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Abstract

Problem: By 2030, there will be approximately 70 million older people (65+) in the United States, more than twice their number in 2000.
This increase also represents an increased percentage of older licensed drivers. Thus, it is important to understand the special circumstances
of how they may be involved in traffic crashes. Method: This study used the Fatality Analysis Reporting System (FARS), which is a census
of all fatal crashes occurring in the United States over the last two decades maintained by the National Highway Traffic Safety Administration
(NHTSA), to study the special characteristics of fatal crashes involving females older than 70 years. Results: The results indicate that senior
women are overrepresented in crashes that occur under the “safest” conditions, on roads with low speed limits, in daylight, when traffic is

low (not at rush hour), when the weather is good, and when the roads are dry.
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1. Introduction

In the United States, more than 2 million people (5,574
per day) celebrated their 65th birthday in 2000. That same
year, approximately 1.8 million persons aged 65 or older
died. This difference resulted in a net increase of approxi-
mately 238,000 older people to the total U.S. population.
Between 1988 and 1998, the population of people 65 and
older in the United States increased by 14% (National
Highway Traffic Safety Administration [NHTSA], 2000).
By 2030, there will be approximately 70 million older
people (65+), more than twice their number in 2000. Most
of this growth is expected to begin in the next 8 years as the
“baby boomer” generation begins to reach age 65 (U.S.
Administration on Aging [AOA], 2001).

The increase in the older population also represents an
increased percentage of older licensed drivers. In 1999, 10%
(18.5 million) of all licensed drivers were over the age of 65
(Raymond, Knoblauch, & Nitzburg, 2001), an increase of
39% from 1989. Further, according to recent research,
drivers aged 70 to 74 years have a driving life expectancy
of approximately 11 additional years (Foley, Heimovitz,
Guralnik, & Brock, 2002).

As the number of older drivers rapidly increases, our
nation’s policy makers must carefully consider traffic safety
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issues. Driving is a central component of self-sufficiency,
allowing for independence and mobility. Yet some research
has shown that driving skills are likely to decline with age
and/or deteriorating health. According to NHTSA, the
fatality rate per 100,000 vehicle miles traveled for older
drivers is similar to that of teenage drivers: it is significantly
higher (by a factor of nine) than the rate for middle-aged
drivers (Cerrelli, 1998; NHTSA, 1999). Additionally, the
risk of hospitalization and death for older drivers increases
by 3.5% for every year’s increase in age (Finison &
Dubrow, 2002).

Using projections of population growth between 1999
and 2030, Lyman, Ferguson, Braver, and Williams (2002)
estimated a 34% increase in the number of drivers involved
in police-reported crashes among all age groups and a 39%
increase in the number involved in fatal crashes. Among
older drivers, police-reported crash involvements are
expected to increase by 178%, and fatal involvement may
increase by 155% by 2030 (Lyman et al., 2002).

In 2000, there were 20.6 million older women and 14.4
million older men, a ratio of 143 women for every 100 men
(U.S. AOA, 2001). One in every 10 persons is a woman at
least 60 years old (U.S. AOA, 2001). Because the majority
of older persons are women, they more often face the health,
safety, and social challenges of this age group. Thus,
increasing attention is being directed to this segment of
the population. The focus of this study is on the risk factors
associated with older women drivers and fatal crashes.
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2. Problem

In a study comparing crashes involving older drivers in
Maine (Finison & Dubrow, 2002), researchers found that
older drivers were more likely to be hospitalized or die if
they were in a crash; their risk of hospitalization or death per
licensed driver was 1.7 times that of middle-aged drivers. Of
this group, older female drivers were 1.6 times more likely
to be hospitalized or die during a crash than were older male
drivers.

Reports from a recent study revealed that when only
(nondrinking) females in fatal crashes are considered, the
mileage involvement rates for youth and older people are
significantly higher than for other age groups (Tippetts &
Voas, 2002). These authors noted that this elevated rate for
older people is generally attributed to age-related decre-
ments in cognitive and motor functions and increased risk of
fatal injury given that a crash occurs. However, other
specific factors related to older female driver crashes have
more recently been investigated.

