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Abstract
Older drivers are the fastest growing segment of the US population and experiencing high crash rates.  An analysis is performed to evaluate potential problem maneuvers that may lead to higher crash involvement. Left turns against oncoming traffic, gap acceptance for crossing non-limited access highways, and high speed lane changes on limited-access highways are identified as such maneuvers. Older and younger drivers’ accident propensities are measured, using Kentucky crash data. The findings of the analysis show that older drivers are more likely to be involved in crashes related with these maneuvers compared to younger drivers; older male drivers are safer than older female drivers in left turns and gap acceptance related crashes and having a passenger beside the older drivers makes for a safer driving environment. Potential counter-measures aiming to reduce the accident rates of older drivers are discussed.

Introduction
In today’s society, older drivers are the fastest growing segment of the driving population (TRIP 2000).  This is even more significant for the future, as many Baby Boomers become older. Data from the Bureau of the Census indicate that the population growth rate of the elderly--those at the normal retirement age of 65 or older--between 1970 and 2000 was almost three times larger than the total population growth (Bureau of the Census 1999). 

The number of older individuals who are licensed to drive has also increased. In 1970, older drivers accounted for 8 percent of the U.S. driving population and 14.3 percent in 2000 (US DOT 2000). Burkhardt and McGavock (1999) conservatively estimated that by the year 2030 older drivers would account for 18.9 percent of all vehicle miles driven which is almost triple the 1990 figure, 6.7 percent. 
On the other hand, older drivers are experiencing high crash involvement ratios, and these ratios have been increasing over time. These drivers are the party at fault in disproportionally more crashes than other age groups of drivers in a variety of traffic conditions (US DOT 1994).  Over the last decades, the traffic safety community has been increasingly concerned with the traffic safety of elderly. Thus, this study attempts to improve the current understanding of the crash mechanism of this group by analyzing specific traffic maneuvers of elderly and comparing their involvement with that of younger drivers. 

Background 

The amount of older drivers on the roads today is increasing at a very fast rate. The fastest growing segment of the population is people aged 85 years and older (TRIP 2000).  Since the previous decade, there has been a 39 percent increase in older drivers as compared with the total increase of licensed drivers (13 percent) (NHTSA 2000).  The increase of older female drivers and the increase of the miles driven by them during the 1970-2000 period indicate a growth of approximately 270 percent and 35 percent, respectively (US DOT 2000).

Like all Americans, older drivers are dependent on the freedom of movement provided by their cars which is used in 92 percent of all surface travel (Outlaw et al 2000).  Travel trends show that 50 percent of elderly drive for daily living activities such as taking care of the household and/or themselves. Travel data indicate that the elderly will be taking more trips, driving further, and continuing to drive much later in life in the future. 

A study performed by the Federal Highway Administration (FHWA) found through in-car observations, that older drivers have a very difficult time responding to traffic signals and performing left and right turns (Byington et al 2001).  The driver also often failed to signal his/her turn while poor positioning was noted as a problem when turning left along with a general lack of caution.  Stamatiadis et al. (1991) also pointed out that drivers older than age 65 were more likely to be involved in crashes at both signalized and nonsignalized intersections. 

An analysis on crash databases from five States (Illinois, Michigan, Minnesota, North Carolina, and Utah) over a 3-year period found that older drivers were 63 percent more likely to be merging or changing lanes just prior to the crash and that they were five times more likely than younger drivers to be cited with failure to yield when merging or changing lanes (Knoblauch et al 1997). 

Another study found distinctive gap selection and utilization patterns of older drivers when compared to other drivers (Yi 1996). The critical gap for entering through right turns at two-way stop-controlled intersections used by older drivers was 7.36 seconds whereas that of other drivers was only 5.19 seconds. The longer critical gap required by older drivers indicated that it was generally more difficult for them to enter a roadway from an unsignalized minor approach. This problem was more pronounced at the busier roads where the average size of available gaps in the traffic stream for intersection entry was small. The risk for crashes also increases with the speed of the approaching vehicle. 

The literature review highlighted that there are problems with intersections especially for left turn maneuvers and gap acceptance as well as lane changes.  The work reviewed also indicated that more work is required to examine such specific maneuvers.

