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EXECUTIVE SUMMARY

The contemporary roadside environment in many urban and suburban areas
is typified by a burgeoning visual complexity, with advertising signs, neon
lights, and gaudy billboards dominating the visual landscape. Surprisingly,
little research has examined the relationship between this array of potential
visual distractors in the roadside environment and traffic safety. The need
for such research is underscored by recent on-site accident investigation
studies which have estimated that between 10 and 25 percent of automobile
accidents involve distraction as a principal causative factor.

This project's ultimate goal has been to facilitate and support imple-
mentation at the state level of traffic safety standards involving type
and placement of both public road signs and private signs and lights located
proximately to the traffic environment. This effort has included two
principal objectives: (1) collecting and synthesizing available information
dealing with traffic safety and the legibility of the visual traffic environ-
ment; and (2) identifying and measuring those variables and dimensions in
the visual enviromment associated with a reduction in legibility. While
considerable past inquiry has examined perception of the target traffic
signal, few research efforts have systematically investigated perception of
the target as a function of distractions in its environmentalbackground.
This project has involved the definition, operationalization, and measurement
of visual distractibility in the traffic environment, including an analysis
of distractions due to private signs and lights in the vicinity of public
signs and signals, in addition to distractions caused by an overload or
improper placement of public signs. This effort was divided into: (1)

a laboratory-based feasibility study employing a simulation technique
involving a measure of reaction time to a target traffic signal embedded in
a background of contrasting types and numbers of distractors and (2) a
field-based feasibility study in which specific characteristics of traffic
accidents were related to the type and number of distractions at a range

of intersections in Austin.

The laboratory-based study investigated the effect of: (1) the number
of distractors (2, 4, 6, or 10), (2) the color of distractors (six combin-

ations of red, orange, and the cool colors -- blue, green, and black),

vii



and (3) the location of distractors (proximate or distant) on the perception
of a target stimulus (stop sign). Reaction time in responding to the target
stimulus was the response measure.

A 4 by 6 by 2 analysis of variance with reaction time as the dependent
variable showed statistically significant main effects and both two-way
and three-way interaction effects. Of the three dimensions under study,
proximity was found to have the greatest effect on reaction times. This
suggests that the dominant process was the subject's inability to discriminate
figure from ground.

In general, the results of the laboratory-based study suggest that:

(1) appropriate ordinances be established to legislatively limit the effect
of distractors and (2) engineering decisions involving design changes in the
target signal be oriented toward counteracting the potential negative
effects of the background distractors.

The field-based study systematically investigated the relationship
between signs located proximally to urban traffic intersections and the
number of traffic accidents at those intersections. Sixty intersections
were randomly selected from a list of intersections within the city of
Austin having at least one accident during the 1975 calendar year. The
number of at-fault accidents attributed to drivers approaching from each
direction was computed for each intersection for the 1975 calendar year.

Every sign observable at an intersection was classified along three
dimensions -- type of sign, size, and dominant color. Examination of the
correlation between distractor dimensions and at-fault accidents for both
traffic signal controlled and stop sign controlled intersection approaches
indicates: (1) no distractor dimensions demonstrated a significant relation-
ship with at-fault accidents for traffic signal approaches and (2) three
distractor dimensions (total signs, large signs, and non-red signs) demonstrated
a significant positive relationship with at-fault accidents for stop sign
intersections. A particularly strong picture of the relationship between
signs and traffic accidents emerged when data were examined separately for
stop sign approaches showing two Or more annual accidents, controlling for
the effect of traffic flow. Under these conditions, four distractor dimensions

(total signs, private signs, large signs, and non-red signs) demonstrated a
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strongly significant positive relationship with at-fault accidents.

Based on these findings, a summary picture of the relationship between
distracting signs in the roadside environment and traffic accidents can be
presented. First, there is no evidence that signs present a traffic safety
problem at intersections controlled by traffic signals. There is, however,
evidence that signs are related to accidents at stop sign controlled inter-
sections. The differential effects of signs on traffic signals and stop
signs are probably due to a number of factors. Most important is probably
the fact that, in the case of stop signs, distractors and targets are the
same medium, while with traffic signals, the mediums differ.

