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FOREWORD

This research report is primarily intended for use by traffic engineers in determining
what retroreflective material will provide adequate sign detection in a given loca-
tion. The study will also be of interest to those traffic operations engineers who
are concerned with when signs have reached their useful end of life. The study was
initiated at the request of the Federal Highway Administration's (FHWA) Office of

Traffic Operations and the National Committee on Uniform Traffic Control Devices.

The report describes research aimed at determining whether a particular warning
sign has a complex background and what range of sign luminances are adequate for
detection of that sign under normal nighttime conditions. A procedure was
developed involving field rating of potential sign locations on four subjective scales
to distinguish low visual complexity background scenes from high complexity scenes.

Sufficient copies of the report are being distributed to provide single copies to each
FHWA regional office. Copies are also being distributed to the National Committee
on Uniform Traffic Control Devices' Technical Committee on Signs and the American
Association of State Highway Transportation Officials' Traffic Engineering
Subcommittee.

~
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Stanley R. (yington, Director
Office of Safety and Traffic

Operations R&D

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its content or use thereof.

The contents of this report reflect the views of the contractor, who is responsible
for the facts and the accuracy of the data presented herein. The contents do not
necessarily reflect the official policy of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.

Trademarks or manufacturers' names appear herein only because they are considered
essential to the object of this document.
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I. EXECUTIVE SUMMARY

The choice among retroreflective sheet-
ing materials that conform to Federal
standards (FP-79) involves economics and
safety. Type III sheeting (high inten-
sity) offers longer service life with
greater legibility and conspicuity at
considerably higher cost than Type II
sheeting (engineering grade). Wherever
increased service life or added conspicu-
ity is needed, Type III sheeting may be
worth its additional cost. At many sign
locations, however, signs are replaced
(because of vandalism or accident) at a
freguency where service life is not a
factor. Also, many sites with little
visual complexity do not require excess
luminance to satisfy nighttime driver
requirements.

The research reported here considered
the role of sign brightness and the vis-
ual complexity of the highway environment
in the recognizability and legibility of
traffic signs at a variety of nighttime
field situations. The purpose was to
advance earlier work in this area by
developing a practical procedure for
categorizing the visual complexity of
highway scenes and to determine reason-
able luminance standards for yellow warn-
ing signs for different levels of back-
ground complexity.

Factor analysis techniques were applied
to a group of 40 visual variables des-
criptive of highway scenes which were
identified in a previous study. Eleven
dimensions with both theoretical and
practical meaning were selected and
scaled for the subjective rating of vis-
ual complexity. The scales were first
evaluated using photographic projections
of 80 scenes from the earlier study for
which sign recognition criteria were
available. The 11 scales were reduced to
8 and used to rate the complexity of 24
new sites along a 24-mi (38.4-km) loop
near Trenton, New Jersey. Subjects were
divided into 2 groups to allow comparison
of a photographic rating procedure and an
on-site field rating procedure. The on-
site procedure provided far more reliable
ratings.

A field study was conducted to estab-
lish the validity of the rating scales
and to determine the luminance regquire-
ments of drivers for sign recognition and
legibility as a function of the scaled
visual complexity. Three brightness

levels of yellow diamond warning signs
were installed at the Trenton test sites,
and individual sign recognition and legi-
bility distances were recorded for each
of 15 subject drivers who drove the 24-
mi (38.4-km) loop.

Multiple regression techniques were
used to produce a simple equation using
4 scales which had a high degree of
accuracy in discriminating between sites
with long and short sign recognition
distances. The procedure for using these
4 scales for classifying sign locations
with respect to visual complexity is
explained in chapter V.

Data analysis indicated that sign
brightness improved both recognition and
legibility distances, but that visual
complexity had no effect on legibility.
The obtained recognition and legibility
distances were examined relative to
reguirements predicted from a driver
decision model. This comparison revealed
that at low complexity sites, signs which
had degraded below Federal acceptance
standards for accelerated weathering
provided recognition distances well in
excess of predicted requirements. At
high complexity locations, signs with
retro-reflection greater than the Federal
specification for Type II sheeting (eng-
ineering grade) sometimes had recognition
distances less than predicted require-
ments. The results suggest that Type III
sheeting (high intensity), or larger
signs or advance warning signs, may be
needed at high complexity locations,
particularly where speed limits are high
and speed reduction or lane-change maneu-
vers are reguired.

The predicted requirements on which
these conclusions are based vary with the
approach speed and the type of maneuver
required, e.g., deceleration to 35 mi/h
(56 km/h). A single standard for all
yellow warning signs must provide for the
greatest recognition requirements and
this was done in developing these general
conclusions.

When visual complexity of a shoulder or
right side sign location is low, yellow
warning signs with Type II sheeting could
be allowed to degrade to an SIA of 18 (36
percent of Federal specification for new
material). However, when visual complex-
ity is high, such signs should be re-
placed if their retro-reflection degrades
to an SIA of 36 (72 percent of Federal
specification for new material). When
approach speeds are in excess of 45 mi/h
(72 km/h), or if alignment will decrease
headlight illumination, even new Type II
sheeting may not be adequate, and either
Type III sheeting or advance warning
signs should be considered.




II. BACKGROUND
A. Luminance Standards and Driver Needs

The Federal standards for the luminance
of retroreflective materials for traffic
signs are acceptance standards (U.S.
Department of Transportation, 1979, sec-
tion 633). These standards, measured as
specific intensity per unit area (SIA),
provide absolute minimum requirements for
different materials and colors, but pro-
vide no differentiation based upon driver
need.

Driver needs for sign luminance are of
2 types -- luminance requirements for
legibility and luminance requirements for
conspicuity. These requirements are
separate and distinct. In general, a
sign must first get the driver's atten-
tion and then provide sufficient legibil-
ity to effectively transmit its informa-
tion. While conspicuity is less import-
ant for signs following advance warning
signs, it may still be needed in situa-
tions where the first sign is not per-
ceived. If both signs are inconspicuous
the effectiveness of their information
redundancy is significantly reduced.

There are at least 2 reasons why
Federal luminance standards are not res-
ponsive to either of these driver
requirements. First, the vagaries of
behavioral research and the variance in
human behavior are such that precision in
specifying driver requirements is diffi-
cult to achieve. Second, it is very
difficult if not impossible to precisely
measure luminance in the field, so there
is yet no practical method of determining
whether the requirements were met if they
were established. The large variance in
driver requirements coupled with the
large variance in luminance or other sign
performance measures would make any deci-
sion criteria suspect.

B. Related Research

Two research groups that have recently
studied sign conspicuity call attention
to the importance of background complex-
ity in the study of conspicuity:

Jenkins (Note 1) stated, "No object is
conspicuous per se. It can only be con-
spicuous in a certain background; if the
background changes then the object may or
may not remain conspicuous."

Mace, Perchonok, and Pollack (1982)
expanded this observation, giving equal
importance to the role of driver motiva-
tion and uncertainty: conspicuity, like
visibility and legibility, is not an
observable characteristic of a sign, but

a construct that relates measures of per-
ceptual performance with measures of
background, motivation, and driver uncer-
tainty.

A STOP sign following a STOP AHEAD sign
will be more conspicuous because the
driver's uncertainty about its presence
is reduced. Directional signs are more
easily recognized by drivers looking for
them, and the increased motivation which
occurs when someone is lost makes all
signs more conspicuous. In studying
conspicuity, we believe that levels of
uncertainty and motivation {(which are
independent driver characteristics)
should be established as part of the
design driver concept.

Cole and Jenkins (1980) define a con-
spicuous object as one that will, for a
given background, be seen with "cer-
tainty" (greater than 90 percent proba-
bility of detection) within a short
observation time (250 ms), regardless of
its location in relation to the line of
fixation. They found that size had a
more significant effect on detection in
daytime highway scenes than target con-
trast, but that the complexity of the
scene had a major effect as well.

The most abundant literature relevant
to sign conspicuity would probably be in
the area of visual noise and target/sur-
round relationships. While this litera-
ture offers many basic principles of
target detection which should be consid-
ered when measuring the complexity of
highway scenes, most of these principles
have little practical relevance to the
problem of sign recognition. A review of
these studies was provided by Mace and
Pollack (1983). The principles they
found follow.

The recognition of a target, such as a
traffic sign, is influenced by the char-
acteristics of the target and by the
contrast of these target characteristics
with similar dimensions of the surround.
For example, the attention-getting value
of a target increases as:

® The target's brightness increases
(Forbes, Fry, Joyce, & Pain, 1968;
Monk, 1976).

e The brightness contrast between the
target and its surround increases
(Forbes et al., 1968; Forbes, Pain,
Fry, & Joyce, 1967; Forbes, Pain,
Joyce, & Fry, 1968; Hanson & Dickson,
1963; Lovie & Lovie, 1970; Pain,
1969).

o The brightness contrast between d4if-
ferent parts of the target increases
(e.g., sign legend to background)




(Forbes, Fry, Joyce, & Pain, 1968;
Forbes, Pain, Joyce, & Fry, 1968).

e The target's size increases relative
to other stimuli in the visual field
(Bloomfield, 1972; Forbes, Fry, Joyce,
& Pain, 1968; Steedman & Baker,
1960).

e The shape of the target contrasts with
noise items (Dornic & Borg, 1971).

e The target's hue contrasts with noise
(Forbes, Pain, Joyce, & Fry, 1968;
Saenz & Riche, 1974).

In addition to the effects of target
characteristics, the characteristics of a
target's surround also influence the
likelihood of target detection. Speci-
fically, several basic studies suggest
that target conspicuity increases as:

e The number of noise elements in the
visual field decreases (Baker, Morris,
& Steedman, 1960; Banks, Bodinger, &
Il1lige, 1974; Brown and Monk, 1975;
Cahill & Carter, 1976; Crawford, 1962;
Eriksen & Eriksen, 1974; McIntyre,
Fox, & Neale, 1970).

® The overall density of noise items in
the visual field decreases (Green &
Anderson, 1956; Smith, 1962; Smith &
Thomas, 1964).

e The density of noise items immediately
adjacent to the target decreases (Monk
& Brown, 1975).

e The distance between the target and
noise increases (Banks, Bachrack, &
Larson, 1977; Banks, Bodinger, &
Illige, 1974; Brown & Monk, 1975;
Eriksen & Eriksen, 1974).

e The target is located further from the
center of the visual field than the
noise (versus when the target is
located closer to the center of the
visual field than the noise) (Banks,
Bachrack, & Larson, 1977; Estes &
wolford, 1971; Mackworth, 1965; Shaw,
1969; wWolford & Hollingsworth, 1974).

® The number of irrelevant classes of
stimuli in the visual field decreases
(i.e., as the visual field becomes
more homogenecus) (Eriksen, 1953).

' It is the authors'

® The variability within each irrelevant
class of stimuli decreases (Smith &
Thomas, 1964).

Because the majority of studies in this
area reflect basic research that often
uses abstract targets located within
relatively sterile visual matrices, oper-
ational definitions for measurement of
complexity in highway scenes have not
been established.

In an attempt to operationally define
visual complexity as it relates to the
nighttime conspicuity of retroreflective
traffic signs, Mace et al. (1982) con-
ducted an extensive laboratory study with
80 different highway scenes and 4 types
of traffic signs. Approximately 40 dif-
ferent visual and photometric measures
were made of scene, target, and surround.

Because the role of visual complexity
in detection and recognition is not well
understood, target and contrast variables
were included so that their relative
importance and interactions could be
evaluated. The performance criterion was
the proportion of correct sign recogni-
tions. A correct response required
identifying the type of sign present in a
scene (i.e., STOP, rectangular orange,
black on white regulatory, or yellow
diamond warning).

This study resulted in a number of
interesting findings:

e When visual complexity of the scene is
high, complexity is a more signific-
ant determinant of sign recognition
than contrast of the sign to its sur-
round. (When visual complexity is
low, conspicuity is not an issue and
target contrast and size would deter-
mine detection.)

® Black on white regulatory signs have
poorer conspicuity than other signs,
even at close distances.

e VYellow diamond warning signs have
greater conspiciuty than other signs
at long distances.

e Increasing the brightness of signs
(except black on white) can offset the
decrease in conspicuity from increased
visual complexity. (Increasing the
brightness of the black on white regu-
latory sign may not improve its con-
spicuity.)

contention that because of the complexity and number of targets

along the highway, conspicuity cannot be studied using a target less well-defined.
The basic threshold paradigms, "Tell me when you see something” or "Tell me when the

sign is visible,"” are not applicable.
too much out there to report seeing.

The first paradigm won't work because there is
The second paradigm is not appropriate because

it requires that you reduce the uncertainty about target type and location so that
threshold perception and not conspicuity is measured.
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A small field study at only 3 sites
suggested that, at the extremes of visual
complexity, sign brightness (within the
typical range of retroreflective lumin-
ances) might not affect recognition or
conspicuity. It was suggested that at
high levels of visual complexity, the
highest available retroreflective lumin-
ance might not provide adequate recogni-
tion distance; while at very low levels
of visual complexity, all signs, even
those degraded to the Federal standards
for accelerated weathering (U.S. Depart-
ment of Transportation, 1979, section
633), would satisfy driver reguirements.

While the study suggested that lumin-
ance requirements for conspicuity are
related to the visual complexity of the
scene, it provided neither practical
methods of measuring complexity nor defi-
nitive levels of required luminance. It
appears that visual complexity is multi-
dimensional and that from a practical
perspective it may be adeqguate to identi-
fy low complexity locations where de-
graded signs are adeguate and high com-
plexity locations which pose special
problems.