Methodology
The 1995-1999 crash database from Kentucky was used. The frequency of crashes for any given roadway, driver, and environmental conditions can be used for the numerator in calculating crash rates with acceptable accuracy. However, accurate estimates of a driver’s exposure for the same variables are difficult, or impossible, to be made from available data. This creates a problem not only in finding the denominator to develop crash rates calculations but also performing statistical tests to determine the significance of the variables in question.

 
In order to overcome this problem, researchers traditionally used estimates like miles driven, number of licensed drivers, registered vehicles, and so forth. However, these estimates have some limitations and thus prohibit the development of exposure metrics for specific driver and situation combinations. For example, older drivers who recognize their limitations may avoid peak hour and night travel. This results in changing the older driver proportion in the driving population from time period to time period.  Such differences are not accurately represented by traditional metrics of exposure such as vehicle miles of travel. Alternative exposure measures that use data from the crash records seem to reduce these problems (Stamatiadis and Deacon 1997). Such a method is the Quasi-induced exposure method where estimates for the drivers’ exposure are derived from the distribution of not-at-fault drivers in the crash database. The key assumption is that the distribution of not-at-fault drivers closely represents the distribution of all drivers exposed to crash hazards. Not-at-fault drivers are defined as drivers who were not cited as having human factors contributing to the crash. Crashes, in which more than one driver was assigned responsibility, were excluded from the analysis.  There were a total of 32,539 left turn crashes, 31,256 gap acceptance crashes, and 7,803 lane change crashes used in this study. 

The relative accident involvement ratios (RAIR) are used to measure the crash propensities in this analysis.  This is the ratio of at-fault to not-at-fault driver for a given driver group. Binomial (or binary) Logistic regression has been proven to be the most appropriate statistical technique to test these ratios (Stamatiadis and Deacon 1995). 

From the literature review, three main types of maneuvers have been identified in which older drivers are having high or questionable involvement. These maneuvers are: 1) Left turns against oncoming traffic, 2) Gap acceptance for crossing non-limited access highways, and 3) High speed lane changes on limited-access highways.  The basic hypothesis examined here is that older drivers are not different than younger drivers with respect to any of these maneuvers.  In cases where the hypothesis is not accepted, factors that could contribute to the crash occurrence are also examined.  The statistical tests are performed at the 0.05 level of significance.  

Results
A higher risk is usually involved in making left turn movements at intersections as compared to other intersection maneuvers due to two directional traffic flows cross each other and there is a higher risk involved in estimating speeds of oncoming traffic. Therefore, by examining this specific maneuver, it is possible to define factors affecting the driving characteristics of elderly. 

The results in Figure 1 show a significant trend of increasing crash involvement as the driver ages over 65. A statistical analysis reveals that the odds of fault in left turn crashes against oncoming traffic is 3.20 times higher for drivers over 65 as compared to younger drivers (age < 65) which is statistically significant (p<0.0005). Furthermore, Figure 1 shows that the risk of drivers being involved in a left turn crash increases dramatically as the driver ages after the age of 65.   Table 1, which presents the statistical results of the age comparisons, also supports this observation and Table 2 shows a summary of the hypotheses [image: image1.wmf]0.00
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FIGURE 1  Relative accident involvement ratios for crash types by age group.

TABLE 1  Summary of Statistical Testing of Older Drivers 

	Maneuver
	Age Category
	P-Value
	Odds ratio
	95% Confidence Interval

	
	
	
	
	Lower
	Upper

	Left Turns Against Oncoming Traffic
	65-69
	<0.0005
	1.98
	1.82
	2.17

	
	70-74
	<0.0005
	2.70
	2.46
	2.96

	
	75-79
	<0.0005
	4.14
	3.70
	4.63

	
	80-84
	<0.0005
	6.86
	5.80
	8.12

	
	85+
	<0.0005
	8.20
	6.43
	10.46

	
	(65
	<0.0005
	3.20
	3.03
	3.37

	Gap Acceptance
	65-69
	<0.0005
	1.25
	1.15
	1.35

	
	70-74
	<0.0005
	1.66
	1.51
	1.81

	
	75-79
	<0.0005
	2.29
	2.07
	2.55

	
	80-84
	<0.0005
	3.21
	2.78
	3.70

	
	85+
	<0.0005
	4.44
	3.57
	5.52

	
	(65
	<0.0005
	1.87
	1.78
	1.96

	Lane Changes

 
	65-69
	0.264
	1.11
	0.93
	1.33

	
	70-74
	0.003
	1.39
	1.12
	1.74

	
	75-79
	<0.0005
	2.10
	1.57
	2.80

	
	80-84
	<0.0005
	2.37
	1.53
	3.67

	
	85+
	<0.0005
	4.41
	1.94
	10.02

	
	(65
	<0.0005
	1.46
	1.29
	1.65


Note: Reference category is under 65

TABLE 2  Summary of Hypotheses Tested (P-Values)

