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Abstract
Older drivers are primarily overinvolved in crashes at intersections, and failure to attend to regions
that contain relevant information about potential hazards is a major contributor to this problem.
Corroborating this, we have found that older drivers in both controlled scenarios on a driving
simulator and somewhat less controlled situations on the road attend to (i.e., fixate) target regions
in intersections significantly less frequently than do younger experienced drivers. Moreover, we
have developed a training program that substantially improves older drivers’ attention to these
regions. Together, these findings indicate that older drivers’ less frequent scanning of regions at
intersections from which hazards may emerge may be due to their developing something like an
unsafe habit rather than to deteriorating physical or mental capabilities and thus that training may
be effective in reducing crashes.
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Introduction
Older drivers, especially those over 70 years old, are overinvolved in right-of-way crashes,
primarily in intersections, where hazards typically emerge from the side of the driver’s
vehicle (Clarke, Ward, Bartle, & Truman, 2010). This is in spite of the fact that older drivers
appear to be aware of the problem and make efforts to remediate it (Eck & Winn, 2002). The
overinvolvement of older drivers in such crashes has been traced to diminished cognitive
abilities such as a narrowing of drivers’ useful field of view (Ball & Owsley, 1991), a loss of
the ability to selectively attend to what is important (Hakamies-Blomqvist, Sirén, &
Davidse, 2004), poor judgment of vehicle speed (Spek, Wieringa, & Janssen, 2006), and
diminished physical abilities that interfere with their ability to control the vehicle (Yan,
Radwan, & Guo, 2007) and failure to turn their heads (Isler, Parsonson, & Hansson, 1997).

There is also evidence that older drivers scan at intersections less effectively than do
younger experienced drivers (Bao & Boyle, 2009; Braitman, Kirley, Ferguson, &
Chaudhary, 2007; Clarke et al., 2010). This could be due to one or more of the causes above
(e.g., older drivers could be failing to scan less effectively because they are attending to
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unimportant information). An attempt to determine whether scanning itself, in the absence
of distractions and other traffic, was a problem was recently studied on a driving simulator
and in the field. The results clearly indicated that a failure to scan for potential hazards was
by itself a possible cause of crashes (Romoser & Fisher, 2009; Romoser, Fisher, Mourant,
Wachtel, & Sizov, 2005). Moreover, the older drivers’ failure to scan can be remediated by a
brief training program (Romoser & Fisher, 2009). This fact, together with our detailed
analysis of the comparison of scanning behavior of older experienced drivers with that of
younger experienced drivers, has led us to the surprising conclusion that much of older
drivers’ problems with scanning in intersections is attributable not solely to cognitive or
physical decline but also to the gradual development over time of something akin to an
“unsafe habit.”

Our research addresses three central questions about older drivers’ failure to scan
appropriately at intersections: (a) whether this is just a general tendency to look around less
while driving or whether it occurs mainly at certain critical periods (e.g., when approaching
and entering an intersection); (b) whether older drivers’ failure to monitor for potential
hazards is due solely to the various changes in mental abilities described above, such as an
increase in distractibility or decrease in the useful field of view; and (c) whether older
drivers’ failure to scan at intersections is mainly due to musculoskeletal problems.

To help answer these questions, we will first discuss some data comparing the scanning
behavior of older drivers (over 70) and younger experienced drivers (aged 25–55). We have
studied the differences between these groups on the road (Romoser & Fisher, 2009) and in a
driving simulator (Romoser et al., 2005; Romoser & Fisher, 2009) and have found similar
differences in both environments. However, since the driving simulator allows more control
over the situation, we will limit our analyses below to the simulator data. We will then
discuss the training program that remediates these differences and why these results lead to
the “unsafe habit” conclusion.

Differences in Scanning Behavior
A typical drive in the simulator contains stretches in which little of interest happens, but
there are specific stretches in the drive called scenarios that are of particular interest and are
scored (Romoser & Fisher, 2009). The three scenarios we discuss below are all at
intersections, and in each of them, there is a potential hazard that the driver needs to monitor
(see Fig. 1). They represent the three possible turning behaviors a driver would have to
execute at an intersection (a left turn, a right turn, and no turn). Most importantly, each
contains a well-defined region that should be monitored when approaching and entering the
intersection. That is, in each of the scenarios, a vehicle traveling on another road entering
the intersection could have been hidden by either a hill or a bend in the road, and if such a
hidden vehicle was going the speed limit, it would be in the intersection three seconds after
it first became visible. In each of these scenarios, this vehicle would have the right of way;
thus there would be no reason for it to slow down except for trying to avoid a crash. We
should emphasize that this potentially crashing vehicle never appeared in any of the
scenarios “at the last minute” (i.e., when the driver arrived at the intersection and began the
turn), so as not to make drivers hypervigilant by creating crash or near-crash situations.

