0%
Pocahonta 13 8 1 457 7 9 0.94 10.0%
Appanoosg 14 20 3 658 18 9 13.00 97.5%
Mitchell 15 10 2 334 9 8 6.01 75.0%
Sioux 16 34 6 449 32 7 26.82 99.9%
Winneshie 17 30 4 604 28 6 1.60 25.0%
Carroll 18 30 6 403 29 4 0.82 10.0%
Lee 19 36 7 391 35 4 024 2.5%
Sac 20 8 2 263 8 1 S -
Dallas 21 22 4 390 22 1 10.65 97.5%
Hancock 22 8 2 298 8 0 6.06 75.0%
Mahaska 23 R 5 486 32 0 0.01] <0.5%
Adams 24 2 ] 174 2 0 S -
Story 25 56 10 451 58 -4 16.00 99.9%
Jones 26 14 3 400 15 -4 14.76 99.9%
Des Moing 27 54 9 475 58 -7 33.81 99.9%
Linn 28 156 35 349 169 -8 15.25 99.9%
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Unadjusted, based
on exposure

(adjusted for age)

Actual # (VMT only)

of Percent

County * Drivers ]i"p:thf)d . Expected . Chi .
Rank | Involved ol /o # Of YO Yo Square | Confiden

2-Veh Drivers Over- Drivers Over- ce

Crashes | Involved | represent| Involved |represent
2-Veh ation 2-Veh ation
Crashes Crashes

Warren 29 28 5 418 31 -9 11.57 99.0%
Floyd 30 22 4 444 24 -9 12.23 99.0%
Woodbury 31 60 15 288 67 -10 10.06 97.5%
[Mille 32 R 2 411 9 -11 7.02 90.0%
Buchanan 33 14 4 271 16 -11 6.06 75.0%
Polk 34 266 62 326 309 -14 35.27 99.9%

Winnehao 35 6 ? 266 7 -14 S -
Chickasaw] 36 10 3 256 12 -14 7.85 95.0%
Madison 37 10 | 567 12 -15 4.70 75.0%
Kossuth 38 22 4 429 26 -16 5.64 75.0%
Scott 39 130 35 276 154 -16 27.27 99.9%
| Wright 40 12 2 394 14 -17 4.11 50.0%
Pottawatta 41 02 17 269 75 -17 3.66 50.0%

Worth 42 6 1 559 8 -20 S -
Poweshiekl 43 16 4 292 20 -20 5.39 75.0%
Monona 44 14 2 591 18 -20 22.97 99.9%
Cerro Gorg 45 60 14 334 76 21 6.16 75.0%
Butler 46 8 2 330 10 -22 13.80 97.5%
Jackson 47 18 3 424 23 -22 6.01 75.0%
Crawford 48 14 4 298 18 -23 9.64 97.5%
Plymouth 49 18 5 282 23 -23 5.60 75.0%
Washingto 50 16 3 369 21 -23 8.24 95.0%
Hardin 51 12 4 242 16 -24 7.27 90.0%
Marion 52 26 5 374 35 -26 4.11 50.0%
Ida 53 6 2 247 8 -28 5.24 75.0%
Benton 54 14 3 372 20 -28 2.87 50.0%
O'Brien 55 18 5 233 25 -29 3.25 25.0%

Lucas 56 4 1 214 6 -30 S -
Johnson 57 42 10 303 60 -30 16.74 99.9%
Black Haw 58 86 23 269 124 -30 41.00 99.9%
Cass 59 14 3 362 20 =31 9.84 97.5%
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Unadjusted, based
on exposure

(adjusted for age)

Actual # (VMT only)

. of E ted E d Percent

County Drivers #XE: ;8 % #xff ;tf) % ch -
Rank | Involved Dri ° ) ° Square | Confiden

2-Veh rivers | Over- Drivers Over- ce

Crashes Involved | represent| Involved |represent
2-Veh ation 2-Veh ation
Crashes Crashes

Boone 60 22 5 377 32 -32 11.68 99.0%
Marshall 61 34 9 291 51 -33 9.53 97.5%
Humboldt 62 8 3 192 12 -33 15.41 99.5%
Dickinson 63 14 4 244 22 -36 26.44 99.9%

Grundy 64 4 2 154 6 -36 S -
Henry 65 12 4 192 19 -36 6.52 90.0%
Dubuque 66 64 20 223 101 -36 43.90 99.9%
Jefferson 67 8 2 223 13 -37 3.47 50.0%
Allamakee 68 10 3 282 16 -37 4.17 75.0%
Clinton 69 44 14 211 71 -38 18.25 99.9%

Guthrie 70 4 1 208 7 -39 S -
Muscatine 71 18 5 278 30 -41 7.16 90.0%
Bremer 72 10 4 159 17 -41 12.50 99.0%
Fayette 73 12 4 216 21 -42 14.95 99.5%
Palo Altn 74 6 2 181 10 -42 4.88 75.0%
Louisa 75 4 1 323 7 -43 2.23 25.0%
Union /0 8 3 184 14 -44 8.24 95.0%
Page 77 12 3 283 22 -45 12.77 99.5%
Jasper 78 16 6 158 29 -45 18.99 99.9%

Van Bureny 79 2 1 165 4 -46 S -
Tama 80 6 3 123 12 -48 5.54 75.0%

Audubon 81 2 1 62 -49 S -

Fremont 82 2 1 103 -49 S -
Hamilton 83 8 4 100 16 -50 6.13 75.0%
Calhoun 84 4 2 89 9 -55 17.00 99.9%
Monroe 85 4 1 209 9 -55 5.81 75.0%
Clay 86 12 5 154 28 -58 14.36 99.5%
Montgome 87 6 2 201 15 -59 9.90 97.5%
Wapello 88 14 7 102 35 -60 21.56 99.9%
Clarke 89 4 2 85 10 -61 7.79 90.0%
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Unadjusted, based
on exposure (adjusted for age)
Actual # (VMT only)
of Percent
Rank |Involved Dri over- | Dri o ° ] Square | Confiden
2-Veh rivers ver rivers ver ce
Crashes Involved | represent| Involved |represent
2-Veh ation 2-Veh ation
Crashes Crashes
Clayton 90 4 2 87 11 -64 8.05 95.0%
Decatur 91 2 1 95 6 -66 31.95 99.9%
Keokuk 92 2 | 125 7 -71 15.19 99.5%
Buena Vis 93 4 4 12 16 -75 14.97 99.5%
[Howiard 94 2 2 4 10 -80 13.45 99.0%
Shelby 95 2 2 -13 12 -83 15.80 99.5%
Emmet 96 2 3 -30 23 -91 76.92 99.9%
Wayne 97 0 | -100 2 -100 S -
Davis 98 0 1 -100 7 -100 33.20 99.9%
Adair 99 0 2 -100 5 -100 S -

S Represents small sample size
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Crashes in the Vicinity of High Schools

The vicinity of schools is a possible location for a significant number of Y-O crashes.
Indeed, approximately 71.5 percent of all Y-O crashes occur within a 1.5-mile radius of high
schools. It is expected that Y-O crashes would occur most frequently where high population
of older and younger drivers may be found. However, no data is available to indicate
variation in exposure over space. The percent of Y-O crashes occurring near schools is
higher than other types of crashes involving all other age group combinations, individual age
groups, and total 2-vehicle crashes at a distance within 1.5 mile from high schools. Even
within a one-mile radius from high schools, fractions of Y-Y and Y-O crashes are nearly
equal.

Table 4.19: Y-O percent 2-vehicle crashes by age group combination around high schools

Age | 2-Vehicle Crashes in the Vicinity of High Schools/All 2-veh crashes by groups
Group | 1/4 Mile Y% 1/2 Mile Y% 1 Mile % 1.5 Mile %

(‘igulnf) 78%1939 6.5 | 2299 930 | 192 569%1939 477 | 1% 02y | 665
Middle | 1387 4988 14267 21762
(20-64) 44891 4.0 44891 14.3 /34891 41.0 /34891 62.4

Older | 347 1225 3381 4823
(654 A396 4.7 A396 16.6 A396 45.7 A396 65.2
All

1796 6087 16747 25052
2-Veh 49701 4.5 49701 153 49701 422 49701 63.1
Crashes
175 396 809 1056
Y-Y /1485 %485 %485 %485 71.0

75 247 581 775

Y-0 % 084 6.9 % 084 | 2238 % 084 53.6 % 084
437 1390 3727 5372

Y-M 4234 5.3 4234 16.9 /8234 45.3 4234 65.2

546 2205 6712 10735
M-M K7722 3.1 %7722 124 /17722 37.9 %7722 60.1

213 783 2283 3330
o-M o7 | 40 4207 15.0 Azm 438 Azm 64.0

16 89 240 346
0-0 3.0 430 16.8 /530 453 /530 65.3
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Geometric Analysis
In this section, 2-vehicle crashes are analyzed with consideration of road
characteristics and intersection classifications to determine the type of roadways and

intersections that present higher risk to both older and younger drivers.

Functional Class of Road Intersections

For various combinations of functional classes at intersections, Y-O crashes are
compared to all 2-vehicle crashes as shown in Table 4.20 and in Figure 4.10. Y-O crashes are
underrepresented at Interstate/ Interstate, Interstate/US or State highway, and Interstate/City
or County road. At the intersections of US or State highways with other roads, Y-O crashes

are overrepresented by approximately 40 percent.

Table 4.20: Comparing Y-O to All 2-Vehicle Crashes by Intersection Functional Class

# of 2- Percent Percent

M Clsiticaion | Yeile | a2 LS V-0 e
Interstate/Interstate 931 0.69% 10 0.22% -210%
Interstate/US or State Highway 3,154 2.33% 41 0.91% -157%
Interstate/City or County Road 3,091 2.28% 36 0.80% -187%
USorState Highway/US or | 5 150 | 37805 | 175 | 387% | 2.4%

State Highway

US or State Highway/County o o o
Road or City Street 43,162 31.87% 1,481 32.77% 2.7%

US-State Highway/Other 92 0.07% 5 0.11% 39%
County Road or City
Street/County Road or City 79,872 58.98% 2,772 61.33% 3.8%
Street
TOTAL 135,422 | 100.00% 4520 100.00%
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2-Vehicle Crashes at Intersection of Divided Expressways

Intersections present a very demanding situation for both older and younger drivers.
The problem becomes even more challenging for some types of intersections such as divided
expressways. Table 4.21 shows the breakdown of 2-vehicle crashes at divided highway
intersections in lowa for the year 2000. The fraction of 2-vehicle crashes by age group
combination is compared to all 2-vehicle crashes at these locations. Older drivers have higher
crash proportions at divided road intersections than their younger counterparts, as shown in
the Figure 4.12. The proportion of Y-O crashes at divided road intersections is higher than
that of all 2-vehicle, Y-Y, and Y-M crashes by 45 percent, 160 percent, and 76 percent
respectively.

