What Can Crash Data Tell Us
About Older Drivers in North Dakota?

Kimberly Vachal
Research Faculty
Donald Malchose
Research Associate
Rural Transportation Safety and Security Center at the Upper Great Plains Transportation Institute
North Dakota State University
Fargo, ND

June 2010

Disclaimer
This research was supported by the North Dakota Department of Transportation and Federal Highway
Administration. The contents presented in this report are the sole responsibility of the Upper Great Plains
Transportation Institute and the authors.

North Dakota State University does not discriminate on the basis of race, color, national origin, religion, sex, disability, age, Vietnam Era
Veteran's status, sexual orientation, marital status, or public assistance status. Direct inquiries to the Vice President of Equity, Diversity, and
Global Outreach, 205 Old Main, Fargo, N.D., (701) 231-7708.

ABSTRACT
Older drivers are a growing segment in North Dakota’s driver population. The natural aging process
brings about diminished visual, cognitive, and physical skills needed for driving tasks. Crash record
analysis was conducted to highlight elements that may be used to reduce risk for older drivers. Results
show that older drivers are at relatively high risk for crash involvement and injury considering incidence
ratios and travel exposure. Crash propensity, based on quasi-induced exposure measures, shows older
drivers are also more likely to be at fault in these crashes. Among drivers 70 years and older, a significant
increasing trend is found for driver error along with a confounding declining trend in driver evasive
maneuver in crashes. The risk to other drivers is also a concern, since older driver crashes are nearly twice
as likely to involve multiple vehicles. The ability to navigate these more complex driving scenarios, such
as intersections and left turns, becomes increasingly problematic moving across older driver age groups.
Older drivers require special consideration given their growing presence and crash injury propensity.
Findings here may used in vetting a combination of education, engineering, policy, and enforcement
measures that can be used to reduce older driver risk for crash injury and death both in terms of crash
involvement and injury severity.
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1.

INTRODUCTION

America’s aging population is evident in that one in five citizens will be over age 65 by 2030 (U.S.
Census 2006). Implications for public road safety are uncertain. Older drivers are some of the safest
motor vehicle operators on the road in terms of absolute crash involvement (Williams and Shabanova
2003, Williams and Carsen 1989). Motor vehicle crashes (MVC) are, however, a leading cause of death
for this group (Centers for Disease Control 2008). Understanding the degree to which crash overinvolvement and physical fragility contribute to high MVC death rates is important in discussing
opportunities to reduce risk. Older drivers have been shown as an over-represented population in certain
MVC types, such as intersection and multiple vehicle incidents (Preusser et. al 1998, McGwin 1999,
Mayhew et. al 2006, Braitman 2007). Research has also shown fragility to be a factor in the high MVC
death rate for the aging population (Braver and Temple 2004, Evans 2000). As an active baby boomer
generation enters this life phase, it is important to recognize a growing need to serve this group as they
continue driving or take steps toward driving cessation (Dobbs 2008).
Older adults are a significant segment in North Dakota and surrounding states as illustrated in Figure
(U.S. Census 2000). Nationally, the proportion of elderly was only about 12% in 2000. In comparison, the
North Dakota State Data Center reported that 27 of the state’s 53 counties had more than 20% of their
population base older than 64 at that point in time (2002). As with many other states, it is also a growing
population segment. It is estimated that 1 in 5 of the state’s resident’s will be 70 years or older in 2030.
This is double the representation of 1 in 10 in 2000. In addition, North Dakota has the highest proportion
in the nation of elderly 85 years and older. Given the increasing prominence of older residents in the state,
it is wise to begin actively considering their needs in road safety.

Figure 1.1 Share of County Population 65 Years or Older
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The North Dakota Department of Transportation (NDDOT) elevated older drivers as a traffic safety issue
locally by identifying it as an emphasis area in its Strategic Highway Safety Plan (2007). Nationally, older
drivers have received attention as a higher risk group based on high injury rates. The Centers for Disease
Control and Prevention (CDC) reports drivers ages 80 and older have the highest crash death rates among
drivers beyond their teen years (2008). Driving activities for this group continue to grow as people live
longer and enjoy lifestyles that depend on personal mobility (Federal Highway Administration 2006).
The goal here is to develop a better understanding of the risk exposure in terms of crash involvement and
crash characteristics for the state’s most mature drivers. Problems identified through the diagnostic
process can then be related to short- and long-term countermeasures to reduce older driver crash risk.
Safety gains in the short run will be associated with crash reductions related to available countermeasures.
Longer-term gains may be associated with new inventions and minimizing projected crash increases
associated with the expected increase in the numbers of older drivers.

2

2.