Examining crash-prediction models for older drivers, Hu,
Trumble, Foley, Eberhard, and Wallace (1998) found that
factors that place older female drivers at greater crash risk
were different than those influencing male drivers. After
controlling for the amount of driving, results indicated that
women who live alone or who experience back pain have a
higher crash risk. Interestingly, compared with men, older
women are three times more likely to be living alone and
spend a larger percentage of their lifetime disabled (U.S.
AOA, 2002). According to Margolis (2002), increased risk
factors associated with older women drivers include a fall
within the previous year, greater orthostatic systolic blood
pressure drop, and increased foot reaction time.

When assessing crash risk, driving location is a strong
factor to consider. As indicated by NHTSA (Finison &
Dubrow, 2002), older drivers are more likely to be involved
in urban crashes, at intersections, and at slower speeds
(although older drivers had a higher proportion of crash
involvement in urban areas, the highest proportion of
hospitalizations or deaths were in crashes in rural areas).
Some researchers have suggested that females are especially
at risk in intersection maneuvers (Finison & Dubrow, 2002;
Guerrier, Manivannan, & Nair, 1999; Staplin, Gish, Decina,
Lococo, & McKnight, 1998). Goggin and Keller (1996)
found that older women drive in different locations and at
slightly different times than older men. These researchers
discovered that 46% of older men, as compared to only 17%
of older women, reported that their driving occurred pri-
marily on the highway. Further, 83% of the older women
versus 54% of the men indicated that their driving was
primarily local. In this same study, older adults’ driving
performance was examined in a simulated driving situation.
They found that men and women differed in overall driving
habits and abilities. Although the researchers found no
differences between men and women in age, educational
level, visual acuity, and years of driving, men performed

better than women during the driving simulation and drove
more miles per year.

When asked about reasons to continue or to stop regular
driving, researchers (Hakamies-Blomquist & Wahlstroem,
1998) found that both older men and older women ex-
drivers reported feelings of stress in traffic and more
frequent avoidance of certain traffic situations than those
who were currently driving. As both drivers and ex-drivers,
women reported more traffic-related stress and avoidance
than men.

This study used the large, rich database on fatal crashes
provided by the Fatality Analysis Reporting System
(FARS), which is maintained by NHTSA and a census of
all fatal crashes occurring in the United States over the last
two decades, to study the special characteristics of fatal
crashes involving females older than 70 years.

3. Method
3.1. Crash data

The FARS is the world’s best record system for fatal
crashes (defined as a crash on a public roadway causing a
death within 30 days of the event). It contains significant
detail about roadways, vehicles, road users, weather, time of
day, and other factors relating to each fatal crash. FARS
provides individual driver case records, which facilitates the
analysis of predictor variables by allowing the individual to
be the unit of analysis. With 24,000 older women drivers,
there is sufficient statistical power to detect significant
differences between that group and younger or male drivers.
Data from 1982 through 2001 were used for these analyses
(NHTSA, 1982-2001).

3.2. Analysis procedure

The FARS data primarily provide categorical and ordinal
information about the crashes. Because the item of interest
is the distribution of cases in different categories, the log-
linear method, which is a multiway extension of the chi-
square technique, is appropriate for this study. In our model,
the factor of interest was the interaction term representing
the females aged 70 or older, after accounting for the main
effects for gender and age. For the age effect, an initial
cutoff age of 30 years was used to remove young—and thus
inexperienced—drivers from the analysis. The remaining
drivers were divided into three categories: 30—49 years,
50-69 years, and 70 and older. The analysis evaluated the
interaction term and identified factors on which older
(senior) women were significantly different from what
would be predicted based solely on gender and age. Results
indicate a significant overrepresentation or underrepresen-
tation of the senior women drivers after accounting for the
effect of age and gender. Because just under 50 variables
were evaluated, the significance criterion was set at p=.005
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Fig. 1. Number of older drivers in fatal crashes (ages 70 and older).

to minimize type | errors. To identify trends over time, the
log-linear analyses were also done on drivers in each of four
S-year periods: 1982—1986, 1987—1991, 1992—1996, and
1997-2001. Significance levels were examined overall and
for each of these periods. If trends appeared, they are
reported in this paper.