	Hypothesis
	
	Left Turn
	Gap Acceptance
	Lane Changes

	Over 65 drivers are safer than younger drivers
	
	<0.0005
	<0.0005
	<0.0005

	Over 65 males are similar to over 65 females
	
	<0.0005
	<0.0005
	0.395

	Gender differences are similar between older and younger drivers
	
	0.028
	<0.0005
	0.045

	Age differences in older drivers are similar in urban and rural areas
	
	0.006
	0.003
	0.643

	Over 65 drivers have similar fatal rates as younger drivers
	
	<0.0005
	<0.0005
	0.607

	Over 65 drivers have similar injury rates as younger drivers
	
	0.354
	0.680
	0.072

	Over 65 drivers have similar property damage only rates as younger drivers
	
	0.072
	0.867
	0.093


An analysis by gender shows that females have a higher chance of being involved in a left turn crash. Statistical tests show that the age and the gender interaction are significant (p=0.028). Older women are 1.25 times more likely to be involved in left turn crashes than older men. Younger women are only 1.12 times more likely to be involved in left turn crashes than younger men. Crash data was disaggregated with respect to the area of crash to examine its potential influence. Statistical tests show that older drivers have a higher tendency to be involved in a left turn crash in rural areas (p=0.006). They are 1.17 times more likely to be involved in left turn crashes in rural areas where the population is 25,000 or less compared to urban areas where the population is 250,000 and over. The severity of the crash has also been evaluated. If an older driver is responsible for a left turn related crash, the probability of the crash being fatal to the driver is 2.41 times higher than the younger group crashes (p<0.0005). However, age difference is not a significant factor (p=0.354) in injury only crashes.  The likelihood of a crash being only property damage among the younger group is 1.05 times higher than the older group but it is not significant (p=0.072). 

Another problem area for older drivers is gap acceptance and estimation. The associated crashes for this occur when the driver attempts to cross a road while underestimating the available gap or the speed of the approaching vehicle. Such crash types are angle crashes occurred on non-limited highways when both vehicles were going straight prior to the crash. 

The effect of age on the gap acceptance crash propensity of older drivers is similar to that shown for left turn crashes where a typical increase for older drivers is noted (Figure 1 and Table 1). The risk of a driver age 85 or greater involved in a gap acceptance crash is more than 3.60 times that of the 65-69 age group (p<0.005). In addition, the odds of fault in this type of a crash is 1.87 times higher for drivers over 65 as compared to younger drivers; a statistically significant observation (p<0.0005).  Thus, these data indicate the potential presence of reduced ability of elderly to properly estimate available gaps. The analysis for the driver gender revealed that older females are at a greater risk than older males with respect to gap acceptance crashes (p=<0.0005). Statistical tests show that the age and the gender interaction is significant in these crashes with older women being 1.26 times more likely to be involved in such a crash than older men. No significant differences were observed between younger women and men. The tests for the crash location reveal that older drivers are 1.20 times more likely to be involved in gap acceptance crashes in the rural areas having population of 25,000 or less compared to the urban areas having population of 250,000 or more (p=0.003). The analysis for the severity of the crash indicated that if an older driver is responsible for a gap acceptance related crash, the probability of the crash being fatal for the driver is 1.78 times higher than the younger group crashes (p<0.0005). As in left turn crashes, age differences are not significant factors in injury only (p=0.680) and property damage crashes (p=0.867). 

The literature revealed that older drivers find that changing lanes is the most difficult vehicle maneuver for them, and they are more likely to have difficulties in detecting vehicles in blind spots. Therefore, the significance of age factor for high-speed lane change crashes is examined here. In addition to the lane changes crashes, same directional sideswipe crashes on limited highways while either overtaking or merging were also considered as high-speed lane changes crashes to address possible discrepancies in the crash database.  