Table 4.21: Comparing 2-vehicle crashes by age group combination to all 2-vehicle crashes
at intersections of divided roads, not age adjusted

(C=B/A)
Percent of (B) Over-
# of All All Group (A) Percent Il_lvolye.ment
2- Crashes Crashes . . in Divided
. . . 2- Percent | of Divided
Vehicle at Divided ; that are on Road
Vehicle . . of Road .
Crashes Road Crashes Divided VMT | Intersection Intersection
Intersections Road (frashes Crashes
Intersections Based on
VMT
All 1,609 34,264 4.70 100 100 1.00
Y-Y 39 1,485 2.63 0.22 2.42 10.97
Y-M 319 8,234 3.87 4.04 19.83 4.91
M-M 845 17,722 4.77 74.00 5252 0.71
O-M 303 5,207 5.82 8.00 18.83 2.35
0-0 29 530 5.47 0.87 1.80 2.08
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Temporal Analysis

Statewide underrepresentation of Y-O crashes may also be explained if younger and
older drivers do not drive during the same hours. In this part of study, temporal variations
and their effects on crash involvement and injury risks are investigated. First, 2-vehicle crash
involvement proportion by time of day for all age group combinations is examined. Second,
2-vehicle crashes at peak time periods which represent the highest involvement ratio, are

inspected to determine representation by age group combination.

Crash Risk Analysis by Time of Day
Time patterns of two-vehicle crash involvement by drivers for all age groups are

illustrated in Figures 4.17 and 4.18 for all 2-vehicle and fatal and injury 2-vehicle crashes,
respectively. These two figures exhibit similar temporal patterns for all age groups involved.

Younger driver crash patterns show two peak periods: a small peak during the morning
rush hour from 7:00 to 9:00 and a large peak in the afternoon from 15:00 to 16:00. After
16:00, the crash involvement ratio decreases rapidly until about 20:00 and then remains flat
until 23:00. After 23:00, the younger drivers crash involvement rate declines slowly until
about 6:00 a.m.

Older driver crashes on the other hand show a steady increase from 6:00 a.m. to 12:00
p.m. and remain flat until about 15:00. There is a small peak from 15:00 to 16:00
contemporal with the larger young driver crash peak. The crash involvement ratio of elderly
drivers decreases rapidly from 16:00 to 21:00 and then is negligible until 6:00 a.m. Note that

all 2-vehicle crashes peak from 15:00 to 16:00.
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The probability that a driver involved in a 2-vehicle crash from 3 p.m. to 4 p.m.
(based on exposure, VMT) belongs to a given age group is calculated according to Equation
3.1 using exposure data from 2001 National Household Travel Survey (NHTS). Tables
representing VMT by age group and time periods are shown in Appendix D.

The following steps show the calculations of the probabilities of 2-vehicle crash

involvements by drivers of each age group from 3 p.m. to 4 p.m. based on exposure.

VMT, o0 - 265 (0.069*)MVMT
P(Younger Drivers(3 —4)) = rawgera-a) 1,265 (0.069%) =0.04

> VMT,,,  27,029(0.076%) MVYMT

VMT,, *
P(Middle Age Drivers(3 —4)) = Middie Age4). 23’247(0'075*) MVMT. 0.85
S VMT, .,  27,029(0.076*) MVMT

VMT,,., *
P(Older Drivers(3—4)) = Quler3-4) 2,519 (0.082%) MVMT =0.
D VMT,,,  27,029(0.076*) MVMT

* Numbers in parenthesis represent the percentages of VMT from 3 p.m. to 4 p.m. by that
age group.

Based on the exposure (VMT), younger drivers (4 percent) are least expected to be
involved in 2-vehicle crash involvement compared to 85 percent for middle-age drivers and
11 percent for older drivers.

Expected 2-vehicle crashes between 3 p.m. and 4 p.m. for all age group combinations

are calculated using Equation 3.2 as follows:

ol LEL ZUI—*I
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MT,
E] (Y Y) ( Younger(3—4) )*( Youngel(3 4) ): (004*004)* 3’719 _ 6

ZVM (3-4) ZVM (3-4)

VMT MT
Ei (Y-M) = ( 5 ;Lg”” )% ( Z‘Z’;;T““’“ )= (0.04%0.85)* 3,719 = 127
(3 4) (3-4)

VMT,
E] (M-Y) Middle Age(3-4) )*( Youneez(l 4) )= (085*004)* 3,719 =127
Z VMT, (3-4) Z VMT3 4)

Olde: (3-4)

Z VMT,,.,

VMT
E] (Y-O) Younger(3-4) )*(

)= (0.04*0.11)* 3,719 =17
Z VMT,,_,,

V T
E; (O-Y) = Otder (3-4) )*( M vowgerts-a )=(0.11%0.04)* 3,719 = 17

ZVM (3-4) ZVM (3-4)

MT, VMT,
E, (M-M) = ( Middle Age34) g Mddie AgeGY) ) — () 85%().85)%3,719 = 2,687

Z VMT, (3-4) L VMTE3 -4)
VMT,, VMT,,,,
Ei (M-0) = (—tiddie dgeG78) g OG0 y — () 85%0.11)* 3,719 = 347
> VM~ 3 VMT,,
T ' VMT 1 {4 (4
E, (O-M) = ( OUET34) v Middle AseG=4) ) — () 11%0.85)* 3,719 = 347
2 VMT L, " Y VMT
E, (0-0) = ( M ot s 1 )*( M ovir 54 )= (0.11%0.11)* 3,719 = 45
1 Z VMT ;5 Z VMT; 4 . . ,

3,719 = Total number of all 2-vehicle crashes between 3 p.m. and 4 p.m.
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Table 4.22: Expected number of 2-vehicle crashes for all age group combinations

(unadjusted)
Crash Expected Total
Outcome 2-Vehicle Crashes
Younger & Younger Ei(Y-Y) 6
(16-19) & (16-19) 6
Younger & Middle age Ei(Y-M) + E;(M-Y) 254
(16-19) & (20-64) 127 + 127
Younger & Older Ei(Y-O) + E«(O-Y)
(16-19) & (65+)
Middle age & Middle age E;/(M-M) 7687
(20-64) & (20-64) 2,687 ’
Middle age & Older E|(M-0O) + E;(O-M) 694
(20-64) & (65+) 347 + 347
Older & Older E(O-0) 45
(65+) & (65+) 45
TOTAL 3,719

Table 4.22 shows the expected results of all 3719 2-vehicle crashes between 3 p.m.

and 4 p.m. for all age group combinations based on exposure to roadways.

Overrepresentation in 2-Vehicle Crashes between 3 p.m. and 4 p.m. (Adjusted)

In this approach, the expected number of crash involvement is adjusted for age.
Table 4.23 shows the observed number of 2-vehicle crashes and drivers involved for all age
group combinations between 3 p.m. and 4 p.m.
The number of drivers involved in 2-vehicle crashes by individual age group is as follows:

Younger Drivers = 542 + 993 + 159 = 1,694

Middle Age Drivers = 993 + 3,406 + 542 = 4,941
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Older Drivers = 159 + 542 + 104 = 805

Table 4.23: Observed number of 2-vehicle crashes and drivers involved by age group

Crash Observed Observed Drivers
Outcome 2-Vehicle Involved 2-Vehicle
- Crashes Crashes
Younger & Younger
(16-19) & (16-19) 271 542
Younger & Middle age
(16-19) & (20-64) 993 1,986
Younger & Older
(16-19) & (65+)
Middle age & Middle age
(20-64) & (20-64) 1,703 3,406
Middle age & Older
(20-64) & (65+) 542 1,084
Older & Older
(651) & (650 | 22 104
TOTAL 3,719 7,438

The probability that a driver involved in a 2-vehicle crash (accounting for

overrepresentation by age) belongs to a given age group is calculated according to Equation

3.3 as follows:

Younger('rash Involvement(3-4) _ 1:694 _

: - =023
Z Drivers Crash Involvement (3—4) 7’43 8

P(Young Drivers(3—4)) =

Mlddle Age('rash Involvement(3-4) _ 4,941 _ O 66
Z Drlvers(z‘nsll Involvement(3—4) 77438

Older(‘rash Involvement(3-4) _ 805 _
Z Drlvers(‘r{mh Involvement(3—4) 7’438

P(Middle Age Drivers(3 —4)) =

0.11

P(Older Drivers(3—4)) =

Ol LAC U Zyl_ﬂbl

www.manaraa.com




89

7,438 = Drivers involved in 2-vehicle crashes between 3 p.m. and 4 p.m.

The probability of crash involvement for drivers of most individual age groups is
different when adjusted for age. While older drivers with 11 percent have the same
probability of crash involvement when unadjusted, young drivers, on the other hand, have
much higher probability of crash involvement, with 23 percent compared to 4 percent
unadjusted. Middle age drivers have a lower probability of crash involvement, with 66

percent compared to 85 percent unadjusted.

The statewide adjustment process was used to determine the expected number of

crashes for all age groups when isolated from the age effect, and results are shown in Table

4.24.