BACKGROUND

Personal mobility is essential in meeting basic requirements for food and health as well as fulfilling social
and self-efficacy needs associated with higher quality of life. Private automobile is the primary mode for
transportation in the United States (Transportation Research Board 1999, Houser 2005). Household travel
is conducted by private auto in 90% of trips for households in rural regions (Federal Highway
Administration 2004). Whether it is a trip to the doctor or to a local concert, choice is very limited for
transport in the vast rural spans of the United States. It is important to recognize the value associated with
personal mobility for our growing older population group. Studies have shown that transport mobility
provides significant benefits for the elderly well-being in terms of psychological, physical, and social
elements (Spinney et al. 2009, Oxley 2008, Morottoli 1997).
An aging population is a concern for traffic safety in that older drivers are more susceptible to serious
injury. The widely dispersed and lightly populated geography of this state offers little opportunity for
sustainable public transit systems to operate as profit or cost-recovery units. Less than 1/2 of 1% of North
Dakota residents report using public transit for their regular work commute (U.S. Census 2004). The
public transport void creates a need for a proactive study of older driver crash risk factors as it seems
reasonable to expect an increasing older driver presence on the state’s roadways.
Driving is a complex task. Diminished visual, cognitive, and physical capabilities, that are part of the
normal aging process, may pose challenges for drivers in identifying and reacting to signals in the driving
environment. Reduced visual capabilities commonly associated with the aging process include declining
acuity and field of view, along with decreased contrast sensitivity and darkness adaptability. Cognitive
challenges often include less ability to process complex problems and slower reaction time. Reduced
range of motion in the upper torso and less leg strength may also pose problems for older drivers in
making vehicle maneuvers such as turning and braking. These capabilities have been the subject of a
large research body related to topics such as engineering enhancements and license screening aimed at
reducing crashes among the most mature drivers.
One example of the eye age progression that has received attention in research on older drivers is the
increasing need for light (Trusty 2008). Reductions in contrast sensitivity and decreased dark adaption are
due to natural physiological changes in the eye over time. Older drivers with severe contrast sensitivity
are eight times more likely to have a crash history (Owsley 2001). Figure 2.1 shows how much additional
light more mature drivers need to achieve eye function of a 20-year old. For instance, a 72-year-old driver
requires 16 times more light than a 20-year-old driver to attain a similar visual due to changes in the eye
functions. This contrast sensitivity is important in functions such as navigating traffic, distinguishing
roadway pavement markings, and reading reflective signs. Diminished capabilities may be especially
noticeable in nighttime driving and during adverse weather conditions (Schieber 1994).
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Figure 2.1 Luminance Needs, by Age
Diminished capacity to deal with complex cognitive and visual cognitive tasks has also been documented
(Marottoli 1994). One screening test helpful in assessing this capacity is the useful field of view (UFOV).
The UFOV uses a test battery to measure visual cognitive response through visual sensory function,
visual processing speed, and visual attention skills. A clinical study of 294 drivers showed that crashes
were more than twice as likely when the useful field of view impairment is 40% or higher (Owsley et al.
1999).
Physical agility is an imperative function in driving. Once simple maneuvers, such as braking and headturning, can become weak and painful actions that hinder drivers in basic vehicle control (Owsley 2004).
Drivers who had limited activity were 1.3 times more likely to incur citations and be involved in crashes
during a one-year cohort study involving drivers older than 71 years, after controlling for demographics,
driving activity levels, and other health factors (Marottoli et. al 1998 and 1994).
The wide range in older driver issues and capabilities creates a complex issue with regard to benefits and
costs associated with crash-risk reduction measures. Unlike the young driver population, where
experience and risky behaviors are a central focus, older driver capabilities related to aging and medical
conditions are more difficult to categorize and address through traditional education and enforcement
programs. While changes in capabilities do not diminish universally with older ages in the population, it
is reasonable to assume that many of these drivers experience reduced capacity in some or all of these
areas. The research presented here offers insight for addressing crash risk with North Dakota’s older
driver population.
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3.

DATA AND METHODS

In this section, data sources, crash measures, and statistical methods are described. Information regarding
older driver crash involvement was provided by NDDOT. Their database is a census of police-reported
traffic crashes in the state. It includes data on incident, vehicle, and occupant crash elements. While these
data do not provide a means for predicting crash involvement among older drivers, they do contribute to
an understanding of crash involvement.
Crash records from 2004 to 2008 are used in the analysis. In addition to records for older drivers, defined
here to include drives 70 years and older, a control group was established using crash records involving
drivers between the ages of 35 and 54. Rather than a large population option, a high performing group
was designated for comparison. Fatal crash rate curves with an age denominator show rates are high for
teens, decrease through early adult years, and then begin to rise for the older ages (Stamatiadis and
Deacon 1997, McGwin and Brown 1999, Evans 2000, Braver and Trempel 2004). Thus, the middle aged
drivers provide an acceptable comparison group for the study.
Statistical analysis of crash records is used in a diagnostic process to distinguish crash elements
associated with older driver MVC. Significant difference in driver, vehicle, environment, and roadway
elements are examined using the chi-square test. The relative accident involvement ratio (RAIR) is used
to assess driver performance. The RAIR is a quasi-induced exposure measure used to discuss driver fault.
With this method, data are normalized through relative risk assessment by using cohort data for a group of
interest from the same source (Stamatiadis and Deacon 1997, McGwin 1999, Li et al. 2003, Chandraratna
and Stimatiadis 2009).
The RAIR is a ratio of at-fault drivers in the target group to the ratio of at-fault drivers in the control
group, under the same parameters. The discussion here is limited to crashes involving two vehicles where
one driver is determined to be responsible for the crash. The methodology for the quasi induced exposure
is limited to multicar crashes and requires fault assignment for an unbiased RAIR estimation in that the
non-fault population is expected to represent the larger driving population. The responsibility is assigned
using a driver citation as the marker for fault. Ratios resulting in a ratio greater than 1.0 indicated higher
propensity for crash involvement by the group. Confidence intervals are calculated to test for significance.
The method has been applied in a wide topic scope of crash studies, such as age group, safety equipment,
suspended licenses, and alcohol involvement (DeYoung et. al 1997, Stamatiadis et. al 1999, Aldridge et.
al 1999, Williams and Shabanova 2003, Voas et. al 2007, Méndez and Izquierdo 2009, Rizzi et. al 2009).
The RAIR is calculated as:

where A is the driver group of interest and P is the control population of drivers, with i designating atfault and j the not at-fault drivers.
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4.

DIAGNOSTICS

In labeling a driver group as higher risk, one needs to understand the nature of this risk. While teen
drivers are categorized as high risk due to their excessive crash involvement, older drivers risk may be
associated with fragility and excessive crash involvement that may coalesce in the crash figures. The
older driver MVCs are compared, as a group, to the control group driver MVCs. Significant differences
between these groups may reinforce or establish priority safety issues for older drivers. In addition, trends
in MVCs within the older driver group are examined to discern general effects of the aging process that
may be used to implement programs and policies that increase risk awareness and reduce MVC injury for
older drivers.

4.1

Older vs. Control Group

Older drivers were involved in 7,292 MVCs between 2004 and 2008. Crash types range from no injury,
which is termed property damage only (PDO), to fatal injury. The crash records distinguish injury to
segment non-disabling and disabling types. Here serious injury crashes include disabling and fatal crash
injury types. The older driver crashes include 172 fatal and disabling injury crashes and 1,325 crashes
with non-disabling injuries. The balance is attributed to the PDO crash type. The control group was
involved in 30,591 MVCs, which included 557 fatal and disabling injuries.

4.2

Crash Involvement

An initial step in assessing older driver MVC involvement is to better gauge if high crash injury risk is a
function of crash involvement or driver fragility. Considering information on licensed drivers, the older
drivers are underrepresented in a comparison of incidence rates. NDDOT reports that the state’s licensed
driving population includes 59,138 older drivers and 169,693 control group drivers in 2008. The inverse
relationship between age and crash involvement is evident in Figure 4.1. Previous research has shown
younger drivers are more prone to crashes due to inexperience and risk-taking (McGwin 1999, Mayhew
2003, Shope and Bingham 2008). Beyond the risk reduction achieved with experience and maturity,
research has shown changes in driving patterns, such as limiting winter and nighttime driving, lower
exposure for older drivers (McGwin 1999).
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Figure 4.1 Drivers in Police Reported Crashes, 2004 to 2008
While licensed driver figures provide some means for gauging risk among the driver groups, a superior
measure for excessive involvement would consider exposure in vehicle miles traveled or some other
measure of the underlying activity. Distribution of state vehicle travel by age group was estimated using
research presented on the National Personal Transportation Survey (Lyman 2002, Li 2002, Tefft 2008).
Drivers ages 70 to 79 account for about 4.0% of the annual travel, compared with 26.9% for the peak
driving age group of 30 to 39 year olds (Figure 4.2).