C. Purpose

The research reported in the current
study had 2 distinct goals. One goal was
to advance the earlier work of Cole and
Jenkins (1980) and Mace et al. (1982) by
developing a practical procedure for
categorizing visual complexity of highway
scenes. The other goal was to determine
reasonable luminance standards for yellow
warning signs for different levels of
background complexity (given a procedure
for categorizing scenes with respect to
visual complexity).

The study restricted itself to categor-
ization of complexity in nighttime high-
way scenes. It is believed that the
principles of nighttime visual complexity
also apply to daytime complexity, and any
scales developed for rating complexity
would be applicable to daylight and dark-
ness. However, the complexity rating of
a scene at night might be different from
the scene's daytime categorization.
Because of limitations on time and re-
sources this study was restricted to
conspicuity of the yellow diamond warning
sign in night scenes. Only levels of
Type 11 sheeting (engineering grade and
degraded engineering grade) could be
tested. Given these limitations and the
positive nature of the results, it is
hoped that further work will be done
testing daytime and nighttime conspicuity
of different sign materials and colors.

III. MEASUREMENT OF VISUAL COMPLEXITY
A. Approaches to the Measurement of
Complexity

A number of approaches exist for the
measurement of visual complexity. Since
the interest in complexity is as a valid
predictor of sign recognition, one
approach might be to use a criterion
measure, e.dg., sign recognition distance.
For example, sites where drivers don't
recognize signs until they are within 500
ft (150 m) are, by definition, of high
complexity. While such a measure would
have the greatest accuracy, it would not
be readily usable. First, a standard
sign would have to be placed at each
location to ensure that performance was
not affected by the condition of the
existing sign. Second, a group of un-
alerted subjects would be needed to
obtain the recognition distances.
tenance personnel could not do this
because they would know the location of
the sign. A measure obtained using
knowledgeable subjects would reflect
threshold perception (i.e., where a sign
can be recognized) rather than conspi-
cuity (i.e., where a sign will be recog-
nized).

Main-

From a practical perspective it is
clearly more desirable to have a proce-
dure for measuring complexity which
requires neither a sign nor a naive
observer. The approach used by Jenkins
(Note 1) was to rank order scenes accord-
ing to clutter. Although a rank order
measurement is adegquate to demonstrate
the effect of visual complexity, it can-
not be used in practice because a scene's
complexity rank is highly dependent on
the sample of sites ranked. If the
sample were changed, a site could change
from high to low complexity or vice
versa.

The measurement approach in the work of
Mace et al. (1982) was to grade scenes on
a large number of visual and photometric
variables and use a regression formula to
predict driver performance. Visual vari-
ables included counts of point sources of
light; number of medium and large bright,
extended light sources; and uniformity
and detail of visual areas. Distracting
things, traffic signs, number of lanes,
etc., were also counted. Photometric
variables included measurements of sign
luminance, surround luminance, and exter-
nal and internal contrast. This work
represented a significant step toward the
measurement of real world complex scenes,
but the procedures for scoring many of
these variables were cumbersome. Clear-
ly, a smaller, simpler set of variables
was needed if measurement of complexity
were to have practical application.




B. Development of Complexity Scales

One approach to the development of
complexity scales would be to base them
analytically on the principles from the
literature of target detection discussed
earlier. Another approach would be to
factor-analyze the large domain of visual
and photometric variables which have been
shown to correlate with sign recognition
(Mace et al., 1982). Both approaches
were used to develop the complexity
scales evaluated in this research. The
factor analysis procedure and results are
given in appendix A.

The 5 factors suggested by that analy-
sis were:

1. Ambigquity of Road Orientation

If the road surface ahead is vis-
ible or roadside areas have detail, the
direction of the road is likely to be
clearer than if the road and roadside are
not illuminated. Street lights and other
luminaires provide a cue to the path of
the road and a source of light to make
the road surface and roadside areas vis-
ible. Parked cars also can reduce ambi-
guity about where the road goes.

2. Presence of Distracting Visual
Objects in Scene

Drivers are less likely to see
signs when they are distracted. A scene
ig distracting if it has medium or large
bright lights and reflections to the left
of the road or to the right of the cone.
In the most distracting scenes, the cone
may also have bright lights, bright ref-
lections, and objects made visible by the
lights. If something is dominant or
unusual, it will add to the distraction.
Although traffic signs along the road
may themselves attract attention, they
should not be considered distracting.
Traffic signs are considered next. Head-
lights of oncoming cars also should not
be considered here.

3. Presence of Other Traffic Signs

Only the cone should be considered.
Any traffic sign or object that looks
like a traffic sign should be counted
except signs immediately identified as
no-parking signs. If there is uncer-
tainty about whether something is a traf-

fic sign, the sign should be counted. 1If
more than 2 signs appear on 1 pole, the
group should be counted as only 2 signs.

4. Uniformity and Brightness of Cone3

The cone becomes bright as it fills
with bright lights and bright reflec-
tions. Signs are easier to recognize in
a dark, uncluttered cone because contrast
is increased and competition from the
lights, reflections, and other detail is
reduced.

5. Heavy Demand from Driving Task

Drivers' ability to detect and
recognize traffic signs deteriorates as
the demands of driving increase. The
demands increase with the number of lanes
and the number of vehicles traveling in
the same direction. Many pinpoint lights
to the left and right of the cone also
increase the demands. Pedestrians and
intersections controlled by traffic sig-
nals or signs add to the difficulty.

In addition to these 5 factors, 4
dimensions of visual complexity were
defined based upon principles of detec-
tion reviewed by Mace and Pollack (1983)
and referenced in chapter II. Two basic
principles to which these dimensions
related are: the brighter the visual
noise, the lower the contrast and the
poorer the visual performance; and the
closer the visual noise to the target,
the poorer the visual performance. The
4 dimensions were:

6. Total Amount of Visual Detail in
Scene

Detail is anything that can be seen
against the darkness. It includes lights
and objects that the lights illuminate.
The entire field of view should be con-
sidered, including the road, the horizon,
and the area on both sides of the road.

7. Brightness of Visual Detail in
Scene

Streetlights, internally lighted
signs, bright billboards, car lights,
parking lot lights, lighted store win-
dows, and bright reflections from glass
and metal are examples of bright visual
detail.

2 The scene is everything a driver sees when looking at an area through the wind-

shield.

3 The cone is the portion of the right side of the road where a driver normally looks

for roadside traffic signs.




8. Amount of Visual Detail in Cone

Only lights and objects visible in
the cone should be considered. Much
detail may be visible in the scene, but
very little in the cone. For example, a
bridge approach may be lighted to the
degree where one can see pavement seams.
The horizon may be cluttered with lights.
The cone, however, can include just a
barely discernible bridge railing. Con-
versely, a dark country road with a
lighted service station in the cone may
exhibit little scene detail, but above
average cone detail.

9. Brightness of Visual Detail in
Cone

The amount of visual detail in the
cone should be considered; then an esti-
mate should be made about how much of it
is bright. The cone becomes bright as it
fills with bright lights and bright
reflections. Signs are easier to recog-
nize in a dark, uncluttered cone because
contrast is increased and competition
from the lights, reflections, and other
detail is reduced.

In addition to the 5 factors and 4
dimensions, several attempts were made to
obtain a single visual complexity scale.
One, scale 10, asked the rater to judge
the ease or difficulty of seeing a traf-
fic sign in a scene; another, scale 11,
asked for an estimate of how many glances
might be required to recognize a traffic
sign. With the factors and dimensions,
these made 11 scales from which the final
complexity rating procedure would be
established.

The factor scales and other scales are
clearly not independent of each other
despite the fact that an orthogonal fac-
tor analysis procedure was used.

Two orthogonal dimensions appear to be
suggested by the factors and literature.
One is related to time: how much time
the driver has to look for signs and how
much time he needs. The items on the
factor Ambiguity of Road Orientation
appear related to concepts of familiar-
ization and perceptual organization.
Parked vehicles, luminaires, and road
geometry help organize scenes such that
search time is reduced by limiting the
area which must be searched. The number
of lanes, intersections, and other vehi-
cles make the task of driving more diffi-
cult and limit the time available to
search for signs.

A second orthogonal dimension underly-
ing the domain of visual complexity
relates to all items affecting visual
noise and masking sign recognition.

Items on the factor Uniformity and
Brightness of Cone are clearly parts of

this dimension of complexity. The fac-
tors Distracting Objects and Other Traf-
fic Signs probably mediate complexity
through both of these 2 fundamental
dimensions by occupying the driver's
available time and masking the presence
of the target sign.

Laboratory Study - Original Scenes

Following a pilot test which contri-
buted to the refinement of the 11 scales
for rating complexity and the instruc-
tions for their use, a laboratory study
was conducted to compare their validity
and reliability. Subjects for this study
were 32 employees of New Jersey Depart-
ment of Transportation (NJDOT) in Tren-
ton, New . Jersey. The scenes on which the
scales were used were the same 80 scenes
used in the earlier study (Mace et al.,
1982).

Subjects were divided into 2 groups:
one group of 13 subjects used the 5 fac-
tors (scales 1 to 5) and general scale 10
to evaluate the complexity of 60 scenes,
while the other group of 19 subjects used
the 4 dimensions (scales 6 to 9) and
general scale 11 to rate visual complex-
ity of the same 60 scenes. The remaining
20 of the 80 original scenes were used
for training and practice.

Multiple correlations were computed
using a forward stepwise procedure for
the 5 factors, the 4 dimensions, and all
11 scales combined (2 general scales
included). A multiple coérrelation using
all 5 factors produced an R? of .153,
while a multiple R based upon just 2
factors -- scales 3 and 4 -- produced an
R? of .147, suggesting that these 2 fac-
tors alone were adeguate. Similarly, all
4 dimensions produced an R2 of .154,
while 3 dimensions -- scales 6, 8, and 9
-- produced an R? of .151, suggesting
that scale 7 may not be necessary.
F%nally all 11 variables resulted in an
R4 of .271; however, equations based upon
only 4 or 5 variables produced R2's of
about .23.

It is difficult to eliminate any vari-
able based upon the validity of multiple
correlations without specifying which
variables will be used in a predictive
equation. Because of suppressor effects,
a variable which may not contribute to
the predictive validity of one group of
variables may contribute substantially
when used with another group. Examina-
tion of a large number of regression
equations suggested that scales 1, 6, 7,
and the 2 general scales could probably
be eliminated. Regression equations made




up of 4 or 5 of the remaining 6 scales
produced R2's of about .22. However,
since the available criterion was
obtained in a laboratory task, the possi-
bility existed that the validities of the
scales obtained from a field test could
be markedly different. Therefore, deci-
sions were made to combine scale 4 and
scale 9 into one scale measuring bright-
ness in the cone, to drop the 2 general
scales and try again with a new one, and
to drop scale 1. This would result in

8 scales for further testing in a field
study of 24 sites.

It was desirable to drop scale 1 (Ambi-
guity of Road Orientation) for reasons
other than its apparent validity. First,
because the number of sites to be in-
cluded in the field study was relatively
small, sites with varying levels of ambi-
guity could not be tested at different
levels of other critical site variables,
e.g., brightness, driving difficulty, and
distractions. Second, and most import-
ant, sites with high ambiguity often have
geometric abnormalities which would
affect available luminance. Signs of
equal specific luminance change their
level of brightness when placed at dif-
ferent geometric relationships to the
driver. In the field study, it was
desirable to approach each sign location
along a straight and level road to mini-
mize the effect geometry can have on
available luminance.

There are pros and cons to the use of
so many scales. The greatest single
objection is that unless a large number
of sites are tested, chance alone may
produce significant validities. On the
other hand, the research was exploratory
and it did not seem desirable to limit
the study to the testing of a few scales
which were not thoroughly investigated.
Even though we hypothesized only two
fundamental underlying dimensions to the
domain of complexity, we believed it
could take a number of scales to account
for the variance in this domain.

The rating scales that were retained
from the analyses of the laboratory data
were combined into a single instrument to
be used for further testing. This form
is shown in figqure 1. The scales were
rewritten and simplified for field use.
Responses could be made simply by circl-
ing an answer. Scale values were inten-
tionally omitted to emphasize the content
of responses. The accompanying training

materials are provided in appendix B.

IV. FIELD VALIDATION OF
VISUAL COMPLEXITY

A, General Experimental Procedure

The study described in this chapter was
designed to develop a valid and reliable
procedure for rating visual complexity,
to compare photographic versus field
rating techniques, and to establish lumi-
nance standards for high and low complex-
ity locations.

The study was conducted in 2 phases
using a set of 24 sites located on a 24-
mi (38.4-km) test loop in and around
Trenton, New Jersey. In Phase I, sub-
jects were asked to rate the sites on the
8 complexity scales. One group of 12
rated the sites in the field, and another
group of 15 rated the sites pictured in
projected transparencies. During Phase
I1, yellow diamond warning signs were
installed at the test sites, and 15 sub-
jects drove the loop while their recogni-
tion and legibility distances to each
sign were recorded.

B. Site Selection

A number of considerations influenced
site selection. 1In addition to the pri-
mary objective of selecting sites distri-
buted across the range of low to high
complexity, other factors had to be con-
sidered such as the limitations of road
geometry on sight distance, hazardous
traffic conditions for observation vehi-
cles, and the time required for subjects
to traverse all of the sites.

Initially 30 sites were selected along
a 28-mi (44.8-km) loop beginning and
ending at the Traffic Research Building
of the NJDOT in Trenton. The sites were
then evalauted against the following
criteria:

e There had to be at least 1500 ft (450
m) of unobstructed sight distance
to the potential sign location for
Phase I1I.

e The potential sign location could not
be less than 300 ft (90 m) beyond a
signalized intersection because dri-
vers stopped at a red light would have
an advantage from increased observa-
tion time.