The objective of the analysis was to identify the specific
crash factors on which older women were overrepresented
and underrepresented based on their relationships to males
and to younger females in four areas: (1) the times and
conditions when their crashes occur, (2) the typical type of
crash in which they are involved, (3) the condition of their
cars, and (4) the characteristics of their collisions and their
sensitivity to injury; and then to determine the extent to which
these crash factors changed over time (from 1982 to 2001).

4. Results

From 1982 through 2001 in the United States, 1,121,238
drivers were involved in fatal crashes, of which 269,061
were females and 24,391 of those were 70 and older
(NHTSA, 1982-2001). The annual number of drivers 70
and older who are involved in fatal crashes has been

increasing over the last two decades as shown in Fig. 1.
Although there are fewer older females than males, they are
a greater percentage of all female drivers involved in fatal
crashes than older males are of all male drivers involved
fatal crashes (see Fig. 2).

Table 1 shows the extent to which older females are
overrepresented in crashes as a function of season, lighting,
roadway, and weather conditions. As can be seen, older
females have relatively more crashes in the summer, when
the weather is good, as compared to winter, when the
weather generally presents more driving challenges. The
significance of weather is confirmed by their overinvolve-
ment when there are no adverse conditions and under-
involved when there is rain, sleet, or snow, or when the
pavement is wet. Older females are also overly involved in
the daytime as compared to nighttime crashes. They are also
more likely to be involved in crashes on roads with low
speed limits and less likely to be involved in crashes on
roads with high speed limits. Analysis of the data in the four
S-year periods revealed no trends of changes over time
(trend data are omitted from this and other tables in the
interest of brevity and clarity).

Analysis of the type of crash involvement is shown in
Table 2. Overall and for all time periods, older women
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Fig. 2. Proportion of older drivers in fatal crashes by gender (ages 70 and older).
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Table 1
Times and conditions of crashes
Description/  Adjusted Observed, Expected, Likelihood p value
value standardized N N ratio®
residual®
Month
January— —4.03 4935 5133 0.96 <.0001
March
April-June  ns 6220 6107 1.02
July— 3.48 6381 6198 1.03 <.001
September
October— ns 6855 6953 0.99
December

Light conditions

Daylight 3.26 21,066 20,920 1.01 <.005

Dark —3.85 1493 1620 0.92 <.0005

Hour

Midnight— —3.78 304 368 0.83 <.0005
6 am.

6—9 am. —10.14 1681 2022 0.83 <.0001

9 am.—noon ns 5829 5696 1.02

Noon—4 p.m. 5.68 9729 9408 1.03 <.0001

4-8 p.m. ns 5594 5556 1.01

8 p.m.— —2095 1201 1288 0.93 <.005
midnight

Weather

No adverse 7.95 21,570 21,250 1.02 <.0001
condition

Rain —6.17 2091 2309 0.91 <.0001

Sleet or snow —4.91 428 514 0.83 <.0001

Surface conditions

Dry 10.06 20,473 20,010 1.02 <.0001
Wet —7.16 3207 3510 0.91 <.0001
Other —7.39 650 811 0.80 <.0001

Speed limit (mph)

Less than 40  7.84 6466 6065 1.07 <.0001
40-45 0.10 5720 5715 1.00
More than 45 —6.83 11,721 12,127 0.97 <.0001

? The adjusted standardized residual is calculated by first finding the
difference between the observed and the expected number of cases of older
women drivers for the particular value of the variable being analyzed and
then dividing this difference by an estimate of the standard error (the
expected value is the number of cases that would be expected if the
variables were independent). Because this adjusted residual is expressed in
terms of standard deviations above and below the mean, z score tables are
used to determine significance. For this study, the critical value for p <.005
is +2.81.

® The likelihood ratio as used here is the observed value divided by the
expected value.

drivers involved in fatal crashes are overrepresented as the
sole occupant of the vehicle. For the most harmful event,
older women drivers are underrepresented in collisions with
moving objects and in noncollisions (e.g., rollovers) but
overrepresented in collisions with fixed objects. The most
harmful event that predominates in the FARS data is
collision with a motor vehicle. Although overall, senior
women drivers are not significantly different from other

drivers in collisions with motor vehicles, the trend data
suggest that older women drivers are becoming increasingly
involved in these types of collisions.