Figure 4.2 Passenger Vehicle Travel by Age Group
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Using the age group travel distribution in conjunction with NDDOT vehicle mile travel figures for 2004
to 2008, excessive older driver crash involvement is found (Figure 4.3). North Dakota MVC figures
exhibit the expected U-shape when crash numbers are standardized by travel and licensed driver
exposure. Total vehicle miles traveled (VMT) in North Dakota over the five-year period is estimated to be
more than 38,300 billion miles. Drivers ages 35 to 54 accounted for an estimated 37.9% of VMT. Drivers
70 and older accounted for 4.0% of the VMT. Using the figures on all crashes, as well as figures on the
most serious crashes, multiple incidence rates (IR) are calculated as,

for driver group i in crash type j, with A equal to the number of crashes and B the activity measure
accounting for exposure.
The older driver IR is estimated at 485 crashes per 100 million VMT compared with 212 crashes per 100
million miles traveled for the control group. The endpoints on the IR curve, which reflect the IRs for the
youngest and oldest driver groups, are the highest points. The oldest driver group, including those older
than age 79, has the highest point at 1,968 crashes per 100 million miles traveled.
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Figure 4.3 Driver Crash Involvement per 100 Million VMT, All Crashes from 2004 to 2008
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The magnitude of over-involvement in MVCs is even more impressive when looking at the most serious
crashes – those including fatal and disabling injuries (Figure 4.4). In the older driver group, the fatal crash
IR is estimated to be 4.6 deaths per 100 million VMT. This rate is 3 1/2 times higher than the rate
associated with the control group. The oldest driver fatal crash IR is estimated to be an alarming 26.7 per
100 million VMT. These rates compare with 1.30 for the control group, which is below the statewide rate
of about 1.45 fatal crashes per 100 million miles traveled over the five years (NDDOT 2009). When
disabling crashes are added to fatal crashes for a serious crash IR, the older driver fragility issues are
further evident as the crash IR for older drivers rises to 10.3 compared with 3.2 per 100 million miles
traveled for drivers ages 30 to 59. The highest IRs, again associated with the oldest driver group, are 26.7
and 53.4 for fatal and serious injury crashes, respectively. The over-representation of older drivers in all
crashes, and especially in the most serious crashes, is concerning for the future of safe travel in the state.
The following discussion of crash elements may offer some clues for addressing these concerns.
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Figure 4.4 Serious Driver Injuries per 100 Million VMT, Fatal and Disabling
Injury Crashes 2004 to 2008
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4.3

Crash Time

Increasing the understanding of older driver MVCs is important to road safety in North Dakota. This
section provides a profile for older driver crashes – using statistical techniques to signify difference
compared with the control group. Here, basic information on crash times shows that older driver crashes
occur in patterns that vary significantly from the control group considering month, day, and hour. Crash
incidence varies throughout the year, and does differ significantly between the groups considering the
monthly crash figures (χ2=32.87 ρ<0.001, n=37,778). Crash numbers peak in December for both groups,
with the young driver group showing a stronger cycle in their crashes with the lowest share, 5.9%,
occurring in April (Figure 4.5). The older driver crashes are more evenly distributed with the lowest
monthly share at 7.0%, occurring in both March and April.

Figure 4.5 Monthly Crash Distribution, by Age Group
A significant difference is also found between the groups for day of the week on which the crash events
take place (χ2=138.35 ρ<0.001, n=37,778). Older drivers are less likely to be involved in a crash on the
weekend when compared with the control group. Friday is the largest single-day share in crashes reported
for either of the driver groups (Figure 4.6). The smallest shares of crashes take place on Sunday. Reduced
driving activities on Sunday due to limited work commuting and organized social activities likely
contribute to the lower crash incidence.
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Figure 4.6 Daily Crash Distribution, by Age Group
Time of day is also a factor in distinguishing crash incidence for older drivers. A significant difference in
the hourly crash distributions is found (χ2=1,825.51 ρ<0.001, n=37,778). While both driver groups
experience the low crash numbers in the overnight hours from 1 a.m. to 4:59 a.m., the crash numbers peak
during different times of the day (Figure 4.7). The variability in the older driver hourly crash distribution
is greater than of the control group as measured by the standard deviation of 2.2% for the control group,
compared with 3.4% for the older drivers based on an hourly distribution. The peak in crash numbers for
the older drivers is in the interval of 10 a.m. to 2:59 p.m., considering four- and five-hour intervals for the
hours between 5 a.m. and 4:59 a.m. The reported crashes show that 41.5% of incidents occur during this
interval. The largest share of crashes among the control group takes place in the 3 p.m. to 7:59 p.m.
interval at 34.9%. Factors contributing to these differences are likely related to exposure. Relatively more
older driver activity takes place while the control group is at work, and less of older driver activity occurs
during commuting times and after dark as part of self-regulation (Donorfio 2008).
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Figure 4.7 Hourly Crash Distribution, by Age Group

4.4

Crash Location and Severity

Crash location and severity are important factors in understanding risk and in implementing programs to
increase traffic safety in a more targeted fashion. A significant difference is found in the road type
associated with all crashes (χ2=475.14 ρ<0.001, n=37,527). Older drivers experience relatively fewer of
their crashes on interstates and rural highways. Crashes among older drivers occurred in towns and urban
areas in 70.8% of cases compared with 57.0% for the control group. The road type associated with the
most severe crashes, however, is similar for the groups (Table 4.1). A majority of fatal crashes occurred
on rural highways for both groups, at 69.7% for the older drivers and 76.4% for the control group.
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Table 4.1 Crash Data Summary: Diagnostics for Severity and Location
35-54
70 years Significance1
years
or older
Total crashes=
30,591
7,292
Serious Injury Crashes
Crash Type
Type:

1.5%

2.1%

0.6%
18.3%
81.1%

0.9%
19.8%
79.3%

**
**

Fatal
Injury
PDO

Road Type
Type:

Interstate
Rural Highway
Urban/Town
Fatal Crashes, Road Type
Interstate
Type:
Rural Highway
Urban/Town
Serious Injury Crashes, Road Type
Interstate
Type:
Rural Highway
Urban/Town

**
6.6%
36.1%
57.3%

3.6%
25.4%
71.1 %
n.s.