Table 4.24: Expected number of 2-vehicle crashes for drivers of all age groups, adjusted for

age
Expected
OC”'S" 2-Vehicle Total
utcome
Crashes
Younger & Younger E(Y-Y) 193
(16-19) & (16-19) 193
Younger & Middle age E(Y-M) + E(M-Y) 1124
(16-19) & (20-64) 562 + 562 ’
Younger & Older E(Y-O) + E(O-Y)
(16-19) & (65+)
Middle age & Middle age E(M-M) 1.640
(20-64) & (20-64) 1640 ’
Middle age & Older E(M-0) + E(O-M) 536
(20-64) & (65+) 268 + 268
Older & Older E(O-0O) 13
(65+) & (65+) 43
3,719
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Summary of Unadjusted and Adjusted Peak Hour Overrepresentation

Results of 2-vehicle crashes between 3 p.m. and 4 p.m. in lowa for all age group
combinations are shown in Table 4.25. To quantify overrepresentation, the expected numbers
of crashes are compared with observed values. In short, adjusted Y-O crashes are still slightly

underrepresented (-13% vs. -18%) as they were for the 24 hour analysis

Table 4.25: Statewide overrepresentation in 2-vehicle crashes by age group combination

Unadjusted, based on .
Actual # exposure (VMT only) Adjusted for age
Crash of Drivers | Expected # Expected #
st Involved | of YO ( | ofYO Feent
Interaction 2-Vehicle Drivers pereen Drivers percen
Overrepre Overrepres
Crashes Involved sentation Involved entation
2-Vehicle 2-Vehicle
Crashes Crashes
Younger & Younger 271 6 +4,417 193 40.4
(16-19) & (16-19)
Younger & Middle
age 993 254 +292 1,124 -11.7
(16-19) & (20-64)
Younger & Older 159 34 184
(16-19) & (65+)
Middle age & Middle
age 1,703 2,687 -37 1,640 3.8
(20-64) & ”70-64)
Middle age & Older | 54, 694 22 536 13
(20-64) & (65+)
Older & Older 52 45 +16 43 21.0
(65+) & (65+)
TOTAL 3,719 3,719 3,719
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Chapter 5 - Conclusions, Interpretations, and Limitations

Past studies indicate that older and younger drivers as individual age groups
experience high crash involvement rates. Rapid growth of these most at risk age groups,
especially older drivers, creates a major concern for the safety of these age groups on the
nation’s highways. Since Iowa has higher percentages of both older and younger drivers than
nationwide, it is even more important for state safety officials and policy makers to
understand the nature of crashes that involve these age groups and explore possible
mitigation strategies to improve the safety of the most at risk drivers. Attempts were made
here to find characteristics which cause even higher risk where older and younger drivers
encounter each other on roadways.

Findings of an lowa statewide 2-vehicle crash analysis using 2000 data showed that
younger drivers’ 2-vehicle crash involvement was approximately 4 times higher per capita
and per licensed driver than that of older drivers. When adjusting the number of crashes for
VMT, younger drivers were involved 3 times as often as the older group. Analysis of fatal
crashes reveals the 2-vehicle crash involvement rate in Iowa starts to increase considerably
after age 60 and increases at a much faster rate after age 80. The involvement rate of an older
driver in fatal crashes based on exposure (VMT) is four times higher than that of a young
driver, and may be due to the greater physical vulnerability of older drivers.

In Iowa, a younger driver faces a risk of crash involvement more than twice as high

as the oldest (85+) drivers and faces an approximately 7 times higher risk than a driver from

the safest driving age group (45-54) based on exposure. By the same token, the relative risk
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of crash involvement for the oldest age group is almost 3 times higher than that for the safest
age group.

The results of a statewide 2-vehicle crash analysis implied that Y-O crashes in lowa
are overrepresented by 260% when the expected number of Y-O crashes is based on
exposure alone. However, when the expected number of crashes is isolated from the age
effect, statewide Y-O crashes are actually underrepresented by 18%. Furthermore, both Y-Y
and O-O crashes are overrepresented by 35 percent even after isolation from the age effect.
From the results, it can be interpreted that underrepresentation of Y-O crashes may be
because these two age groups tend to drive at different locations and times.

There are limitations associated with the results of this research. Exposure data is a
proxy measure using nationwide data. Nationwide exposure data is based on the survey of
people who actually drive, but the proxy measure of lowa VMT by age group is based on the
number of licensed drivers. There is no information about the percentage of licensed drivers
who drive very little or are not driving at all.

A large chi-square value revealed a significant difference between the observed and
expected 2-vehicle crashes for all age group combinations when the analysis is based on
exposure. There is also a significant difference between observed and expected 2-vehicle
crashes for the combinations of all age groups with a relatively large chi-square value when
considering interactions (isolating the age effect).

When the at-fault driver was studied, older drivers were slightly more often at fault in
Y-O crashes than younger drivers.

Failure to yield right of way (FTYROW) in making left turns is one of the most

noticeable major causes of Y-O crashes. When considering FTYROW in making left turns as
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the major cause, the proportion of Y-O crashes is 30 percent higher than O-O crashes and 65
percent higher than Y-Y crashes. It seems that the problem of making left turns becomes
more complicated when these two age groups encounter each other on road. It is suspected
that a combination of characteristics of older and younger drivers increases the risk of crash
involvement when they run into each other on the roadway.

A noticeable portion of Y-O after dark crashes occurs at dark-lighted roadways. The
limitation of this study is the lack of information about exposure of drivers by age group
under this light condition.

Data on vehicle occupancy indicated that carrying passenger(s) has a negative impact
on young drivers but a positive effect on older driver’s 2-vehicle crash involvement ratios.
Young drivers face a higher risk of crash involvement than older drivers when they carry two
or more passengers. The “~1ing of this study is limited to the number of drivers involved in
2-vehicle crashes. There are no non-crash data indicating the percentage of passenger(s)
carried by all younger and older drivers.

A spatial analysis of 2-vehicle crashes at the county level indicated that Y-O crashes
in Osceola, Greene, and lowa counties are overrepresented by more than 60 percent even
after considering age effects. Eighteen counties are overrepresented by between 0 percent
and 50 percent when adjusted for the age effect. A limitation associated with this study is
VMT by age group and county. Existing licensed driver data by county is limited to
predefined age groups (e.g., 15-19). To obtain data from licensed drivers in the 16 to 19 age
group, it was assumed that the percentage of 15-year-old drivers in all counties is the same as
the statewide figure. Then the percentage of 15-year-old drivers was excluded from the 15-19

age group to derive the 16-19 age group. This may affect overrepresentation results by
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county. Another limitation of this study is the problem of small sample sizes in many low-
populated counties.

Results of 2-vehicle crashes in the vicinity of high schools showed that Y-O crashes
have the highest proportion of 2-vehicle crashes compared to all age group combinations,
individual age groups, and all 2-vehicle crashes within a distance of 1.5 mile from high
schools. A limitation of this study is the lack of data indicating exposure of older drivers in
the vicinity of high schools.

Results of a location study revealed that Y-O crashes are more frequently urban than
both Y-Y and O-O crashes, though less than M-M crashes. Restrictions associated with this
analysis are again exposure in rural or urban areas by age group.

When crashes by roadway functional class were examined, Y-O crashes were found
to be overrepresented at intersections of US or State highway with any other roads and
considerably underrepresented at intersections of interstate highways with any other roads.
There is no data on exposure for each class of roadway, i.e., how much these age groups are
actually driving on each type of roadway.

One of the main findings of this research reveals that Y-O crashes occurring at
intersections have the highest proportion compared to all other age group combinations in 2-
vehicle crashes. Interestingly, Y-Y crashes have the lowest proportion of 2-vehicle crashes at
intersections. Again, these findings are limited to crash data, and there is no information of
exposure to intersections by age groups.

Older drivers experience more difficulty at divided road intersections than their
younger counterparts, particularly in situations where they come across younger drivers. The

proportion of Y-O crashes at divided expressways is higher than that of all 2-vehicle crashes,
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Y-Y crashes, and even O-O crashes. It seems the high risk characteristics of older and
younger drivers are compounded when they encounter each other at divided road
intersections. The result here is consistent with the findings of FTYROW in making left turn
as a major cause of Y-O crashes.

From time of day analysis, it was seen that the peak period of Y-O crashes occurs
between 3:00 p.m. and 4:00 p.m. During the peak period, statewide Y-O crashes are
overrepresented compared to all hours when the analysis is based only on exposure, although
they are underrepresented when age effects are considered. After-school hours are the most
risky time of driving for both age groups. A limitation of this study was the necessary proxy
measure used for VMT for peak periods by each age group based on the nationwide data.
Iowa younger and older drivers exposure may be different during this time period.

The older driver proportion of crash involvement with younger drivers is 32%,
expressed as a ratio of all older driver 2-vehicle crashes, while it is only 14% for the younger
driver crashes with older drivers. Again, the lack of site-specific exposure data is an
important limitation of this study. There are no data indicating how many older drivers in fact
meet younger drivers on the roadway.

In summary, it can be concluded from the results of interactions that Y-O crashes are
somewhat underrepresented at the statewide level. However, there are some counties which
are significantly overrepresented in Y-O crashes. In addition, there are some locations such
as the vicinity of high schools and time periods such as 3 p.m. to 4 p.m. that show a high Y-O
crash frequency. Still, more comprehensive exposure data are needed to determine if Y-O

crashes are indeed overrepresented at these locations and time periods.
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Recommendations
Following are some strategies that may be helpful in reducing older and younger
driver crashes.

1) Since the presence of passengers has a negative effect on driving performance of
younger drivers, limit younger drivers to carrying no more than one passenger. Educate older
drivers about passenger and improvement in driving performance.

2) Older drivers could be educated about the risk they are facing when they are driving
before and especially after school hours, which happen to be the peak hours of Y-O crashes.

3) Create and maintain a database for the number of licensed drivers by county and by
age in single year increments to assist in analysis of crash involvement and
overrepresentation by specific age groups.

4) There is a need for more comprehensive and recent exposure data by age group to
understand driving behavior and patterns, which may include exposure

e at intersections

e by time of day

e by roadway functional class

e by rural/urban areas

e by distance from high schools or other land uses

e at divided expressway intersections

To understand difficulties in driving maneuvers of older and younger drivers a survey

could be designed with the following questions for older drivers:

Ol LAC U Zyl_ﬂbl
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Do you currently drive?

What are your major means of transportation?

How frequently do you drive your car?

If your driving is limited, how? If limited what types of trips do you still make?
What is your most difficult driving maneuver(s)?

How often do you carry passenger(s) in your car?

Do you avoid certain areas or times of driving? Explain

The survey may include the following questions for younger drivers:

What is your age?

Do you have a valid driver license?

At what age did you first start driving?

Have you been through graduated driver licensing (GDL)?
What was the duration of each stage of your GDL?
What is the most difficult driving maneuver(s) for you?
Do you drive to school?

How frequently do you drive?

How often do you carry passenger(s) in your car?

Have you ever been cited? How many times?

What was the cause for citation(s)?

How far from your high school do you live?

www.maharaa.com
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Future Research

The existing exposure data proved to be a limitation of some areas of this research.
The following discusses some areas that could be the focus of future research.

