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COMMENTARIES

Commentary on Résénen and Summala, “Car Drivers’
Adjustments to Cyclists at Roundabouts”™

Jan Theeuwes
Vrije Universiteit, Amsterdam

The important message of Risidnen and Surmmala’s (2000) study is the notion that during driving,
visual search for driving-relevant objects is mainly guided by top-down factors. The study ele-
gantly demonstrates that drivers entering roundabouts tend to direct their attention (defined as the
direction of head movements) mainly to the left of the visual field. This direction of attention does
not depend on whether other traffic is coming from the left; the notion is that drivers check the left
side of the visual field because they have “knowledge™ that on roundabouts other traffic (including
cyclists) typically comes from the left. This in itself is an adequate strategy, because the drivers’
knowledge is used to optimize the visual scan path. The strong point of Résinen and Summala’s
study, however, is that it shows that there is a price to pay for this top-down guided search: In many
instances a cyclist approaching from the right did not prompt a head movement, suggesting that
drivers failed to detect him. Even though, as recognized by Risinen and Summala, the absence of
a head movement in the direction of the cyclist may not necessarily indicate a failure to detect the
cyclist, additional evidence indicating that drivers who did not look to the right also showed an
increased tendency to not yield to the cyclist also hints toward an explanation that such drivers
failed to detect the cyclist from the right. Note that the study was conducted during daytime in the
summer under conditions in which it is likely that the cyclist was clearly visible.

These findings suggest that driving-relevant objects, such as relevant road users who have the
right of way, are on a collision course and are clearly visible (such as the cyclist in Risinen &
Summala’s [2000] study) do not necessarily capture our attention if the relevant object is in a loca-
tion (or area) within the visual field that does not fit our expectancies. This is an important claim,
because it has often been assumed that an object that is relevant, salient, and visible enough will
capture our attention independent of its location in relation to the line of fixation (see, e.g., Hughes
& Cole, 1984; Theeuwes, 1991). When someone overlooks, for example, a sign, we typically sug-
gest that the sign be made more conspicuous, that is, more salient so that in the future the sign will
not be overlooked. Risdnen and Summala’s (2000) study shows that top-down expectancies are
more important in guiding search behavior than are aspects of conspicuity and saliency.

A crucial question is how these top-down expectancies develop and how these expectancies
guide search behavior. Previous experiences that drivers have with particular situations (such as
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roundabouts) create prototypical representations for these situations. The prototypical representa-
tion of traffic environments contains information regarding the typical spatial relationships
between the road elements and road users, called schemas (e.g., McClelland & Rumelhart, 1981),
and information regarding the typical sequences of events in time, called scripts (Minsky, 1975).
Recognizing a particular traffic situation (such as a roundabout) will activate particular scripts and
schemas, which in turn influence where——in place and in time—particular road users and elements
can be expected. Thus, in Risdnen and Summala’s (2000) study, entering a roundabout will induce
expectancies regarding where cyclists are likely to be, causing drivers 1o typically sample only the
left side of the visual field. Obviously, if the environment induces inappropriate expectations (as in
Risdnen & Summala’s study), then errors in visual sampling are likely to occur.

In a series of laboratory studies, I (Theeuwes, 1996; Theeuwes & Hagenzieker, 1993) demon-
strated that the wrong expectations regarding where in the visual field the relevant information is
located will indeed result in a failure to detect these objects. In my studies, participants searched
traffic scenes and had to determine whether a particular traffic sign or a particular road user (e.g.,
a cyclist) was present in the scene. Participants responded “yes” when they found the object and
“no” if they thought that the object was not present. In these experiments the relevant object was
either in a location that was in line with the particular scene layout (expected location) or at an
unlikely location within the scene (unexpected location). For example, a cyclist who needed to be
detected was located either on the bike path on the right side of the road (expected location) or on
the left side on the main road (unexpected location). The results showed that on many occasions
participants did not detect relevant objects when they were located at an unexpected location with-
in the scene. In many instances participants responded “object not present” when in fact the object
was located somewhere in the visual scene, yet at an unexpected location. My subsequent eye
movement study (Theeuwes, 1996) confirmed these findings, showing that people direct their eye
fixations only to locations that are likely to contain the target object.