7.3%
76.4%
16.2%

4.5%
69.7%
25.7%
n.s.

8.1%
58.0%
33.8%

4.6%
56.6%
37.7%

1

Chi-Square Significance: ** is <.001, n.s. is not significant.

The earlier IR information presented exposure-related information regarding crash risk. Here, chi-square
tests provide additional evidence regarding injury risk for older drivers in terms of absolute crash
numbers and injury type. The higher injury propensity is evident here as well. A significant difference in
the crash type, which includes fatal, injury, and PDO, is found between the driver groups. Older driver
crashes involved a fatal injury in 0.9% of cases, compared with 0.6% for the control group. The control
group had a larger share of PDO crashes than older drivers at 81.1%, compared with 79.3%. Older drivers
in crashes incurred significantly more serious injuries, which includes fatal and disabling injury types
(χ2=15.87 ρ<0.001, n=45,174). The serious injury crashes, as a share of all crashes, are 40% higher for
older drivers than for the control group (Table 4.1).

4.5

Driver and Event Characteristics

Crash characteristics of older drivers do vary significantly compared with the control group for several
driver, environment, and roadway factors. A look at some driver and event factors shows older drivers are
less likely to wear a seat belt and more likely to be involved in a multicar crash than the control group
(Table 4.3). The driver gender in the crashes is similar with males accounting for the majority at 60% and
59%, respectively, for older and control cases.
Seat belt use is significantly lower for the older drivers at 78.8%, when compared with 81.2% for the
control group. The lower use by older drivers is a deviation from nationwide use rates reported by the
National Highway Transportation Safety Administration (2008). This difference may be explained, in
part, by the state’s secondary enforcement law for seat belts (Morrisey and Grabowski 2004). In addition,
14

older drivers began to drive prior to mandates for seat belt installation and use in vehicles. It is not
unexpected that this group would have a lower use rate since the habit was not formed in early driving
experiences.
Using road type to distinguish the driving environment, older drivers were not found to have significantly
different seat belt use rates than the control group on interstates and rural highways. The difference was
significant for town and urban roads – 78.3% for the control group, compared with 76.0% for the older
drivers. Programs such as CarFit recognize senior driver reluctance to use seat belts (American
Association of Retired Persons and AAA 2010). The programs involve experts, such as occupational
therapists, in working with older drivers to encourage seat belt use through instruction on driver position
and proper fit.
Older drivers are involved in single vehicle crashes in only 22.5% of events, compared with 42.0% for the
control group. As with other crash characteristics, this may be related to exposure. This fact does,
however, heighten the safety concern in that an increase in older driver crashes would nearly double the
potential exposure for other drivers’ crash risk, when compared with the control group. A significant
difference in single versus multiple car crashes is found for the groups across road types (F=17565.20
ρ<0.001, n=44,878).
Table 4.2 Single Vehicle Crashes as Share of All Crashes, by Road Type
Total crashes=
37,032
8,115
Interstate

74.7%

57.9%

Rural Highway

80.4%

67.1%

Urban/Town

7.2%

3.3%

Older drivers are also in error relatively more often. They are cited in every 1 of 3 crashes, compared with
1 in 5 for the control group. The nature of the citations also differ (Table 4.3). “Failure to yield,” “failure
to stop,” and “improper turn” errors are cited at higher rates for the older drivers. “More care required,”
which includes “driving too fast for conditions,” is a common citation for both groups. The older drivers
have a noticeably lower incidence for the “following too close” citation – a violation that law enforcement
officials often associates with aggressive driving.
The higher citation rate for the older drivers may be associated with their greater share of multicar
crashes. Citations were issued in only 13% of all single car crashes in the study. The citation rate was
nearly triple for multiple vehicle crashes, at 30%. Older drivers were cited in only 10% of their single car
crashes compared with 13% for the control group.
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Table 4.3 Crash Data Summary: Diagnostics for Driver and Event
35-54 70 years
Significance1
years
or older
Total crashes=
30,591
7,292
Total Vehicle n=
37,032
8,115
n.s.
Gender
Female
41.1%
39.9%
Type:
Male
58.9%
60.1%
81.2%
78.8%
**
Proper Occupant Restraint Use
30.0%
35.5%
**
Antilock Brakes (Front, Rear, or Both)
2
Vehicles Involved
One
42.0%
22.5%
**
Type:
Two
52.9%
72.3%
Three or More
5.1%
5.2%
48.0%
34.7%
**
Evasive Action
22.3%
33.3%
**
Citation (=Driver at Fault)
Driving Under the Influence
10.7%
0.9%
Type:
Care Required
25.1%
20.4%
Failure to Yield
18.4%
35.3%
Failure to Stop
6.7%
11.7%
Follow too Close
8.1%
4.5%
Improper Turn
4.9%
9.9%
Improper Backing
3.4%
4.6%
Other
15.3%
9.3%
1

Chi-Square Significance: ** is <0.001, n.s. is not significant
Significance tested for single car vs. multicar (two or more cars).