The results of the field-based study support a number of practical
suggestions that may be offered to traffic engineers concerned with reducing
the effects of distracting stimuli in the roadside environment. First,
there is a need for appropriately restrictive legislation concerning the
number and size of commercial signs locatedproximally to stop signs. Where
proximate distractors cannot be legislatively restricted, a wider range of
engineering alternatives may be needed to counteract their effects, such as
designing a larger or brighter target traffic device or employing a neutral
background shield to more effectively contrast the target with its surrounding
context. Alternatively, when legislative or design alternatives are not
feasible, traffic signals should be employed rather than stop signs at sites

where a significant number of commercial distractors are present.
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STATE-OF-THE-ART REVIEW AND THEORETICAL ANALYSIS

I. FACTORS CONTRIBUTING TO DISTRACTION IN THE TRAFFIC ENVIRONMENT

As automobile drivers have a limited amount of attention available for
performing the driving task, any environmental elements which divert attention
from that task may potentially relate to traffic accidents. In fact, three on-
site accident investigation studies have estimated that distraction may be a
contributing factor in from between 10 to 25 percent of automobile accidents.l
The true impact of this factor is difficult to verify because this type of in-
formation is often withheld by motorists involved in accidents since to admit
being distracted is tantamount to admitting liability. Advertising, which is
designed to draw the motorist's attention (often, at highly traveled intersections
and roadways, where demands on the driver's attention are greatly increased),
seems to be a potent example of distraction in the traffic environment.

Two studies have indicated a strong correlation between the number of
elements in the roadside environment and the number of accidents -- that is,
the greater the complexity of the environment (the more intersections, commercial
buildings, driveways, traffic signals, etc.), the greater the accident frequency.2
In fact, both studies have arrived at regression formulae for predicting the
frequency of accidentoccurrence that are fairly reliable. While these studies
note the relationship between a complex traffic enviromment and accidents, they
do not speculate on why the relationship exists. One possible explanation is
that in the more complex situations there are more elements competing for the

driver's attention than he or she can handle while still driving in a safe

manner.

lC.R. Ruch, D.F. Stackhouse, and D.J. Albright, Jr., "Automobile Accidents

Occurring in a Male College Population," American College Health Association

Journal 18 (April 1970), pp. 308-312; A.B. Clayton, "Road-User Errors and

Accident Causation,' paper presented at the 17th International Congress of

Applied Psychology, Liege, Belgium, 25-30 July 1971; and U.N. Wanderer and

H.M. Weber, "First Results of Exact Accident Data Acquisition on Scene," Proceedings,
3rd International Conference on Occupant Protection, New York, 1974, pp. 80-94.

J.A. Head, "Predicting Traffic Accidents from Elements on Urban Extensions
of State Highways,'" Highway Research Board Bulletin 208 (1959), pp. 45-63; and
J. Versace, "Factor Analysis of Roadway and Accident Data," Highway ResearchBoard
Bulletin 246 (1960), pp. 24-32.




Connolly, an optometrist and consultant on road user characteristics to the
U.S. Highway Research Board, has noted:

We all know it takes time to see. Estimates and measurements have shown
that man can fixate an event every half of a second, which means that for
every 88 feet he travels at 60 miles per hour, he can handle and assimilate
two events. . . . Studies have shown that when a[n airplane] pilot is over-
loaded with perceptual stimuli (instruments and audio communication), he
often exceeds his sensory capacities and may miss both visual and auditory
messages that may subsequently lead to accidents. Likewise, too many signs,
traffic control lights and flashing signals, and brake lights, plus vehicu-

. 3
lar and pedestrian traffic, overload a driver's psycho-physiological abilities.

