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FOREWORD

This report will be of interest to traffic engineers and other persons responsible for the
design, fabrication, and placement of traffic control signs on highways. There has been
some controversy as to sign size, letter type and spacings, and the retroreflective brightness
for various signs. This research examined the relative conspicuity and legibility of signs
with different retroreflective materials containing legends using different stroke widths and
other stylistic variations. Both younger and older subjects evaluated the test signs. Four
studies were conducted. They were:

1. Testing of the legibility effects of retroreflectivity and stroke width—both day and night—
using four types of materials, three sign colors, and different lettering types and stroke
widths.

2. Comparison of the results of dynamic testing of conspicuity and legibility with the static
tests of Study 1.

3. Determination of whether the legibility distance per letter height is constant over the
various letter heights [this is known as the legibility index (LI)].

4. Evaluation of the effects of increasing and decreasing inter-letter spacings.

The study results provide guidelines on which LI's should be used for different sign types
and sheeting materials.

Two copies of this report are being sent to each Region and six copies are being sent to
each Division office. At least four of these copies sent to the Division should be sent on to
the State highway agency.

Sasxton, Director
flice of Safety and Traffic Cperations
" Research and Development

NOTICE

This document is disseminated under the sponsorship of the Depariment of Transportation
in the interest of information exchange. The United Siates Government assumes no ligbility
for its contents or use thereof. This report does not constitute a standard, specification, or
regulation,

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to
the object of the document.
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INTRODUCTION
OBJECTIVES

The objective of this research was to determine, for older and younger drivers, the
relative conspicuity and legibility of signs with different retroreflective materials containing
legends using different stroke widths and other stylistic variations. With respect to legibility,
the principal objective was to determine the font, stroke width, and spacing that would
optimize legibility (particularly for older drivers) for each retroreflective material tested.

With regard to conspicuity, the objective was to determine the detection/recognition distance
under controlled and comparable visual surroundings for different materials and sizes of signs
with the optimum legend stroke width.

It is generally believed that sign legibility may be increased by increasing sign lumin-
ance and contrast, increasing letter size, and manipulating letter stroke width and series. Less
well known is the relative improvement obtained from manipulating any one of these factors
and what, if any, other stylistic variations in sign design, such as letter font, make a dif-
ference. Most studies have manipulated size or luminance, but not both. Other problems
with earlier research are that older drivers were often not represented, and furthermore, that
the availability of new, brighter sheeting materials meant that the range and interactive effects
of these materials had not been studied.

The objectives of this study were therefore directed toward two goals. First, the studies
were intended to determine minimum Size, retroreflectivity, and other requirements to accom-
modate, as much as possible, the needs of elderly drivers. Second, the studies were designed
toward evaluating tradeoffs in size and retroreflectivity in order to establish the optimum or
most cost-effective method to maximize legibility distance and/or conspicuity.

BACKGROUND

There are two perspectives from which to argue the importance of designing traffic signs
to meet the needs of older drivers. The first, and perhaps more convincing, argument 1s
contained in demographic data that document the growth in the size of older age groups
relative to other age groups. The second argument is derived from consideration of accident
data and the over-involvement of older drivers in accidents and fatalities. Both lead to the
conclusion stated in a review of age-related diminished capabilities that "it is prudent to
anticipate ways in which the present system of traffic control devices may fail to accom-
modate the special needs of this group of motorists.""

Although elderly drivers are known to be over-represented in traffic fatalities, the
reasons behind this are far from certain.*” Attempts to relate driver performance (measured
by either accidents or violations) to age-related impairments or signing deficiencies do not
suggest any single obvious course of remediation. A survey by the American Automobile
Association (AAA) Foundation for Traffic Safety found that 25 percent of elderly drivers ex-



perienced problems reading traffic signs. Of these, the most frequently reported problem
(42 percent) was sign placement. Other problems, reported equally often, were size, clarity of
lettering, and clarity of message. Signing deficiencies were also cited as the primary factor in
20 percent of sampled tort actions, second only to pavement deformities (22 percent).”

When only those accidents involving a fatality or serious injury were considered, signing
deficiency was the primary factor.

Research has shown that drivers require a minimum amount of luminance contrast for
both conspicuity and legibility. Signs must first be detected (sometimes in a visually complex
background) and then the information must be processed and understood. This should all
happen before a sign has been passed, and sometimes (e.g., at a stop sign) with enough
distance remaining to permit a vehicle maneuver (e.g., deceleration to a stop) before the sign
has been reached.

During the past decade, the Federal Highway Administration (FHWA) has sponsored
several research studies focused on establishing a minimum or replacement retroreflectance
performance standard for traffic signs. Other research has been concerned with design
standards for new signs, e.g., what size and material should be implemented in various
situations. Developing such standards requires an estimate of driver requirements for
visibility distance. An analytic framework for evaluating the adequacy of any sign was
developed in an FHWA study.® The framework reflects the principles of supply and demand
and is based on the simple observation that drivers demand a minimum time and, therefore,
distance to process and respond to information and that the characteristics of signs, head-
lamps, and the highway determine how much distance and, therefore, time are supplied to the
driver.

The Minimum Required Visibility Distance (MRVD) model for estimating the minimum
detection and legibility distances that drivers require incorporates the findings of numerous
researchers to make the best possible estimate of the distance requirements for sign legibility
and conspicuity.”” In this model, it is assumed that depending on the type of sign, the driver
may need time to detect a sign, comprehend its message, make a decision, initiate a response,
and implement or complete a vehicle maneuver before reaching the sign. The MRVD for
older drivers may be considerably longer than for younger drivers because of diminished
cognitive abilities and changes in motivation and risk-taking behaviors. Signs that require
most or all of the MRVD components will, therefore, potentially be more affected by driver
age than those that only need to be detected and read.

Without reference to MRVD, one might think that the special needs of older drivers for
conspicuity and legibility are based solely on visual impairment. The concept of MRVD
makes it obvious that factors such as reaction time, decision making, and problem solving
increase the distance needed by the older driver to detect and read signs, and that these
factors can create visibility problems for the older driver even when visual impairment is not
considered. In general, older drivers not only have problems seeing what younger drivers can




see at a given distance, but they also need to recognize and be able to read signs at greater
distances to provide them with the additional time needed to respond in a safe manner.

In addition to estimating distance requirements, the MRVD model also determines the
required legibility index (LI) for a sign based upon the required distance and the available
letter height. Other researchers have used the L1 (distance in feet at which a letter is legible
for 1 in (2.5 cm) of letter height) to describe the relative legibility of different letter styles.®
Under daytime conditions, series B and D were reported to have 80th percentile indexes of 33
ft/in and 50 ft/in (3.96 m/cm and 6 m/cm). Over time, the value of 50 ft/in (6 m/cm) of letter
height has become a nominative, although arbitrary and disputed, standard.

The LI is important to the determination of the size requirement for a sign in a specific
application. The following relationships were noted:®

Required Letter Size = MRVD / LI
or
Required LI = MRVD / letter size

Either the letter size or the LI may be manipulated to satisfy the basic distance requirement.
From the standpoint of sign maintenance management, luminance and contrast cannot be
expected to compensate for inadequate letter size, therefore, it is important that the required
size be determined at the time of installation. However, contrast and luminance will have an
effect on the LI, therefore, the required letter size may depend on the type of retroreflective
sheeting as well as other factors that determine legibility, e.g., letter series and spacing. Signs
of adequate size should be installed so that daytime legibility is maintained and the luminance
requirements are realistic.

Under nighttime conditions, several things happen that may make it desirable to
maintain brightness and contrast below their optimum levels so that legibility is not sacrificed.
Excessive contrast (or luminance on partially retroreflectorized signs) is more likely to
degrade legibility for older drivers.” At night, drivers are exposed to darker surrounding
luminance, which raises their contrast sensitivity. Increasing sign luminance increases
conspicuity and legibility up to a point, after which irradiation may degrade legibility. When
contrast is maintained within reasonable levels, irradiation should not be a problem; therefore
one would expect that the luminance of fully retroreflectorized signs may be increased
without degrading legibility. This assumption needed to be verified, especially with respect to
the new higher intensity materials.

A report from the University of Michigan states that with partially retroreflectorized
signs, irradiation is particularly serious for older drivers."” They recommend that at high
levels of luminance, the stroke width of white letters on dark backgrounds should be
decreased and the stroke width of black letters on retroreflective backgrounds should be
increased to offset the effects of irradiation.



The problems that the present study needed to address were primarily concerned with
the effects of size and brightness on legibility distance, the economic result of tradeoffs
between them, and how these and other factors effect the LI for younger and older drivers.
Although the literature could not provide any definitive answers because of the absence of
older drivers in most studies and the recent availability of new and brighter materials, the
relevant literature was reviewed for assistance in designing the experiments, choosing levels
of relevant variables and forming hypotheses.