2

4.6

Road-Related Elements

Certain crash types pose a risk for older drivers considering roadway elements. National studies show
them to be at higher risk for MVCs involving intersections and left-hand turns. Intersections are the
location for 45.1% of the older driver crashes, compared with 30.9% of crashes for the control group. The
significant difference in this crash location element may be twofold. The aforementioned differences in
exposure may be related to a higher number of intersections on urban roads, where older drivers more
often travel. This premise is derived from Household Personal Travel Survey data regarding older driver
trip distance that show a propensity for short trips (Federal Highway Administration 2004).
A look at intersection crashes by road type shows that, as expected, this crash type is more common on
town and urban roadways for both driver groups – 57.0% of older driver crashes and 48.9% of the control
group crashes (χ2=533.53 ρ<0.001, n=37,778). The share for this crash type is significantly higher for the
older drivers on these roads and rural highways. On rural highways, older driver crashes are intersection
related at more than twice the rate – 18.0% of cases compared with only 8.3% for the control group.
Therefore, although town and urban road exposure may explain some of the difference in intersection
crash rates, driving studies that have shown intersections to be more problematic for older drivers due to
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diminished skill— discussed in the background section—may offer additional explanation in
understanding and addressing this safety issue.
Table 4.4 Crash Data Summary: Diagnostics for Road-Related Elements
35-54
70 years or
Significance1
years
older
30,591
7,292
Total Crash=
37,032
8,115
Total Vehicle=
33.5%
43.6%
**
Intersection
Interstate
0.4%
0.8%
n.s.
Road Type:
Rural Highway
8.3%
18.0%
**
Urban/Town
48.9%
57.0%
**
8.2%
9.2%
n.s.
Damage Type: Left Side
Right Side
32.8%
31.5%
n.s.
7.3%
14.8%
**
Left Turn
4.1%
4.8%
*
Right Turn
21.1%
17.2%
**
Rear-End Collision
Damage
Front Damage
35.4%
38.7%
*
Type:
Rear Damage
55.1%
51.9%
*
5.2%
2.2%
**
Rollover Event
14.9%
13.1%
**
Road Geometry
6.0%
6.8%
*
Visual Obstruction
1

Chi-Square Significance: ** is <0.001, * is <0.01, n.s. is not significant

The location of impact in these intersection crashes was studied for differences between the groups.
Unlike results in the Pruesser et. al (1998) study on fatal crash risk at intersections, a significant
difference is not found in the incidence rate for left-side damage – which is a primary driver exposure
area in the vehicle – between the driver groups. Left-side vehicle damage in intersection crashes is
reported in 8.2% of the control group incidents, compared with 9.2% of the older driver incidents.
Consistent with previous research, crash analysis shows left turns, including intersection and nonintersection settings, to be significantly more problematic for older drivers than for the control group.
Older driver crashes occurred during a left-turn maneuver in 14.8% of cases compared with only 7.3% of
cases for the control group (χ2=404.27 ρ<0.001, n=37,778). The left-turn maneuver challenges the
complete driver skill set with heightened demand for visual, physical, and cognitive capabilities in
navigating what often involves crossing an active oncoming traffic lane.

17

Figure 4.8 Intersection and Left Turn Diagnostics Diagram
A diagnostics diagram was constructed to better understand the issues confounding intersection and leftturn events (Figure 4.8). Event nodes are included to distinguish older and control group outcomes in
terms of at-fault crashes – where the proxy is citation for a driving violation. The older driver is more
likely to be involved in an intersection crash making a left-turn maneuver than the control group – 24.2%,
compared with 16.2% for the control group. The older driver group is also often at fault in significantly
more of these events than the control group – 61.3% of cases compared with 45.8% respectively
(χ2=58.18 ρ<0.001, n=2,862). More than one-third of the violations for the older drivers are “failure to
yield.” “Care required” and “improper turn” are also common citations. These three citation types account
for 70% of the violations for the group. These same citations are also the most common with the control
group, accounting for 35% of the citations administered in the confounding intersection and left-turn
events. The high rates of “failure to yield” and “improper turn” may lend themselves to behavioral or
engineering interventions targeted to reach the older drivers. It appears benefits may also be gained in
spillover to other drivers.

4.7

Crash Responsibility

Citation rates show older drivers are more likely to be at fault when involved in MVC. Citation data
attached to multiple car crash records were used to identify the at-fault vehicle. Older drivers were found
to be at fault in 49% more of their crashes than the control group drivers. Older drivers were cited in
33.4% of their MVC compared with 22.3% for the control group. Additional information regarding driver
error developed through quasi induced exposure analysis is presented in the next section.
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4.8

Older Driver Groups

As previously discussed, older driver capabilities and issues are wide ranging. Previous research does
suggest that a general degradation of older driver abilities can be recognized, and should be addressed,
within these upper age categories (Preusser et. al 1998, Li et. al 2003, Stutts et. al 2009). A discernable
trend in the abilities for the older drivers grouped into five-year intervals between 70 and 84, along with
the 85 years and older group, is evident in several crash report elements. A cohort group of 65- to 69year-old drivers is included to extend the age trend for some illustrations. This group is not included in
the statistical tests for the older driver groups presented in this section.
Crash severity and location among the older driver groups varies significantly across the four age groups
(Table 4.5). While the share of crashes involving an injury is only 14% higher for those older than 85
years, compared with the youngest group – those 70 to 74 years, the share involving serious injury is
significantly higher in the older driver groups. The share of MVC injury crashes involving a serious
injury – these include fatal and disabling injury types – is about 44% higher for the 75- to 84-year-olds
and 141% higher for those 85 years and older, when compared with the 70- to 74-year-olds (Table ).
While injury types do provide more specification regarding severity, trends are also evident in the crash
type classification among the fatal, injury, and PDO incidents. The 70- to 74-year-old drivers are
involved in fatal crashes in about 0.5% of all incidents, compared with 1.7% for the oldest drivers – a 2
1/2 times greater rate.
Table 4.5 Crash Data Summary: Older Driver Groups’ Diagnostics, Severity and Location
70-74 75-79 80-84 85+
Significance1
Total crashes=
Share of Crashes that Involve Injury
Share of Driver Injuries that are
Serious
Crash Type
Type:

Road Type
Type:

Fatal
Injury
PDO

2485

2193

1627

987

18.6% 20.5% 19.0% 21.3%
7.3% 10.8% 10.3% 17.6%

**
**

0.5% 0.9% 1.0% 1.7%
18.6% 20.5% 19.0% 21.3%
80.9% 78.6% 80.0% 77.0%
**

Interstate
Rural Highway
Urban/Town

4.5% 3.2% 2.7% 1.4%
28.9% 24.1% 18.5% 16.5%
66.6% 72.7% 78.8% 82.1%

1

Chi-Square Significance: ** is <0.001, * is <0.01, n.s. is not significant.