The same trend of increasing crash involvement as the driver ages was noted here (Figure 1 and Table 1). The statistical analysis showed that older drivers are 1.46 times more likely to be involved in such crashes than the other age group (p<0.0005). When this type of maneuver is examined in terms of the gender of the driver, statistical analysis showed no significant differences for drivers over 65 (p=0.395). However, it should be noted that younger women are 1.19 times (p<0.0005) less likely to be involved in lane change crashes than men.  The effects of other causal factors on older drivers’ characteristics were also examined. As in the other maneuvers examined, having a passenger in the vehicle increases the safety of the older driver (p=0.003).  However, the statistical analysis conducted for these data found no significance in terms of factors such as light conditions, location of the crash, and severity of the crash.

Discussion and Conclusions
Past research revealed that older drivers who accounted for the fastest growing segment of the population in the US are experiencing high crash involvement ratios. Attempts were made here to identify possible maneuvers, which may lead to higher crash involvement of older drivers. The maneuvers evaluated include left turns against oncoming traffic, gap acceptance for crossing non-limited access highways, and high-speed lane changes on limited-access highways. The crash propensities are measured using the Kentucky crash database and quasi-induced exposure method. The statistical analysis performed using logistic regression. 

The results from the left turn related crashes showed some significant trends with respect to the older driver involvement.  Even though the ratios indicated that the likelihood of an older driver to be involved in such a crash increases with age, it is possible to underestimate their risk if one considers the possibility that the exposure of older drivers may be higher in going straight vehicle maneuvers than left turn maneuvers at intersections.  This could be based on the assumption that those who can identify their weaknesses in left turn maneuvers may avoid as many as such maneuvers and thus alter their relative exposure.  However, this was not examined here and could be considered in a future analysis.

There are no indications of whether there are any reasons for the gender difference noted. Even though females overall are more likely to be involved in a left turn crash, older females are even more at a higher risk.  

The overall trend in this analysis indicates the potential presence of reduced ability of elderly to properly estimate available gaps.  This trend becomes more important as drivers age (Table 1). 

The higher probability of a fatal to the driver crash for older drivers may be explained by their frailty.  A closer examination of the data analyzed indicates that in such crashes the older driver was the person who died.  The lower likelihood for being involved in left turn crashes on one-way roads as compared to two-way roads may be attributed to the fewer number of conflict points on one-way road intersections.
The absence of the difference between men and women for the younger age groups may indeed indicate that there are differences among elderly which could be attributed to possible aging effects or time related trends (older females start driving at a later age).  The differences between urban and rural crash locations may be attributed to a higher presence of potential alternate routes in urban areas, which older drivers may take instead of crossing a busy road. However, in rural areas, selection of alternate routes is limited and elderly do not have a choice but to cross the road bearing the risk.

The same trends were observed with respect to severity of the crash as those noted in the case of left turn crashes.  Again a plausible explanation for the higher fatality rate prevailed among the older driver category may be their potential frailty. 

The analysis of the lane changes related crashes indicates that older drivers demonstrate similar trends as in the other maneuvers examined here. A closer examination of the specific crashes for this maneuver revealed that out of all at-fault older drivers who were involved in high-speed lane change crashes, 82 percent were side-swipe crashes and 10 percent were rear-end crashes. Side-swipe crashes presumably indicate problems with peripheral vision and inattention while rear-end crashes probably indicate inability to judge the distance to the leading vehicle. Unlike other drivers, none of older drivers was involved in angle crashes while they were changing lanes. This implies that they did not cross lanes aggressively like younger drivers.

This study indicates that older drivers are having a difficult time in the selected maneuvers. It is observed that older drivers have a higher likelihood to be involved in a crash due to their aging related diminishing capabilities.  From the highway agencies’ perspectives, the results of this research indicate that more work needs to be done to enhance the driving environment for older drivers.  For example, it is possible that more street lighting may help to reduce the problems with left turns at night.  It is believed that additional work is needed to further study the influence of the various specific roadway elements on the crash rates of older drivers as they relate to these maneuvers and determine those that are the most significant to improve their traffic safety.
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