® Light sources (signs, store fronts,
street lights, etc.) contributing to
scene brightness and complexity had to
remain relatively constant from dusk
until at least 11:00 p.m. to allow
multiple subject runs per evening.




1. How

2. How

3. How

4. How

5. How

6. BHow

7. BHow

Site No.

COMPLEXITY EVALUATION FORM

distracting is the scene?

very not very

distracting distracting average distracting

many traffic signs are in the cone?

five
Oor more four three two

much detail is visible in the scene?

a great a lot little
deal of of average detail
detail detail

many bright sources are in the scene?

very
many many average few

much detail is visible in the cone?

a great a lot little
deal of of average detail
detail detail

bright is the cone?

very almost
bright bright mixed dark

demanding would driving be at this location?

very not

demanding demanding average demanding

not
distracting

one
or none

very
little
detail

very
few

very
little
detail

uniform
(dark)

easy

8. To be easily spotted, how bright would a new traffic sign have to be?

very not
bright bright average bright
Figure 1. Complexity evaluation form.

dim




After review, the number of sites was
reduced to 24, and the driving loop was
shortened to 24.5 mi (39.2 km). These
sites were photographed (without signs),
and all 24 transparencies were used in
Phase I. Prior to Phase II, sites 8 and
23 were dropped because of difficulty in
finding a suitable location for the
experimental sign. Phase II data was
collected on the remaining 22 sites, but
3 of them were eliminated from the final
analysis because foliage affected sign
visibility. Table 1 provides a summary
of site characteristics and denotes those
sites that were dropped for various
reasons.

C. Phase I: The Measurement of
Complexity

The purpose of this phase of the
study was to compare a procedure whereby
the visual complexity of sites is mea-
sured in the field and one whereby com-
plexity is measured from projected trans-
parancies. The primary basis of evalua-
tion would be scale reliability with
validity to be considered only if both
procedures gave equally reliable results.

Site Preparation

During the test site selection proce-
dure, each site was surveyed to establish
a potential sign location and provide a
constant vantage point for rating com-
plexity. The potential sign location was
referenced with a small, high intensity
reflector installed about 4 ft (1.2 m)
above ground level and within 3 ft (.9 m)
of the curb. The site evalution dis-
tance, 500 ft (150 m) prior to the poten-
tial sign location, was designated with a
small patch of reflective pavement tape
placed on the shoulder or curb. Each
site was photographed at night (from the
evaluation distance) with a tripod-
mounted 35 mm camera positioned in the
right lane at approximate driver eye
height and position. The camera was
aimed straight down the lane. No supple-
mental illumination was used.

Test Vehicles

The road evaluation segment of Phase I
required a large capacity vehicle equip-
ped with flashing yellow overhead warning
lights directed to the rear. An NJDOT
commuter van was used on 2 successive
evenings to transport subjects through
the sites. Each session included 7 to
8 subjects, 2 experimenters, and a dri-

ver. Subjects were supplied with rating
forms, clipboards, pencils, and a small
flashlight to illuminate the response
forms.

Subjects

Phase I subjects were selected from a
pool of NJDOT professional employees.
Twelve subjects with an age range of 22
to 55 were assigned to the photographic
evaluation group, and 15 subjects ranging
in age from 23 to 62 constituted the road
evaluation group. All subjects were
residents of the Trenton area and conse-
quently had some familiarity with the
routes and locations of the test sites.

Data Collection Procedure

The photo evaluation portion of Phase I
was conducted in a conference room of
NJDOT Traffic Research Building. Sub-
jects were assembled in a classroom set-
ting facing a projection screen, and were
supplied with instruction sheets, evalua-
tion forms, pencils, a clipboard, and a
small flashlight. Following a brief
introduction to the study, subjects were
given time to read the instructions (app~
endix B) and were solicited for gues-—
tions. They were then shown 7 practice
slides which illustrated aspects of com-
plexity described in the instructions,
e.g., cone brightness, scene brightness,
etc. Finally, transparencies of the 24
test sites were shown in sequence, allow-
ing approximately 2 mintues per slide.
Subjects recorded their ratings of each
over the 8 evaluation scales on their
response sheets.

The field evaluation group received the
same instructions and practice slides in
the same setting as the photo evaluation
group. Instead of seeing slides of the
24 sites, however, they boarded a 12-
passenger van and were driven to each
site to evaluate it. As the driver
approached each site, an experimenter in
the front of the vehicle called his
attention to a marked spot on the pave-
ment denoting the 500-ft (150-m) evalu-
ation distance. The driver would stop at
the mark in the rightmost lane and turn
on yellow, warning lights as a safety
precaution. The vehicle headlights were
on low beam, and the flashing yellow
lights were adjusted to prevent their
light from illuminating the scene in
front of the vehicle. The van remained
in the lane for 30 sec while the subjects
observed the site; then the driver

4 A site evaluation distance of 500 ft (150 m) was selected as the most appropriate

based upon judgments of project personnel.

Evaluation distances of 300 to 600 ft

(90 to 180 m) in 50-ft (15-m) increments were tested in a small preparatory study
and the 500-ft (150-m) distance was chosen through consensus.
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reduced to 24, and the driving loop was
shortened to 24.5 mi (39.2 km). These
sites were photographed (without signs),
and all 24 transparencies were used in
Phase I. Prior to Phase II, sites 8 and
23 were dropped because of difficulty in
finding a suitable location for the
experimental sign. Phase II data was
collected on the remaining 22 sites, but
3 of them were eliminated from the final
analysis because foliage affected sign
visibility. Table 1 provides a summary
of site characteristics and denotes those
sites that were dropped for various
reasons.

C. Phase I: The Measurement of
Complexity

The purpose of this phase of the
study was to compare a procedure whereby
the visual complexity of sites is mea-
sured in the field and one whereby com—
plexity is measured from projected trans-
parancies. The primary basis of evalua-
tion would be scale reliability with
validity to be considered only if both
procedures gave equally reliable results.

Site Preparation

During the test site selection proce-
dure, each site was surveyed to establish
a potential sign location and provide a
constant vantage point for rating com-
plexity. The potential sign location was
referenced with a small, high intensity
reflector installed about 4 ft (1.2 m)
above ground level and within 3 ft (.9 m)
of the curb. The site evalution dis-
tance, 500 ft (150 m) prior to the poten-
tial sign location, was designated with a
small patch of reflective pavement tape
placed on the shoulder or curb. Each
site was photographed at night (from the
evaluation distance) with a tripod-
mounted 35 mm camera positioned in the
right lane at approximate driver eye
height and position. The camera was
aimed straight down the lane. No supple-
mental illumination was used.

Test Vehicles

The road evaluation segment of Phase I
required a large capacity vehicle equip-
ped with flashing yellow overhead warning
lights directed to the rear. 2an NJDOT
commuter van was used on 2 successive
evenings to transport subjects through
the sites. Each session included 7 to
8 subjects, 2 experimenters, and a dri-

ver. Subjects were supplied with rating
forms, clipboards, pencils, and a small
flashlight to illuminate the response
forms.

Subjects

Phase I subjects were selected from a
pool of NJDOT professional emplovees.
Twelve subjects with an age range of 22
to 55 were assigned to the photographic
evaluation group, and 15 subjects ranging
in age from 23 to 62 constituted the road
evaluation group. All subjects were
residents of the Trenton area and conse-
quently had some familiarity with the
routes and locations of the test sites.

Data Collection Procedure

The photo evaluation portion of Phase I
was conducted in a conference room of
NJDOT Traffic Research Building. Sub-
jects were assembled in a classroom set-
ting facing a projection screen, and were
supplied with instruction sheets, evalua-
tion forms, pencils, a clipboard, and a
small flashlight. Following a brief
introduction to the study, subjects were
given time to read the instructions (app-
endix B) and were solicited for ques-—
tions. They were then shown 7 practice
slides which illustrated aspects of com-
plexity described in the instructions,
e.g., cone brightness, scene brightness,
etc. Finally, transparencies of the 24
test sites were shown in sequence, allow-
ing approximately 2 mintues per slide.
Subjects recorded their ratings of each
over the 8 evaluation scales on their
response sheets.

The field evaluation group received the
same instructions and practice slides in
the same setting as the photo evaluation
group. Instead of seeinag slides of the
24 sites, however, they boarded a 12-
passenger van and were driven to each
site to evaluate it. As the driver
approached each site, an experimenter in
the front of the vehicle called his
attention to a marked spot on the pave-
ment denoting the 500-ft (150-m) evalu-
ation distance. The driver would stop at
the mark in the rightmost lane and turn
on yellow, warning lights as a safety
precaution. The vehicle headlights were
on low beam, and the flashing yellow
lights were adjusted to prevent their
light from illuminating the scene in
front of the vehicle. The van remained
in the lane for 30 sec while the subjects
observed the site; then the driver

4 A site evaluation distance of 500 ft (150 m) was selected as the most appropriate

based upon judgments of project personnel.
increments were tested in a small preparatory study
(150-m) distance was chosen through consensus.

(90 to 180 m) in 50-ft (15-m)
and the 500-ft

Evaluation distances of 300 to 600 ft
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Table 1.

Site characteristics.

Speed Traffic
Highway Limit Area Volume
Site Classification (mph) Classification (late evening) Sign Location Characterisitics
1 Four-lane 40 Light commercial Low Adjacent to a large
minor arterial office building and
across from a small
shopping center
2 Four-lane 30 Light commercial Low Adjacent to a restau-
minor arterial rant and across from a
shopping center
3 Four-lane 40 Residential Low Street corner Sign approximately
minor arterial 1/8th obscured on
right by foliage
4 Four-lane 50 Park (no pedes— Medium Within fenced right of Sign approximately
parkway (freeway) trian access to way, just beyond a 1/4th obscured on
freeway) pedestrian overpass top corner by foli-
age. Site not used
in Phase II analysis
5 Two-1lane 25 Medium commercial High Adjacent to a garage Sign momentarily
major arterial and across from a super- illuminated at ap-
with no shoulders market proximately 1200
ft (360 m) as low
beams were elevated
by a RR grade
6 Two—-1lane 25 Light commercial High Adjacent to a house
major arterial and residential
7 Four-lane 35 Light commercial Medium Right of parking lane Sign 1/4th obscured
minor arterial by foliage. Site
not used in Phase II
analysis
8 Four-lane 35 Light commercial Mediunm Not used Site eliminated for
minor arterial Phase II
9 Four-lane 35 Light commercial Medium Adjacent to a small
minor arterial shopping mall entrance
10 Two~1ane 35 Residential Medium Sign located within a Sign 1/8th obscured

minor arterial

cluster of other signs

on right by foliage




ii

Table 1. Site characteristics (continued).
Speed Traffic
Highway Limit Area Volume . . Special |
Site C1§551fication (mph) Classification (late evening) Sign Location Characterisitics
11 Four-lane minor 45 Rural Low Next to exit lane from a Slight dogleg in
arterial restaurant. Somewhat road reduced recog-
greater offset than nition distance.
normal Site not used 1n
Phase II analysis
12 Fouyr-lane minor 45 Rural Medium Adjacent to a restaurant
arterial and upstream of a major
intersection
13 Two—-lane ﬁajor 40 Heavy commercial High Between a gas station
arterial with and a restaurant
turning lane
14 Two-lane major 40 Heavy commercial High Adjacent to a restaurant
arterial with
turning lane
15 wavlaﬁe major 40 Medium commercial High Adjacent to a car Sign appeared
arterial with dealership silhouetted against
turning lane the sky
16 Two—-lane major 40 Medium commercial High Adjacent to a car Legibility of the
arterial with dealership sign may have been
turning lane influenced by glare
17 Twé*lane major 40 Heavy commercial High Adjacent to a shopping
arterial with center entrance and near
turning lane a major intersection
18 Foﬁr—lane major 40 Light commercial/ Low Adjacent to an office
arterial rural building
19 Fohr;lahe major 55 Medium commercial Low Adjacent to car
arterial dealership
20 Four—léne‘major 45 Light commercial Low Just beyond a jug-handle
arterial intersection
21 Four-léne‘major 40 Medium commercial Low Adjacent to a used car
arterial lot
22 Fodr—lane minor 40 Medium commercial Medium Adjacent to a car
arterial dealership
23  Four-lane minor 40 Medium commercial Medium Not used Site eliminated from
arterial Phase II
24 Four?léhe minor 40 Medium commercial Medium Entrance to a shopping
arterial center
Note: 1 mi/h = 1.6 km/h.




would pull to the shoulder to clear traf-
fic and remain until all subjects had
completed their evaluation forms for the
site. The field evaluation was conducted
over 2 evenings between the hours of 9:00
and 11:00 p.m.

D. Phase II: The Acquisition of Sign
Recognition and Legibility Distances

The purpose of this phase of the study
was twofold: first, to provide a criter-
ion (recognition distance) which could be
used as a surrogate measure of visual
complexity in the development of a com-
posite complexity scale; second, to
establish differential luminance require-
ments for the yellow diamond warning sign
at low and high complexity locations.

Site Preparation

In preparation for Phase II, the small
reflectors designating potential sign
location were removed, and replaced with
30-in (75-cm) yellow diamond warning
signs mounted at a height of 7 ft (2.1 m)
(measured from ground to the bottom cor-
ner of the sign). The signs were mounted
on 1 1/8-in (2.8~cm) square galvanized
steel posts and bolted with wingnuts for
rapid removal. Sign posts were posi-
tioned within 3 ft (.9 m) of the curb
and/or in line with existing sign posts,
with offsets from the travel lane as
noted in table 1.