When they do collide with motor vehicles, they are
underrepresented in head-on crashes overall. According to
the trend data, collisions at an angle are becoming more
prevalent as older women drivers were overrepresented in
these types of crashes in 1997-2001. Older women
drivers also are overrepresented in crashes where the

Table 2
Type of crash involvement
Description/ Adjusted Observed, Expected, Likelihood p value
value standardized N N ratio
residual

Occupants in vehicle

1 37.23 15,764 13,593 1.16 <.0001
2 —28.20 6928 8493 0.82 <.0001
3 or more —18.64 1528 2134 0.72 <.0001

Most harmful event

Noncollision —3.63 1270 1377 0.92 <.0005

Collision with ~ —3.58 1724 1841  0.94 <.0005
moving object

Collision with ~ 8.67 3609 3250 1.11 <.0001
stationary
object

Collision with  ns 17,691 17,816 0.99

motor vehicle

Manner of collision with motor vehicle

Not collision 3.94 6331 6120 1.03 <.0001
with motor
vehicle
Head-on —6.57 3864 4165 0.93 <.0001
Angle ns 12,490 12,353 1.01

Initial impact point

Front end 8.11 13,170 12,707 1.04 <.0001
Passenger side ~ —7.20 3887 4192 093 <.0001
Driver side —3.00 5484 5625 097 <.005
Vehicle role

Striking 7.92 12,874 12,407 1.04 <.0001
Struck —5.68 10,032 10,358  0.97 <.0001

Relation to junction
Intersection ns 11,972 11,922 1.00
Nonjunction ns 11,134 11,255 0.99

Vehicles in crash

1 ns 5964 5847 1.02
2 3.81 15,607 15,384 1.01 <.0005
3 or more —8.44 2820 3160  0.89 <.0001

Deaths in vehicle

0 2.98 4380 4237 1.03 <.005
1 4.92 18,448 18,186 1.01 <.0001
2 or more —13.23 1563 1968 0.79 <.0001

Fatalities in crash
1 7.86 22,028 21,732 1.01 <.0001
2 or more —7.86 2363 2659 0.89 <.0001
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initial impact point is the front end and underrepresented
where the initial impact point is the passenger side or the
driver side. The underlying trends suggest, however, that
initial impact on the driver and passenger sides is becom-
ing more common. Older women drivers are overrepre-
sented in the striking vehicle and underrepresented in the
struck vehicle.

Although the location of the crash relative to a junction is
not significant overall, the trends over time show a strong
change: older women drivers were underrepresented in
crashes at intersections in 1982—1986 but were overrepre-
sented in crashes at intersections in 1997-2001.

The number of vehicles involved in the crash shows a
change over time. Overall, older women drivers are over-
represented in crashes involving two vehicles and under-
represented in crashes involving three or more vehicles.
Older women drivers, however, were overrepresented in
one-vehicle crashes in 1982—1986 but have been overrep-
resented in two-vehicle crashes only for the past 10 years.
The number of deaths in the vehicle driven by an older
woman driver also appears to have changed over time.
Older women drivers are generally overrepresented in both
zero deaths in the vehicle and one death in the vehicle.
When looking at the 5-year periods, however, older women
drivers were overrepresented in having no deaths in the
vehicle from 1982 to 1986 and from 1987 to 1991 but were
overrepresented in the category of one death in the vehicle
during 1997-2001. For the total number of fatalities in the
crash, older women drivers were overrepresented in crashes
with one fatality and underrepresented in crashes with two
or more fatalities.

Data concerning the vehicles driven by older women
drivers are presented in Table 3. Older females are more
likely to be driving older cars at the time of the crash.
Overall and in each 5-year period, they are underrepresented
in vehicles less than 7 years old and overrepresented in
vehicles 10 years and older. Older senior women are
overrepresented in vehicles that weigh 1500—-2999 lbs and

Table 3
Crash-involved vehicle
Description/ Adjusted Observed, Expected, Likelihood p values
value standardized N N ratio
residual
Vehicle age
New through ~ —15.51 5984 6821 0.88 <.0001
3 years
4—6 years —-7.77 5759 6156  0.94 <.0001
7-9 years ns 5140 5121 1.00
10—15 years  13.76 5646 4973 1.14 <.0001
16 years or 19.04 1796 1254 1.43 <.0001
more
Vehicle weight
1500—-2999 Ibs 3.73 11,745 11,544 1.02 <.0005
3000—-6000 Ibs —3.73 10,464 10,665 0.98 <.0005