Several elements in the roadside environment have been considered as common dis-
tractors —-billboards, private signs and lights, public signs, and buildings and

objects close to the roadway. 1In fact, there are ordinances and restrictions

in nearly all cities which regulate the number and size of signs and their placement,

color, and light intensity; building setbacks; and parking restrictions. Quite
often these restrictions and their variances are made by policy makers who base
their decisions not on actual traffic safety evidence but on their own hunches
or observations. For example, Shoaf describes how San Francisco supervisors
developed a well-defined, restrictive policy for the placement of advertising
signs near freeways, even though they acknowledged that the evidence relating
the signs to accidents was inconclusive.

In this section we will discuss the state-of-the-art of field research on
distractors such as those mentioned above. For each element we will first note
popular conceptions about its distracting quality, then examine the evidence
from actual field studies. Very few studies have dealt with the issue of
distraction in the laboratory. Forbes et al. did describe a crude "distraction"

substudy in one a'rticle,5 but the findings were disappointingly vague.

3P.L. Connolly, "Visual Considerations: Man, the Vehicle and the Highway,"

Highway Research News (Winter 1968), pp. 71-74.

4R.T. Shoaf, "Are Advertising Signs Near Freeways Traffic Hazards?"
Traffic Engineer (1955), pp. 71-76.

5Forbes et al., "Color Brightness in Simulated and Full Scale Traffic
Sign Visibility," Highway Research Record 216 (1968), pp. 53-65.




A. Billboards

Outdoor advertising which undermines the traffic informational system

of signs and lights and detracts from the natural landscape is not in the
public interest. An opinion survey conducted by the Boston Redevelopment
Authority found negative public attitudes toward large advertising signs. A
majority of the respondents agreed that billboards were distracting and pointed
out that they were inappropriate at such locations as major road intersections,
along major roads, and on highways approaching the city.6

Two studies have provided correlational evidence that billboards are a traffic
safety hazard. The Highway Planning Survey of the Minnesota Department of Highways
conducted a two-year study on 420 miles of two-lane and 90 miles of three- and
four-lane roadways and found a .97 correlation coefficient between the presence
of advertising signs and accident rates.7 Madigan-Hyland, Inc., found that even
though advertising devices were visible to drivers on only one-eighth of the
New York State Thruway's 1100 miles of roadway, almost one third of the accidents
"attributed to driver-inattention'" occurred on these stretches of roadway. The
engineers found that "there was an annual average of 1.7 accidents/mile due to
driver-inattention on the portions where advertising devices were visible; and
only 0.5 of an accident/mile for this cause when the devices were not visible".8
In contrast, the Boston group cites a study which claims statistical evidence
showing that billboards are not a safety hazard.9 Therefore, the argument that

billboards are directly related to traffic accidents is not as yet conclusive.

6Boston Redevelopment Authority, City Signs and Lights (Boston, 1971).

7Minnesota Department of Highways, Minnesota Rural Trunk Highway Accident,
Access Point and Advertising Sign Study (1952).

8Madigan-—Hyland, Inc., Signs and Accidents on New York State Thruway,report
prepared for the New York State Thruway Authority (February 1963).

9A.R. Lauer and J. McMonagle, "Do Road Signs Affect Accidents?“< Traffic Quarterly,
(1955), pp. 322-329.




B. Private Signs and Lights

Many of the arguments leveled against billboards have also been directed
toward private signs (usually those signs which identify a commercial establish-
ment). Whereas billboards are of standard size, these signs vary greatly in
size and are often illuminated. Many cities have strict ordinances proscribing
the extent to which such signs can reasonably attract a driver. Often they are
based on vague ordinances which prohibit "any change in light intensity, motion,
or color which subconsciously fixates or attracts the eyes of the motorist when
they should be concentrating on driving." Thus they set limits on changes in
light intensity and motion, but frequently these limits are established from
intuition.

In this case, policy makers have no field research on which to base their
decisions. Thomas indicates that one of the strongest visual stimuli is a
flashing light.10 When seen out of the corner of the eye, the flashing
light will cause the eyes to swing involuntarily to focus on it. Similarly,
when an object is difficult to identify (as when a sign is in motion) the eye
fixates on it longer and jumps back to view it repeatedly.11 However, these
findings do not come from the field but from laboratory studies.