Variables

In addition to site complexity, the
independent variable of specific sign
luminance was included so that luminance
reqguirements could be determined. Three
levels of sign brightness were employed.
Signs constructed with new Type II sheet-
ing (engineering grade) provided the
highest luminance condition. Artificial
degradation with a silk-screened dot
pattern was used to produce signs de-
graded to approximately 72 percent and 36
percent of the Federally specified level
of new Type II signs. Degradation levels
were verified with a retroreflec-
tometer.

Dependent variables included sign
recognition distance and sign legibility
distance. Recognition distance is the
distance from a sign to where it can be
identified as a yellow diamond sign.
Legibility distance is the distance from
the sign to where its entire legend can

5 The specified value for new Type II yellow sheeting is 50 SIA (U.S.

Transportation, 1979, section 633).
graded forms averaged 36 SIA and 18 SIA.
per sguare foot at

be identified. To control for the
effects of experience and learning, sign
legends had to be novel and varied within
experimental sessions. Various sign
types and messages were considered from
the standpoints of suitability for the
study objectives and effect upon the
indiginous traffic. The selected signs
were 30-in (75-cm), standard yellow,
diamond warning signs, each bearing one
of 6 single word legends. The legends
were TRUCK, CROSS, DRIVE, SCHOOL, OUTLET,
and STREET. Letters were 5 in (12.5 cm)
high, series D (U.S. Department of Trans-
portation, 1972).

Test Vehicles

Three vehicles, each equipped with a
calibrated digital measuring instrument
(DMI) and a battery powered tape recor-
der, were used on each of 3 evenings.

The vehicles included a 1980 mid~size
sedan, a 1976 full-size van, and a 1982
mid-size station wagon. All vehicles
were equiped with halogen headlamps aimed
to State inspection specifications. The
headlamps were used at low beam. Passen-
gers in each vehicle for each subject run
included the subject/driver and an exper-
imenter who recorded subject response
distances. The DMI provided a digital
readout of distance traveled in feet and
was equipped with a button to freeze a
display while the count progressed. Each
time the subject indicated a sign recog-
nition or sign legibility, the experi-
menter would freeze the display and
record the last 4 digits on the tape
recorder. An entry of the display was
also made when the vehicle passed the
sign location.

Subjects

Of 15 Phase II subjects, 3 were NJDOT
employees. All were licensed drivers and
residents of the Trenton area. The group
ranged in age from 22 to 64 with a mean
age of 38, and included 11 males and 4
females. Subjects were tested for visual
acuity and color perception, and all had
corrected acuity of 20/40 or better with
no color deficiencies.

Experimental Design

The Phase II design involved 2 inde-
pendent variables, site complexity and
sign brightness. Since the order of
sites was fixed, the 3 levels of sign
brightness were rotated 3 times over the
course of the study. Each test site

Department of

The actual measured value was 65 SIA and the de-
(SIA expressed as candelas per footcandle
.2 degree observation angle and -4 degree entrance angle.)




was observed by 5 independent subjects
under each level of sign brightness,
producing a total of 15 observations per
site. Sign legends were systematically
assigned to sites and brightness levels,
and were completely rotated 3 times to
avoid brightness—-legend associations.

Data Collection Procedure

During Phase II, study subjects were
processed at the rate of 5 per evening
over 3 sequential evenings. Each subject
drove an instrumented vehicle, and since
only 3 vehicles were available, subjects
were processed in 2 shifts each evening,
with 3 departing from the NJDOT Traffic
Research Building at 9:00 p.m. and 2 at
10:00 p.m. after the first run was
completed.

Subjects met at the NJDOT building
approximately one half hour before each
run began and were tested for visual
acuity and color perception. They were
given a brief introduction to the project
and were read the instructions included
in appendix C. After familiarization
with the vehicles and a guestion and
answer session, they began the 24-mi
(38.4-km) loop.

Each vehicle contained a subject driver
and an experimenter. The subject would
call out "detect"™ when a yellow diamond
warning sign was first spotted, and would
read the legend as soon as possible. (In
the case of signs containing a symbol,
the subject would say "symbol.")

The experimenter was responsible for
giving the subject directions regarding
turns on the loop and for recording each
detection and legibility response. When
the subject would say "detect," the ex-
perimenter would push a button to freeze
the digital readout on the DMI, and would
read the last 4 digits into a hand held
tape recorder. He would then restart the
readout and repeat the process when the
legend was read, and again when the vehi-
cle crossed the point of sign location.

On responses to signs not part of the
study, the latter 2 recordings were
omitted. Upon reducing the data from
recording to hard copy, the 4-digit res-
ponse locations were subtracted from the
sign location reading to give recognition
and legibility data expressed in feet
from the sign location.

E. Results

Analysis of Complexity Scales

Before analyzinag the validity of the
complexity scales with respect to their
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association with sign recognition dis-
tance, it is important to assess the
reliability of the scales for evaluation
of both the field and photo rating
groups. Scenes were paired on the per-
formance criterion before random assign-
ment to 2 groups of 11 scenes. Spearman-
Brown split-half reliability coefficients
were then computed for each of the 8
scales for both groups of raters. These
coefficients are shown in table 2.

Table 2. Spearman-Brown reliability
coefficient for each scale and
2 groups of raters.

Scale Photo Group Field Group
1 27% .82
2 .81 .87
3 .80 .79
4 .91 .97
5 .56% .80
6 .32% .73
7 .85 .83
8 .81 .89
* p<.05

In general, the use of the scales in
the field had greater reliability than
the use of the scales with photographs.
All of the scales had statistically sig-
nificant reliabilities in the field
group. Three scales in the photo group
had reliabilities which were not signifi~-
cant. Scale 1, which measured distrac-
tions, and scales 5 and 6, which measured
detail and brightness in the cone, appear
to lack reliability when used with photo-
graphs.

A split-half reliability coefficient
was also calculated for the recognition
performance (Phase II) criterion. For
this reliability estimate the scenes were
split into the same 2 groups as before,
and the average recognition distance for
each subject at 1 group of locations was
correlated with his scores at the second
group of locations. The obtained coef-
ficient was .88, which is highly signi-
ficant.

For regression analysis the sample of
22 sites was reduced to 19. Sites 4, 7,
and 11 were eliminated because of prob-
lems caused by foliage during recognition
performance (Phase II), which confounded
the criterion data. To determine the
validity of each scale, zero-order corre-
lations were computed with the perform-
ance criterion of recognition distance
for each group of raters. These correla-
tions are shown in table 3. Since the
ratings of a second photo group were

ot




obtained after summer foliage changed the
complexity of some scenes, as it had
during recognition performance, it was
expected that the ratings og this group
would have higher validity. With the
exception of scale 1 (How distracting is
the scene?), this was the case. However,
the validities for both photo groups
were, in general, lower than the validity
of the same scales rated by the road
group. With the exception of scale 4
{bright sources in the scene), the vari-
ance accounted for by the other 7 scales
in the road group ranged from .12 for
scale 6 to .23 for scale 1.

Table 3. Zero-Order correlations of
8 complexity scales with
performance criterion of
recognition distance.
Road Photo 1 Photo 2

Scale Group Group Group
1 - .48 - .28 - .10
2 - .38 - .26 - .41
3 - .40 - .32 = %39
4 -~ .21 ~ 39 = »35
5 - .45 - .36 = w34
6 .35 = 33 = 531
7 ~ .45 = %12 - .28
8 - .38 = .23 = =32

Using a forward stepwise procedure,
multiple regression equations were com—
puted for both the road group from Phase
I and photo 2 group. All B scales were
considered in the road group regression
equations, but only the 5 scales which
had significant reliability coefficients
were included in the photo 2 group
regression. With all 8 scales the R for
the road group was .83. With 5 scales
the R for photo 2 group was only .54.

The R for the photo 2 group was as high
as .49 using only 2 scales -- 2 and 3 --
which indicates there is little gained by
using more than 2 photo rating scales.

In terms of predicted variance (R“) the
photo 2 group could account for a maximum
30 percent while the road group accounted
for 69 percent. These results are sum-
marized in table 4. These data suggest
that a satisfactory formula is not avail-
able using ratings from photographs. A
formula with 4 (R%=.62) scales using
ratings obtained on the road would appear
most promising. The increase in validity
with more than 4 variables would not seem
to be worth the additional effort.

Table 4. R? using varying numbers of
scales from photo 2 and road groups.
Photo 2 Road

# Group Group

2 .24 .49

3 .27 .56

4 .29 .62

5 .30 .65

6 i .69

7 S .69

8 i .69

The eqguations with the highest vali-
dities using 4 variables are shown below.
Neither of these egquations uses scale 6,
which had the lowest reliability. It is
surprising to note that scale 4, which
had the lowest correlation with the
recognition distance criterion, is
represented in both equations. The fact
is that an analysis of a large number of
regression equations revealed that scale
4 is a critical predictor. Alternative
equations using an equal number of pre-
dictors without scale 4 had dramatically
lower validities.

The general model for linear regression
is ¥ a + bX. Expanding this equation
and substituting the actual weights for
each scale in 2, 4 variable equatjions
result in the following formulas:

Equation 1:

Y 2030 + 409x3 + 3471x4 +

(‘543}(5) + (—615}(7). (1)

Equation 2:

Y 1454 + (~271xq) + (-52x3) +

297x4 + (-162x5). (2)

Examination of the weights for scales 3
and 4 indicates that both of these vari-
ables have positive weights while the
other scales have negative weights.
Scales 3 and 4, which measure detail and
brightness of the scene, are suppressor
variables. A suppressor variable
improves the overall validity of a multi-
ple regression equation, not from common
variance with the criterion, but from
variance it shares with the other predic-
tors. The reader is referred to McNemar
(1963) for a more thorough description of
supressor variables.

% Photo 2 group comprised of members of the research staff.

7 X is the observed value for the ith scale.
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Analysis of Recognition/Legibility Data

Tables 5 and 6 present a series of
decriptive statistics representing sub-
ject recognition and legibility perform-
ance. Table 5 presents the mean recogni-
tion distance for each level of sign
brightness and the 100th percentile dis-
tance for medium and high brightness
signs and high brightness signs only.
Table 6 presents the mean legibility
distance by each sign brightness level
and all brightnesses combined.

In order to determine if the various
sites produced statistically significant
performance differences across the site
complexity dimensions and to test the
influence of sign brightness, a 2-way
analysis of variance (AOV) was computed
for recognition and legibility scores.
Prior to calculating the AOV, the sites
were categorized as high, medium, or low
complexity. The categories were opera-
tionally defined based upon predicted
recognition distances obtained from the
4-variable multiple regression eguation
(Equation 1). The 4 sites showing the
longest predicted recognition distances
were classified as low complexity, and
the 4 sites with the shortest predicted
recognition distances were classified as
high complexity. Four medium complexity
sites were randomly selected from the
remaining pool. Random selection was
used so that the middle group would rep—
resent all sites not judged high or low

complexity. The predicted and actual
means for each of these categories are

shown in table 7.
Table 7. Predicted versus actual
recognition distances (ft)

(12 Sites).

Predicted Actual
Low Complexity
(Mean for Sites 1158 1162
6, 9, 18, 19)
Medium Complexity
(Mean for Sites 937 1030

5, 12, 14, 17)

High Complexity
(Mean for Sites 694 707
2, 10, 13, 24)

Note: Predicted from the multiple R for
scales 3, 4, 5, and 7.
Note: 1 ft = .3 m.

Table 8 shows the mean recognition
distances for a 3 by 3 factorial design
of visual complexity and sign brightness.
As expected, an analysis of variance
showed visual complexity was significant
(p < .0001) and sign brightness was sig-
nificant (p < .01). These cell means are
plotted in figure 2. The interaction of
sign brightness and visual complexity was
not significant.

high brightness

low brightness
| |

1400 {
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Mean 1100 +
Recognition
Performance 1000 1
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Recognition performance by visual complexity and sign brightness.
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Table 5. Recognition distance (ft) performance by site

and sign brightness level.

Sign Luminance

Mean 100th Percentile

All Med. & High
Low Medium High Signs All High Only
1062 779 708 850 231 231 294
804 811 912 842 646 646 842
787 971 1022 927 384 659 659
1071 1059 1189 1106 846 846 1016
9240 1282 1329 1183 585 585 1039
1028 998 1674 1233 505 505 1123
423 837 783 681 209 209 209
955 888 1256 1033 539 539 848
404 457 722 528 249 249 539
757 1496 1087 1113 242 342 342
1096 825 1280 1067 620 620 932
701 1067 1017 928 341 341 527
989 832 781 867 528 528 528
1067 994 1393 1151 701 806 806
882 1162 1196 1080 433 884 955
658 951 776 795 357 570 570
862 768 913 848 152 152 545
366 1015 970 784 194 475 585
738 871 716 775 439 439 439

Table 6. Mean legibility distance (ft) by
and sign brightness level.

Sign Luminance

site

Site Low Medium High
1 201 218 194
2 226 189 290
3 107 201 210
5 170 191 304
6 132 201 266
9 176 168 261

10 123 176 224

12 184 175 210

13 133 197 214

14 151 215 176

15 208 171 233

16 67 169 262

17 195 237 179

18 198 156 235

19 97 246 241

20 161 233 167

21 225 200 258

22 103 192 190

24 210 256 191
= .3 m.
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Table 8. Observed mean recognition

distances (ft).