In the first scenario (Fig. 1), the driver and traffic in the opposing lane across the four-way
intersection have the right of way. The driver is instructed to make a left turn at the
intersection. Thus, the only plausible threat is a car in the opposing lane coming directly
toward the driver. In the second (Fig. 2), the driver is instructed to make a right turn at the
stem of a T-intersection onto a road where the traffic has the right of way, and this fact is
made clear to the driver. Thus, the only plausible threat is a car coming from the left of the
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driver. In the third (Fig. 3), the driver is instructed to go straight through the intersection.
However, the driver has a stop sign and cross traffic has the right of way. As there are
restricted sight lines for traffic coming from the right and left, both of these areas need to be
checked within three seconds of entering the intersection to be sure that a vehicle is not
approaching from one or both sides.

In each of these scenarios, we defined a potential threat region that should be monitored just
before and immediately after entering the intersection in order to make sure that additional
cross-traffic has not materialized. Moreover, there is no moving vehicle or pedestrian that is
obviously competing for the driver’s attention. Our analyses show that the only region
competing for the driver’s attention is defined by the forward path of the vehicle (i.e., the
arrows in the figures attached to the lead, L, vehicle). In the first scenario, this region is
somewhat to the left when entering the turn and then straight ahead as the turn is completed.
In the second scenario, it is to the right when beginning the turn and then straight ahead as
the turn is completed. In the third scenario, with no turn, this region is straight ahead.

Of major interest in the data from the Romoser and Fisher (2009) experiment was the
amount of time the driver spent glancing at (i.e., monitoring) the critical potential threat
region in the interval when the driver approached and entered the intersection. The critical
interval was chosen to be between 2 seconds before the driver’s vehicle entered the
intersection and 1 second after the vehicle entered it (when the driver still had some chance
of averting a potential crash). Indeed, older drivers monitored the potential threat region
significantly less than did younger drivers in this interval for each of the three scenarios, and
as we indicated above, the difference between the groups during this interval could be
largely accounted for by the fact that the older drivers glanced for a significantly greater
amount of time at the forward direction of their car than did the 25- to 55-year-old drivers.
(These observed differences extended to a wider range of scenarios, but we are focusing on
these three scenarios because they illustrate several important points.)

First, the difference between the older and younger experienced drivers was not merely due
to the fact that younger drivers generally look around more. After having negotiated the
intersection, there was no difference between the groups in their pattern of scanning
behaviors ahead and to the sides. In the first two scenarios, there was also virtually no
difference between the groups prior to the critical interval; but in the third, the younger
drivers looked around more, probably because more scanning is necessary, as one needs to
check for traffic coming both from the left and right. Second, it is unlikely that the
difference between groups was due to declining attentional capacities, because there were no
distractions present in the intersections or in a surrounding field of view that would compete
for processing. Third, the difference in scanning behavior was not plausibly due to declining
physical abilities, because the correct scanning behavior in the first scenario was continuing
to monitor the road directly in front and no large head movements were required to do this.

The training studies of Romoser and colleagues provide additional evidence that these three
classes of explanations are unlikely explanations for the scanning deficits we discussed
earlier. Moreover, they suggest what the older drivers’ problem might actually be.

The Effects of Training
These training studies have a classic design that is similar to that used in medical research
(Romoser, 2008; Romoser et al., 2005; Romoser & Fisher, 2009). Participants are randomly
assigned to one of two or more groups that receive various treatments, and then the
performance of the groups is compared after the treatments. In the latest training study, older
drivers were filmed as they drove from their homes using their own vehicles to points of
their own choosing wearing head-mounted cameras. Three cameras were mounted on each
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vehicle to give additional views. The control group was given no training or video feedback.
Of greater interest were the two different training groups. In the passive training group, the
participants were given 30 to 40 minutes of instruction, which included coaching about
where to look at intersections and why less careful scanning (e.g., scanning areas from
which potential hazards might emerge) was an important cause of many crashes for older
drivers. No video feedback of their field drives was provided. In the post-test, this group did
no better than the control group. Thus, merely being told to be careful had no effect on
behavior.

The training group of interest saw a video replay of their behavior at intersections in the
field drive. (Most of the older drivers recognized their failures without prompting.) They
also were evaluated in a driving simulator, shown feedback of their behavior at the virtual
intersections, and then allowed to practice appropriate scanning behaviors on the simulator.
They were then given the same 30 to 40 minutes of instruction that the passive group was
given. Notably, there was no training of motor skills. At the end of this training, the older
experienced drivers’ performance had increased dramatically and was indistinguishable
from the performance of younger experienced drivers. This training was effective both as
assessed in a driving simulator and on the road. Moreover, the effects of training have
endured both in a 3-month follow-up (Romoser & Fisher, 2009) and in a 12-month follow-
up (Romoser, 2011).