Table 4
Characteristics of collisions
Description/ Adjusted Observed, Expected, Likelihood p values
value standardized N N ratio
residual
Deformity
Moderate 5.27 3074 2864  1.07 <.0001
Severe —4.79 19,682 19,906  0.99 <.0001
Injury severity
Less than 3.04 5190 5036  1.03 <.005
incapacitating
Incapacitating ~ — 8.47 2862 3197 0.90 <.0001
injury
Fatal injury 3.16 16,265 16,084 1.01 <.005

underrepresented in vehicles weighing 3000—6000 lbs. The
underlying trend, however, shows that older women drivers
were underrepresented in the small cars in 1987—1991 and
were overrepresented in these cars only during the past 5
years.

The older females are overrepresented in fatal crashes in
which the vehicle deformity index was moderate and
underrepresented in crashes where the vehicle was severely
deformed (see Table 4). When looking at the severity of
injuries sustained, older women are underrepresented in the
incapacitating injury category and overrepresented in both
the fatal injury and the less-than-incapacitating injury cate-
gories. Looking at how this has changed over time, older
women drivers were overrepresented in the less than inca-
pacitating injury category only during 1982-1986 and
1987—1991, but then overrepresented in the fatal injury
category for 1992—1996 and 1997-2001.

5. Discussion

The results presented above indicate that senior women
are primarily overrepresented in crashes that occur under
the “‘safest” conditions, in daylight, when traffic is low
(not at rush hour), when the weather is good, and when the
roads are dry. This, of course, reflects the times and
conditions in which they probably do most of their driving.
Because older women drivers are already driving at times
that are perceived to being the most safe, interventions to
encourage self-adjusting their exposure to unsafe condi-
tions are not likely to be sufficient to protect this driver
population. It also suggests that age-related disabilities in
vision, hearing, and coordination may play a significant
role in crash causation. These findings would be more
definitive if we had been able to relate these trends to
direct measures in exposure. This will be the subject of a
future study.

The trends over time suggest that the character of the
crashes of older women has changed in 20 years. Older
women drivers are increasingly involved in collisions with
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motor vehicles. These crashes are becoming more likely to
be collisions at an angle and less likely to be head-on
collisions. The crashes are also becoming more likely to
be at an intersection. A possible explanation for this is that
these women may now be driving in more built-up areas
where limited visual acuity and peripheral vision may put
them at greater risk.

The crashes appear to be more deadly for the older
women drivers, as shown both by injury severity and by
the number of deaths in the vehicle. Increased physical
frailty brought on by age may contribute to this. Addition-
ally, trends in the weight of the vehicles may contribute to
the deadliness of the crashes as the older women drivers are
now increasingly tending to drive older, smaller cars. The
increasing tendency to drive this type of vehicle potentially
would cause more fatal injuries in relatively low-level
impacts than would be the case in newer cars with additional
safety features and greater vehicle mass. Thus, the crashes
involving older women may be a function of both the age of
the cars they are driving and the process of human aging
that, as expected, both impairs driving skill and reduces
resistance to injury.

A limitation of this study is that the results are not
controlled for exposure to risk. In general, older women
drivers drive very few miles per year compared to the other
groups included in the analyses. The purpose of this study,
however, was simply to identify characteristics of the older
women drivers and to give rise to hypotheses that might
merit further research.

A possible intervention is to encourage use of seatbelts.
In 2001, 75% of those older women who suffered fatal
injuries were using seatbelts, while 92% of older women
drivers who survived a fatal crash were wearing seatbelts.
Again, further analysis with additional data sources con-
taining population-risk belt use rates would provide greater
insight into this phenomenon.

The picture of the older female driver presented in this
paper suggests that remedies for their higher risk of crash
involvement need to focus on situations that occur prior to
the older female driver getting behind the wheel. For
instance, improved licensing procedures would ensure ade-
quate perceptual and driving skills and more and better
transportation alternatives, (such as increased access to
public transportation) would allow this vulnerable popula-
tion to find safer means of transit.
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