Sign Visual Complexity
Brightness Low  Medium High Combined
Low 979.7 943.3 592.6 838.5
Medium 1109.5 1069.2 744.4 974.3
High 1398.4 1078.7 783.6 1086.9
Combined 1162.5 1030.4 706.8 966.6
Note: 1 ft = .3 m.

Table 9 shows the mean legibility dis-
tance for the 3 by 3 factorial of sign
brightness and visual complexity. Figure
3 provides a graphic plot of these means.

Table 9. Observed mean
legibility distances (ft).

Sign Visual Complexity
Brightness Low  Medium High Combined
Low 151.2 175.2 173.4 166.6
Medium 193.2 204.7 204.8 200.9
High 251.2 217.8 230.1 233.0
Combined 198.5 199.2 202.8 200.2
Note: 1 ft = .3 m.

An analysis of variance indicated that
the effect of sign brightness was statis-
tically significant (p < .0001). As can
be seen in table 9, however, there was
virtually no influence of visual complex-
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ity and no interaction of the 2 vari-
ables. This is not unexpected, since
there is nothing to suggest that visual
complexity would influence legibility.

In order to fully and meaningfully
evaluate the performance of signs of
different brightness levels at different
sites, some estimate of required recogni-
tion and legibility distance is needed.
Perchonok and Pollack (1981) modified the
hazard avoidance model of McGee, Moore,
Knapp, and Sanders (1978), based upon the
concept of decision sight distance, to
arrive at sign recognition and legibility
distance requirements. The model in-
cludes components for detection, reading,
decision making, driver response, and
vehicle maneuver. Reading time will vary
with the amount of information on a sign,
decision time varies with decision com-
plexity, and vehicle maneuvering time
varies with type of maneuver, the amount
of deceleration required, or the density
of traffic for lane changes and merging.

To estimate requirements for the yellow
diamond warning sign, the shortest read-
ing time requirement (1 second) was used,
since most of these signs contain symbols
or very brief, one word messages. A
medium level of decision complexity (2.5
seconds) was used, which may be conserva-
tive for this type of sign. The required
recognition times and legibility times
were determined for a sign requiring no
maneuver (e.g., Deer Crossing) and a sign
requiring a complete stop (very conser-
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tive for this type of sign. The required
recognition times and legibility times
were determined for a sign requiring no
maneuver (e.g., Deer Crossing) and a sign
requiring a complete stop (very conser-
vative, since yellow diamond signs never
require a complete stop). These time
estimates were then converted to the
required distances shown in table 10 at
different assumed approach speeds.

Table 10. Required recognition and
legibility distances (ft).

Recognition Legibility
Distance Distance

No No
mph Maneuver Stop Maneuver Stop
35 325 489 179 343
45 419 691 231 503
55 520 927 290 697
Note: 1 mi/h = 1.6 km/h; 1 ft = .3 m.

Since yellow warning signs typically do
not demand an extreme deceleration prior
to the location of the sign, the dis-
tances required for the no maneuver con-
dition are most relevant. Comparing the
required distances of table 10 with the
observed mean distances of tables 8 and 9
indicates areas of concern. The 520-ft
(156-m) recognition distance required at
55 mi/h (88 km/h) can easily be met by
the most degraded sign in low complexity
situations. However, in high complexity
situations, the average performance of
the most degraded signs was barely above
the reguired distance for 55 mi/h (88
km/h). Since mean performance does not
allow a sufficient margin of safety,
signs with Type II sheeting should not be
allowed to degrade below 36 SIA (72 per-
cent of Federal specifications) in high
complexity locations.

Legibility may present even more of a
problem. In an absolute sense it would
seem that the 167-ft (50.1-m) (table 9)
average legibility of the low brightness
sign would be inadequate in all situa-
tions. Since only 5-in (12.5-cm) letters
were used, the degraded sign had legi-
bility of approximately 30 ft/in (3.6 m/
cm), while the medium brightness and high
brightness signs had 40 ft/in (4.8 m/cm).

However, since many yellow warning signs
contain symbols, legibility of 30 ft/in
(3.6 m/cm) may provide adequate distance,
particularly when either no maneuver or
only a modest deceleration is necessary.

Since mean values do not allow a suffi-
cient margin of safety, the 100th percen-
tile is perhaps a better index in examin-~
ing minimum driver requirements. Table 5
includes the 100th percentile recognition
performances for all of the sites. It
can be seen that 8 sites (2, 5, 6, 9, 12,
15, 17, and 18) showed a 100th percentile
recognition distance greater than 500 ft
(150 m) when signs degraded to 36 percent
of Federal specification (lowest bright-
ness) were included. This is well in
excess of the required distances when no
vehicle maneuver is required and suffi-
cient to satisfy the requirement of a
complete stop from approach speeds up to
45 mi/h (72 km/h). On the basis of
recognition performance, these 8 sites
were said to be low complexity. Also in
table 5 we see 4 sites (1, 10, 13, and
21) had 100th percentile recognition
performance for medium and high bright-
ness signs below the minimum value of 325
ft (97.5 m) for no maneuver at 35 mi/h
(56 km/h). Four other sites (14, 16, 22,
and 24) failed to provide adequate recog-
nition distance with approach speeds to
55 mi/h (88 km/h) without a maneuver
required. On the basis of performance
these 8 sites were said to be high com-
plexity. The 100th percentile perform-
ance for half of these 8 sites was raised
above the regquired distance for 55 mi/h
(88 km/h) approach speeds when the medium
brightness signs were included. Since
luminance deterioration is a natural
occurrence and performance remained sub-
standard at 4 sites with non-deteriorated
Type II signs, the need for Type III
(high intensity) sheeting seems to be
indicated.

Decision Rules for Luminance Require-
ments

To evaluate the practical implications
of this work, it is helpful to use the
classification of errors in hypothesis
testing. A false negative is the accept-
ance of the alternative hypothesis when
it is false, and a false positive is
failing to accept the alternative hypo-
thesis when it is true. <Changing the

8 The recognition distances include distances for reading, decision making, driver
response, and vehicle maneuver, but omit the distance associated with detection,
since the performance criterion observed in the field study represented recognition

of the sign as a yellow diamond, implying detection had already occurred.

The legi-

bility distances include distances for decision making, driver response, and vehicle
maneuver, but omit the distances associated with detection and reading, since the
performance criterion observed in the field represented the distance after legibility.




decision rule increases one type of error
and decreases the other. The greater the
reliability of measurement, the easier it
is to minimize both types of errors, but
because of the error in both the measure-
ment of complexity and luminance, classi-
fying sites on complexity to specify
luminance needs is a process which must
tolerate a good deal of error. Since
safety is an issue as well as cost, care
must be taken to minimize errors which
may create hazards. To make a decision
as to whether a site is low complexity
and can perform adequately with a sign of
poor luminance, one must accept a high
false positive rate (classify sites as
not low complexity which perhaps are
low). Likewise, in deciding whether a
site has high complexity and requires
special attention with regard to sign
luminance, one must accept a high false
negative rate (classify sites as high
complexity which maybe are not).

The first step in finding a decision
rule to implement these strategies is to
categorize the sites as low or high com-
plexity based upon the empirically ob-
tained recognition distance. Using the
required recognition distances derived
from the hazard avoidance model (McGee et
al., 1978; Perchonok & Pollack, 1981)
which are shown in table 11, we decided
to classify sites as low complexity if
their 100th percentile recognition dis-
tance was greater than 500 ft (150 m)
across all sign brightness levels. In
other words, for a site to be classified
low complexity, every driver had to
recognize the sign more than 500 ft (150
m) away, even if it were degraded to only
36 percent of the Federal standard. High
complexity sites were defined as sites
which had a 100th percentile recognition
distance below 500 ft (150 m), excluding
the most degraded signs. 1In other words,
if only one driver failed to recognize a
new sign or a sign degraded to 72 percent
of Federal specification (medium bright-
ness) at less than 500 ft (150 m), the
site was considered of high complexity.
Sites classified either low or high com—
plexity are identified by their 100th
percentile recognition distance in column
A of tables 11 to 14.

The next step in the search for a deci-
sion rule was to compute a predicted
recognition distance using each of the
candidate regression equations presented
earlier. While the reliability of the
scales has been addressed, the validity
of the regression equations has not. The
proper way to address this issue is to
cross validate using another sample of
sign locations. The regression equations
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would be used to predict performance at
the new site, and the correlation of the
observed and predicted performance would
be a measure of the equations' true val-
idity. An estimate of what this true
validity might be can be obtained from
figures given by Ezekiel and Fox (1963).
Given samples of 19 sites and the ob-
served multiple R's of .75 to .81 for 4
variable equations, 1 in 20 samples would
give multiple R's this high even if the
true correlation were only in the .4 to
.5 range.

The 2 equations tested (equations 1 and
2) both use 4 scales. The predicted
recognition distance (visual complexity)
using each equation is given in column B
of tables 11 to 14. The 2 egquations were
the 2 with the highest validities using
4 scales. They have 2 of the 4 variables
in common. Five-, 6-, and 8-variable
equations were evaluated, but resulted in
little or no change from the results
which are presented in tables 11 to 14.

The third step was to locate the cutoff

scores which would eliminate the hazard-

ous errors. These were the highest pre-

dicted score of the sites not classified

low complexity (column C, tables 11 and i
12) and the highest predicted score of ;
the sites classified high complexity ;
(column C, tables 13 and 14). With the

column C heading used as a cutoff score )
for site classification, erroneous clas- |
sifications were identified. il

With respect to low complexity, false |
positives are sites not identified as i
being of low complexity, but which on the

basis of the empirical data are of low
complexity (in columns C, D, and E of

tables 11 and 12). False negatives are ;
sites which are classsified as being of |
low complexity, but which are considered !
not of low complexity based upon the :
empirical data. The cutoff score in

column C was chosen to ensure that there

would be no false negatives, i.e., sites
classified of low complexity which are

not. To get zero false negatives one has

to tolerate false positives with either

equation. Six of the 8 low complexity

sites will be misidentified. If we are

willing to tolerate 1 false negative in

the 11 sites which are considered not low
complexity, we can use eguation 1 to

reduce the false positives to 5 of the

8 low complexity sites. Decreasing the

cutoff score increases the false nega-

tives. A cutoff score of 1078 with equa-

tion 1 appears best for identifying low
complexity sites. This cutoff score

identified almost half of the low com-

plexity sites, significant for potential

savings in sign replacement costs, and




Table 11. Evaluation of 3 cutoff scores for identifying 8 low complexity
sites using regression equation 2.

B Error Types with
A Predicted Alternative Decision Rules
Recognition Distance Complexity (Feet) for Low Complexity
Low Complexity Sites Equation 2 C D E

Site 100ths > 500 ft€ (1, 2, 4, 5) >1126 ft >985 ft >957 ft
1 —_—— 985 = s FN
2 646 747 Fp2 FP FP
3 -— 1125 . FNP FN
5 846 959 FP FP s
6 585 1044 FP = -
9 505 1207 bt == o
10 e 742 i e =
12 539 958 FP FP i
13 i 841 saina s s
14 s 1049 - FN FN
15 620 983 FP FP -
16 S 851 e s =
17 528 872 FP FP FP
18 701 1216 == == =
19 s 1010 - FN FN
20 —— 780 -- -- --
21 -— 853 -- -- --
22 - 777 == w =
24 -— 802 - -- --
Number of false positives 6 5 2
Number of false negatives 0 3 4

Table 12. Evaluation of 3 cutoff scores for identifying 8 low complexity
sites using regression equation 1.

B Error Types with
A Predicted Alternative Decision Rules
Recognition Distance Complexity (Feet) for Low Complexity
Low Complexity Sites Equation 1 c D E

Site 100ths > 500 ft€ (3, 4, 5, 7) >1128 £t >1078 ft >950 ft
1 —-— 937 - - -
2 646 754 Fpd FP FP
3 —— 1078 : —— —— FN
5 846 870 FP FP FP
6 585 1038 FP FP -
9 505 1208 -— - -
10 — 759 — - -
12 539 925 FP FP FP
13 i 722 - i -
14 ~—— 935 —= - —
15 620 1142 —— —— —
16 i 819 - — e
17 528 953 FP FP -
18 701 1117 FP b -
19 S 1128 —— FN FN
20 —— 886 - - -
21 —— 813 - - -
22 s 870 i —— e
24 ] 801 S S .
Number of false positives 6 5 3
Number of false negatives 0 1 2

Note: 1 ft = .3 m.

& PP = false positive.

b pN = false negative.

€ 100th percentile score for all sign luminances.
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Table 13. Evaluation of 3 cutoff scores for identifying 8 high complexity
sites using regression equation 2.