Forbes' study notes that other lights and signs surrounding a traffic marker
can create visual clutter and interfere with the driver's perception, causing
errors.12 A similar study by Brown and Monk looked at an individual's ability
to pick out a target from a complex assortment of non-targets and found surpris-
ingly similar results.13 Search performance for a target was impaired by the

complexity of the area surrounding the target. Isolated targets were more easily

10E.Llewallyn Thomas, '"Movements of the Eye," Scientific American (August 1968),
pp. 88-95.

1lW. Ewald and D. Mandekker, Street Graphics: A Concept and a System
(Washington, D.C.: The American Society of Landscape Architecture Foundation, 1971).

12T.W. Forbes, "Review of Visibility Factors in Roadway Signing," Highway
Research Board Special Report 134 (1972), pp. 37-38.

13B. Brown and T.H. Monk, "The Effect of Local Target Surround and Whole
Background Constraint on Visual Search Times," Human Factors 17, No. 1 (February 1975),
pp. 81-88.
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detected than those surrounded by non-targets. To make target signs and signals
stand out, Olsen suggested the use of an artificial surrounding such as a flat
black metal screening to provide a break in the cluttered environment.14 This
would increase the target value of a sign. Unfortunately, such a move would
constitute a costly change in the existing traffic information system and would

be difficult to implement.

C. Roadside Objects

Another area of potential distractors is composed of roadside objects,

These would include buildings, parked cars, barriers, hydrants, and "street
furniture" that appear to impinge upon the driver's right-of-way. Although the
distracting value of these objects relevant to the other distractors in the
travel environment has not been investigated, they are considered frequently as
traffic hazards.15

The field research on roadside objects is unique in that this is one of
the few areas where actual controlled research —- as opposed to correlational
studies -~ has been conducted. Case et al. looked at the effect of roadside
barriers on lateral displacement of passing vehicles, which were photographed as
they passed. By presenting combinations of three different-sized barriers at
three different distances from the roadway, they found that the reaction to distance
was of a higher order than reaction to size and that there was significant inter-
action.16 A similiar study replicated the results for distance and also found that
the speed of the vehicle affects the displacement, which occurs sooner at higher
speeds. They speculate that relative to the driver, the displacing object moves
laterally across the retina with angular velocity relative to the speed.17 Both

studies were conducted in fields with very low complexity (airport runways) and

14Richard Olsen, "Review of Visibility Factors in Roadway Signing," Highway
Research Board Special Report 134 (1972), pp. 39-40,

15
See W.G. Johnson, '"Clutter is Out - Safety is In,'" Traffic Safety 67 (1967),
pp. 10-13, 35-36.

1
6H.W. Case et al., "Analysis of Certain Variables Related to Sign Legi-
bility," Highway Research Board Bulletin 60 (1952), pp. 44-58.
1
7R. Michaels and L. Cozan, "Perceptual and Field Factors Causing Lateral
Displacement," Highway Research Record 25 (1963) pp. 1-13.
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the generalizability of the results to more complex environments, although
intuitively sound, is questionable. The limited sample size was also a problem
with these studies.

Pollack hypothesized that the arrangement and size of buildings could
serve as distractors. He correlated arterial streets in Chicago which vary in
size of buildings and in the building setback (continuous versus modulated).
The dependent variable was the number of front, rear, and fixed object accidents
occurring mid-block which involved non-Chicago residents. He found (1) as the
modulation of building height became increasingly chaotic, accidents increased;
(2) if building setback was uniform but nevertheless close to the road, accidents
increased; (3) if modulation of building setback was chaotic, accidents increased.
Pollack concluded that the structure of the driver's visual field had direct
impact on accident causation, that zoning ordinances for setbacks were not related
to motorists' visual requirements, and that building setback should be carefully
modulated.18

D. Within-Vehicle Distractors

Other distractors include those inside the automobile, although little
research has been done on the distracting effects of driver activity. Dodds
looked at driver-generated distractors, such as lighting or dropping a cigarette,
setting a watch, and switching radio channels. Results indicated this type of
distractions 1is a third-ranked cause among male students at Rutgers University
involved in accidents.19 A study by Brown looked at the effects of car music
on driving behavior. The study was done on a limited number of subjects and
cannot be considered conclusive. However, it is interesting to note that driver
reaction time in heavy traffic was slow with music, and, as the pace of the music

increased, so did the speed of the vehicle.