PREVIOUS RESEARCH
Legibility Studies

Size, reflectance, and internal contrast are the dimensions generally considered in
attempts to improve sign legibility because the other dimensions are more strictly controlled
by the Manual on Uniform Traffic Control Devices (MUTCD). In practice, size is estab-
lished by the MUTCD and adjusted in response to level of service and design speed, not
MRVD requirements. Because color is the major determinant of daytime internal sign
brightness and contrast, daytime legibility is primarily manipulated by size. For a specified
color, nighttime contrast is determined by the retroreflectivity of the materials chosen.

Some research on sign legibility has drawn attention to the variability in recommended
luminance levels.**'® Research on luminance requirements of traffic signs has focused on
establishing both minimum and optimum levels for legibility. When a sign is fully retrore-
flectorized, the luminance requirements are described in terms of both the brightness and
contrast of the brightest component (typically the letters) against the background. Signs with
only one retroreflectorized component are measured with respect to the luminance of the-
retroreflectorized material. According to other relevant reviews, for a given contrast and
luminance, the highest LI will be achieved when the strokes and spacing of the letter E are
equal.’ This analysis also suggested. that not all letters will be equally visible."*'?

Other research has provided optimum and replacement values for partially retroreflect-
orized signs on dark surroundings on the basis of a literature review."> The optimum value
of 75 cd/m?, provided by a University of Michigan Transportation Research Institute report, is
the geometric mean of six studies with recommendations ranging from 24 to 343 cd/m>.“?
The optimum value is primarily relevant to the goal of increasing sign brightness to enhance
conspicuity. This same study suggests 2.4 cd/m’ as the 50th percentile legibility requirement
that might be appropriate for a minimum or replacement value. This value represents ideal
conditions and requires adjustment for the effects of age, glare, and so forth. Also, 2.4 cd/m®
is not adequate for conspicuity at high levels of background complexity, and 1t 1s questionable
that it is representative of the needs of older drivers for legibility."®

! This is not a characteristic of Standard Highway Series Letters.



For fully retroreflective signs, based upon a review of the literature, a 1988 report sug-
gested a contrast ratio range of 4:1 to 15:1 as appropriate for most conditions."® For
example, if the luminance of the green background is 5 cd/m?, the luminance of the legend
should be at least 20 cd/m®. Lower contrast is not acceptablc and contrast as high as 50:1
is typically not considered to be a problem.

With regard to the effect of driver age on legibility, the following generalizations were
noted:"?

Older drivers require more contrast between the message and the background of a
sign than younger drivers to achieve the same level of comprehension.

- Legibility losses with age are greater at low levels of background luminance. A
reduction in legibility distance of 10 to 20 percent should be assumed when signs
are not fully reflectorized.

* Higher surrounding luminance improved the legibility of signs more for older
drivers and reduced the negative effects of excessive contrast.

Signs are more likely to suffer a loss in legibility for older drivers when luminance
is increased beyond the optimum level on a partially reflectorized sign.

Increasing luminance increases legibility up to a maximum point where overglow or
irradiation begins to degrade legibility. The loss of legibility is difficult to document. Some
researchers report the loss to be quite small and only to occur at very high levels of lumi-
nance.’” Others have shown irradiation to be more of a problem particularly for older
drivers."?

The problem of irradiation effects caused by Virginia’s widespread use of high
intensity sheeting has been addressed in an FHWA report."¥ The report also reviewed
additional evidence that the way to increase legibility with brighter materials is to increase the
stroke width. This is thought to be particularly effective with black legends on bright
backgrounds and that for white legends, stroke width may have to be decreased. The only
empirical research on this that we are aware of is a 1992 Transportation Research Board
report.'” This research concluded that widening the stroke width did not improve the
legibility of black-on-orange signs.

One research group used subjects with an 85th percentile corrected acuity of 20/20 and
found night visibility distances to be 15 percent to 20 percent shorter than daytime visibility
distances.*” The 85th percentile LI for series E was 55 ft/in (6.6 m/cm) in the daytime and
44 ft/in (5.28 m/cm) at night. Another research group, using subjects with normal vision to
read three-letter nonsense syllables at night, found that legibility distance increased with letter
width.!” The maximum values were 45 ft/in (5.4 m/cm) for series A, 58 ft/in (6.9 m/cm) for
series C, and 90 ft/in (10.8 m/cm) for series F. |



A 1979 Human Factors report suggests that older drivers should not be expected to
achieve an LI of 50 ft/in (6 m/cm) under most nighttime circumstances.*” The data provided
by this report gives some expectation that 40 ft/in (4.8 m/cm) is a reasonable goal under most
conditions. Their data compare young and old drivers on luminance and contrast require-
ments for different legibility criteria, different colors, background, and surrounding luminance.
A 40-ft/in (4.8-m/cm) standard can generally be achieved by older drivers with contrast ratios
greater than 5:1 (slightly higher for guide signs) and luminance greater than 10 cd/m?* for
partially retroreflectorized signs.

Recommendations in the literature for the optimization of inter-letter spacing are
limited to daytime situations. In general, legibility improves with increased spacing, but at
some point reaches an optimal level beyond which further increases in spacing reduces
visibility.”? Some authors have recommended letter spacing equal to 50 to 100 percent of
letter width.?>*®  Also, the distance threshold of recognition (DTR) for closely spaced words,
has been found to be 20 percent less than letters tested in isolation.

With regard to capitalization, three findings from one research study seemed most
applicable to the interests of this research.*¥

When capital letter height is equal, uppercase words have a 20-percent greater
legibility distance than mixed-case words.

When mixed-case loop height is equal to uppercase letter height, lowercase words
are more legible than uppercase words.

When upper and mixed-case words subtend the same area on a sign, there is little
advantage to choosing one style over the other.

Conspicuity Studies

The issue of sign conspicuity has been addressed by several authors. A conspicuous
object has been operationally defined as an object that will, for a given background, be seen
with certainty {greater than 90 percent probability of detection) within a short observation
time (250 ms) regardless of its location in the visual field.®® Other authors have suggested
that driver motivation and expectancy should also be considered in any definition of a
conspicuous object.® This distinction allows for manipulation of conspicuity by changing the
driver’s "set" so that changes in a sign or its location are not always necessary. Guide signs
are more conspicuous to drivers looking for them (i.e., motivated) and stop signs following a
STOP AHEAD sign are more conspicuous to everyone (i.e., high expectancy). Conspicuity
may, therefore, be aided by multiple or advance signing as well as changes in size, lumi-
nance, and placement.

The luminance requirements for legibility and those for conspicuity are not always in
agreement. A verbal sign with small critical detail may require more luminance for its



legibility than for its conspicuity. However, a symbol sign with large critical detail, may
require very little luminance for its legibility.

To satisfy the need for conspicuity, detection should not be confused with visual
thresholds. Threshold detection for typical traffic signs is over 3000 ft (914 m).*” Although
detectable, traffic control devices at this distance are not conspicuous.

The role of visual complexity in the conspicuity of traffic signs has been studied in
nighttime scenes and in daytime scenes.®!**® Both studies found scene complexity to be a
significant determinant of sign detection. In general, rural scenes may be thought of as low
complexity and urban scenes as high complexity; however, the results from two separate
reports show that scene complexity is not one-dimensional and that simple measures such as
visual clutter are poor predictors of detection performance.**® Specifically, complex
nighttime scenes are those with high demands on driving (i.e., multple lanes, other traffic,
signals, etc.) and a significant amount of detail in the entire scene, not just in the area
searched for signs.® Similar measures for daytime complexity were not available.

Additional research has determined that during daylight hours, size and visual com-
plexity of the scene are more important determinants of conspicuity than target bright-
ness.*** Many authors have shown the importance of contrast to sign conspicuity, but the
effect of contrast diminishes at high levels of visual complexity.®

Under real-world driving conditions, a shoulder-mounted 30-in (76.2-cm) yellow
diamond was recognized anywhere from 600 ft (182.8 m) (14 arc minutes) to 1400 ft
(426.7 m) (6 arc minutes) depending upon its luminance and the visual complexity of the
surroundings.® Signs measuring as little as 1.5 cd/m® provided detection distances greater
than 500 ft (152.4 m) for 30-in (76.2-cm) signs when visual complexity was low. When
visual complexity was high, signs with luminance of 4.3 cd/m® or greater were inadequate to
provide 500-ft (152.4-m) detection distances.