B Error Types with
A Predicted Alternative Decision Rules
Recognition Distance Complexity (Feet) for High Complexity
High Complexity Sites Equation 2 c D E
Site 100th% < 500 ft€ (1, 2, 4, 5) >1050 ft >986 ft >854 ft
1 231 985 - —= FP
2 - 747 FN@ FN FN
3 —— 1125 - - -
5 —— 959 FN FN s
6 =it 1044 FN — e
9 -—— 1207 - - -
10 209 742 - - -
12 o 958 FN FN =
13 249 841 - - -
14 342 1049 - FpP FP
15 s 983 FN FN e
16 341 851 - - -
17 —-— 872 FN FN -
18 —— 1216 - - -
19 -— 1010 FN - -=
20 e 780 FN FN FN
21 152 853 - - ——
22 475 777 - - -
24 439 802 - - -
Number of false positives 0 1 2
Number of false negatives 8 6 2
Table 14, Evaluation of 3 cutoff scores for identifying 8 high
complexity sites using regression equation 1.
B Error Types with
A Predicted Alternative Decision Rules
Recognition Distance Complexity (Feet) for High Complexity
High Complexity Sites Equation 1 c D E
Site 100ths < 500 ft© (3, 4, 5, 7) <937 ft <925 ft <885 ft
1 231 937 o FpP FP
2 -— 754 FN?@ FN FN
3 —— 1078 — = bt
5 e 870 FN FN FN
6 —— 1083 - - e
9 -— 1208 - - -
10 209 759 - - =
12 —— 925 FN - -
13 249 722 - - -
14 342 935 == FP FP
15 —_— 1142 - - -
16 341 819 - - -
17 ——- 953 - et -—-
18 ——— 1117 - - -
19 ——— 1128 - - -
20 e 886 FN FN -—
21 152 813 - - -
22 475 870 - - -
24 439 801 - - -
Number of false positives 0 2 2
Number of false negatives 4 3 2
Note: 1 ft = 30 cm.
2 FN = false negative.
b rp = false positive.

€ 100th percentile score with most degraded signs omitted.
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missed only oned of 11 sites which should
not be considered low complexity.

With respect to high complexity, false
negatives are sites classified as being
of high complexity, but which on the
basis of the empirical data were not of
high complexity (in columns C, D, and E
of tables 13 and 14). False positives
are sites which were not classified as
being of high complexity, but which on
the basis of the empirical data are high
complexity sites. To get the false posi-
tive rate to zero, one must tolerate
8 false negatives with equation 2 and 4
false negatives with equation 1. In
other words, with equation 2 we would
misidentify 8 of 11 sites as high com-
plexity, and only 4 would be misidenti-
fied with equation 1. Accepting 2 false
positives with equation 1 does not give
enough improvement in the false negative
rate to make the potential increase in
risk acceptable. With equation 2 how-
ever, the tradeoff might be worthwhile.
Accepting 2 false positives in the 8 high
complexity sites results in a reduction
of the false negative rate from 8 of 11
to 2 of 11.

F. Conclusions

The main effects of the independent
variables of sign brightness and visual
complexity were consistent with hypo-
theses suggested by earlier research
(Mace et al., 1982). 1In general visual
complexity has a negative effect on sign
recognition, but no effect on legibility;
while sign brightness has a positive
effect on both recognition and legi~
bility.

Further support was obtained for the
general hypothesis that sign brightness
can offset the detrimental effects of
visual complexity. The data suggest
specifically that at low complexity
sites, Type II yellow sheeting degraded
to 36 percent of Federal specification is
adequate for the types of situations
studied. At high complexity sites, Type
II yellow sheeting should not be allowed
to degrade below the 50 percent Federal
specification for accelerated weathering,
and perhaps should be replaced when it
reaches the 72 percent (36 SIA) value of
the medium-degraded signs studied. Only

9 The specific site missed was 19.

when complexity is high and either the
approach speed is high or a lane change
or extreme deceleration is required might
a sign of new Type II sheeting be inade-
quate used alone, unsupplemented by
advanced warning.

It must be remembered that the conclu-
sions with respect to sign reflectivity
are restricted to roads without extreme
curvature. A sign of 36 percent reflec-
tance which was satisfactory on a
straight road in a low complexity loca-
tion might be inadequate on a road with a
severe right curve. To provide results
generalizable to conditions other than
the straight approach which characterized
the Trenton test sites, the following
guidelines are offered. Regardless of
sign placement or road curvature, yellow
diamond warning signs in low complexit%
areas should have a minimum luminance!
of .14 candelas/ft2 (1.51 candelas/mz).
The same signs in high complexity areas
require a minimum of .25 candelas’/ft
(2.69 candelas/mz). Because of light
scatter these values may double in bright
ambient areas.

Within the range of brightness and
complexity studied, their were no inter-
active effects of visual complexity and
sign brightness. The absence of an
interaction between sign brightness and
visual complexity appears contrary to
expectations based upon earlier research
(Mace et al., 1982), which suggested that
brightness and complexity interacted such
that sign brightness has its greatest
effect on visual peformance at the middle
ranges of complexity and that:

e At high levels of complexity brighter
reflective signs might not improve
per formance.

® At low complexity locations even signs
of very degraded luminance perform
satisfactorily.

With respect to high levels of complex-
ity, either the hypothesis was wrong or
the levels of complexity tested in this
study were not high enough. It may be
that if higher levels of complexity were
sampled, recognition distance would drop
for all levels of sign brightness to a
distance less than legibility distance.

It was not classified low complexity because its

100th percentile score was 433 ft (129.9 m) less than the required 500 ft (150 m).
However, its 85th percentile score was 884 ft (265.2 m), suggesting that this one

false negative might not be too serious.

10 Measured at 500 ft (105 m) frog the sign with a photometer calibrated for

luminance at the 3.18 candelas/ft

level (34.26 candelas/m?).




This is only speculation. At the highest
levels of complexity measured in this
study sign brightness had a positive
effect, and the possibility exists that
per formance might even be improved by a
material with higher specific luminance,
such as Type III sheeting.

With respect to low complexity sites,
the contradiction with the hypothesis
from the earlier study is semantic. We
should have hypothesized that at low
complexity sites, sign brightness would
not affect driver performance. Instead,
the hypothesis referred to visual per-
formance. The hypothesis was generated
by a field study which used speed reduc-
tion in response to a SPEED TRAP sign as
the dependent variable. The visual per-
formance of the drivers was not measured.
If driver performance and not recognition
distance had been measured in the present
study, it is unlikely that any difference
would have been observed at the low com-
plexity sites because sign recognition
distances for all levels of brightness
are far in excess of what drivers
require. It is also probably true that
there would have been no performance
difference at medium complexity sites
either. Only at the high complexity
sites is it likely that a performance
difference would have been observed,
because at these sites recognition dis-
tances dropped to levels which in some
cases were less than recommended require-
ments.

The results further suggest that a
simple and useful procedure for measuring
visual complexity is possible. The
scales tested produced very high reli-
ability when used in the field. The
validity is more suspect since cross-
validation was not performed. However,
using tables provided by Ezekiel and Fox
(1963) based upon Fisher's methods for
determining the reliability of observed
correlations, we can say that the true
correlation for the multiple correlations
presented is greater than .5, and that
this statement will be wrong in only 1
out of 20 samples. This seems sufficient
to suggest utility for the recommended
procedure documented in Chapter V.

V. A PROCEDURE FOR CATEGORIZING VISUAL
COMPLEXITY

The purpose of this chapter is to pro~
vide specific directions in using a sim-
ple procedure to classify highway loca-
tions with respect to their nighttime
visual complexity.

Many things influence the visibility of
a sign, but one of the most important is
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the visual complexity of the sign loca-~
tion. One may imagine 2 signs of equal
size and brightness. The first is moun-
ted on the shoulder of a rural road that
cuts through a forest, and a driver is
approaching it on a dark night with
lights on high beam. Almost any sign
will be visible under these conditions.
The second sign is mounted at the corner
of Broadway and 42nd Street in New York
City. Many things will attract the dri-
ver's attention: signs, lights, and
detail all around. In the city, the sign
had better be very big and very bright,
or it will be lost in the visual "noise."
Obviously these 2 cases are extremes, but
background complexity doesn't have to be
extreme to have an effect.

The procedure to classify sign loca-
tions with respect to their visual com-
plexity was developed as part of research
on sign luminance regquirements sponsored
by the Federal Highway Administration.
This research has shown that when visual
complexity is low, signs with reflectiv-
ity less than 50 percent of Federal spe-
cifications for Type II sheeting (engin-
eering grade) provide adeguate recogni-
tion and legibility distance. However,
the research also suggested that new
signs of Type II sheeting may not provide
adequate luminance at high complexity
locations. Therefore, before examining
the details of the procedure, the reader
should have a good understanding of its
intended application as well as some
understanding of its limitations.

The recommended procedure is not in-
tended to encourage sign neglect; rather
it is offered as a tool to be used in
sign maintenance management. Because of
limited budgets, signs which ought to be
replaced are not, and often sign inspec—
tions cannot be performed because of
limited personnel resources. If loca-
tions with a great deal of visual com—-
plexity were identified, signs located at
these sites could be given priority in
any sign inspection budget.. Similarly,
low complexity locations could be given
low priority.

The usefulness of classifying the vis-
ual complexity of sign locations will
increase as automated sign inventories
become prevalent. By making the complex-—
ity categorization part of the sign in-
ventory record, sign maintenance managers
can easily make software responsive to
this dimension in any inspection or re-
placement program. A manager might tell
the computer what he considers the most
critical signs and receive a report list-
ing all high complexity locations with
such signs, including their last mainten-
ance and inspection dates. Similarly, a




manager might request that a computer be
programmed to generate work orders, and
to withhold signs designated least cri-
tical where visual complexity is low.

In that way, more critical signs at high
complexity locations could be given pri-
ority in a limited budget.

The procedure to be described doesn't
depend on the type of sign or sign loca-
tion to be evaluated. However, anyone
choosing to use the procedure should be
aware that the procedure was developed
using only yellow diamond warning signs
mounted on the right shoulder of the
road. Also, the procedure has not been
cross-validated. The lack of cross-vali-
dation means that subsequent study might
result in variations and improvement.

Since the scales did have a high degree
of reliability, it is suggested that the
recommended procedure is the best avail-
able technique for evaluating complexity.
With respect to right shoulder yellow
warning signs, it is also a legitimate
and useful sign maintenance management
tool. The generalizability of the tool
to other locations and sign colors is
less certain. The procedure would prob-
ably have validity at other locations;
but since the yellow diamond is usually
installed on the right shoulder, this has
no consegquence without color generaliz-
ability. Since evidence exists that sign
luminance, color, and shape interact with
complexity, the procedure cannot be sug-
gested for use with other sign colors and
shapes at this time. If the utility of
the procedure to be described becomes
widely recognized, the research necessary
to provide similar procedures for other
signs and locations will likely be under-
taken.

The procedure for classifying sites on
visual complexity is to have 1 or 2
people visit the site after dark under
normal traffic conditions and rate the
location at approximately 500 ft (150 m)
from sign placement using the 4 scales
described on the Visual Complexit¥ Rating
Form, figure 5. The scale values 1
chosen are simply added, and the result-
ing number is the site complexity

11 The scale values are derived from equation 1 in chapter 1IV.

value. For example, suppose a location
is given the following values on the 4

complexity scales in figure 5.

scale 1 13
scale 2 8.5
scale 3 -11.5
scale 4 -1
visual complexity = 9

The score obtained is used to classify
the site in the following way. When the
site complexity value is greater than 11,
the site should be classified low com-
plexity, and if the score is less than
9.5, the site should be classified high
complexity. Two photographs (figure 4)
illustrate the scaling procedure.

Skillful evaluation of a site is a
matter of asking the questions associated
with each scale, and answering them sys-
tematically based on observation. The
questions should be considered independ-
ently. A preceding question should not
influence a response to a later one.
After a response to each gquestion (scale)
is made, the corresponding scale value to
the left should be circled. The complex-
ity rating is the sum of the 4 scale val-
ues. The terms "scene" and "cone" used
in the scale questions are defined
below:

® Scene - The "scene” is everything one
sees when looking at a site through
the windshield of a vehicle. It in-
cludes the road, the sky, and every-
thing within sight on both sides of
the road.

e Cone - The "cone" is the portion of
the right side of the road where one
would normally look for traffic signs.
It can extend from a few feet in front
of the vehicle to the horizon, but
when driving, most people monitor an
area in the cone from 200 ft (60 m) to
600 ft (180 m) down the road. The
cone may include traffic signs, adver-
tising signs, traffic lights, street
lights, and even store fronts if they
are near the road.

All numbers including

the cutoff score have been reduced by a factor of 100, and the constant has been
removed from consideration by adding 5 to every scale value.

12 The scale values shown under the 2 scenes represent mean responses on the 4
scales of the Visual Complexity Rating Form that were obtained from subjects who

rated the scenes in the field as described in chapter IV of this report.

Scale val-

ues from the field raters are shown because scores obtained from raters of photo-

graphs lacked reliability as described in chapter IV.

to illustrate the scenes.
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Scene 21

Scale 1 Scale 2 Scale 3 Scale 4 Complexity Value
Value 21 19 - 17 - 13 10
Scene 15
Scale 1 Scale 2 Scale 3 Scale 4 Complexity Value
Value 17 19 ~i 1.5 - 13 11.5

Figure 4.
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1. How much detail is visible in the scene?

Detail is anything you can see against the darkness. It includes lights and
objects that the lights illuminate. Consider the entire field of view including the
road, the horizon, and the area on both sides of the road. Can many objects be
picked out?

Answer this question by circling the appropriate scale value:

Subjective
Scale Value Description Scale Definition

25 A great deal 80% or more of the scene has visible detail
of detail

21 A lot of 60 to 80% of the scene has visible detail
detail

17 Average 40 to 60% of the scene has visible detail

13 Little detail 20 to 40% of the scene has visible detail

9 Very little 20% or less of the scene has visible detail (dark
detail country road)

2. Bow many bright sources are in the scene?

Are there many bright spots -- streetlights, internally lighted signs, bright
billboards, car lights, parking lot lights, lighted store windows, and bright reflec-
tions from glass and metal?

Answer this question by circling the appropriate scale value:

Subjective
Scale Value Description Scale Definition

22.5 Very many The scene is saturated with bright sources (many
strong lights and reflections, bright signs,
bright store fronts, and car lights)

19 Many Above average

15.5 Average Moderate

12 Few Some distant lights

8.5 Very few Virtually no bright sources

Figure 5. Visual complexity rating form.
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3. BHow much detail is visible in the cone?
Are many lights and objects visible?