It thus seems quite unlikely that mental or physical “hardware” problems could be the cause
of the scanning deficiencies if these scanning deficiencies can be remediated in a training
program that does not train motor behavior or remediate attentional deficits. The cause of
the improved performance is obviously that older drivers have been made to attend better at
intersections; but we do not think this pattern is consistent with what is usually meant by
“attending better,” such as increasing mental capacity, expanding the size of the visual field
within which one can perceive what is going on, or decreasing the ability of irrelevant
stimuli to attract and hold attention. While it is logically possible that this brief training
procedure increased something like working memory capacity and had a continuing effect
12 months later, this seems quite implausible. Moreover, as we emphasized earlier, the test
scenarios had essentially no “clutter.” There was little competition for the driver’s attention
other than controlling the car and paying attention to the roadway directly ahead.

What Is Older Drivers’ Problem at Intersections?
We seem to have eliminated all possible explanations for why older drivers fail to scan at
intersections. However, there is another possibility, which we think is a viable working
hypothesis: They have developed something akin to an unsafe habit. That is, it is plausible
that older drivers take as their goal in driving to be sure not to hit anything that is in front of
their vehicle. Thus, they focus on the area of the roadway toward which they are headed and
drive more slowly in the event a collision were to occur. That is, they have, over time, come
to focus on what they construe as the central driving task: not colliding with a vehicle,
pedestrian, or other object in their intended path of travel. This may be because they have—
or fear they have—reduced capabilities as drivers.

Such a strategy is adequate for most situations other than intersections. However, in an
intersection, the primary threat for the older driver is a vehicle hitting the older driver from
the side, not the older driver hitting another vehicle directly in front of him or her. One
possible reason that older drivers are unaware that this strategy is unsafe is that crashes are
in fact relatively rare, so that they are unlikely to have been given feedback on the
nonoptimality of their behavior. Moreover, even if they have had a crash at an intersection,
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the crash may not have been entirely their fault (e.g., the other vehicle was going too fast),
so that they may not realize they made a mistake.

We think it is plausible that such a habit could develop over time: It simplifies life and it
seems to work. Moreover, it is consistent with the training data. That is, if a driver is merely
told that this failure to scan is a general problem for older drivers, it appears to have no
impact on behavior if the particular older driver has little reason to think that it applies to
him or her. In contrast, if the training graphically shows drivers how they failed to scan and
they are clear that they were missing something important, their scanning behavior is likely
to change. We admit that it is amazing that this brief session appears to bring the older
drivers back to the level of younger experienced drivers in the same scenarios. However, the
older drivers in the experiment may have been better than average older drivers.

Conclusions
Our research has found that a major problem with older drivers is their failure to scan
adequately for upcoming potential hazards. This is also a problem for novice drivers
(Pollatsek, Fisher, & Pradhan, 2006) and is also remediable with training (Pradhan,
Pollatsek, Knodler, & Fisher, 2009). However, unlike with younger drivers, this failure
appears to be largely restricted to intersection scenarios—situations in which another vehicle
could hit the driver’s vehicle from the side. Both problems appear to be trainable with
simple methods that are not expensive. However, it is not plausible that these scanning
failures are the sole reason for increased accidents in the older driver population. For
example, it is likely that there are older drivers who should not be driving because they have
serious vision, motor, or general attentional problems and that this is a factor contributing to
the increased accident rates for older drivers. However, there are periodic tests in many
states to limit the numbers of such drivers, at least those with vision problems; moreover,
there is likely a fair amount of “self-selection” on the part of such drivers. Nonetheless, our
data indicate that older drivers who do not suffer from such problems still fail to scan
adequately at intersections and that this failure by itself is plausibly a major contributor to
the increased crash rate for older drivers.
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Fig. 1.
Left turn across traffic scenario. The driver (D) turns left at a four-way intersection on to the
side street following a lead vehicle (L). Side streets have stop signs, the driver does not.

Pollatsek et al. Page 7

Curr Dir Psychol Sci. Author manuscript; available in PMC 2012 October 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Right turn at T-intersection. The driver (D) turns right at a T-intersection following a lead
vehicle (L). Prior to the turn, two cross-traffic vehicles (1 and 2) proceed through the
intersection to reinforce the concept that cross traffic does not stop.
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Fig. 3.
Straight through intersection. The driver (D) proceeds straight through the four-way-stop
intersection following the lead vehicle (L). Well prior to entering intersection, vehicles 1 and
2 proceed through the intersection to make clear to the driver that cross traffic does not stop.
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