More detailed study could be conducted to investigate whether older drivers cause
more crashes than their younger counterparts and also to determine whether there are
particular types of crashes that occur more often (e.g., rear-end, head-on, left turn, and
sideswipe) than expected.

The vicinity of high schools is a place that has a high proportion of Y-O crashes.
Investigate the overrepresentation in Y-O crashes in the vicinity of high schools by time of
day and distance from high schools.

Another useful study would be to investigate safety implications of Y-O crashes by
roadway functional class (e.g., expressways, county roads, and city streets) to clarify what
type of roadway presents a higher risk to older and younger drivers.

There are other characteristics of Y-O crashes that can be investigated, such as
roadway, vehicle, and weather contributing factors, day of the week, month of the year, type
of vehicle, type of traffic control, driving under influence, and license restrictions.

The over-involvement in Y-O crashes by gender is another study that could examine
the effect of gender on complex decision-making process and interaction.

Another potentially fruitful area of future study would be a comparison of

overrepresentation in Y-O crashes in rural and urban areas.

Ol LAC U Zyl_ﬂbl
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Appendix A - Number of Drivers and their Exposure in Iowa
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Appendix B - Ranking of lowa Counties

www.maharaa.com

ERT 2|J|_l}>|




www.maharaa.com




Hamilton 117,901 301/ 20.2 82/ 0.9 32.1 3,844
Fremont 6,020 1482 24.6 447 74 32.0 1,929
Montgomery 8,837 2202 249 628 7.1 32.0 2,830
Tama 12,971 3227 249 925 7.1 32.0 4,152
Lucas 6,932 1744 252 467 6.7 319 2,211
Buena Vista 14,412 3482 24.2 1,096 7.6 31.8 4,578
Jackson 15,151 3583 23.6 1,227 8.1 31.7 4,810
Delaware 13,860 3128 226 1,272 9.2 31.7 4,400
Worth 5,966 1476 247 412 6.9 31.6 1,888
Davis 5,687 1279 242 419 7.4 31.6 1,797
Ph/manyth 18 naa 4153 229 1,565 8.6 31.6 5,718
vvinneshiek 15uro 3502 23.2 1,253 8.3 315 4,755
Appanoose 10,114 2519 249 666 6.6 31.5 3,185
Poweshiek 13,654 3316 243 965 71 31.4 4,281
Webster 28,160 6712 23.8 2,089 7.4 31.3 8,801
Union 9,321 2280 245 598 6.4 30.9 2,878
Harrison 11,890 2738 23.0 930 7.8 30.8 3,668
Clarke 6,887 1566 227 553 8.0 30.8 2,119
Clay 13,268 3115 23.5 966 7.3 30.8 4,081
Bromer 17,411 4004 23.0 1,344 7.7 30.7 5,348
Innoc 14,002 750 23.2 1,009 7.2 30.4 4,259
Lerro Lorao 33,718 19/ 23.6 2,273 6.7 30.3 10,244
Buchanan 14,639 3238 221 1,197 8.2 30.3 4,435
Mahaska 15,948 3620 22.7 1,196 7.5 30.2 4,816
W ehington 14,791 2438 229 1,020 6.9 30.1 4,458
Benton 18,351 4016 Z1.9 1,463 8.0 29.9 5,479
lowa 11,873 2682 22.6 862 7.3 29.9 3,544
Cedar 13,166 2974 22.6 921 7.0 29.6 3,895
Marion 23,633 5126 21.7 1,864 7.9 29.6 6,990
Lee 26,873 5906 22.0 1,915 71 20 1 7,821
Jasper 26,865 6000 22.3 1,813 6.8 £9.1 7,813
Clinton 36,152 7877 21.8 2,610 7.2 29.0 10,487
Henry 14,534 3098 21.3 1,114 7.7 29.0 4,212
Wapello 25,127 5794 23.1 1,482 59 29.0 7,276
Boone 18,790 4096 21.8 1,306 7.0 28.7 5,402
Marshall 28,002 6126 21.9 1,904 6.8 28.7 8,030
Des Moines 30,702 6723 21.9 2,018 6.6 28.5 8,741
Madison 10,355 2131 20.6 808 7.8 28.4 2,939
Louisa 8,222 1745 21.2 560 6.8 28.0 2,305
[Mitle 10,680 2neq 108/ 829 7.8 27.3 2,918
Dubugque 63,926 | 1231 9.9 4,683 7.3 27.2 17,414
Nallac 26,854 5070 18.9 2,046 7.6 26.5 7,116
DIACK Mawk 88,676 | 17543 19.8 5,645 6.4 26.1 23,188
Warren 28,703 5300 18.5 2,171 7.6 26.0 7,471
Woodbury 69,725 | 13294 19.1 4,817 6.9 26.0 18,111
Pottawattamie 63,958 12337 19.3 4,237 6.6 259 16,574
Jefferson 12,224 2262 18.5 875 7.2 257 3,137
Muscatine 29,919 5509 18.4 1,974 6.6 25.0 7,483
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Appendix C - Results of Overrepresentation in 2-Vehicle Crashes in all 99
Iowa Counties for All Age Group Combinations (2000 data)
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Over-representation in 2-Vehicle Crashes by County and Age Group (2000)

Unadjusted, based on Adjusted
exposure (VMT only) (Interaction Effect)
Actual #
of Drivers | Expected # of Expected # of
County Craslf Involved g YO o " YO o
Interaction . Over- . Over-
2-Veh Drivers Drivers
Crashes Involved repr‘esent Involved repr.e sent
2-Veh Crashes ation 2-Veh Crashes ation

Y-Y 6 0.32 17.82 4.17 0.44
Y-M 32 9.92 2.23 31.10 0.03
Y-O 0 1.61 -1.00 4.55 -1.00
Adair M-M 58 77.12 -0.25 57.97 0.00
M-O 16 25.01 -0.36 16.97 -0.06
0-0 4 2.03 0.97 1.24 2.22

TOTAT. 116 116.00 116.00
Y-Y 0 0.14 -1.00 0.67 -1.00
Y-M 10 4.54 1.20 8.67 0.15
Y-O 2 0.73 1.74 2.00 0.00
Adams M-M 30) 36.06 -0.17 28.17 0.07
M-O 8 11.59 -0.31 13.00 -0.38
0-0 4 0.93 3.30 1.50 1.67

TOT/ ™ | 54 54.00 54.00
Y-Y 10 0.61 15.34 9.46 0.06
Y-M 60 19.05 2.15 55.09 0.09
Y-O 10 2.62 2.82 15.98 -0.37
Allamakee M-M 78 148.21 -0.47 80.19 -0.03
M-O 46 40.72 0.13 46.52 -0.01
0-0 10 2.80 2.58 6.75 0.48

TOTAL 214 214.00 214.00
vev 151 0.48]  36.31 10.00 0.80
Y-M 441 18.36 1.40 01.0V -0.29
Y-O 20 2.64 6.58 18.40 0.09
Appanoose M-M 102 174.72 -0.42 94.86 0.08
M-O 60 50.19 0.20 56.67 0.06
0-0 6 3.60 0.66 8.46 -0.29

TOTAL 250 250.00 250.00
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Unadjusted, based on

Adjusted

Actual # exposure (VMT only) (Interaction Effect)
Crash of Drivers | pypected # of . Expected # of .
County |, o | Involved YO /o YO Yo
2-Veh Drivers Over- Drivers Over-
Crashes Involved repr.esent Involved repr.esent
2-Veh Crashes ation 2-Veh Crashes ation
Y-V 2 0.25 6.90 3.46 -0.42
Y-M 26 6.92 2.76 21.19 0.23
Y-O 2 1.23 0.62 3.89 -0.49
Audubon M-M 30 47.25 -0.37 32.45 -0.08
M-O 12 16.84 -0.29 11.92 0.01
0-0 2 1.50 0.33 1.09 0.83
TOTAL 74 74.00 74.00
Y-Y 20 0.81 23.82 16.92 0.18
Y-M 88 26.42 2.33 88.63 -0.01
v.n 14 2.96 R 19.54 -0.28
Benton M-M 114 216.50 -0.47 116.09 -0.02
M-O 56 48.59 0.15 51.18 0.09
0-0 6 2.73 1.20 5.64 0.06
TOTAL 298 298.00 298.00
Y-Y 142 5.39 25.37 98.80 0.44
Y-M 764 230.68 2.31 812.69 -0.06
Y-O 86 23.30 2.69 123.72 -0.30
Black Hawk | ™M™ | 1694 2470.29 -0.31 1671.24 0.01
| M- S17 499.13 0.03 508.83 0.01
0-0 J0 25.21 1.22 38.73 0.45
TOTAL 3254 3254.00 3254.00
Y-Y 34 1.05 31.45 22.45 0.51
Y-M 124 39.53 2.14 136.79 -0.09
Y-O 22 4.61 3.77 32.31 -0.32
Boone M-M 212 372.74 -0.43 208.38 0.02
M-O 104 87.00 0.20 98.44 0.06
0-0 14 5.08 1.76 11.63 0.20
TOTAL 510 510.00 510.00
Y-Y 26 0.93 26.82 15.80 0.65
Y-M 88 30.75 1.86 101.54 -0.13
Y-O 10 3.86 1.59 16.85 -0.41
Bremer M-M 168 252.95 -0.34 163.15 0.03
M.0O 5& 63.52 -0.09 54.16 0.07
U-U 6 3.99 0.50 4.49 0.34
TOTAL 356 35600 356.00
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Unadjusted, based on