NOTE: Much detail may be visible in the scene, but very little in the cone. For
example, a bridge approach may be lighted to the degree where you can see pavement
seams. The horizon may be cluttered with lights. The cone, however, can include
just a barely discernible bridge railing. Conversely, a dark country road with a
lighted service station in the cone may exhibit little scene detail, but above
average cone detail.

Answer this question by circling the appropriate scale value:

Subjective
Scale Value Description Scale Definition
- 22.5 A great deal 80% or more of the cone has visible detail (city
of detail area with many lights and objects in the cone)
- 17 A lot of detail 60 to 80% of the cone has visible detail
- 11.5 Average 40 to 60% of the cone has visible detail
- 6 Little detail 20 to 40% of the cone has visible detail
- 0.5 Very little 20% or less of the cone has visible detail (dark |
detail country road with virtually no illumination in

the cone)

4. How demanding would driving be at this location?

Drivers' ability to detect and recognize traffic signs deteriorates as the
demands of driving increase. The demands increase with the number of lanes and the
number of vehicles traveling in the same direction. Many pinpoint lights to the left
and right of the cone also increase the demands. Pedestrians and intersections
controlled by traffic signals or signs add to the difficulty.

Answer this question by circling the appropriate scale value:

Subjective
Scale Value Description Scale Definition

- 25 Very demanding 80% or more of driver's time spent looking for
driving information -- would not try to light
cigarette in this location

- 19 Demanding 70 to 80% of driver's time spent looking for
driving information

- 13 Average 60 to 70% of driver's time spent looking for
driving information

- 7 Not demanding 50 to 60% of driver's time spend looking for
driving information

- 1 Easy 50% or less of driver's time spent looking for

driving information -- no problem lighting
cigarette in this location

Figure 5. Visual complexity rating form (continued).
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FACTOR ANALYSIS PROCEDURE
AND RESULTS

APPENDIX A.

Factor analysis is not an exact analy-
tic tool; that is, it does not produce a
single unequivocal result. The available
techniques are capable of producing many
different solutions, which is the princi-
pal reason why factor analysis remains as
much art as science. Because of this,
factor analysis is more often viewed as
an exploratory procedure than a technique
for hypothesis testing, although it can
be used for both. 1Its use in this study
was strictly exploratory. Our interest
was in reducing a large number of vari-
ables measured in the previous study
(Mace et al., 1982) to a small set of
factors which have both theoretical and
practical meanings. The greater the
conceptual meaning of the factors, the
greater the reliability of any attempt to
subjectively use them to rate complexity.
Because the analysis was exploratory and
the results were to be validated in sub-
sequent phases of the study, there was no
reason why several different factor-ana-
lytic approaches could not be evaluated.

With regard to the correlation matrix,
a decision had to be made concerning what
variables from the earlier study to in-
clude. Since our interest was only with
the dimensions of visual complexity, all
of the contrast measures were excluded
and only the scene and surround measures
were retained. Several additional vari-
ables were eliminated because of very
high correlations with other variables.
A list of the 40 variables selected for
inclusion in the factor analysis is shown
in table 15.

Several different procedures for factor
analysis were employed. The most common
methods included principal component
analysis and principal factor analysis.
Principal component analysis assumes that
all of the variance of each variable is
common to one or more of the other vari-
ables; hence, unity or 1.0 is placed in
the diagonal of the correlation matrix.
Principal factor analysis assumes that
some of the variables have specific vari-
ance and therefore a portion of their
variance is uncorrelated with other vari-
ables. Under this assumption RZ (the
square of the multiple correlation of
each variable with all other variables)
was placed in the diagonal. There was
little difference in the solutions ob-
tained by these methods, and the princi-
pal factor analysis was retained.

Three different orthogonal rotations
were tested (varimax, quartimax, and
equivax) as was an oblique rotation.
Again the results were not substantially
The loadings of the varimax

different.

rotation are shown in table 15. Although
some solutions had as many as 8 factors
and the one shown in table 15 only 5
factors, and although the differences in
factor loadings were in some cases sub-
stantial, there was general agreement
among all of the solutions in the concep-
tual interpretation of at least 4 of the
5 factors. The principal factor analysis
with varimax rotation was selected
because it gave the simplest and most
conceptually interpretable solution.

The process of developing subjective
scales from the output of factor analysis
was anything but unequivocal. Different
researchers might look at the variables
and factor loadings contained in table 15
and arrive at different cognitive inter-
pretations of the dominant underlying
dimensions. Our assessment of these
dimensions is summarized in the following
factor designations:

® Ambiguity of Road Orientation.

® Presence of Distracting Visual
Objects.

® Presence of Other Traffic Signs.
e Uniformity and Brightness in the Cone.

e Heavy Demand from Driving Task.

The descriptions of each of these fac-
tors are contained in chapter III.

APPENDIX B. INSTRUCTIONS FOR COMPLEXITY
EVALUATION (FIELD STUDY)

Purpose of the Study

Maintaining traffic signs is a problem
for every highway agency. Signs deter-
iorate not only because of vandalism or
collisions, but also from age and the
effects of weather, sun, traffic, dirt,
etc. Deterioration is particularly dam-
aging to the luminance of signs and your
ability to detect and read them at night.

While signs must be repaired when obvi-
ous damage occurs, the need for mainten-
ance because of gradual deterioration is
not as easily determined. 1In the first
place, some signs are less critical and
do not need to be recognized as far away
as others. Second, it has been found
that the setting in which a sign is
placed significantly affects how quickly
you recognize it. Even severely deter-
iorated signs may perform adequately in
areas where complexity of the background
is low. Since many, particularly rural,
areas are low in visual complexity, sign
maintenance cost could be reduced if a




Table 15. Variable factor weights.

Variable Factor Factor Factor Factor Factor
Name Description 1 2 3 4 5

Scene Variables

RORIE Road orientation: right 45 13 14 3 6
hand edge of road is unambiguous
COGREL Cognitive factors 18 ~24 20 0 31 !
relevant to driving j
COGINT Cognitive factors; interesting 1 66 - 8 5 -12 |
things not relevant to driving
VEHO Vehicles - opposite direction ~ 5 -6 0 6 19
VEHS Vehicles - same direction 26 36 3 -15 45
VEHP Parked vehicle along right side 69 0 -12 2 2 U
NLANES Number of lanes same direction 3 3 0 7 41 %
TAREA Area type -70 =20 15 2 6 E
LANDU Land use -26 -19 11 ~24 -18 ;
LUMIN Luminaires 56 1 14 15 11 ‘
RSDET Road surface detail (right side 55 22 2 41 -6 |
of road) N
OTRSDET  Other than road detail 60 61 -6 25 -4
On the Road
NPSON Number of point sources 42 16 ~ 1 -10 22 |
NMBRTON Number of medium sized bright objects 69 16 - 4 13 23
NLBRTON Number of large sized bright objects 58 4 22 18 =51
NUALBON Number of units area of large sized 43 - 6 23 35 -52

bright objects

Area Left of Ellipse (excluding road)

NPSLE Number of point sources 10 -7 -1 3 44
NMBRTLE Number of medium sized bright objects 32 48 -12 10 14
NLBRTLE Number of large sized bright objects 31 76 ~ 4 4 - 8
NUALBLE Number of units area of large sized 37 67 4 10 - 8

bright objects
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Table 15. Variable factor weights (continued).

Variable Factor Factor Factor Factor Factor
Name Description 1 2 3 4 5
Area Right of Ellipse
NPSRE Number of point sources 0 3 21 12 43
NMBRTRE Number of medium sized bright objects 16 37 -6 37 22
NLBRTRE Number of large sized bright objects 0 74 3 20 ~12
NUALBRE Number of units area of large sized -3 68 7 20 -20
bright objects
Area in Ellipse
NPSIN Number of point sources 8 -1 13 22 36
NMBRTIN Number of medium sized bright objects 2 34 -1 32 21
NLBRTIN Number of large sized bright objects -17 12 -5 16 ~28
Variables Describing Area in the Ellipse
NTSIN Number of traffic signs -2 0 88 -1 6
NTSWVRIN Number of traffic signs white/ -7 4 89 -11 12
vertical rectangle
EBRT Recode of ellipse description 25 40 - 4 62 15
EUN Recode of uniformity 5 5 -13 55 3
Illuminance
ILL Illuminance measure 44 35 11 36 ~-20
One Degree Radius of Target Center
NPS1 Number of point sources 4 -26 0 28 25
NMBRT 1 Number of medium bright sources 0 3 -3 49 - 4
NLBRT1 Number of large bright sources -1 8 -9 5 -13
NTS1 Number of traffic signs 5 - 4 85 1 -2
NTSVR1 Number of traffic signs - - 4 0 86 - 8 1
vertical rectangle
NTSHR1 Number of traffic signs - 29 -12 - 4 - 6 18
horizontal rectangle
SURBRT1 Recode of surround brightness -11 15 -13 66 1
SURUN1 Recode of surround uniformity 5 3 0 48 4
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reliable procedure were available for
estimating scene complexity. Eventually,
such a procedure might be used to develop
new sign luminance standards that would
allow signs having reduced luminance in
settings of low complexity.

This study is an attempt to develop a
procedure for estimating the visual com-
plexity of areas where signs might be
placed. The study also seeks to deter-
mine if photographs of these locations
can be used to evaluate their complexity,
or if trips to the locations are neces-
sary to view them from a vehicle.

Definitions

Many things influence the visibility of
a sign, but one of the most important is
the complexity of the sign location. So
first, let's outline complexity. Imagine
2 signs of equal size and brightness.
The first is mounted on the shoulder of a
rural road that cuts through a forest,
and you are driving on a dark night with
your lights on high beam. Almost any
sign will be visible under these condi-
tions. Now imagine the second sign
mounted at the corner of Broadway and
42nd Street in New York City. Many
things attract your attention: signs,
lights, and detail all around you. In
the city, the sign had better be very big
and very bright, or it will be lost in
the visual "noise."

Obviously these 2 cases are extremes,
but background complexity doesn't have to
be extreme to have an effect. Your task
is to learn to accurately rate scene
conditions -- to evaluate complexity.

Here are some terms we'll use:

Scene -~ The "scene" is everything you
see when you are looking at an area
through the windshield of your car.

It includes the road, the sky, and
everything within your vision on both
sides of the road. If you are looking
at a photograph of a site, the scene
is everything in the photograph.

Cone - The "cone" is the portion of
the right side of the road where you
would normally look for traffic signs.
It can extend from a few feet in front
of your car to the horizon: but when
driving, most people monitor an area
in the cone from 200 ft to 600 ft (60
m to 180 m) down the road. The cone
may include traffic signs, advertising
signs, traffic lights, street lights,
and even store fronts if they are near
the road.
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Complexity Evaluation

Skillful evaluation is a matter of
asking yourself a series of questions
systematically, and answering them based
on what you observe. Consider the ques-
tions independently. Don't let a preced-
ing question influence your response to
one you consider later. Here are the
questions and ways to answer them:

1. How distracting is the scene?

Drivers are less likely to see signs
when they are distracted. A scene is
distracting if it has medium or large
bright lights and reflections to the left
of the road or to the right of the cone.
In the most distracting scenes, the cone
may also have bright lights, bright ref-
lections, and objects made visible by the
lights. If something is dominant or
unusual, it will add to the distraction.
Although traffic signs along the road may
themselves attract your attention, they
should not be considered distracting.
Traffic signs are considered in another
question. Headlights of oncoming cars
also should not be considered in this
question.

Answer this question using the following
scale:

Subjective

Description Scale Definition

Very dis- One or more things hold

tracting your attention

Distracting One or more things
attract your attention

Average One or more things may
attract your attention

Not very Low potential for

distracting distraction

Not dis- Nothing distracts

tracting

2. Bow many traffic signs are in the

cone?

Only the cone should be considered.
Any traffic sign or object that looks
like a traffic sign should be counted
except signs you immediately identify as
no-parking signs. If you are uncertain
whether something is a traffic sign, it
should be counted. If more than 2 signs
appear on one pole, count the group as
only 2 signs.




Answer this question using the following
scale:

Subjective Description

Five or more
Four

Three

Two

One or none

3. BHow much detail is visible in the
scene?

Detail is anything you can see
against the darkness. It includes lights
and objects that the lights illuminate.
Consider the entire field of view includ-
ing the road, the horizon, and the area
on both sides of the road. Can many
objects be picked out? 1Is the scene
cluttered with lights (including head-
lights) and reflections? Are there many
pinpoint lights?

Answer this question using the fol-
lowing scale:

Subjective

Description Scale Definition

A great deal 80% or more of the scene

of detail is visible
A lot of 60 to 80% of the scene
detail is visible
Average 40 to 60% of the scene

is visible
Little detail 20 to 40% of the scene
is visible :

20% or less of the scene
is visible (dark country
road)

Very little
detail

4. How many bright sources are in the
scene?

Are there many bright spots --
streetlights, internally lighted signs,
bright billboards, car lights, parking
lot lights, lighted store windows, and
bright reflections from glass and metal?

Answer this question using the fol-
lowing scale:

Subjective

Description Scale Definition

The scene is saturated
with bright sources (many

Very many

strong lights and reflec-
tions, bright signs,
bright store fronts, and
car lights)

Many Above average
Average Moderate

Few Some distant lights
Very few Virtually no bright

sources

5. Bow much detail is visible in the
cone?

Are many lights and objects visible?