These studies show that search behavior is biased toward portions of the visual field where
the relevant source of information is expected. It should be realized that the effects of a top-down
search will be particularly strong in cases in which there is a relatively high visual load (e.g.,
driving in busy traffic in urban environments) or under reduced sight conditions (e.g., driving in
the dark or in twilight). As Résdnen and Summala (2000) also showed, in cases of high-speed
driving drivers rely more on top-down guided search than when they drive slowly. As Résénen
and Summala noted, speed modifies visual search patterns, suggesting that with increasing
speeds drivers tend to scan only the most relevant locations.

Accident data regarding errors that occurred in driving also stress the importance of expecta-
tions. For example, accident data show that a large portion of drivers (about 37%) involved in
automobile crashes do not act too late, but do not act at all, to avoid the collision (Sussman,
Bishop, Madnick, & Walter, 1985). The finding that most people did not act at all may suggest
that they failed to detect the road user who was on a collision course with them. Failure to detect
relevant other traffic may be relaied to inadequate expectations regarding the location at which
other road users may appear. In fact, Malaterre (1986) claimed that 59% of all accidents are the
result of inappropriate expectations or interpretations of the environment.

Another aspect that needs to be considered is that, for an individual driver, traffic accidents
(luckily) seldom occur, indicating that errors in visual sampling, that is, failing to detect a rele-
vant object (e.g., failing to detect a cyclist on a collision course) are not fed back to the driver.
For example, as in Risinen and Summala’s (2000) study, to prevent an accident the cyclists
approaching from the right simply stopped. Typically, in these circumstances the driver keeps on
driving without ever knowing that he or she failed to detect the cyclist at the right. On the other
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hand, correct expectancies, that is, finding an object where you expected it (finding the cyclist
to the left), are consistently reinforced when an object is found in the correct place.

Because expectations play such an important role, it is crucial that the design of roads be
adjusted to these expectations. Purely by their design, roads should elicit safe behavior
(Alexander & Lunenfeld, 1986; Theeuwes, 1998; Theeuwes & Godthelp, 1995). By taking into
account the constraints and the limitations of the driver, road design can reduce the number of
errors that occur in traffic. The type of road that elicits safe behavior simply by its design has
been referred to as a self-explaining road (Theeuwes & Godthelp, 1993). Along similar lines,
Alexander and Lunenfeld (1986) developed the concept of positive guidance, referring to road
environments that are in line with the expectations of the road users.

On theoretical grounds, Theeuwes and Godthelp (1993, 1995) identified some criteria that
will increase the self-explaining character of roads. When developing the “road of the future,”
one should start with a few easy recognizable and distinguishable road categories. These types
of roads should be designed in such a way that high-speed differences and directional differences
are not possible. Four categories can be distinguished: freeways, highways connecting larger
regions, rural roads connecting residential and shopping areas, and what in Europe are called
woonerfs—small roads going from door to door. For these four categories, self-explaining roads
should fulfill the following tentative criteria:

* Roads should consist of unique road elements (homogeneous within one category and dif-
ferent from all other categories).

* Roads should require unique behavior for a specific category (homogeneous within one cat-
egory and different from all other categaries).

+ Unique behavior displayed on roads should be linked to unique road elements (e.g., woon-
erfs: obstacles—slow driving, freeway: smooth concrete—fast driving).

» The layout of crossings, road sections, and curves should be linked uniquely with the par-
ticular road category (e.g., a crossing on a highway should physically and behaviorally be
completely different from a crossing on a rural road).

* One should choose road categories that are behaviorally relevant.

*» There should be no fast transitions going from one road category to the next.

* When there is a transition in road category, the change should be marked clearly (e.g., with
rumble strips).

* When teaching the different road categories, one should not only teach the name of, but also
the behavior required for, that type of road.

 Category-defining properties should be visible at night as well as in the daytime.

» The road design should reduce speed differences and differences in direction of movement.

* Road elements, marking, and signing should fulfill the standard visibility criteria.

* Traffic control systems should be uniquely linked to specific categories (e.g., on freeways,
systems that regulate traffic flow; on rural roads, systems that restrict driving speed).
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