OVERVIEW OF TECHNICAL APPROACH

The goals of this research were pursued through the implementation of four field
studies plus an economic analysis of tradeoffs in size and sheeting reflectance. Each study
was designed to investigate a number of signing parameters and utilized one of three
methodological techniques. Two static invehicle studies (#1 and #4) measured legibility from
within a vehicle so that the variability of sign luminance was simulated as a function of
retroreflective properties of materials and headlamp beam patterns. The dynamic field study
(#2) measured legibility and conspicuity from a moving vehicle as the vehicle was driven
through complex visual surroundings.*” A static walking daytime study (#3) was imple-
mented in the study where nighttime measurements and headlighting were not of interest.®”




SUBJECT CHARACTERISTICS

Subjects over 65 years of age (older) were recruited through local chapters of the
American Association of Retired Persons (AARP). Subjects under 40 years of age (younger)
were recruited through advertisements placed in local newspapers or by word of mouth. All
subjects were paid based on the number of experiments in which they participated.

All subjects participated in a battery of tests to determine their performance on tasks
believed to be related to driving. These tests assessed visual acuity and contrast sensitivity
and cognitive and motor skills. Each of the performance measures is discussed below and the
average performance by age group is shown in table 1.

Table 1. Average performance on subject screening.
Reaction
Age Acuity Contrast Time Stroop
Sensitivity (seconds) (seconds)
Younger Subjects 27 20 1.98 0.39 100
Older Subjects 72 26 1.80 0.83 162

Visual Performance was measured by tests of acuity, contrast sensitivity, and color
vision. The latter performance measure was tested using the Dvorine pseudo-isochromatic
plates, and resulted in two male subjects being excluded from our sample.

Visual acuity was used as the primary screening device because of its use in driver
licensing and the availability of true age-specific normative data. In comparing our subjects
to the U.S. population, we referred to the document Monocular-Binocular Visual Acuity of
Adults, United States 1960-1962.°V This document shows that individuals under 44 years of
age have a 50th percentile acuity of approximately 20/15, and that almost 99 percent of these
individuals have acuity scores of 20/40 or better. By contrast, the median acuity of persons
greater than 65 years old is reported at almost 20/28, while only 77 percent have acuities
better than 20/40. One subject was excluded from our sample because of vision below 20/40
in both eyes.

Contrast sensitivity was measured using a Pelli-Robson test chart.®® To date, there
are no normative or age-representative data describing performance on this test chart.
Descriptive statistics that characterize the performance of our subject sample are presented for
comparison to future normative analyses. '



Cognitive Performance was assessed by means of a modified Stroop test, the
development of which was inspired by a Journal of Genetic Psychology report.*¥ In the most
important portion of this test, the subject is shown a card with 100 words printed on the
surface. The words are color-words (e.g., red, blue) and are printed in a color other than that
depicted by the word (e.g., the word "red" is printed with blue ink). The subject is required
to name the color of the ink used to print each of the 100 words as fast as possible. In the
words of Comalli et al. "...the test involves interference between color naming and word
reading...Thus, a highly automatized activity (reading color-words) conflicts with the naming
of a perceptual property (color)."®® Forty-eight individuals between the ages of 17 and 44,
and 15 individuals from 65 to 80 years of age were tested.”” The mean score for the
younger subjects was 106 seconds; the mean score for the older subjects was 165 seconds.

Psychomotor Performance combines the use of motor and cognitive processes to
initiate an act. Standard tests of psychomotor abilities attempt to minimize the cognitive
aspect. The most straight forward method employs a simple reaction-time (RT) task. A
measure of this ability was included in the battery of tests. A computer was located in front
of the seated subject. The subjects placed their dominant hand on the table between them-
selves and the computer. At random time intervals, the computer emitted a simultaneous
auditory and visual cue. The subjects were required to tap any key on the computer keyboard
as soon as they either heard the "beep" or saw the monitor change. The purpose of using
dual-sensory stimuli was to address the loss in both vision and hearing in the older popula-
tion. Practice trials were administered until each subject achieved a stable level of perfor-
mance. This avoided the problem of older subjects needing more trials in order to reach peak
performance than their younger counterparts.?® All subjects were then tested five times, the
median of which was their recorded reaction time threshold. Although there has been a great
deal of research on the topic, there is no consensus on age-related changes in simple reaction
time. Review of relevant literature, however, suggests some small increase in RT with age,
particularly when motion is involved. While age norms are not available, a comparison of
older and younger performance is shown in table 1.

STUDY 1: EFFECT OF RETROREFLECTIVITY AND STROKE WIDTH
ON SIGN LEGIBILITY

The purpose of this study was to test the effects of retroreflectivity and stroke width
on the nighttime LI for letters of different sizes or letter series. Both negative-contrast
partially retroreflective (black-on-orange or white) and positive-contrast fully retroreflective
(white-on-green) signs were tested. However, letter size was not evaluated on partially
retroreflective signs, and letter series was not evaluated on fully retroreflective signs. A
second purpose of this study was to determine the optimum stroke width for each combina-
tion of retroreflective sheeting, color, and letter size. Similar hypotheses were tested for
daytime legibility except that differences in material reflectance were assumed to be nonexis-
tent.



EXPERIMENTAL PROCEDURE

This study used a static letter legibility methodology.®® Subjects were seated in the
front seat of a stationary car with low-beam headlights on, and they viewed signs at a number
of fixed distances. Each sign was exposed for 10 s. Unlike the study that tested one sign at
a time, numerous trials were completed with a variety of signs at one location before moving
the sign location. This eliminated variation of sign luminance among signs of the same color
and material at the same distance, a variation that could have resulted from differences in the
car’s position if only one sign at a time were tested at different distances.

Testing began at a distance slightly beyond the predicted threshold for the subjects
being tested. Signs with the letters B, K, and E in three stroke widths on four materials were
shown at decreasing distances until identification of the K and the E was correct on two
consecutive trials. Correct identification of the B proved to be too difficult for some older
subjects. To create uncertainty concerning the details of the stimulus, the position (left,
center, and right) and orientation of the letters (forward and backward) were varied. Because
the pilot study found a response bias towards correctly oriented letters even when all letters
and orientations were equally probable, the orientation of the sign was reversed on successive
presentations. This resulted in every letter being shown backwards and forwards in every two
consecutive trials. The change in distance from one trial to the next resulted in a 10-percent
increase in the visual angle of the target. Two subjects (seated in a 1989 Oldsmobile
Delta 88) were tested at a time by having subjects make their responses in private using a
cloth partition. The experimenter in the rear seat entered their responses into a computer.

INDEPENDENT VARIABLES
Sign Color and Materials

Three colors of sign background were tested: orange, white, and green. All sign
panels were retroreflective. The black letters on the orange background (B/O) and black
letters on the white background (B/W) resulted in a partially retroreflectorized sign with
negative contrast. White letters on the green background (W/G) resulted in a fully retrore-
flectorized sign with positive contrast.

The negative-contrast signs of white and orange background used sheeting now on the
market or available in the near future. The materials with ASTM-type numbers in parenthesis
Were:

Avery’s engineering-grade sheeting (I).

Seibulite’s super-engineering-grade sheeting (II).

Stimsonite’s cube-corner, high-performance sheeting (IV).

3M Company’s diamond-grade sheeting (referred to as type VII in this report,
although it has not yet been assigned an official ASTM type).

10



The R(a) values for both B/W and B/O are shown in figures 1 and 2 across a range of
observation angles. These figures also show the LI associated with various observation angles,
assuming 8-in (20.3-cm) letters and the car position and sign offset used in the static field
studies. These LI estimates were calculated by dividing the distance producing the associated
observation angle by the letter height. These calculations suggest, for example, that if the
legibility index for any observer of any sign with 8-in (20.3-cm) letters was 35 ft/in (4.2
m/cm), the observation angle at the distance of 280 ft (85.3 m) would have been 0.4.

1,500
=3
==
§ Materia! Types
= - VI
E 150} -~ -y
=
-1l
N4
= + 1
[
(=5
72]
15
0.2 .3 0.4 0.5 0.6 0.7 0.8 0.9 1
Obsarvation angle (degress)
L1 (Ft/In) 72 48 35 28 23
1 ft/in = 0.12 m/cm

Figure 1. R(a) of white materials.
(entrance angle = -4 degrees)

For the testing of positive-contrast guide signs (i.e., green background and white
legend), four combinations of sheeting types were evaluated. The selection of these combina-
tions was based on a survey of State practices in 1988 and the desire to evaluate a range of
legend-to-background contrast. These combinations used the same types I, 11, and VII
materials from which the negative-contrast signs were constructed, but also included
3M Company’s glass bead high-intensity (type III) in place of the type IV cube-corner
material.
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Specific luminance Ria)

0.2 0.3 Q.4 C.5 0.6 0.7 0.8 0.9 1

Observation angle (degrees)
Ll (ft/ln) 72 48 35 28 23

1 ft/fin = 0.12 m/em

Figure 2. R(a) of orange materials.
(entrance angle = -4 degrees)

The following four combinations were tested:

* Type L1l on type L

- Type VII on type IIL
- Type VII on type VII.
- Type VII on type L

The contrast ratios for each of these combinations are shown in figure 3, again with the
distances and LI's noted.
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Figure 3. Contrast of white-on-green, retroreflective signs.
(entrance angle = -4 degrees)

Letter Height

The range of letter heights for B/W letter-only signs found on today’s roadways is
from 1 into 12 in (2.5 cm to 30.4 cm). The range in letter heights for B/O letter-only signs
is from 4 in to 8 in (10.1 ¢m to 20.3 cm). Letters 4 in (10.1 cm) in height were considered
too small to study because at distances under about 160 ft (48.7 m) (where older drivers read
them), the different materials do not result in brightness differences because of the large
observation angle.