The road type for these crashes varies significantly among the driver groups (Table 4.5). Since crash
location is related to driver exposure to road types, the common assertion that drivers travel closer to
home as they age is supported in the increasing share of crashes on urban and town roads. For drivers
ages 70 to 74, crashes occur on town and urban roads 67% of the time compared with about 80% for
drivers older than 80. Less exposure to the higher speed roads associated with longer distance travel is
shown in the injuries attributed to interstates and rural highways – with interstates and rural highways at
4.5% and 29.9% for 70- to 74 year-olds, compared with 1.4% and 16.5% for drivers ages 85 and older,
respectively.
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Crash data also support a premise that there is an increasing role for females in the driving population
over time. Females drivers are attributed with 36.4% of crashes in the 70- to 74 year-old age group
compared with 42.7% for drivers older than age 84. The increase may be attributed to a longer life
expectancy where females outlive their male counterparts and assume a larger driving role at a later age.
The increase is evidenced in the population shift which includes an increasing share of females in older
age groups (Rathge 2007, ND State Data Center 2009).
The significant difference in seat belt use between the older and control groups discussed in the previous
section is detailed further in Table 4.6. Seat belt use among the oldest drivers is 7% below use rates
among the 70- to74-year-old drivers in crashes. The trend in this use rate is concerning given the greater
crash risk associated with increasing fragility and declines associated with the aging process.
Table 4.6 Crash Data Summary: Older Driver Groups’ Diagnostics, Severity and Location
70-74 75-79 80-84
85+ Significance1
2193
1627
987
total crash n= 2485
**
Gender
Female
36.4% 41.3% 40.9% 42.7%
Type:
Male
63.6% 58.7% 59.1% 57.3%
80.3% 78.9% 79.6% 73.5%
**
Restraint Use
Vehicle
Type:

Car

Pickup
Large Truck
Motorcycle
Citation (=Driver at Fault)
Type:

Driving Under the Influence
Care Required
Failure to Yield
Failure to Stop
Follow too Close
Improper Turn
Improper Backing
Other

56.6% 62.3% 70.3% 73.2%
38.2% 34.4% 26.8% 23.8%
2.1% 0.9% 1.0% 0.7%
0.1% 0.2% 0.0% 0.1%
1.7%

0.8%

0.6%

0.0%

20.0% 21.5% 19.7% 24.1%
34.0% 38.5% 36.3% 37.7%
12.4% 12.7% 11.6% 11.0%
6.8% 3.1% 4.5% 4.2%
10.1% 9.4% 12.9% 8.8%
5.6% 4.7% 4.5% 3.3%
9.4% 9.3% 9.8% 10.8%

1

Chi-Square Significance: ** is <.001, * is 0.01, n.s. is not significant.

The nature of older driver crashes related to roadway features and operations is summarized in the
following group of figures and tables. Driver error in crashes for failing to recognize or respond is
encompassed in the citations levied for driving violations. Figure 4.9 shows the share of older drivers who
are ticketed in police reported crashes among the age groups. A significant positive correlation is found
between likelihood for citation and driver age. While one in four drivers ages 65 to 69 is ticketed in their
crashes, 42.6% of drivers older than age 84 are ticketed in their crashes. A noticeable increase appears as
drivers move into their 80s, and it becomes even more pronounced in later years.
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Driver Share Cited in Crashes

45%

42.6%
37.4%

40%
35%
29.2%
27.9%

30%
25.0%
25%
20%
65-69

70-74
75-79
Driver Age

80-84

85+

Source: NDDOT Crash Data, 2004 to 2008

Figure 4.9 Share of Drivers Ticketed for Moving Violation
Significance: 70 to 84+ Driver Groups (χ2=94.17 ρ<0.001, n=8,115)

Another consideration in older driver crashes is the exposure for other drivers. While the overall driving
distance may be lower, the likelihood an MVC will involve one or more other vehicles is positively
correlated with age. Figure 4.10 illustrates that a significant increase in share of MVC incidents involving
multiple vehicles is found as the drivers age group increases (χ2=137.24 ρ<0.001, n=7,292). The vertical
axis scale begins near the share of MVCs reported to involve multiple vehicles in the control driver group
– 42.0% (Table 4.3). Multivehicle crashes, relative to single vehicle, more than double among the older
drivers in comparing the 85-year-old drivers with the control group – nearly 9 in 10 MVCs, or 86.9%,
involve at least one additional vehicle.
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86.9%

90%

Multiple Cars Involved,
Share of All Crashes

85%

76.5%

80.9%

80%
71.1%

75%
70%

64.1%

65%
60%
55%
50%
45%
40%
65-69

70-74
75-79
Driver Age

80-84

85+

Source: NDDOT Crash Data, 2004 to 2008

Figure 4.10 Share of Crashes the Involve Multiple Vehicles
Significance: 70 to 85+ Driver Groups (χ2=137.24, ρ<0.001, n=7,292)

Although specific information is not available regarding medical conditions and driver capabilities related
to the aging process, the previous discussion of aging shows abilities to assess and react to driving
situations becomes increasingly impaired. A look at the evasive action item, in which the police officer
reports maneuvers to prevent the crash, offers some insight. Commonly reported actions include slowing,
speeding, stopping, turning, and backing up. A significant decline in evasive action is reported among the
older driver groups (χ2=100.34 ρ<0.001, n=8,113). While 70- to 74-year-olds perform some type of
evasive action in 40.3% of their reported MVCs, these maneuvers are reported in only about 30% of cases
where the driver is age 80 and older (Figure 4.11). An evasive maneuver is reported in 48.0% of cases for
the control group.
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Evasive Action, Share of All Crashes

45%

43.2%

43%

40.3%

41%
39%
37%

34.0%

35%
33%

30.0%

31%

29.6%

29%
27%
25%
65-69

70-74
75-79
Driver Age

80-84

85+

Source: NDDOT Crash Data, 2004 to 2008

Figure 4.11 Evasive Action Reported

Significance: 70 to 85+ Driver Groups (χ2=100.34 ρ<0.001, n=8,113)