Adjusted

Actual # exposure (VMT only) (Interaction Effect)
Crash of Drivers | Expected # of o Expected # of Y
County Interaction Involved YO ° YO °
2-Veh Drivers Over- Drivers Over-
Crashes Involved reprfesent Involved repr'esent
2-Veh Crashes ation 2-Veh Crashes ation
Y-Y 24 1.02 22.46 17.09 0.40
Y-M 94 32.35 1.91 106.04 -0.11
Y-O 14 3.77 2.71 15.78 -0.11
Buchanan M-M 168 255.71 -0.34 164.51 0.02
M-O 54 59.66 -0.09 48.94 0.10
0-0 2 3.48 -0.43 3.64 -0.45
TOTAL 356 356.00 356.00
Y-Y 10 0.83 11.01 10.91 -0.08
Y-M 96 27.92 2.44 82.18 0.17
Y-O 4 3.56 0.12 16.00 -0.75
Buena Vista M-M 142 234.15 -0.39 154.78 -0.08
M-O 72 59.72 0.21 60.27 0.19
0-0 6 3.81 0.58 5.87 0.02
TOTAL 330 330.00 330.00
Y-Y 14 0.37 37.12 6.56 1.13
Y-M 28 12.54 1.23 40.62 -0.31
Y-O 8 1.86 3.30 10.26 -0.22
Butler M-M 66 107.11 -0.38 62.83 0.05
M-O 38 31.77 0.20 31.73 0.20
0-0 2 2.36 -0.15 4.01 -0.50
TOTAL 156 156.00 156.00
Y-Y 14 0.37 36.61 6.34 1.21
Y-M 28 11.68 1.40 38.45 -0.27
Y-O 4 2.11 0.89 8.87 -0.55
Calhoun M-M 62 91.65 -0.32 58.32 006
M-O 30 33.18 -0.10 26.92 V.11
0-0 4 3.00 0.33 3.11 0.29
TOTAL 142 142.00 142.00
Y-Y 32 1.73 17.45 29.45 0.09
Y-M 130 44 .94 1.89 136.19 -0.05
Y-O 30 5.96 4.03 28.92 0.04
Carroll M-M 160 291.06 -0.45 157.47 0.02
M-O 68 77.19 -0.12 66.88 0.02
0-0 6 5.12 0.17 7.10 -0.16
| TOTAL 426 426.00 426.00
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Unadjusted, based on
exposure (VMT only)

Adjusted

(Interaction Effect)

Actual #
Crash of Drivers | Expected # of % Expected # of "y
County Interaction Involved YO o YO °
2-Veh Drivers Over- Drivers Over-
Crashes Involved repr'e sent Involved repr.e sent
2-Veh Crashes ation 2-Veh Crashes ation
Y-Y Y 061 3805 A 0.63
Y-M 60 20.03 1.91 /213 -0.17
Y-O 14 3.03 3.62 20.33 -0.31
Cass M-M 92 173.09 -0.47 88.10 0.04
M-O 54 50.90 0.06 49.67 0.09
0-0 8 3.74 1.14 7.00 0.14
TOTAL 252 252.00 252.00
Y-Y 8 0.59 12.46 6.21 0.29
Y-M 56 22.16 1.53 63.00 -0.11
Y-O 12 2.64 3.55 8.58 0.40
Cedar M-M 168 206.50 -0.19 159.75 0.05
M-O 34 49.19 -0.31 43.50 -0.22
0-0 6 2.93 1.05 2.96 1.03
TOTAL 284 284.00 284.00
Y-Y Y 2.77 19.92 59.72 -0.03
Y-M 406 106.03 2.83 386.63 0.05
Y-O 60 13.83 3.34 75.93 -0.21
Cerro Gordo M-M 614 1013.59 -0.39 625.79 -0.02
M-O 250 264.51 -0.05 245.80 0.02
0-0 30 17.26 0.74 24.14 0.24
TOTAL 1418 1418.00 1418.00
Y-Y 12 0.56 20.42 12.15 -0.01
Y-M 62 19.00 2.26 68.40 -0.09
Y-O 22 3.07 6.16 15.30 0.44
Cherokee M-M 104 161.07 -0.35 96.27 0.08
M-O 34 52.09 -0.35 43.07 -0.21
0-0 6 4.21 0.42 4.82 0.25
TOTAL 240 240.00 240.00
Y-Y 10 0.66 14.13 6.00 0.67
Y-M 44 20.42 1.15 50.31 -0.13
Y-O 10 2.81 2.56 11.68 -0.14
Chickasaw M-M 112 157.70 -0.29 105.37 0.06
M-O 42 43.42 -0.03 48.95 -0.14
0-0 10 2.99 2.35 5.68 0.76
TOTAL, 228 228.00 228.00
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Unadjusted, based on
exposure (VMT only)

Adjusted

(Interaction Effect)

Actual #
Crash of Drivers | Expected # of o, Expected # of o
County Interaction Involved YO ° YO °
2-Veh Drivers Over- Drivers Over-
Crashes Involved reprfesent Involved repr'e sent
2-Veh Crashes ation 2-Veh Crashes ation
T v-y v 0.56] 16.93 578] 0.73
Y-M 44 17.85 1.47 46.24 -0.05
Y-O 4 2.16 0.85 10.20 -0.61
Clarke M-M an 142.80 -0.37 92.48 -0.03
M-O 48 34.54 0.39 40.80 0.18
0-0 4 2.09 0.92 4.50 -0.11
TOTAL 200 200.00 200.00
Y-Y 26 1.05 23.75 18.64 0.39
Y-M 120 3684 2.26 118.34 0.01
Y-O 12 4.73 1.54 28.37 -0.58
Clay M-M 180 323.13 -0.44 187.81 -0.04
M-O 104 82.93 0.25 90.04 0.15
0-0 12 5.32 1.26 10.79 0.11
TOTAL 454 454.00 454.00
Y-Y 10 0.47 20.15 6.49 0.54
Y-M 44 15.26 1.88 43.93 0.00
Y-O 4 2.14 0.87 11.08 -0.64
Clayton M-M 72 123.17 -0.42 74.30 -0.03
M-O 42 34.54 0.22 37.47 0.12
0-0 6 2.42 1.48 4.72 0.27
TOTAL 178 178.00 178.00
Y-Y 72 3.36 20.40 54.50 0.32
Y-M 388 122.22 2.17 396.24 -0.02
Y-O 44 14.16 2.11 70.77 -0.38
Clinton M-M 712 1110.16 -0.36 720.24 -0.01
M-O 282 257.20 0.10 257.28 0.10
0-0 24 14.90 0.61 22.98 0.04
TOTAL 1522 1522.00 1522.00
Y-Y 20 0.91 20.98 12.33 0.62
V-M (Y& 27 24 142 77 26 -0.15
Y-u 14 3.2 2.9% 15.U8 -0.23
Crawford M-M 128 204.17 -0.37 121.04 0.06
M-O 54 52.74 0.02 56.66 -0.05
0-0 10 3.41 1.94 6.63 0.51
TOTAL 292 292.00 292.00
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Unadjusted, based on
exposure (VMT only)

Adjusted

(Interaction Effect)

Actual #
preraction 2-Veh Drivers Over- Drivers Over-
Crashes Involved | P'¢ sent Involved repr-esent
2-Veh Crashes| "™ | 2-Veh Crashes | "™
Y-Y 34 1.39 23.42 23.20 0.47
Y-M 144 50.04 1.88 165.78 -0.13
Y-O 22 4.49 3.90 21.81 0.01
Dallas M-M 304 449.69 -0.32 296.14 0.03
M-O 84 80.76 0.04 77.93 0.08
0-0 2 3.63 -0.45 5.13 -0.61
TOTAL 590 590.00 590.00
Y-Y 18 0.25 70.07 7.40 1.43
Y-M 20 8.68 1.30 34.34 -0.42
Y-O 0 1.18 -1.00 6.87 -1.00
Davis M-M 46 74.34 -0.38 39.86 0.15
M-O 18 20.18 -0.11 15.94 0.13
0-0 4 1.37 1.92 1.59 1.51
TOTAL 106 106.00 106.00
Y-Y 14 0.20 69.97 5.13 1.73
Y-M 12 6.82 0.76 25.88 -0.54
Y-0O 2 1.03 0.95 5.86 -0.66
Decatur M-M 36 58.89 -0.39 32.66 0.10
M-O 22 17.73 0.24 14.79 0.49
0-0 0 1.33 -1.00 1.67 -1.00
TOTAL 86 86.00 86.00
Y-Y 14 0.90 14.63 10.57 0.32
Y-M 60 24.99 1.40 70.49 -0.15
Y-O 14 2.91 3.82 10.37 0.35
Delaware M-M 122 174.30 -0.30 117.48 0.04
M-O 36 40.54 -0.11 34.55 0.04
0-0 0 2.36 -1.00 2.54 -1.00
TOTAL 246 246.00 246.00
Y-Y 66 1.99 32.14 41.38 0.59
Y-M 238 79.64 1.99 283.06 -0.16
Y-O 54 9.39 4.75 58.17 -0.07
Des Moines M-M 516 796.15 -0.35 484.00 0.07
M-O 180 187.75 -0.04 198.94 -0.10
0-0 32 11.07 1.89 20.44 0.57
TOTAT _ 1086 1086.00 1086.00
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Unadjusted, based on

Adjusted

Actual # exposure (VMT only) (Interaction Effect)
of Drivers
County I Crash. Involved Expe;tgd wot o Expe;tf)d i 7o
nteraction 2-Veh Drivers Over- Drivers Over-
Crashes Involved rep r'e sent Involved rep r.e sent
2-Veh Crashes| "™ | 2-Veh Crashes| "
Y-Y 78 0.64 42.43 12.96 1.16
Y-M /0 25.86 1.71 92.22 -0.24
Y-O 14 4.08 2.44 21.85 -0.36
Dickinson M-M 172 259.27 -0.34 164.02 0.05
M-O 84 81.72 0.03 77.73 0.08
0-0 10 6.44 0.55 9.21 0.09
TOTAL 378 378.00 378.00
Y-Y 122 5.29 22.04 87.86 0.39
Y-M 610 194.95 2.13 641.60 -0.05
Y-O 64 19.81 2.23 100.68 -0.36
Dubuque M-M 1190 1794.65 -0.34 1171.38 0.02
M-O 362 364.76 -0.01 367.63 -0.02
0-0 50 18.53 1.70 28.84 0.73
TOTAL 2398 2398.00 2398.00
Y-Y 26 0.57 44.71 13.56 0.92
Y-M 62 19.74 2.14 65.48 -0.05
V-0 2 ? 88] -0130 23.39 -0.91
Emmet M-M Wy 1/1.29 -0.47 79.03 0.14
M-O 38 49.89 -0.24 56.45 -0.33
0-0 30 3.63 7.26 10.08 1.98
TOTAL 248 248.00 248.00
Y-Y 18 0.81 21.23 13.47 0.34
Y-M 80 25.97 2.08 80.42 -0.01
Y-O 12 3.80 2.16 20.63 -0.42
Fayette M-M 124 208.12 -0.40 120.00 0.03
M-O 54 60.86 -0.11 61.57 -0.12
0-0 16 4.45 2.60 7.90 1.03
TOTAL 304 304.00 304.00
Y-Y 24 0.84 27.59 14.08 0.70
Y-M 70 28.46 1.46 87.70 -0.20
Y-O 22 4.05 4.44 24.14 -0.09
Floyd M-M 142 241.21 -0.41 136.56 0.04
M-O 82 68.57 0.20 75.17 0.09
0-0 8 4.87 0.64 10.34 -0.23
TOTAL 348 348.00 348.00
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Unadjusted, based on