The 8-in (20.3-cm) letter height was chosen for both the B/W and the B/O signs to
represent the whole range of letter heights. Larger letter heights were studied on negative
contrast signs in study 4. The standard letter heights for retroreflective-white-on-retroreflec-
tive-green (W/G) signs range from 4 in (10.1 cm) on street name signs to more than 12 in
(30.4 cm) on overhead guide signs. The §-in (20.3-cm) letter was chosen for comparability to
the other colors. The 12-in (30.4-cm) letter was also included to represent those letters used
on expressway and freeway signs and to determine the effect of size on the LI

13




Stroke Width and Letter Series

Irradiation has the effect of increasing the perceived stroke width of retroretlective
letters mounted on lower or non-retroreflective backgrounds (i.e., positive contrast) and
decreasing the perceived stroke width of non-retroreflective letters that are mounted on a
retroreflective background (i.e., negative contrast). The manipulation of stroke width in this
study was an attempt to control these effects. All letters were shown at a standard stroke
width determined by each of the standard highway series that were evaluated. Series C and D
letters were included with negative contrast signs and series E(M) was the only letter series
tested with positive contrast signs. Stroke width was either increased (for negative contrast)
or decreased (for positive contrast) from the standard in discrete steps. When stroke width
was altered, it was accomplished on the interior of letters, to maintain constant letter width as
well as position relative to sign edges.

The stroke widths evaluated included an amalgamation of the results of several
studies. (See references 32 through 36.) Positive-contrast signs (W/G) used a stroke-width-
to-height (SW/H) ratio of 0.2 (that of series E(M) letters); then the stroke width was
decreased by 25 percent and 62.5 percent, respectively. The 62.5-percent reduction (0.075
SW/H ratio) is based upon a research study and represented the largest change recommended
in the literature.”® The SW/H ratios for negative-contrast signs (B/W, B/O) were increased
by 25 percent and 35 percent, respectively.

SUBJECTS

Sixty subjects participated in the daytime study. At night, 1 group of 15 younger and
15 older subjects evaluated B/W signs, while another group of 15 younger and 15 older
subjects evaluated B/O signs. Approximately half of each group was randomly selected to
provide a similar group of 15 younger and 15 older subjects to evaluate the 8-in (20.3-cm)
W/G signs, while the remaining half evaluated the 12-in (30.4-cm) W/G signs. All groups of
young drivers were evenly matched in acuity. The average acuity of older subjects evaluating
B/W signs was 20/25 and the average acuity of subjects in the B/O group was 20/29. This
was not a significant problem since direct comparisons of sign color were not anticipated.

RESULTS

The legibility distance was converted to an LI in feet per inch of letter height to
facilitate comparison among letter sizes and with other data reported in the literature. All
results, except those regarding stroke width on partially retroreflectorized signs, were
consistent with expectations based upon prior research. The data for partially retrore-
flectorized signs are summarized in figures 4 and 5.
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A wider stroke width increased the legibility of B/O signs at night more for the less
bright material and only for younger drivers. Stroke width was not significant for B/W signs
and there were no stroke width effects for B/W or B/O during daylight.

The magnitude of improvement in LI from brighter B/W materials is generally
equivalent to the improvement of series D over series C. Series D gives an LI of 7 or 8 ft/in
(0.84 or 0.96 m/cm) greater than series C. Type VI material typically results in an LI of 5
to 8 ft/in (0.6 to 0.96 m/cm) greater for series C and D letters, respectively, than that for type
[ material. A sign with type VII material and series C letters provides an LI of 54.3 ft/in (6.5
m/cm) similar to a sign of type 1 material with an LI of 54.7 {t/in (6.56 m/cm) on series D
letters. With the data for stroke widths combined, types II and IV materials performed about
as well as type VII with both series C and D letters.

With series C letters, type V1I material did not provide as much legibility for older
drivers [LI=50.6 ft/in (6.} m/cm)]} as type 1 material with younger drivers [LI=55.3 ft/in (6.6
m/cm)]. Using series D letters on type VII material provided legibility for older drivers
[LI=58.5 ft/in (7 m/cm)] equal to that of younger drivers with type I material [LI=58.9 ft/in
(7.06 m/cm)].

With B/O signs and series C letters, there was no significant difference among any of
the materials. With series D letters, both types IV and VII materials resulted in
approximately a 5-ft/in (0.6-m/cm) increase in LI over types 1 and II materials.

Data for fully retroreflectorized signs are summarized in figure 6. The LI of 8-in
(20.3-cm) letters was generally about 15 to 20 ft/in (1.8 to 2.4 m/cm) greater than the LI of
12-in (30.4-cm) letters. Except for the high-contrast combination of type VII on type I,
which was about 7 ft/in (0.84 m/cm) lower than other materials tested, there were no
significant differences observed. While nighttime legibility with the high-contrast sign was
significantly improved with a narrow stroke width, the wider normal stroke width was needed
to optimize daytime legibility for older subjects. Since all other materials maintained
maximum legibility for older subjects with the same normal stroke width that was best in
daytime, it 1s clear that high-contrast combinations of materials should be avoided.

Analyses of percentile data indicated that the LI that accommodates 85 to 90 percent
of younger drivers will accommodate about 50 percent of older drivers. If the LI is chosen to
accommodate 85 percent of older drivers, almost all younger drivers will be accommodated.
An exception is the 8-in (20.3-cm) letters on W/G signs, for which the LI required for 50
percent of older drivers will satisfy almost all younger drivers. Specific recommendations
concerning these LI’s are given in the summary and conclusion.
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STUDY 2: RELATIVE NIGHTTIME CONSPICUITY

The primary objective of this study was to determine the relative nighttime con-
spicuity of signs that were made of differing sizes and retroreflective materials. Since the
methodology allowed legibility data to be obtained without added expense, a secondary
objective was to verify conclusions concerning stroke width obtained in study 1 and to
explore the effects of a different font on legibility. The study was implemented night and day
using a dynamic field study method.

EXPERIMENTAL PROCEDURE

The test route for the conspicuity experiment was about 20 mi (32 km) long and
contained 17 sites of which 14 were used for the daytime study, 12 for the W/G nighttime
study, 9 for the B/W nighttime study, and 10 for the B/O nighttime study. All but one sign
location provided at least a 1,000-ft (305-m) line of sight, and all were free of competing
signs except for the B/W condition. The test sites were relatively homogeneous in design and
had a posted speed of 35 mi/h (56 km/h). Signs were mounted on posts located at a height
and offset consistent with other signing in the area.

The methodology was similar to that used in a 1982 FHWA report.”” For reasons of
safety, particularly where older drivers were concerned, an experimenter drove the test route
with a single subject in the front seat of a 1989 Oldsmobile Delta 88. Subjects were told to
report traffic signs mounted on the right shoulder when they matched the color indicated in
their instructions. In addition, they were told to report when the sign was legible by reading
the word on the sign. The experimenter recorded both reports with a digital measuring
instrument (DMI). Threshold detection was defined as the distance from the sign at which
the sign was recognized as a traffic sign of a given color. Threshold legibility was defined as
the distance from the sign that the driver correctly recognized the word on a sign (the top
word on signs with two words).

I[n order to ensure that subjects did not overemphasize eye scanning on the right side
of the road, they were given a monetary incentive to report special X’s constructed from 3M
fluorescent orange type VII material that were placed at sign height throughout the route
along the left side of the road.

INDEPENDENT VARIABLES
Sign Variables
Signs using the three colors and three of the four materials discussed in study 1 were

made in sizes of 24-in and 36-in (0.61-m and 0.91-m) squares. Half of the 36-in (0.91-m)
B/W signs had two words, the other half had one word.
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Letter Variables

All signs were tested with one letter height of 8 in (20 ¢cm). In addition to color and
material type, the study included an evaluation of the effects of stroke width and font. Words
on B/O and B/W signs were displayed using two stroke widths, standard series C and series C
increased by 35 percent. W/G signs served to compare the highway standard series E(M) font
to the Clarendon font used by the National Park Service.