18
L.S. Pollack, '"Driver Distraction as Related to Physical Development

Abutting Urban Streets,’ Master's thesis, Univ. of Tllinois (1966).

19T. Dodds, '"Minor Distractions Can Trigger Major Crashes,'" Traffic Safety
72, No. 12 (December 1972), pp. 28-29.

20I.D. Brown, "Effect of a Car Radio on Driving in Traffic," Ergonomics
8, No. &4 (1965), pp. 475-479.




E. Alternative Distraction Hypotheses

Some researchers have hypothesized that the number of stimuli in the
environment which the driver must attend to creates an overload on the infor-
mation processing system. This overload could create what Clayton terms a
"failure to 1ook,"21 which more often than not results in an accident. Another
explanation of driver distraction involves motivation, rather than perception,
as a key factor. Summala and Naatanen suggest that motivation is more
important than perception in determining a driver's ability to detect traffic
signs.22 When instructed to drive as safely as possible, drivers were able to
detect and identify 97 percent of the signs in a designated area. 'The hypothesis
did not hold up for the remaining percentage of unreported signs, however.
These signs were almost always in areas of high distractor-density, making per-
ception very difficult, if not impossible. It seems that, although motivation
can encourage a greater awareness of the traffic information system, it falls
short in areas of high distraction density (such as intersections). Schoonard
and Gould investigated visual inspection accuracy of complex stimuli and con-
cluded that studies of visual inspection will continue to have limited value

23
until a cognitive theory of how people inspect is established.

F. Evaluations and Conclusions

Although all of the above studies point to distraction as a cause of
accidents, the evidence is inconclusive. Most of the studies used a limited
number of subjects and so were unable to generalize across age, sex, or other
variables. Possibly with more research utilizing larger samples of the popula-
tion more conclusive evidence could be found. The studies were also unable
to provide a causal link between the driver's behavior and the distraction.

One main reason for this is that drivers involved in accidents are reluctant
to admit they were distracted by the environment as this is tantamount to

admitting liability.

21Clayton, op. cit.

22Heikki Summala and Risto Nggt;nen, "Perception of Highway Traffic Signs and
Motivation," Journal of Safety Research 6, No. 4 (1974), pp. 150-154.

23J.W. Schoonard and J.D. Gould, "Field of View and Target Uncertainty in
Visual Search and Inspection," Human Factors 15, No. 1 (February 1973), pp. 33-42.




Most cities have ordinances regulating the extent to which advertising

can distract a driver's attention, yet they are often couched in ambiguous
terminology and are based on policy makers' hunches rather than on actual
safety evidence. Contributing to a safer traffic environment by replacing
intuitive reasoning with sound evidence should be the main objective of
future research.

On the whole, it appears that there has been very little actual research
on potential distractors in field settings. Most of the research that has
been done was completed nearly two decades ago. Many of the results are equivocal
(like those of billboard research) and based on either purely correlational data,
or on data resulting from poorly designed field experiments. As a result,
policy makers responsible for controlling roadside distraction have been left

with very little hard data upon which to make their decisions.

II. VISUAL DISTRACTION IN THE TRAFFIC ENVIRONMENT

A. Public Signs and Lights: Overview

The AAA states that 70 percent of drivers surveyed consider inadequate
signing to be the top ranking highway problem.24 Bad signing may include signs
so close to decision points that drivers cannot change lanes safely and signs
that list small or distant towns but ignore major points nearby. They conclude
that signs should list familiar names, in addition to the unfamiliar official
designations.

Woods, Rowan, and Johnson used a diagnostic team approach to identify
deficiencies in the present system of roadway delineation (signing and marking).25
They evaluated visual discrimination on freeways, on urban-arterial streets, and
on two-lane highways. They 