Adjusted

exposure (VMT only) (Interaction Effect)
Actual #
Crash of Drivers | Expected # of % Expected # of %
County Interaction Involved YO YO
2-Veh Drivers Over- Drivers Over-
Crashes Involved repr.e sent Involved rep r.e sent
2-Veh Crashes| """ | 2-Veh Crashes| *"°"

Y-Y T4 0.50]  7.00 511 -0.22
Y-M 44 15.83 1.78 43.53 0.01
Y-O 10 2.56 2.90 8.24 0.21
Franklin M-M 96 125.28 -0.23 92.68 0.04
M-O 28 40.55 -0.31 35.11 -0.20
0-0 6 3.28 0.83 3.32 0.80

TOTAL 188 188.00 188.00
Y-Y 2 0.21 8.73 1.44 0.39
Y-M 16 6.91 1.31 15.19 0.05
Y-O 2 0.99 1.03 3.93 -0.49
Fremont M-M 42 58.15 -0.28 40.05 0.05
M-O 16 16.57 -0.03 20.71 -0.23
0-0 6 1.18 4.08 2.68 1.24

TOTAL 84 84.00 84.00
Y-Y 4 0.48 7.31 4.06 -0.01
Y-M 28 13.96 1.01 33.44 -0.16
Y-O 14 2.29 5.11 8.44 0.66
Greene M-M 74 101.27 -0.27 68.89 0.07
M-O 30 33.26 -0.10 34.78 -0.14
0-0 4 2.73 0.46 4.39 -0.09

TOTAL 154 154.00 154.00
Y-Y 6 0.31 18.41 4.88 0.23
Y-M 34 10.39 2.27 33.98 0.00
Y-O 4 1.57 1.54 6.25 -0.36
Grundy M-M 60 87.27 -0.31 59.13 0.01
M-O 1 26.45 -0.24 21.75 -0.08
0-0 4 2.00 1.00 2.00 1.00

TOTAL 128 128.00 128.00
Y-Y 8 0.23 33.16 4.99 0.60
Y-M 26 8.20 2.17 29.51 -0.12
Y-O 4 1.30 2.08 6.51 -0.39
Guthrie M-M 46 71.73 -0.36 43.62 0.05
M-O 18 22.74 -0.21 19.25 -0.06
0-0 4 1.80 1.22 2.12 0.88

| TOTAL 106 106.00 106.00
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Unadjusted, based on
exposure (VMT only)

Adjusted

(Interaction Effect)

Actual #
of Drivers | Expected # of o Expected # of o
County Int(;rr:cs:lion Involved YO %o P YO /o
2-Veh Drivers Over- Drivers Over-
Crashes Involved repr.e sent Involved rep r.esent
2-Veh Crashes| ™™ | 2-Veh Crashes | 2"
Y-Y 14 0.78 17.06 9.84 042
Y-M 84 28.13 1.99 84.26 0.00
Y-O 8 4.01 1.00 16.07 -0.50
Hamilton M-M 178 255.22 -0.30 180.46 -0.01
M-O 74 72.69 0.02 68.81 0.08
0-0 R 5.18 0.55 6.56 0.22
TOTAL 3606 366.00 366.00
Y-Y 8 0.47 15.97 5.70 0.40
Y-M 36 14.31 1.52 40.63 -0.11
Y-O 8 2.01 2.98 7.97 0.00
Hancock M-M 78 108.60 -0.28 72.46 0.08
M-O 22 30.47 -0.28 28.44 -0.23
0-0 6 2.14 1.81 2.79 1.15
TOTAL 158 158.00 158.00
Y-Y 12 0.69 16.28 8.47 0.42
Y-M 60 22.59 1.66 63.18 -0.05
Y-O 1 3.51 2.42 15.88 -0.24
Hardin M-M 122 183.73 -0.34 117.80 0.04
M-O 54 57.05 -0.05 59.23 -0.09
0-0 12 4.43 1.71 7.44 0.61
TOTAL 272 272.00 272.00
Y-Y 14 0.62 21.49 12.36 0.13
Y-M 64 20.51 2.12 70.47 -0.09
Y-O 16 2.49 5.43 12.81 0.25
Harrison M-M 102 168.91 -0.40 100.49 0.02
M-O 40 40.98 -0.02 36.54 0.09
0-0 0 2.49 -1.00 3.32 -1.00
TOTAL 236 236.00 236.00
Y-Y 14 1.11 11.64 12.61 0.11
Y-M 110 38.12 1.89 105.94 0.04
Y-O 12 4.11 1.92 18.83 -0.36
Henry M-M 214 328.07 -0.35 222.48 -0.04
M-O 92 70.77 0.30 79.10 0.16
0-0 4 3.82 0.05 7.03 -0.43
TOTAL 446 446.00 446.00
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Unadjusted, based on
exposure (YMT only)

Adjusted

(Interaction Effect)

Actual #
of Drivers v
County I Cms}f Involved Expe:{t:)d Fol o Expe:{tz.)d Fol 7o
nteraction 2-Veh Drivers Over- Drivers Over-
Crashes Involved reprlesent Involved repr'esent
2-Veh Crashes ation 2-Veh Crashes ation

| VY 14 0.45 30.40 7.92 0.77
Y-M 38 13.32 1.85 41.92 -0.09
Y-O 2 1.92 0.04 10.25 -0.80
Howard M-M 54 99.53 -0.46 55.48 -0.03
M-O 34 28.71 0.18 27.12 0.25
0-0 4 2.07 0.93 3.32 0.21

TOTAL 146 146.00 146.00
Y-Y 20 0.56 34.99 12.00 0.67
Y-M 48 16.81 1.85 60.00 -0.20
Y-O 8 2.74 1.92 12.00 -0.33
Humboldt M-M 76 127.15 -0.40 75.00 0.01
M-O 40 41.38 -0.03 30.00 0.33
0-0 0 3.37 -1.00 3.00 -1.00

TOTAL 192 192.00 192.00
Y-Y 8 0.39 19.71 6.38 0.25
V_M 0 10.30 1.91 30.91 -0.03
Y-O 6 1.73 2.47 8.34 -0.28
Ida M-M 40 68.63 -0.42 37.44 0.07
M-O 16 23.03 -0.31 20.21 -0.21
0-0 6 1.93 2.11 2.73 1.20

TOTAL 106 106.00 106.00
Y-Y 10 0.56 16.94 7.17 0.39
Y-M 54 19.87 1.72 63.51 -0.15
Y-O 10 2.43 3.11 6.15 0.63
Iowa M-M 146 177.12 -0.18 140.63 0.04
M-O 26 43.36 -0.40 27.22 -0.04
0-0 0 2.65 -1.00 1.32 -1.00

TOTAL 246 246.00 246.00
Y-Y 12 0.85 13.11 16.55 -0.28
Y-M 98 26.59 2.69 83.72 0.17
Y-O 18 344 4.24 23.18 -0.22
Jackson M-M 98 207.90 -0.53 105.84 -0.07
M-O 60 53.74 0.12 58.60 0.02
0-0 10 3.47 1.88 8.11 0.23

TOTAL 296 296.00 296.00
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Unadjusted, based on

Adjusted

Actual # exposure (VMT only) (Interaction Effect)
of Drivers
County . t(e:rr:cs:lion Invelved Expe;t(e)d # of % Expe;tgd # of %
2-Veh Drivers Over- Drivers Over-
Crashes Involved rep r‘e sent Involved repr.e sent
2-Veh Crashes ation 2-Veh Crashes ation
Y-Y 38 1.32 27.81 22.68 0.68
Y-M 156 49.06 2.09 173.75 -0.10
Y-O 16 6.20 1.58 28.90 -0.45
Jasper M-M 338 494.12 -0.32 332.78 0.02
M-O 118 120.01 -0.02 110.69 0.07
0-0 12 7.29 0.65 9.21 0.30
TOTAL 678 678.00 678.00
Y-Y 10 0.72 12.86 10.82 -0.08
Y-M 94 27.59 2.41 87.60 0.07
Y-O 8 2.47 2.23 12.77 -0.37
Jefferson M-M 174 263.80 -0.34 177.35 -0.02
M-O 52 47.30 0.10 51.70 0.01
0-0 6 2.12 1.83 3.77 0.59
TOTAL 344 344.00 344.00
Y-Y 96 3.56 25.94 71.04 0.35
Y-M 700 191.62 2.65 731.99 -0.04
Y-O 42 10.43 3.03 59.93 -0.30
Johnson M-M 1896 2576.20 -0.26 1885.61 0.01
M-O 320 280.54 0.14 308.78 0.04
0-0 16 7.64 1.09 12.64 0.27
TOTAL 3070 3070.00 3070.00
Y-Y 8 0.62 11.99 10.64 -0.25
Y-M 78 21.95 2.55 72.13 0.08
V-0 14 2.80 4.00 14.58 -0.04
Jones M-M 126 195.60 -0.36 122.22 0.03
M-O 36 49.86 -0.28 49.42 -0.27
0-0 12 3.18 2.78 5.00 1.40
TOTAL 274 274.00 274.00
Y-Y 6 0.17 34.02 7.15 -0.16
Y-M 32 5.89 4.43 24.86 0.29
Y-O 2 0.89 1.25 6.84 -0.71
Keokuk M_M 20 50 /2 -0 A0 21.62 -0.08
M-O ¥ 13.2% -U.43 11.89 -0.33
0-0 6 1.15 4.20 1.64 2.67
TOTAL 74 74.00 74.00
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Unadjusted, based on