Some road related crash elements reported are considered in Table 4.7. More complex situations such as
intersections create increasing challenges for the older drivers. Risk for intersection crashes among older
drivers is found to significantly increase with driver’s age (χ2=42.99 ρ<0.001, n=7,292). While 41.0% of
crashes among the 70- to 74-year-olds are intersection related, the relative share rises 28% for drivers
older than age 84. The road type, such as more urban intersection exposure, is not significant in
explaining differences in the risk among the age groups. The intersection crashes are more common
among all these groups than for the control group at 30.9%.
The left turn also poses increasing challenges for older drivers (Table 4.7). The risk associated with left
turns may be a function of factors such as scanning abilities or physical demands to make the maneuver.
For drivers ages 70 to 74, 11.8% of crashes are related to a left-turn vehicle motion. This share compares
with more than 16% for drivers older than age 80. Data show the greatest share of these crashes do occur
at intersections. The proportion of all crashes involving a left-turn motion increases significantly with
driver age (χ2=24.44, ρ<0.001, n=8,115).
The rear-end crash type, as discussed earlier, is lower among older drivers than for the control group. The
explanation for the lower share among older drivers is that they exhibit more cautious driving, such as not
following too closely behind another vehicle. While the difference among the older driver group is not
significant, the damage area for their cars does change significantly over time (Table 4.7). The damage
area, however, is not consistent in discussing the older driver issues specifically. Rear-end crashes in
which the older driver is the striker – based on front-end damage reported – is significantly higher among
the oldest drivers (χ2=23.79 ρ<0.001, n=1,431). The reverse is also true in that the relative share of 70- to
74-year-old drivers receiving rear damage as the struck vehicle, at 55.3%, is significantly higher than the
shares for older driver groups, which declines to 39.8% for drivers older than age 84 (χ2=28.53 ρ<0.001,
n=1,431). These data suggest that older drivers may not be able to accurately estimate their response
capabilities.
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Factors such as visual obstruction, rollover crash-type, and hill or curve road geometry are not found to be
significantly different as crash elements in understanding the older driver risk. The information presented
to this point offers general insight regarding crash incidence for the control and older driver groups. In the
following section, induced exposure methods are applied to measure relative risk among age groups with
regard to selected crash situations.
Table 4.7 Crash Data Summary: Older Driver Groups’ Diagnostics for Road-Related Elements
70-74
75-79 80-84
85+
Significance1
2,485
2,193 1,627
987
Total crashes=
Intersection
41.0%
44.6% 47.5%
52.6%
**
Interstate
0.1%
0.0% 0.0%
0.2%
n.s.
Rural Highway
10.9%
9.6% 8.8%
11.6%
n.s.
Urban/Town
89.0%
90.5% 91.2%
88.2%
n.s.
Visual Obstruction
6.3%
6.8% 6.4%
6.3%
n.s.
Rollover Event
2.5%
2.0% 2.3%
1.9%
n.s.
Road Geometry (when reported)
Curve
5.4%
3.6% 3.4%
4.4%
n.s.
Hill
0.7%
0.4% 0.9%
0.4%
n.s
Rear-End Collision (when
18.6%
17.9% 17.2%
15.5%
n.s.
reported)
Front Damage
35.7%
33.0% 46.1%
49.7%
**
Rear Damage
55.3%
58.4% 43.4%
39.8%
**
11.8%
13.4% 16.2%
16.6%
Intersection/Turn Type
**
Left Turn Intersection
22.4%
24.1% 27.1%
23.8%
n.s.
Left Turn Not Intersection
4.5%
5.3% 6.8%
9.6%
**
1

Chi-Square Significance: ** is <0.001, * is <0.01, n.s. is not significant.
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5.

EXPOSURE ANALYSIS

The relationship between age and driver error is evident in the RAIR calculations for all driver groups. As
noted in the methods section, the crash population considered in these exposure calculations is limited to
two-vehicle crashes where one driver was at fault. The relative risk is calculated by determining the share
of drivers at fault under the selected crash condition, compared with the share of drivers not at fault under
the same conditions. As expected, the RAIR results show the state’s youngest and oldest drivers have the
greatest likelihood for responsibility in crashes among age groups (Figure 5.1). The relative risk for the
oldest drivers is 207% greater than the control group. The highest ratios are for drivers age 80 and older
with ratios of 2.30 and 1.72 for drivers older than ages 84 and 80 to 84, respectively. Drivers in their 70s
also have a higher-than-average probability of responsibility in all types of two-vehicle crashes.
2.50

2.00

RAIR, All Types

2.00

1.60

1.50

1.20

1.00

0.80

0.50

RAIR, Intersection-Type

0.40

Source: N DDOT Crash Data; 95% CI except for *groups; n=49,740

85+

80-84

75-79

70-74

65-69

55-64

35-54

21-34

0.00

under 21

85+

80-84

75-79

70-74

65-69*

55-64

35-54

21-34*

under 21

0.00

Source: N DDOT Crash Data; 95% CI; n=26,929

Figure 5.1 Relative Risk for Driver Responsibility in Two-Vehicle Crashes
In a second population-wide graph, the driving situation is limited to intersection-type crashes to better
understand relative risk for this problematic roadway setting. While the relative-risk scale for driver
responsibility is not as high in this crash type, the gap between the lowest and highest risk is greater.
Drivers ages 75 and older have the greatest relative risk for responsibility in this crash type. Drivers
between the ages of 75 to 79 have a responsibility likelihood that is 11% greater than drivers under age 21
and 150% higher than that of 35 to 54 year olds – the control group of high performing drivers selected
for this paper. The relative risk for the oldest drivers is 250% greater than the control group.
Analysis in the previous section drew attention to crash factors in the general crash population, such as
time and road environment, where older drivers have a significantly different propensity for crashes
compared with the control group. These earlier diagnoses are used to select conditions for additional
analysis for relative risk. Table 5.1 shows RAIR measures for eight crash conditions, comparing older
drivers with the control group in the crash population subset that includes two-vehicle crashes where one
driver was at fault. Older drivers have consistently high risk for intersection and left-maneuver crashes.
RAIRs range from 1.19 to 1.32 in intersection crashes. The highest relative risk, compared with the
control group, is found in left-maneuver crashes. Risk ratios range from 1.36 for the youngest drivers –
ages 65 to 69 years – to 1.83 for drivers 85 years and older. The gap within the older drivers is also large
as the oldest drivers are 35% more likely to be involved in left-maneuver crashes than drivers ages 65 to
69. In comparison, drivers older than age 84 are only 15% more likely than the 65- to 69-year-old drivers
to be involved in an intersection-related crash.
Older drivers have consistently lower risk, compared with the control group, for being involved in rearend crashes. The risk for being at fault in these crashes differs. While not all rear-end crashes have vehicle
damage in the police report, the site of vehicle impact in these crashes is important since, in vehicles with
front-end damage, 93% of the drivers were ticketed. Only 11% of drivers operating a vehicle where rear25

end damage is reported received tickets. Thus, front end damage is a good proxy for identifying at-fault
drivers. Drivers older than age 79 have a higher likelihood for being at fault compared with other older
drivers in rear-end crashes. The 65- to 69-year-old drivers have relatively low risk for being at fault in the
rear-end crashes – a risk ratio 29% lower than the control group.
Table 5.1 RAIRs for Older Drivers for Selected Crash Conditions
Condition
65-69 70-74
1.11
1.32
Intersection-Related Crashes
1.36
1.43
Left-Maneuver Related Crash
0.74
0.63
Rear-End Crash Type
0.81
1.18
Front Damage in Rear-End Crash Type
1.29
0.88
Rear Damage in Rear-End Crash Type
0.61
0.43
Nighttime Crashes
0.89
0.74
Winter Crashes
0.92
0.76
Evasive Action Taken in Crash

75-79
1.31
1.69
0.54
0.84
1.15
0.49
0.85
0.60

80-84
1.19
1.79
0.47
1.30
0.68
0.36
0.73
0.51

85+
1.28
1.83
0.45
1.84
0.49
0.47
0.72
0.63

Risk ratios have 95% confidence interval (the sole exception is the italicized value, which includes the value of 1.00).