Sign copy consisted of simple words analytically selected to be of approximately
equal legibility. Six words were chosen for each sign size to reduce the likelithood of
subjects’ guessing the correct answer. All six words in each group were of the same length
and began with the same letter in order to avoid subjects responding solely to word length or
first letter recognition.

Site Characteristics

Nighttime complexity was scaled for 13 sites using the procedure developed in a 1982
report.®® Four of the five sites lowest in complexity were classified as low complexity for
the purpose of the experimental design. In these sites, sign size was not manipulated; only
the smaller 24-in (0.61-m) signs were used. The other nine sites varied from low to high
complexity and were used in testing both 24-in and 36-in (0.61-m and 0.91-m) signs.

Daytime complexity was determined using the method suggested by a report presented
to the Australian Road Research Board.*® The 14 sites used during the daytime study were
ordered by having 72 subjects compare photographs of 13 sites to a photo of 1 site chosen as
a reference. A 5-point ranking, from "much less complex" to "much more complex,” was
used. The data were analyzed separately for each of three age groups. The average
complexity score was computed for each photograph with the reference photograph being
given a 3.0. The photographs were then given ranked scores, and the ranks in the three age
groups were averaged because they were highly intercorrelated.

SUBJECTS

Fifty-three subjects were recruited to complete this study. Twenty-seven of these
subjects were 40 years old or less, and 26 were 65 years or older.

RESULTS

Contrary to the results from the static legibility studies, neither sign material or
stroke width had a significant effect on dynamic legibility for B/W or B/O signs, although the
effect for B/O approached significance (p=0.08). The absence of a material effect is probably
the result of greater variability resulting from the dynamic testing procedure. For positive-
contrast signs, the lower contrast type VII on type VII produced about a 5-ft/in (0.6-m/cm)
advantage over the high-contrast type III on type I signs. The Clarendon font produced an
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improvement in legibility for both young and elderly drivers that approached statistical
significance.

Surprisingly, sign material had similar effects on detection as it did on legibility.
The B/O signs also had much greater conspicuity than the B/W signs. This finding is
consistent with a hypothesis found in a 1988 report, namely that B/W signs may be confused
with numerous point light sources that exist at many sites.'” Therefore, increasing the
brightness of B/W signs is not as likely to improve conspicuity as with B/O signs (figure 7).

The data suggest that sign size had a significant effect with all sign colors. With
B/O signs, size may be used as an alternative to sign brightness for the purpose of maintain-
ing conspicuity or brightness may be used as an alternative for size. Small 24-in (0.61-m),
type VII B/O signs were seen almost as far away as large 36-in (0.91-m), type I signs. Also,
24-in (0.61-m), type VII on type VII W/G signs were seen farther away than larger 36-in
(0.91-m) signs using less bright materials. Variation in visual complexity or other site
parameters does affect sign conspicuity. Sites characterized as low complexity tend to be
more homogeneous and their site parameters do not have a significant effect on conspicuity.

The daylight results indicated that stroke width and font did not affect legibility.
Although larger signs were more conspicuous, the small signs were seen farther away during
daylight than any of the materials on large signs at night. There was no difference in the
detection distances with one or two words on B/W signs at night or during daylight.
Although the effects of material were not significant at the p=0.05 level for all negative
contrast signs; among B/O signs, material approached significance with p=0.069.
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STUDY 3: CHANGE IN LI ACROSS LETTER SIZE

Visual acuity 1s measured by assessing the minimum target size resolvable, and is
expressed in terms of visual angle. The concept behind describing the size of a stimulus in
visual angle is predicated on the notion that distance and size are interchangeable. The acuity
model for legibility states that when all else is equal (contrast, luminance, etc.) legibility
distance is determined by the size of a character’s critical detail. This implies that as long as
the size of the critical detail (in visual angle subtended) is maintained, the legibility of that
character will be the same, regardless of the distance from the observer. For example, if a
4-in (10-cm) letter A of a particular font has a threshold legibility distance of 200 ft (61 m), a
12-in (30.4-cm) letter A of the same font, viewed by the same observer, will have a threshold
of 600 ft (183 m).

The purpose of this research was to determine the change in LI across a range in
letter heights. The assumption underlying the validity of LI is that a change in the size of a
stimulus is accompanied by a proportionate change in the distance threshold. The LI has
been used for more than 50 years as a means of comparing the legibility of different fonts
and stroke widths and as a method of generalizing results obtained with one letter size
(generally small letters in laboratory settings) to other letter sizes (generally larger letters
required 1n field situations). This study was conducted in daytime only, when illumination is
thought to be invariant with distance.

EXPERIMENTAL PROCEDURE

All sessions were held in the daytime with sun overhead or behind the observers.
Legibility thresholds were measured in a manner similar to that used in a 1939 Highway
Research Board study.”” Subjects (in groups of three or four) began viewing signs at a
distance determined to be the threshold for the subject having the best acuity in the group.
At that distance, subjects recorded the letters that they could see (and the orientation of the
Lazy E) on an answer form that contained a spatial representation of the sign-panel layout.
The entire set of 21 stimuli letters was displayed simultaneously on three signs, each
corresponding to a different letter series or contrast direction. Each subject had a stack of
answer sheets attached to a clipboard, and they entered the distance at which they were
viewing the signs and their answers to as many letters as they could read. When the subjects
were finished filling in the form, the signs were turned so that they could not be viewed, and
the subjects walked a fixed distance toward the signs that increased the visual angle
10 percent. This procedure was repeated at each distance. When they reached a distance
where everyone in the group could clearly read all the letters, the procedure ended.
Threshold legibility for each letter was recorded as the greater of two consecutive distances at
which the correct responses were recorded.
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INDEPENDENT VARIABLES

Two groups of black-on-retroreflective-white stimuli were evaluated: one used the
highway standard series C font and the other used the series D font. The positive contrast
white-on-green signs were evaluated only in the series E(M) font. Within each series, sign
copy consisted of five characters: four alphabetic characters and a Lazy E visual acuity
optotype. The alphabetic characters under series C and series E were: B, G, M, and X.
Under series D, the letters C, K, S, and Z were used. These letters were chosen for two
principal reasons: to represent both the curved and angular letters of the alphabet, and to
introduce confusion between letters to ensure that each response was based on more than
global letter form alone. Five letter heights were employed: 6, 8, 10, 12, and 16 in (15, 20,
25, 30, and 41 cm).

SUBJECTS

Subjects consisted of 15 young (16 to 40 years old) and 15 old (65 years and older)
individuals.

RESULTS

With regard to the difference between the Lazy E and letters, younger drivers found
the Lazy E to be more legible, particularly at closer distances in the 6-in (15-cm) size. Older
drivers found the Lazy E to be less legible, particularly at greater distances in the 12-in
(30-cm) size. The Lazy E might be expected, based on critical detail, to be more legible than
random letters. The result that older drivers found lazy E’s to be less legible may be due to
the task being more abstract and perhaps not well-comprehended. The analysis of variance of
random letters showed that letter height and series were significant for both age groups and
that there were no height-by-series interactions.

Although the height-by-series interaction was not significant (p=0.085), the effect of
increased height on LI was greater for series D and E than for series C (see figure 8). The LI
appears to remain fairly constant for older drivers up to the 12-in (30-cm) letter height, but
then drops dramatically for the 16-in (41-cm) letters. While this may be the result of the
difficulty they had with the Lazy E, the fact that there is some decrease in performance
between 8-1n and 12-in (20-cm and 30-cm) letters for both series D and E suggests that, to
some extent, this decline is the result of visual factors and not difficulty with the task.
Younger drivers showed a steady decline in their LI for letter heights 8 in (20 cm) and larger
with series D and E letters. With series C letters, the decline does not begin until 12-in
(30-cm) letters are used.

The data suggest that it is around 600 ft (183 m) where the increases in legibility
distance cease to be proportional to increases in letter height. For younger drivers, the 600-ft
(183-m) mark is reached with 8-in or [0-in (20-cm or 25-cm) letters. The loss in legibility
may not be apparent for older observers, as these individuals do not approach 600 ft (183 m)
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of legibility with letter heights below 12 in (30 cm). This observation also explains why
letter height had less of an effect with series C letters. Since the legibility of the series C
‘letter is less than series D and E, the 600-ft (183-m) legibility distance 1s not reached until a
10-in (25-cm) letter is used.

Since the decrease in LI that accompanies the increase in letter size is less for older
drivers and signs with short legibility distances, it may be that LI is still a useful indicator to
compare signs and to determine the letter size required to satisty the MRVD.