NOTE: Much detail may be visible in
the scene, but very little in the cone.
For example, a bridge approach may be
lighted to the degree where you can see
pavement seams. The horizon may be clut-
tered with lights. The cone, however,
can include just a barely discernible
bridge railing. Conversely, a dark coun-
try road with a lighted service station
in the cone may exhibit little scene
detail, but above average cone detail.

Answer this question using the fol-
lowing scale:

Subjective

Description

A great deal

Scale Definition

80% or more of the cone

of detail is visible (city area
with many lights and
objects in the cone)

A lot of 60 to 80% of the cone

detail is visible

Average 40 to - 60% of the cone

is visible

Little detail 20 to 40% of the cone
is wvisible

20% or less of the cone
is visible (dark country
road with virtually no
illumination in the cone)

Very little
detail

6. How bright is the cone?

The cone becomes bright as it fills
with bright lights and bright reflec-
tions. Signs are easier to recognize in
a dark, -uncluttered cone because contrast
is increased and competition from the
lights, reflections, and other detail is
reduced.




NOTE: Headlights of oncoming traffic
can contribute many bright sources to the

scene, but no brightness to the cone.

Answer this question using the fol-
lowing scale:

Subjective

Description Scale Definition

90% or more of the cone
is filled with lights and

Very bright

reflections

Bright 60 to 90% of the cone is
filled with lights and
reflections

Mixed 40 to 60% of the cone is

filled with lights and
reflections

10 to 40% of the cone is
filled with lights and
reflections

Almost dark

10% or less of the cone
is filled with lights and
reflections

Uniform (dark)

7. Bow demanding would driving be at
this location?

Drivers' ability to detect and recog-
nize traffic signs deteriorates as the
demands of driving increase. The demands
increase with the number of lanes and the
number of vehicles traveling in the same
direction. Many pinpoint lights to the
left and right of the cone also increase
the demands. Pedestrians and intersec-
tions controlled by traffic signals or
signs add to the difficulty.

Answer this question using the fol-
lowing scale:

Subjective

Description Scale Definition

Very 80% or more of driver's

demanding time spent looking for
driving information --
would not try to light
cigarette in this loca-
tion

Demanding 70-80% of driver's time
spent looking for driving
information

Average 60~70% of driver's time

spent looking for driving
information

50-60% of driver's time
spent looking for driving
information

Not demanding
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Easy 50% or less of driver's
time spent looking for
driving information -- no
problem lighting cigar-
ette in this location

8. To be easily spotted, how bright
would a new traffic sign have to be?

If a new traffic sign were placed in
the cone approximately 500 ft (150 m)
ahead, how bright would it have to be to
successfully compete with its surround-
ings and be easily and consistently seen?

Answer this question using the fol-
lowing scale:

Subjective

Description Scale Definition

As bright as signs can be
-- and even then it may
be hard to pick out

Very bright

Bright Brighter than average

Average Like most traffic signs

Not bright Less than average bright-
ness would be satis-
factory

Dim Almost any sign would be
visible

APPENDIX C. INSTRUCTIONS TO
SUBJECT DRIVERS

This study concerns the visibility of
yellow diamond warning signs. You are
going to drive a 24-mi (38.4-km) loop
around Trenton where a number of such
signs have been placed along the right
side of the road. Your task is to drive
normally at or below the posted speed
limit and watch for yellow diamond signs.
We want to know when you first detect a
yellow diamond sign and when you can read
it. When you determine that a yellow
diamond sign is visible, please say
"detect" so we can record the location
reading on a special odometer. When you
are able to read the sign please do so
aloud so the legibility distance can be
recorded. Some yellow diamond signs
contain symbols such as directional
arrows or the silhouette of pedestrians.
When these are encountered just say
"symbol" when you determine that there
are no words present.

We will provide instructions on the
route to follow as you drive. Please
stay at or below the posted speed limit,
keep your headlights on low beam, stay in
the rightmost lane as much as possible,
and keep a considerable gap between your
vehicle and traffic ahead of you.




APPENDIX D. SUGGESTED REVISION
TO TRAFFIC CONTROL DEVICES HANDBOOK '3

For warning signs only, where the vis-
ual complexity of the sign location is
high and a single sign is being relied
upon to transmit the information, it is
suggested that one of the following
sheetings be used:

e Type III sheeting.

e Type II sheeting, if replaced when it
deteriorates to SIA 36 (72 percent of
Federal specification).

Type III sheeting is also suggested when
the sign is mounted on the left side of
the road (no-passing pennants) or on
severe right curves, because luminance
decreases in these situations. Type II
sheeting may be considered adequate for
signs placed in situations of low visual
complexity where the placement with res-
pect to the roadway alignment does not
demand Type III sheeting. A procedure
for rating visual complexity is provided
in a subsequent section.

VISUAL COMPLEXITY

Visual complexity refers to the charac-
teristics of a sign location that make a
sign more or less conspicuous. A proce-
dure for rating visual complexity is
provided below. The procedure, which
applies only to warning signs mounted
next to the right shoulder or roadway, is
intended as a tool to improve sign main-
tenance management by directing limited
resources to locations most in need of
them. It is not intended to condone
neglect of signs in less complex loca-
tions. Recording the visual complexity
of a site in an automated sign inventory
with other pertinent data will allow
convenient use of this information.

One or 2
after dark

people should visit the site
and evaluate it at approxi-
mately 500 ft (150 m) from sign
placement, or potential sign placement,
using the 4 scales shown on the Visual
Complexity Rating Form that follows.
Evaluation of a site is a matter of
asking the questions associated with each
scale, and answering them based upon
observation. The questions should be
considered independently. A preceding
question should not influence a response

to a later one. After a response to each
question is made, the corresponding scale
value to the left should be circled. The
scale values chosen are simply added, and
the resulting number is the site's visual
complexity value. For example, a site
could be given the following values on.
the 4 complexity scales:

Scale 1 13
Scale 2 8.5
Scale 3 -11.5
Scale 4 -1
Visual Complexity 9

If the visual complexity value is greater
than 11, the site is low complexity; when
it is less than 9.5, the site is high
complexity.

The terms "scene" and "cone" used in
the scale questions are defined below:

® Scene - Everything that can be seen
when looking at a site through the
windshield of a vehicle. It includes
the road, the sky, and everything on
both sides of the road.

e Cone - The portion of the
the right where one would
looks for traffic signs. It can
extend from a few feet in front of
the vehicle to the horizon, but com-
monly includes an area in the cone
from 200 ft to 600 ft (60 m to 180
m) ahead of the vehicle.

roadway at
normally

13 The first paragraph is written to be inserted in the Traffic Control Devices Hand-

book (U.S. Department of Transportation,
tion on Sign Reflectorization, page 2-27.

Federal Highway Administration,
The rest is written as a new section,

1983) sec-

Visual Complexity, to be inserted between the sections on Sign Reflectorization and

Illumination.
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VISUAL COMPLEXITY RATING FORM

1. How much detail is visible in the scene?

Detail is anything you can see against the darkness. It includes lights and
objects that the lights illuminate. Consider the entire field of view including the
road, the horizon, and the area on both sides of the road. Can many objects be
picked out?

Answer this question by circling the appropriate scale value:

Subjective
Scale Value Description Scale Definition

25 A great deal 80% or more of the scene has visible detail
of detail

21 A lot of 60 to 80% of the scene has visible detail
detail

17 Average 40 to 60% of the scene has visible detail

13 Little detail 20 to 40% of the scene has visible detail

9 Very little 20% or less of the scene has visible detail (dark

detail country road)

2. How many bright sources are in the scene?

Are there many bright spots -- streetlights, internally lighted signs, bright
billboards, car lights, parking lot lights, lighted store windows, and bright reflec-
tions from glass and metal?

Answer this question by circling the appropriate scale value:

Subjective
Scale Value Description Scale Definition

22.5 Very many The scene is saturated with bright sources (many
strong lights and reflections, bright signs,
bright store fronts, and car lights)

19 Many Above average

15:5 Average Moderate

12 Few Some distant lights

8.5 Very few Virtually no bright sources
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VISUAL COMPLEXITY RATING FORM (continued)

3. How much detail is visible in the cone?
Are many lights and objects visible?

NOTE: Much detail may be visible in the scene, but very little in the cone. For
example, a bridge approach may be lighted to the degree where you can see pavement
seams. The horizon may be cluttered with lights. The cone, however, can include
just a barely discernible bridge railing. Conversely, a dark country road with a
lighted service station in the cone may exhibit little scene detail, but above
average cone detail.

Answer this question by circling the appropriate scale value:

Subjective
Scale Value Description Scale Definition

- 22.5 A great deal 80% or more of the cone has visible detail (city
of detail area with many lights and objects in the cone)

- 17 A lot of detail 60 to 80% of the cone has visible detail

- 11.5 Average 40 to 60% of the cone has visible detail

- 6 Little detail 20 to 40% of the cone has visible detail

- 0.5 Very little 20% or less of the cone has visible detail (dark
detail country road with virtually no illumination in

the cone)

4. BHow demanding would driving be at this location?

Drivers' ability to detect and recognize traffic signs deteriorates as the
demands of driving increase. The demands increase with the number of lanes and the
number of vehicles traveling in the same direction. Many pinpoint lights to the left
and right of the cone also increase the demands. Pedestrians and intersections
controlled by traffic signals or signs add to the difficulty.

Answer this question by circling the appropriate scale value:

Subjective
Scale Value Description Scale Definition

- 25 Very demanding 80% or more of driver's time spent looking for
driving information -- would not try to light
cigarette in this location

- 19 Demanding 70 to 80% of driver's time spent looking for
driving information

- 13 Average 60 to 70% of driver's time spent looking for
driving information

- 7 Not demanding 50 to 60% of driver's time spend looking for
driving information

- i Easy 50% or less of driver's time spent looking for

driving information -- no problem lighting
cigarette in this location
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1. Jenkins, S. E. Consideration of the effects of background on sign conspicuity.
Draft paper accepted with minor revisions for 11th Coanference of the Australian
Road Research Board.
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FEDERALLY COORDINATED PROGRAM (FCP) OF HIGHWAY RESEARCH,
DEVELOPMENT, AND TECHNOLOGY

The Offices of Research, Development, and
Technology (RD&T) of the Federal Highway
Administration (FHWA) are responsible for a broad
research, development, and technology transfer pro-
gram. This program is accomplished using numerous
methods of funding and management. The efforts
include work done in-house by RD&T staff, con-
tracts using administrative funds, and a Federal-aid
program conducted by or through State highway or
transportation agencies, which include the Highway
Planning and Research (HP&R) program, the Na-
tional Cooperative Highway Research Program
{NCHRP) managed by the Transportation Research
Board, and the one-half of one percent training pro-
gram conducted by the National Highway Institute.

The FCP is a carefully selected group of projects,
separated into broad categories, formulated to use
research, development, and technology transfer
resources to obtain solutions to urgent national
highway problems.

The diagonal double stripe on the cover of this report
represents a highway. It is color-coded to identify
the FCP category to which the report’s subject per-
tains. A red stripe indicates category 1, dark blue
for category 2, light blue for category 3, brown for
category 4, gray for category 5, and green for
category 9.

FCP Category Descriptions

1. Highway Design and Operation for Safety
Safety RD&T addresses problems associated
with the responsibilities of the FHW A under the
Highway Safety Act. It includes investigation of
appropriate design standards, roadside hard-
ware, traffic control devices, and collection or
analysis of physical and scientific data for the
formulation of improved safety regulations to
better protect all motorists, bicycles, and
pedestrians.

2. Traffic Control and Management

Traffic RD&T is concerned with increasing the
operational efficiency of existing highways by
advancing technology and balancing the
demand-capacity relationship through traffic
management techniques such as bus and carpool
preferential treatment, coordinated signal tim-
ing, motorist information, and rerouting of
traffic.

3. Highway Operations
This category addresses preserving the Nation’s
highways, natural resources, and community
attributes. It includes activities in physical

. Pavement

maintenance, traffic services for maintenance
zoning, management of human resources and
equipment, and identification of highway
elements that affect the quality of the human en-
vironment. The goals of projects within this
category are to maximize operational efficiency
and safety to the traveling public while conserv-
ing resources and reducing adverse highway and
traffic impacts through protections and enhance-
ment of environmental features.

Design, Construction, and
Management

Pavement RD&T is concerned with pavement
design and rehabilititation methods and pro-
cedures, construction technology, recycled
highway materials, improved pavement binders,
and improved pavement management. The goals
will emphasize improvements to highway
performance over the network’s life cycle, thus
extending maintenance-free operation and max-
imizing benefits. Specific areas of effort will in-
clude material characterizations, pavement
damage predictions, methods to minimize local
pavement defects, quality control specifications,
long-term pavement monitoring, and life cycle
cost analyses.

. Structural Design and Hydraulics

Structural RD&T is concerned with furthering the
latest technological advances in structural and
hydraulic designs, fabrication processes, and con-
struction techniques to provide safe, efficient
highway structures at reasonable costs. This
category deals with bridge superstructures, earth
structures, foundations, culverts, river
mechanics, and hydraulics. In addition, it in-
cludes material aspects of structures (metal and
concrete) along with their protection from cor-
rosive or degrading environments.

. RD&T Management and Coordination

Activities in this category include fundamental
work for new concepts and system character-
ization before the investigation reaches a point
where it is incorporated within other categories
of the FCP. Concepts on the feasibility of new
technology for highway safety are included in this
category. RD&T reports not within other FCP
projects will be published as Category 9 projects.
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