Adjusted

Actual # exposure (VMT onlv) (Interaction Effect)
of Drivers | Expected # of o Expected # of o
County Intf::::lion Involved YO /o YO %o
2-Veh Drivers Over- ¢ Drivers Over- .
Crashes Involved rep:.e sen Involved regtrie;s:l:n
2-Veh Crashes ation 2-Veh Crashes
Y-Y 20 0.96 19.83 17.38 0.15
Y-M 74 25.88 1.86 75.16 -0.02
Y-O nn 4.16 4.29 26.08 -0.16
Kossuth M-M 76 174.40 -0.56 81.24 -0.06
M-O 68 56.09 0.21 56.37 0.21
0-0 6 4.51 0.33 9.78 -0.39
TOTAL 266 266.00 266.00
Y-Y 24 1.70 13.12 22.84 0.05
Y-M 184 62.38 1.95 187.53 -0.02
Y-O 36 7.33 3.91 34.78 0.04
Lee M-M 386 572.14 -0.33 384.86 0.00
M-O 144 134.53 0.07 142.75 0.01
0-0 12 791 0.52 13.24 -0.09
TOTAL 786 786.00 786.00
Y-Y 186 8.96 19.76 148.00 0.26
Y-M 1229 404 .95 2.29 1394.68 -0.04
Y-O 156 34.77 3.49 169.32 -0.08
Linn M-M 3318 4575.90 -0.27 3285.75 0.01
M-O 796 785.70 0.01 797.82 0.00
0-0 56 33.73 0.66 48.43 0.16
TOTAL 5844 5844.00 5844.00
Y-Y 6 0.22 26.04 5.48 0.09
Y-M 34 8.67 2.92 32.02 0.06
Y-O 4 0.95 3.23 7.02 -0.43
Louisa M-M 44 84.67 -0.48 46.75 -0.06
M-O 24 18.49 0.30 20.49 0.17
0-0 2 1.01 0.98 2.25 -0.11
TOTAL 114 114.00 114.00
Y-Y 6 0.24 24.02 3.74 0.61
Y-M 26 8.89 1.93 28.83 -0.10
Y-O 4 1.27 2.14 5.69 -0.30
Lucas M-M 54 82.30 -0.34 55.60 -0.03
M-O 28 23.60 0.19 21.97 0.27
0-0 0 1.69 -1.00 2.17 -1.00
TOTAL 118 118.00 118.00
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Unadjusted, based on Adjusted
Actual # exposure (VMT only) (Interaction Effect)
Crash of Drivers | pxpected # of % Expected # of Y
County Interaction Involved YO ° YO °
2-Veh Drivers Over- Drivers Over-
Crashes Involved repr.e sent Involved repr.e sent
2-Veh Crashes ation 2-Veh Crashes ation
Y-Y 12 0.48 23.91 10.39 0.16
| V-M 44 1422 2.09 49.87 -0.12
Y-U 12 2.04 4.88 9.35 0.28
Lyon M-M 66 104.96 -0.37 59.84 0.10
M-O 16 30.13 -0.47 22.44 -0.29
0-0 4 2.16 0.85 2.10 0.90
TOTAL 154 154.00 154.00
Y-Y 6 043 13.04 10.01 -0.40
Y-M 60 14.59 3.11 50.27 0.19
Y-O 10 1.50 5.67 11.71 -0.15
Madison M-M 58 124.57 -0.53 63.15 -0.08
M-0O 30 25.60 0.17 29.43 0.02
0-0 4 1.31 2.04 3.43 0.17
TOTAL 168 168.00 168.00
Y-Y 22 1.33 15.59 21.52 0.02
Y-M 142 46.00 2.09 142.96 -0.01
Y-O 32 5.46 4.86 31.99 0.00
Mahaska M-M 238 398.95 -0.40 237.40 0.00
M-O 106 94.65 0.12 106.24 0.00
0-0 12 5.61 1.14 11.89 0.01
TOTAL 552 552.00 552.00
Y-Y 26 1.49 16.50 24.03 0.08
Y-M 154 49.23 2.13 148.73 0.04
Y-O 26 5.49 3.74 35.21 -0.26
Marion M-M 222 407.77 -0.46 230.14 -0.04
M-0O 120 90.95 0.32 108.98 0.10
0-0 12 5.07 1.37 12.90 -0.07
TOTAL 560 560.00 560.00
Y-Y 40 1.93 19.71 34.48 0.16
Y-M 254 74.55 2.41 248.08 0.02
Y-O 34 8.69 2.91 50.97 -0.33
Marshall M-M 442 719.44 -0.39 44628 -0.01
M-O 186 167.62 0.11 183.36 0.01
0-0 26 9.76 1.66 18.84 0.38
TOTAL 982 982.00 982.00
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Unadjusted, based on

Adjusted

Actual # exposure (VMT only) (Interaction Effect)
of Drivers
County I tC raslt Involved Expe;t:)d Fol %o Expe;tgd Fol %o
nteraction 2-Veh Drivers Over- Drivers Over-
Crashes Involved repr.e sent Involved repr.e sent
2-Veh Crashes ation 2-Veh Crashes ation
Y-Y 14 0.48 28.07 9.00 0.56
Y-M 48 16.90 1.84 57.00 -0.16
Y-O 8 1.57 4.11 9.00 -0.11
Mills M-M 96 148.30 -0.35 90.25 0.06
M-O 26 27.48 -0.05 28.50 -0.09
0-0 4 1.27 2.14 2.25 0.78
TOTAL 196 196.00 196.00
Y-Y 10 0.47 20.35 6.01 0.66
Y-M 32 14.07 1.27 40.69 -0.21
Y-O 10 2.31 3.34 9.30 0.08
Mitchell M-M 72 105.68 -0.32 68.91 0.04
M-O 34 34.64 -0.02 31.50 0.08
0-0 2 2.84 -0.30 3.60 -0.44
TOTAL 160 160.00 160.00
Y-Y 18 036]  49.55 11.92 0.51
v-M 34 11.78 1.89 42.57 -0.20
Y-O 14 2.03 5.91 17.59 -0.20
Monona M-M 48 97.46 -0.51 38.01 0.26
M-0O 20 33.50 -0.40 31.42 -0.36
0-0 14 2.88 3.86 6.49 1.16
TOTAL a8 148.00 148.00
Y-Y 12 0.29 40.32 7.65 0.57
Y-M 30 943 2.18 33.75 -0.11
v.n al 1.29 209 8.96 -0.55
Monroe M-M 33 16.53 -0.30 37.24 0.02
M-O 22 21.02 0.05 19.78 0.11
0-0 4 1.44 1.77 2.63 0.52
TOTAL 110 110.00 110.00
Y-Y 8 0.40 18.80 8.89 -0.10
Y-M 58 14.26 3.07 47.56 0.22
Y-O 6 1.99 2.01 14.67 -0.59
Montgomery M-M 56 125.76 -0.55 63.61 -0.12
M-O 44 35.13 0.25 39.23 0.12
0-0 8 2.45 2.26 6.05 0.32
TOTAL 180 180.00 180.00
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Unadjusted, based on

Adjusted

Actual # exposure (VMT only) (Interaction Effect)
Interaction 2-Veh ) Over- ) Over-
Drivers Drivers
Crashes Involved repr.esent Involved repr.esent
2-Veh Crashes ation 2-Veh Crashes ation
Y-Y 30 1.26 22.89 23.90 0.26
Y-M 184 52.78 2.49 183.91 0.00
Y-O 18 4.77 2.78 30.29 -0.41
Muscatine M-M 350 554.50 -0.37 353.78 -0.01
M-O 124 100.17 0.24 116.52 0.06
0-0 12 4.52 1.65 9.59 0.25
TNTAT 718 718.00 718.00
vy BG 1.18]  12.61 12.84] 025
Y-M o) 33.38 1.58 85.00 0.01
Y-O 18 5.41 2.33 25.31 -0.29
O'Brien M-M 138 237.01 -0.42 140.63 -0.02
M-O 88 76.80 0.15 83.75 0.05
0-0 14 6.22 1.25 12.47 0.12
TOTAL 360 360.00 360.00
Y-Y 2 0.24 7.17 2.81 -0.29
Y-M 14 7.28 0.92 18.75 -0.25
Y-O 12 1.08 10.07 5.63 1.13
Osceola M-M 38 54.09 -0.30 31.25 0.22
M-O 10 16.11 -0.38 18.75 -0.47
0-0 4 1.20 2.33 2.81 0.42
TOTAL 80 80.00 80.00
Y-Y 14 0.55 24.40 7.67 0.83
Y-M 52 20.44 1.54 55.00 -0.05
Y-O 12 3.13 2.83 21.67 —ﬂé‘é
Page M-M 12 189.43 -0.46 98.64 0.03
M-O 74 58.01 0.28 77.72 -0.05
0-0 22 4.44 3.95 15.31 0.44
TOTAL 276 276.00 276.00
Y-Y 20 043 45.82 16.24 0.23
Y-M 48 12.25 2.92 51.15 -0.06
Y-O 6 2.13 1.81 10.37 -0.42
Palo Alto M-M 42 87.89 -0.52 40.26 0.04
M-O 16 30.62 -0.48 16.32 -0.02
0-0 4 2.67 0.50 1.65 1.42
TOTAL 136 136.00 136.00
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Unadjusted, based on
exposure (VMT only)

Adjusted

(Interaction Effect)

Actual #
of Drivers
County I Cms}f Involved Expe;tf)d wot Yo Expe;t(e)d Fol %o
nteraction 2-Veh Drivers Over- Drivers Over-
Crashes Involved reprfesent Involved repr.esent
2-Veh Crashes ation 2-Veh Crashes ation

Y-Y 18 1.33 12.58 19.85 -0.09
Y-M 126 39.15 2.22 116.91 0.08
Y-O 18 471 2.82 23.38 -0.23
Plymouth M-M 162 289.09 -0.44 172.12 -0.06
M-O 80 69.54 0.15 68.85 0.16
0-0 4 4.18 -0.04 6.88 -0.42

TOTAL 408 408.00 408.00
Y-Y 6 0.31 18.48 5.13 0.17
Y-M 22 8.24 1.67 24.42 -0.10
Y-O 8 1.44 4.57 7.33 0.09
Pocahontas M-M 30 55.12 -0.46 29.07 0.03
M-O 18 19.22 -0.06 17.44 0.03
0-0 2 1.68 0.19 2.62 -0.24

TOTAL 86 86.00 86.00
Y-Y 392 17.60 21.28 309.37 0.27
Y-M 3020 873.05 2.46 3142.65 -0.04
Y-O 266 62.41 3.26 308.61 -0.14
Polk M-M 3U32 10829.29 -0.26 7980.94 0.01
M-O 1588 1548.31 0.03 1567.46 0.01
0-0 88 55.34 0.59 76.96 0.14