STUDY 4: LETTER SPACING

The purpose of this study was to determine whether increasing inter-letter spacing
(140 or 200 percent of standard spacing) would affect the nighttime legibility of a word and
whether this would hold true for different retroreflective materials, letter series, and heights
on negative-contrast signs. A second purpose concerned the manipulation of letter case and
whether words composed of lowercase letters (initial letter capitalized) would have legibility
equal to the same words composed of all capital letters, either when letter height of lowercase
words was manipulated such that the width of the lowercase words and uppercase words was
equal, or when loop height of lowercase letters was adjusted to the height of uppercase letters.
These questions were addressed with both low-contrast and high-contrast combinations of
white-on-green retroreflective materials.

EXPERIMENTAL PROCEDURE

The procedure for obtaining legibility was nearly identical to that described for
study 1. Two subjects were seated in the front seat of the test vehicle. Signs were shown,
one at a time, at an initial distance determined to be slightly beyond the subjects’ legibility
threshold. The subjects, who were separated by a cloth partition, responded to the signs by
writing their response on an illuminated magnetic pad and holding the pad up for the
experimenter (located in the back seat) to see. The experimenter then entered the responses
into a laptop computer where the data were scored. This permitted signs to be removed from
the stimulus set once both subjects responded correctly at two consecutive distances. The
signs were then displayed at a closer distance representing an increase in visual angle of
10 percent.

For one-third of the subjects, the largest signs were shown first. At later distances,
sequences containing the middle-size signs were introduced. At the final distances, the
smallest signs were added to the stimulus set. This displaying and moving of the signs was
repeated until the subject correctly identified all of the signs at two consecutive distances; the
farthest of the two distances was recorded as being the threshold. To reduce the time of this
procedure, as soon as the subject reached the threshold on a particular sign, that sign was
dropped from the presentation. In this way, the experimental session progressed until all
signs had been removed from the set. The remaining subjects were divided equally into two
groups. One of these groups saw the smallest signs first, then the largest, and then the

26



intermediate size; the other group saw the intermediate signs first, then the smallest, and
finally the largest. This was done to balance out the effects of learning and fatigue across the
size variable.

INDEPENDENT VARIABLES
Letter Series, Height, and Capitalization

The B/W and B/O signs were tested with words created using 6-, 8-, and 10-in (15-,
20-, and 25-cm) uppercase letters. These signs used both highway standard series C and
series D letters. One-half of the W/G signs used words with lowercase letters and an initial
capital letter, while the other half used uppercase letters only.

All W/G signs used series E(M) letters. Two letter heights were used with the
capital/lower (mixed) case words: 8-in (20-cm) capital letter with 6-in (15-cm) lowercase
letters, and 13.3-in (33.8-cm) capital letter with 10-in (25-cm) lowercase letters. The
uppercase-only W/G signs used letter heights of 7, 10, and 12 in (18, 25, and 30 ¢cm). The
heights of the uppercase-only letters were selected so that two of the sizes [7 and 12 in
(18 and 30 ¢m)] would result in words being nominally the same widths as words of the
mixed-case letters, and the 10-in (25-cm) letter would match the loop height of the 10-in
(25-cm) lowercase letter.

Inter-Letter Spacing

B/W signs in series D were shown with two spacings: standard and 140 percent of
standard. In addition, six signs with spacing equal to letter stroke width (resulting in a
reduction in spacing from the standard) were included. Series C letters were shown with
standard, 140 percent, and 200 percent of standard spacing. B/O signs in series C were
shown with two spacings: standard and 200 percent of standard. The series D signs consisted
of words with inter-word spacings equal to stroke width, standard spacing, and 200 percent of
standard. All W/G signs used series E(M) letters and were shown with three spacings:
standard, 140 percent, and 200 percent of standard.

Sign Copy

Copy for all signs consisted of simple three-letter words analytically selected to
approximate equivalent legibility distance. All words per color began with the same letter.
These two measures were taken to avoid subjects responding solely to word length or first
letter recognition.

Materials

The B/W and B/O signs consisted of black vinyl letters on either type I or type VII
sheeting. The W/G signs were constructed of either white type III material on a green type 1
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background (high contrast), or white type VII letters on a green type VII background (low
contrast).

SUBJECTS

The B/W signs were tested with 22 young and 21 older subjects. Both the B/O and
W/G signs were tested with 18 older subjects only.

RESULTS

Similar results were observed for both B/W and B/O materials. Increasing inter-letter
spacing did not improve legibility; however, a significant decrease in performance was
observed when spacing was reduced from standard to a value equivalent to the letter stroke
width (see figure 9). Type VII material resulted in performance increases of about 5 ft/in
(0.6 m/cm) with the series C font on both B/O and B/W signs (see figure 10). However, with
the series D font, the improvement was only about 2 to 3 ft/in (0.24 to 0.36 m/cm).
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Letter height was significant for series D letters with both B/W and B/O materials,
however, these effects were not significant with series C letters. The largest effect of letter
height was seen among series D letters on type VII materials where the decrease in LI was
between 4 and 5 ft/in (0.48 and 0.6 m/cm) for both colors.

The least legible sign in either color was one of the series C letters on type I material.
Upgrading the sign to either series D letters or to type VII material improved the LI by about
4 or 5 ft/imm (0.48 or 0.6 m/cm), less for larger letters. Upgrading the sign again to include
both series D letters and type VII material improved the LI by 4 or 5 ft/in (0.48 or 0.6 m/cm)
again. The total increase in LI by upgrading from series C on type I material to series D on
type VII was about 8 or 9 ft/in (0.96 or 1.08 m/cm).

The effect of various signing parameters on W/G signs was less dramatic than the
effects on B/W and B/O signs (see figure 11). Low-contrast, type VII on type VII materials
had an LI only 2 ft/in (0.24 m/cm) greater than the high-contrast, type [ on type 11l materials
with uppercase letters; however, contrast had no effect with lowercase letters. Spacing
increased the LI, but again, only by about 2 ft/in (0.24 m/cm). Comparisons of the legibility
of mixed and uppercase letters seem to agree with the findings of earlier research (see
figure 12). When letter height was controlled so that the loop height of the lowercase letter
matched the height of the uppercase letter, mixed case provided greater legibility. The
improvements were small, particularly for low-contrast materials. Given that the mixed-case
sign would be wider and more costly, the improvement would not seem justified on the basis
of legibility. The comparison of mixed and uppercase letters when word width was held
constant indicated no difference in legibility when the capitals were 10 in (25 cm) high, but a
superiority of uppercase letters when 12-in (30-cm) capital letters were used.

ECONOMIC ANALYSIS OF TRADEOFF IN SIGN SIZE AND BRIGHTNESS

Both letter height and letter series affect the size of a sign, and, of course, larger signs
are more expensive than smaller signs. Materials of higher reflectance often improve
visibility, but cost more than the basic engineering grade type I material. Since both
increases in sign size and material reflectance increase the cost of a sign, any attempt to
increase sign legibility requires a tradeoff between size and material.

Tradeoffs are necessary, however, only when there is a need to increase legibility.
The MRVD software reveals that most signs offer adequate legibility, even for an older driver
with the least retroreflective type I material.” The reason for this is that most signs provide
an excessive amount of what we call "supply of critical detail." The supply of critical detail
is the visual angle subtended by the smallest detail that the eye must resolve at the distance
where a sign should be legible. All of the signs with bold symbols; those with short words
that have larger [e.g., 8-in (20-cm)] and/or series D letters; and many signs with smaller
letters that have short required legibility distances, have ample critical detail even for older
drivers.
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Signs with long legibility distance requirements and signs with small letters and dense
messages often do not supply adequate critical detail; and increasing brightness may not be
adequate to provide legibility at MRVD. In some cases, only an increase in letter height (and
subsequent sign size) will provide the legibility needed. When only small increases in
legibility are required, however, the possibility exists for achieving legibility through either an
increase in letter height, changing to a wider font (i.e., letter series), or increasing the
material’s reflectance.

RESEARCH APPROACH

The dimensions of the sign-legend and sign-panel of three illustrative signs were
evaluated to identify the economic implications of the alternative application scenarnos.
Empirically derived legibility indices were applied to analytically derived minimum required
legibility distances for specific signs with orange or white background colors. These calcula-
tions provided minimum letter heights for each sheeting color, sheeting type, and letter series
being tested. Larger letter heights sometimes caused the overall sign-panel dimensions to
increase. The legibility distance provided by each application alternative was compared to the
analytically derived minimum required legibility distances. The amount of marginal legibility
distance was used to assist in identifying the most advantageous sheeting and sign-size
alternatives.

This approach was not appropriate for evaluating alternatives for conspicuity. These
evaluations had to be made 1n terms of relative performance of different signs and not the
empirically derived detection distances that different signs provided. Therefore, a comparison
of brighter 24-in (0.61-m) signs vs. less bright 36-in (0.91-m) signs was appropriate.