Two environmental conditions considered in assessing relative risk for older drivers in MVCs are
nighttime and winter driving. The risk for older drivers is less since the RAIRs are all under 1.0,
compared with the younger control group drivers. Unlike some of the other conditions, a declining trend
is not evident in the risk measures. Less exposure as older drivers self-regulate to limit driving in lessthan-ideal conditions, such as limited light or snow-covered roads, may explain these lower risk
measures. The risk of a nighttime crash is 51% to 64% lower among the driver groups older than age 69,
compared with the control group. Control group drivers are 15% to 28% times more likely to be involved
in a crash during winter months, including November through February, than drivers 70 and older.
The final element considered among the RAIR metrics is driver action prior to the event. As noted
previously, physical, visual, and cognitive decline associated with the aging process may slow driver
response to road and vehicle signals. Unlike the environmental conditions, driver propensity to respond to
a situation with an evasive action does decline with age. A large decline is evident in comparing
supplemental information on the 65- to 69-year-old drivers, who are only 8% less likely to respond with
an evasive reaction than the control group, to the older drivers. Drivers ages 80 to 84 are 49% less likely
to make a maneuver to avoid a crash than the control group. The 70- to 74-year-old drivers report evasive
action 24% less frequently than the control group and 17% less often than the 65- to 69-year-olds. The
increase in action likelihood from the 80- to 84-year-olds to those older than age 85 is not easily
explained. It may be related to greater variation in abilities among the 80- to 84-year-olds or other
element not evident in the information available here.
The analysis presented here does not offer an exhaustive view of older driver crashes. It does, however,
draw on existing research to highlight potential elements for reducing older driver crash risk.
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6.

SUMMARY

The aging process brings about natural declines in some visual, cognitive, and physical capabilities.
Because driving is a complex task, it is important to recognize a growing need to address older driver
safety. Findings here show older drivers in North Dakota have an increasing propensity for crash
involvement and serious injury. Driving situations such as left-hand turns and intersections pose
especially high-risk environments. Older drivers are more likely to be in error and less likely to take
evasive action compared with the middle-age control group drivers. In addition, older drivers are less
likely to a wear seat belt in town – where most of their crashes occur. Knowledge about crashes involving
older drivers may help focus strategies to boost safe mobility most effectively through education,
licensing, and engineering.
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7.

DISCUSSION

Several projects have highlighted practices, programs, and strategies designed to improve road safety for
older drivers. The aforementioned CarFit program is just one option for older drivers. Here, occupational
therapists ensure drivers are properly fitted in their vehicle and seat belt. Some programs offer additional
services from occupational therapists with specialized training to perform comprehensive driver
capabilities evaluation and make recommendations to improve driver safety. Classes and materials are
offered from many sources that allow older drivers to refresh or assess driving skills for road safety.
Education programs can also be used to provide guidance to improve older driver self-regulation. Further
analysis is needed to understand the efficacy of specific programs.
In addition, some states have taken a proactive stance in reducing older driver risk through the
administration process. One opportunity is in identifying at-risk drivers through the licensing process and
in working with medical professionals to identify drivers in need of further evaluation (Stutts and Wilkins
2009). Empirical analysis of these programs is limited, but anecdotal evidence shows positive results. In
terms of policies – as another opportunity—seat belt laws, especially those with primary enforcement, are
found to be beneficial. Seat belt laws were the only policies found to reduce fatalities in a study of older
driver safety related to state laws (Morrisey 2004). Strategic approaches are also strong in several states,
such as California, Florida, Iowa, Maryland, and Michigan, and Oregon. These states have
multidisciplinary groups that may involve government, medical, academic, and social service
stakeholders to focus on devising and implementing strategies to improve older driver safety
(Government Accounting Office 2007). These groups would fit the approach used in the aforementioned
Strategic Highway Safety Plan.
System strategies and spot treatments have also been offered with regard to improving roadway design
and operation for older drivers (Table 7.1). These range from low-cost measures such as improved
signage, to higher-cost measures such as roundabouts and protected left turn lanes (Braitman 2007).
Additional guidance is available in the Older Driver Highway Design Handbook, which is scheduled for
update in 2011 (Federal Highway Administration). Current NDDOT efforts related to Clearview font on
roadway signs for positive contrast, rumble stripes on roadway center and edge for improved delineation,
and left-turn lanes for traffic separation do fit the strategies mentioned below. As with most safety
strategies, spillover benefits associated from safety investments implemented to reduce risk for specific
driver groups are shared by the larger driving population (Braitman 2007).
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Table 7.1 Roadway Strategies and Treatments to Improve Older Driver Safety
System Strategies
Provide advance warning signs. (T)
Provide advance-guide and street name signs. (T)
Increase the size and letter height of roadway signs. (T)
Provide all-red clearance intervals at signalized intersections. (T)
Provide more protected left turn signal phases at high-volume intersections. (T)
Provide offset left-turn lanes at intersections. (T)
Improve lighting at intersections, horizontal curves, and railroad grade crossings. (T)
Improve roadway delineation. (T)
Replace painted channelization with raised channelization. (P)
Reduce intersection skew angle. (T)
Improve traffic control at work zones. (T)
Spot Treatments
Limiting the use of left-hand exits.
Providing parallel-type acceleration lanes for easier merging maneuvers.
Providing longer acceleration lanes to give older drivers a greater opportunity to merge.
Replace intersections with roundabouts at appropriate candidate sites (Braitman 2007).
(T): Tried, (P): Proven
Source: Adapted from Potts et. al 2004 and Braitman 2007.

An improved understanding of older driver capabilities and challenges is important to future traffic safety
as this is a growing driver segment in North Dakota. A wealth of resources is available to move forward
with strategies and programs to improve older driver safety. The analysis and discussion presented can be
used in that effort.
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