TOTAL 13386 13386.00 13386.00
Y-Y 78 4.12 17.95 70.41 0.11
Y-M 590 170.33 2.46 592.58 0.00
Y-O 62 16.81 2.69 74.60 -0.17
Pottawattami M-M 1242 1761.83 -0.30 1246.76 0.00
M-O 326 347.75 -0.06 313.89 0.04
0-0 20 17.16 0.17 19.76 0.01

TOTAL 2318 2318.00 2318.00
Y-Y 22 0.84 25.07 15.44 0.42
Y-M 94 30.23 2.11 103.07 -0.09
Y-O 16 4.08 2.92 20.05 -0.20
Poweshiek M-M 174 270.82 -0.36 172.00 0.01
M-O 72 73.09 -0.01 66.93 0.08
0-0 6 493 0.22 6.51 -0.08

TOTAL 384 384.00 384.00
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Unadjusted, based on
exposure (VMT only)

Adjusted
(Interaction Effect)

Actual #
of Drivers | Expected # of . Expected # of .
County Intf:;l::;on Involved YO % YO /o
2-Veh Drivers Over- Drivers Over-
Crashes Involved reprfesent Involved reprf:sent
2-Veh Crashes ation 2-Veh Crashes ation
Y-Y 8 0.15 53.60 5.16 0.55
Y-M 10 4.56 1.19 17.61 -0.43
Y-O 8 0.87 8.18 6.07 0.32
Ringgold M-M 22 3555  -0.38 15.02 0.46
M-0O 4 13.57 -0.71 10.36 -0.61
0-0 4 1.30 2.09 1.79 1.24
TNTAT 56 56.00 56.00
Y-y 6 0.41]  13.60 4.11 0.46
Y-M 30 12.78 1.35 33.88 -0.11
Y-O 8 2.21 2.63 7.89 0.01
Sac M-M 74 99.36 -0.26 69.80 0.06
M-0O 28 34.29 -0.18 32.53 -0.14
0-0 6 2.96 1.03 3.79 0.58
TOTAL 152 152.00 152.00
Y-Y 186 10.18 17.27 136.44 0.36
Y-M 1228 417.66 1.94 1302.86 -0.06
Y-O 130 34,61 2.76 154.26 -0.16
Scott M-M 3138 4282 .46 -0.27 3110.30 0.01
M-O 756 709.69 0.07 736.53 0.03
0-0 46 29.40 0.56 43.60 0.05
TOTAL 5484 5484.00 5484.00
Y-Y 12 0.48 23.96 6.10 0.97
Y-M 38 14.70 1.58 40.00 -0.05
Y-O 2 2.31 -0.13 11.81 -0.83
Shelby M-M 64 112.40 -0.43 65.63 -0.02
M-O 44 35.33 0.25 38.75 0.14
0-0 8 2.78 1.88 5.72 0.40
TOTAL 168 168.00 168.00
Y-Y 56 1.81 29.98 38.15 0.47
Y-M 128 49 R3 1.57 165.96 -0.23
Y-0 34 0.19 4.49 31.74 0.07
Sioux M-M 206 343.50 -0.40 180.50 0.14
M-O 56 85.36 -0.34 69.05 -0.19
0-0 12 5.30 1.26 6.60 0.82
TOTAL 492 492.00 492.00
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Unadjusted, based on
exposure (VMT only)

Adjusted

(Interaction Effect)

Actual #
of Drivers
County Intce::::lion Involved Expe;:{t:)d # of % Expe;tf)d # of %
2-Veh Drivers Over- Drivers Over-
Crashes Involved repr.e sent Involved repr'e sent
2-Veh Crashes ation 2-Veh Crashes ation

Y-Y /8 2.98 25.20 64.11 0.22
Y-M 486 134.29 7 F\”:_ S11.74 -0.05
Y-O 56 10.17 4.51 58.04 -0.04
Story M-M 1044 1514.48 -0.31 1021.29 0.02
M-O 212 229.40 -0.08 231.68 -0.08
0-0 24 8.69 1.76 13.14 0.83

TOTAL 1900 1900.00 1900.00
Y-Y 6 0.55 9.97 6.29 -0.05
Y-M 60 19.23 2.12 53.83 0.11
Y-O 6 2.69 1.23 11.60 -0.48
Tama M-M 112 169.03 -0.34 115.24 -0.03
M-O 50 4721 0.06 49.69 0.01
0-0 8 3.30 1.43 5.36 0.49

TOTAL 242 242.00 242.00
Y-Y 8 0.14 56.87 4.02 0.99
Y-M 6 4.54 0.32 15.54 -0.61
Y-O 8 0.75 9.72 6.43 0.24
Taylor M-M 22 37.31 -0.41 15.02 0.46
M-O 8 12.26 -0.35 12.43 -0.36
0-0 4 1.01 2.97 2.57 0.56

TOTAL 56 56.00 56.00
Y-Y 8 0.51 14.56 11.85 -0.32
Y-M 92 20.32 3.53 78.01 0.18
Y-O 8 2.82 1.84 14.30 -0.44
Union M-M 118 200.76 -0.41 128.45 -0.08
M-O 54 55.73 -0.03 47.08 0.15
0-0 4 3.87 0.03 431 -0.07

TOTAL 284 284.00 284.00
Y-Y 2 0.15 12.38 1.40 0.43
Y-M 12 4.84 1.48 11.48 0.05
Y-O 2 0.75 1.65 3.72 -0.46
Van Buren M-M 22 39.11 -0.44 23.60 -0.07
M-O 18 12.20 0.48 15.31 0.18
0-0 2 0.95 1.10 2.48 -0.19

TOTAL 58 58.00 58.00
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Unadjusted, based on
exposure (VMT only)

Adjusted

(Interaction Effect)

Actual #
of Drivers | Expected # of . Expected # of o
County Intf::cs:]ion Involved YO o V/Zr_ YO o V/Zr_
2-Veh Drivers Drivers
Crashes Involved reprft sent Involved repr.e sent
2-Veh Crashes ation 2-Veh Crashes ation
Y-Y 32 1.22 25.31 27.87 0.15
Y-M 224 53.72 3.17 211.18 0.06
Y-O 14 6.93 1.02 35.07 -0.60
Wapello M-M 392 593.20 -0.34 399.98 -0.02
M-O 136 153.06 -0.11 132.86 0.02
0-0 20 087 1.03 11.03 0.81
TOTAL 818 ¥1%.00 818.00
Y-Y 56 1.66 32.82 42.15 0.33
Y-M 206 59.86 2.44 230.99 -0.11
Y-O 28 5.41 418 30.70 -0.09
Warren M-M 332 540.93 -0.39 316.45 0.05
M-O 78 97.73 -0.20 84.12 -0.07
0-0 10 4.41 1.27 5.59 0.79
TOTAL 710 710.00 710.00
Y-Y 20 0.72 26.63 13.14 0.52
Y-M 80 27.07 1.96 88.86 -0.10
Y-O 16 3.41 3.69 20.86 -0.23
Washington M-M 156 252.98 -0.38 150.28 0.04
M-O 68 63.80 0.07 70.57 -0.04
0-0 12 4.02 1.98 8.28 0.45
TOTAL 352 352.00 352.00
Y-Y 4 0.14 28.06 1.39 1.88
Y-M 8 4.01 0.99 11.48 -0.30
Y-O 0 0.75 -1.00 1.74 -1.00
Wayne M-M 26 29.22 -0.11 23.67 0.10
M-O 6 10.87 -0.45 7.17 -0.16
0-0 2 1.01 0.98 0.54 2.68
TOTAL 46 46.00 46.00
Y-Y 68 3.14 20.63 58.15 0.17
Y-M 340 107.93 2.15 367.44 -0.07
Y-O 76 14.14 4.37 68.26 0.11
Webster M-M 590 926.19 -0.36 580.45 0.02
M-O 224 242.69 -0.08 215.67 0.04
0-0 12 15.90 -0.25 20.03 -0.40
TOTAL 1310 1310.00 1310.00
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Unadjusted, based on
exposure (VMT onlv)

Adjusted

(Interaction Effect)

Actual #
of Drivers
County I Crash. Involved Expe;tf)d ot Yo Expe;tgd Fot %o
neraction 2-Veh Drivers Over- Drivers Over-
Crashes Involved repr‘esent Involved repr.esent
2-Veh Crashes ation 2-Veh Crashes ation

Y-Y 4 0.40 8.90 4.01 0.00
Y-M 32 12.16 1.63 31.02 0.03
Y-O 6 1.64 2.66 6.97 -0.14
Winnebago M-M 60 91.45 -0.34 60.01 0.00
M-O 26 24.68 0.05 26.97 -0.04
0-0 4 1.66 1.40 3.03 0.32

TOTAL 132 132.00 132.00
Y-Y 22 1.12 18.58 20.71 0.06
Y-M 102 34.50 1.96 106.35 -0.04
Y-O 30 4.26 6.04 28.24 0.06
Winneshiek M-M 142 264.71 -0.46 136.57 0.04
M-n 66 65.37 0.01 72.51 -0.09
0-0 12 4.04 1.97 9.63 0.25

TOTAL 374 374.00 374.00
Y-Y 72 4.17 16.28 52.96 0.36
Y-M 474 166.35 1.85 505.22 -0.06
Y-O 60 15.48 2.88 66.86 -0.10
Woodbury M-M 1220 1660.63 -0.27 1204.93 0.01
M-O 320 309.01 0.04 318.93 0.00
0-0 24 14.37 0.67 21.10 0.14

TOTAL 2170 2170.00 2170.00
Y-Y 6 0.18 32.28 4.20 0.43
Y-M 20 6.61 2.03 22.09 -0.09
Y-O 6 091 5.59 7.51 -0.20
Worth Mo 28 60.49 -0.54 29.07 -0.04
M-O 24 16.67 0.44 19.77 0.21
0-0 2 1.15 0.74 3.36 -0.40

TOTAL 86 86.00 86.00
Y-Y 10 0.42 27 551 919 0.09
Y-M 52 14.78 2.52 51.1Y 0.02
Y-O 12 2.43 3.94 14.44 -0.17
Wright M-M 74 128.64 -0.42 71.30 0.04
M-0O 34 42.26 -0.20 40.22 -0.15
0-0 10 3.47 1.88 5.67 0.76

[ TOTAL 192 192.00 192.00
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Appendix D - The Process of Obtaining VMT for Desired Age Groups
from 2001 National Household Travel Survey (NHTS)
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