The research results, with regard to the effects of materials upon legibility, were not
always consistent or statistically significant. The results and the literature both suggest that
with fully retroreflectorized signs of reasonable contrast, the materials do not affect legibility.
With regard to negative-contrast signs, the effects of material type were variable and changed
with color and letter series. Because of this variability and the large number of statistical
tests conducted, there is a clear need to cross-validate these results before they are used to
make cost comparisons of the legibility performance of different materials. The analysis
performed is, therefore, illustrative of a cost tradeoff that might be made if these results are
ever validated.

RESULTS

In order to compare the alternatives in terms of the legibility distance provided and the
material costs, the relationship between legibility and cost was expressed in terms of dollars
per additional foot of legibility. For this comparison, the incremental material cost was based
on the legibility distance provided by the base alternative, which was a standard-size sign
with type 1 sheeting. An analysis of these data for negative-contrast signs suggests that larger
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signs with type I sheeting are generally more cost efficient than smaller signs with either type
IV or type VII material.

The tradeoff of size and material for conspicuity was evaluated by comparing the cost
of a 24-in (0.61-m) sign with type VII sheeting and a 36-in (0.91-m) sign with type I
sheeting. This comparison was appropriate because the research results indicated that these
two signs had approximately equal detection distances for each of the three sign colors. The
tradeoff analysis suggested that the 36-in (0.91-m} negative-contrast signs with type I material
were 4 percent (B/W) to 13 percent (B/O) less expensive than the 24-in (0.61-m) sign with
type VII material. With positive-contrast signs, the small 24-in (0.61-m) sign with type VII
material cost less than the 36-in (0.91-m) sign with type III on type I materials.

It should be noted, however, that the cost evaluations presented did not consider the
service-life differences between the sheeting materials. Equivalent uniform annual costs
(EUAC) analysis should be considered in future economic evaluations. The EUAC analysis
might result with the higher sheeting grades being more cost-effective as these grades
typically have longer service lives, and that costs for storage and handling of larger signs
should be considered in future economic assessments.

The limitations of brighter materials must also be kept in mind. In general, the
research findings indicate the improvement in the LI of type VII over type I materials to be
about 5 ft/in (0.6 m/cm). Even if, based upon life-cycle costs, it were less expensive to do
this than to increase the letter height 1 to 2 in (2.5 to 5 cm) to attain the same increase in
legibility, this improvement will only net 40 or 50 ft (12 or 15 m) with an 8-in or 10-in
(20-cm or 25-cm) letter. If more legibility is needed, it will have to be achieved with an
increase in letter height.
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SUMMARY AND CONCLUSIONS
LEGIBILITY

This research resulted in a number of findings (summarized in table 2) which are
relevant to optimizing sign legibility. With regard to older drivers, the studies resulted in two
findings that were generally unexpected. First, sign legibility is not a bigger problem for
older drivers at night than it is during daylight. The LI for older drivers is very low both day
and night. One likely explanation for this is that the farthest distance at which the older
drivers are capable of discerning the critical detail of the signs is within the limits of the
headlamp/retroreflective system. That is, visual resolution, not the lighting system (sunlight
or headlamps) is the delimiting factor for older observers. This is not the case for younger
drivers who are reading 8-in (20-cm) letters in the daylight at distances in excess of 600 ft
(183 m), a distance that at night results in a significant reduction in luminance,

Table 2. Summary of results.

INDEPENDENT VARIABLES RESULTS

Driver Age LI of younger drivers is 5 to 20 ft/in > older drivers at night and 20
to 30 ft/in > older drivers during the day. The LI of older drivers is
the same during the day or night.

Color W/G E(M) is 5 to 10 ft/in > negative-contrast sign day and night.

B/W is more legible than B/O.

Material Positive high-contrast (type I on type VII) gave poor results.

The LI with negative-contrast type VII is about S ft/in > type 1 with
series C or D Ietters.

Letter Series LI of series D is 5 to 8§ ft/in > series C.

Letter Height Legibility distance is less than proportional to letter height,
particularly for younger drivers and signs legible at longer distances,
e.g., with series D letters or type VII material.

Stroke Width Avoid high positive-contrast signs so that normal stroke width may
be effective day and night. Use normal stroke width on negative-
contrast signs.

Letter Spacing Wider spacing produced some improvement with positive-contrast
signs. The narrow spacing equal to stroke width reduced the LI by 8

{0, 14 percent.

No significant difference between
Clarendon and Highway font.

[ ft/in = 0.12 m/cm
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The second finding regarding older drivers is that increasing letter size is more likely
to produce a proportionate increase in legibility distance among older drivers than among
younger drivers up to about 12-in (30-cm) letters. This was observed during both daytime
and nighttime conditions. At night, the reduction of sign luminance at distances beyond
600 ft (183 m) would explain this discrepancy between old and young drivers; however,
another explanation is needed for the daytime results. The flattening of the legibility distance
curves between 12-in (30-cm) and 16-in (41-cm) letters for both young and old drivers
suggests that further increases in letter height beyond 16 in (41 cm) might not produce the
expected increases in legibility distance.

Although the legibility of signs for older drivers is almost as poor in daylight as at
night, the fact that it is no worse during the day suggests that for the purpose of establishing
the letter size required for any MRVD, only nighttime performance needs to be considered.

The data collected in this study seem to suggest that there is no strong basis to argue
to change the stroke width of the series C, D, or E letters. Although a narrower stroke width
improves legibility for high-contrast combinations of positive-contrast materials, the results
suggest that the nominative series E(M) font is best as long as high-contrast combinations of
materials are avoided.

With the exception of high-contrast signs using type VII on type 1 material, the range
of contrast tested had little impact on legibility, suggesting that the materials used on positive-
contrast signs may be chosen based upon the needs for conspicuity and cost factors. On the
basis of legibility alone, the data would suggest the use of uppercase letters; although with
letters smaller than 12 in (30 cm), there was no performance difference. Whether or not
lowercase aided the search for place name information was not investigated.

With negative-contrast signs, type VII material consistently provided—with the
exception of B/O with series C letters—greater legibility than type I material. With B/'W
signs, types Il and IV materials resulted in legibility similar to type VII material.

Standard highway letter spacing should be maintained unless sufficient space exists on
the sign to increase spacing without increasing the size of the sign. Spacing less than
standard should be avoided. Type VII material should be used when other factors, such as
letter series or sign size, tend to reduce the legibility distance.

The nominative LI of 50 ft/in (6 m/cm) of letter height corresponds to a visual acuity
of 20/25 (1.25 minutes of arc), which has been estimated to exceed the visual ability of
40 percent of the drivers over age 65. This reflects the fact that the data from which the
50-ft/in (5-m/cm) standard was derived, were obtained using young subjects with better-than-
average vision. A most conservative standard would provide drivers with 2 minutes of arc,
which corresponds to 20740 vision and a 30-ft/in (3.6-m/cm) L1. On the basis of the findings
of this research, and without consideration of the cost trade-offs involved with making larger
signs or choosing brighter materials, we would recommend the following guidelines that,
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while being more practical than the most conservative standard, will, in general, provide the
letter size needed to accommodate 75 to 85 percent of older drivers and 95 percent or more
of younger drivers.

For B/W and B/O signs, assume an LI of 30 ft/in (3.6 m/cm) with series C letters
on any retroreflective material, and with series' D letters on Type 1 or II sheeting.
With series D letters on Type TII or Type IV sheeting, assume an LI of 40 ft/in (4.8
m/cm).

For W/G signs, assume an LI of 45 ft/in (5.4 m/cm) with 8-in (20-cm) letters, and
an LI of 40 ft/in (4.8 m/cm) with 12-in (30-cm) letters.

CONSPICUITY

With regard to the conspicuity of B/W signs, the results of this research suggest that
there is probably no advantage to using brighter materials, although there may be an advantage
with smaller signs. A 36-in (0.91-m) sign with type I sheeting was noticed at about the same
distance as the same size sign with type VII sheeting. Among B/O and W/G signs, type VII
material increased detection distances by 100 to 200 ft (30.5 to 61 m) for both 24- and 36-in
(0.61- and 0.91-m) signs and in low- and high-complexity situations. The brighter materials
on 24-in (0.61-m) signs resulted in similar detection distances as the type I material on 36-in
(0.91-m) signs, and the combination of increased size and brightness resulted in even greater
detection distances for younger, but not older, observers.

TRADEOFFS IN MATERIALS AND SIZE

Because of a lack of consistency in the effect of materials with negative-contrast signs,
the tradeoff analysis is only illustrative and should not influence policy decisions. There is a
clear need to conduct a study to validate the effect of materials on nighttime legibility before
any firm policy guidelines can be offered for negative-contrast signs. The results for positive-
contrast signs were more consistent, and clearly the only tradeoff is with regard to conspicuity.

The results of the tradeoff analysis with regard to the legibility of negative-contrast
signs suggested that increasing letter size with type I sheeting was, in general, more cost-
effective than using type VII material with smaller letters, when both were equated to provide
the same legibility distance. With regard to conspicuity, the 36-in (0.91-m) sign with type I
material is 4 percent to 13 percent less expensive than the equally detectable 24-in (0.61-m)
sign with type VII material. The legibility results may be generalized for letter sizes up to 12
in (30.5 cm), however, the conspicuity results may not be generalized beyond the sizes tested.
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A tradeoff analysis for the legibility of positive-contrast signs was not performed
because there were not any practical differences among different material combinations. It -
was recommended that the high-contrast type VII on type I be avoided since it performed so
poorly and type III on type 1 would have greater legibility at less cost. Type VII on type VII
offered slightly better legibility than type III on type I, but only with wider letter spacing that
would necessitate a larger sign. Furthermore, larger or wider letters would offer more
improvement than the increased spacing. With regard to conspicuity, the 24-in (0.61-m)
type VII sign costs about 7 percent less than the 36-in (0.91-m) type III on type 1 sign, which
provided a similar detection distance.

It should also be recognized that the improvement in legibility distance attainable from
brighter sheeting is limited to only 50 or 100 ft (15.2 or 30.5 m), depending on the letter
series and size. In general, the use of type VII material increases legibility distance only by
the same amount as an increase of 1 or 2 in (2.5 or 5 cm) in letter height. Further
improvements in legibility must come from increasing letter size. Also, the benefits of the
larger size are available 24 h/d, whereas increasing retroreflectivity only helps after dark. The
fact that sign reflectance degrades with age and that there is variability in the light intensity
provided by different vehicles, suggest the importance of installing signs of adequate size so
that luminance requirements are kept realistic.

Developing a comprehensive formula for tradeoffs in size and material proved to be
elusive. The complexities of sign design and the absence of proportionality between letter
size and legibility distance made this most difficult. Since larger signs require larger
increases in letter height to offset the gain from brighter materials, the tradeoff in size and
reflectance for 12-in (30.5-cm) letters and larger is unknown.

FINDINGS RELATED TO RESEARCH METHODOLOGY

The results of study 3 suggest that scale models of visual targets may not give valid
predictions of visual performance with larger visual targets. The generalization of research
results to stimulus sizes not tested should, therefore, be exercised with care.

Although the studies were not designed with the intent to make comparisons among
colors, it appeared that color had no effect. The average LI of B/W and B/O signs for each
combination of letter series and material within study 4 and for younger drivers in study 1,
were within 5 percent of each other. Although the mean performance for B/O signs for older
drivers in study 1 was between 10 and 20 percent less than B/W signs, the mean acuity of the
B/O group (20/29) was much less than the mean acuity of the B/W group (20/25). Therefore,
it appears that when acuity is accounted for and luminance is at relatively high levels, the LI
is not affected by color.

The legibility data collected in the two static field studies, one with random letters
(study 1) and the other using three-letter words (study 4), was remarkably similar for younger
drivers. With older drivers, the difference between the two studies suggested that older
drivers appeared to have more difficulty with the abstract random letters.
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A rough comparison of the LI’s observed in studies 1 and 2 suggest that the dif-
ferences between the static and dynamic study of legibility are not very large. As expected,
the averages are generally a little lower in the dynamic study. The fact that size was the only
independent variable that had a significant effect on LI is probably a reflection of the larger
variances observed in the dynamic studies.

ADDITIONAL RESEARCH NEEDED

As usual, further research seems warranted. Because of the large number of variables
considered in this research, some questions had to go unanswered.

As mentioned earlier, an additional study is needed to cross-validate the results of this
research with regard to the effects of retroreflective materials on nighttime legibility. This
study should focus on negative-contrast signs, and series C and D letters with an 8-in (20-cm),
a 12-in (30.5-cm), and, preferably, a larger letter.

Additional studies of letter spacing should be done using multiple and longer words.
A study is also needed to determine how much the legibility curve flattens with increases in
letter size beyond the 16-in (40.6-cm) letters tested in this study. Such a study under
retroreflective nighttime conditions is imperative, not only to refine the tradeoff analysis for
retroreflective materials and large letters, but also to know the limits of legibility for a single
sign.

With regard to conspicuity, there is also a need to study signs in larger sizes. The
results of this study cannot be generalized to any sizes smaller or larger than the 24- and
36-in (0.61- and 0.91-m) signs tested.

Since most of the results of this research are defined in terms of the LI, it is necessary
for practitioners to have some idea of the MRVD before they can effectively apply the results.
A research study aimed at identifying the MRVD and minimum size requirements for classes
of signs and driving situations would be most useful in the determination of sign size and
material.

COMPARISON WITH PREVIOUS RESEARCH

The most important findings from earlier research, taken from the background section
of the introduction, are summarized below, together with a conclusion concerning their
validity based upon the results of the studies reported here.

1. Not all letters are equally legible.

This finding was confirmed in study 1 by the fact that the subjects could not reach
the threshold level on the letter B.
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Contrast should be 4:1 to 15:1 for fully retroreflective positive-contrast signs,
although ratios as high as 50:1 may not be a problem. Luminance may be
increased as long as a reasonable contrast is maintained.

This observation was clearly confirmed, even with the brightest of the new
materials. There were no differences in the legibility of signs with ratios from about
10:1 to 40:1, including the brightest type VII on type VII sign. The only bad
combination was type VII on type [ with a contrast ratio of well over 100.

The legibility of negative-contrast signs requires a minimum of 2.4 cd/m? for the
50th percentile younger driver. Optimum luminance is 75 cd/m®

This hypothesis is difficult to evaluate from the findings of this research because
there was very little control of luminance, i.e., both R(a) and headlamp intensity were
allowed to vary with viewing distance. With new retroreflective materials, sample
measurements suggest that in the static field studies, the luminance of orange type I
sheeting varied from 6 or 7 to 30 cd/m* between 240 and 480 ft (73 and 146 m).
These distances, which encompass the range of most of our respondents, correspond to
an LI of 30 to 60 ft/in (3.6 to 7.2 m/cm) with an 8-in (20-cm) letter. With type III or
type VII sheeting, luminances were always greater than 40 cd/m?. The fact that the
luminance of the least bright material was at least 10 times the minimum and one-half
the optimum value suggested in the literature, probably explains why the effects of
different materials were so small. :

Older drivers require more contrast.
Within the range of contrast tested, older drivers did not need more contrast. It
may well be that this result would have been confirmed if we had tested contrast ratios

less than 5:1.

The legibility distance of negative-contrast signs will be 10 to 20 percent less than
positive-contrast signs.

This hypothesis was confirmed by the legibility results from studies 1, 2, and 4.
Night visibility distances are 15 percent to 20 percent shorter than daytime.
This hypothesis was confirmed for younger drivers. However, for older drivers,

there was no difference between day and night for positive-contrast signs and for
negative-contrast signs, the reduction at night was closer to 10 percent.
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Increasing luminance increases legibility up to a point where irradiation results in
decreases in legibility. :

With negative-contrast signs, the level of luminance obtained with type VII
material did not result in any detrimental irradiation effects. With positive-contrast
signs, increases in luminance were not detrimental to legibility as long as contrast was
not excessive as with the type VII on type I combination.

Increases in surrounding luminance improves legibility of signs for older drivers
more than for younger drivers.

This hypothesis was not tested.

Older drivers are more likely to suffer a loss in LI when luminance is increased
beyond the optimum level.

This hypothesis was not confirmed within the range of luminances tested.

The 85th percentile daytime LI of series B is 33 ft/in (3.96 m/cm), series D is
50 ft/in (6.0 m/cm), and series E is 55 ft/in (6.6 m/cm).

The results of studies 1, 2, and 4 suggest that these values may be reasonable
averages for older drivers, but not for the younger drivers from whom they were
derived. The daytime LI for young drivers for series C, D, and E was approximately
75, 80, and 90 ft/in (9.0, 9.6, and 1.08 m/cm), respectively. For older drivers, the
average LI was 47, 52, and 60 ft/in (5.6, 6.2, and 7.2 m/cm).

The legibility of closely spaced words is 20 percent less than letters tested in
isolation.

The results of study 4 suggest a 13- or 14-percent reduction for younger drivers
and an 8- or 9-percent reduction for older drivers with words a stroke width apart,
compared to highway standard spacing.

Uppercase words have better legibility than mixed-case words when their height
is equal to the uppercase letter in the mixed-case word. When the loop height of
the lowercase word is equal to the height of the uppercase word, the mixed-case
word has better legibility.

This finding was confirmed with type I and type VII sheeting in study 4.
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