
Normal Visual
Acuity 

Visual acuity relates to the
sharpness or clarity of normal
vision.  Sign visibility1 is direct-
ly related to visual acuity and
other principles of vision and
suggests that minimal size stan-
dards should be applied to signs,
especially those intended to be
read by the motoring public.
Signs, after all, must be readable
by a majority of viewers in
order to communicate safely and
effectively.   Principal factors
affecting the visibility of a sign
are size, illumination, color con-
trast, and luminance contrast.
Atmospheric conditions, such as
fog and glare (although inde-
pendent of the sign’s features),
certainly adversely affect visibil-
ity.

Two examples of the many eye
charts are shown in Figures 8A
(Snellen letters) and 8B
(Landolt broken rings).2

Snellen letters are most often
used as the patterns for visual
acuity measurement.  The most

recognizable capitalized block
letters on a Snellen chart (Figure
6) are L, T, A, V, J and I; letters
more difficult to recognize and
distinguish include B, E, G, R, S
and Z.  

The recording method is written
as if the measure of visual acu-
ity is a fraction (e.g., 20/20),
although that is not the actual
case.  The upper figure is mere-
ly a notation of the distance
from the eye to the visual task
(the letter).  The lower figure
represents the size of the visual
task.  This minor point becomes
important in understanding, for
instance, that 20/40 visual acuity
is not 50% vision but merely a
shorthand notation relating to
the distance at
which a meas-
urement is tra-
ditionally
made (6.1
meters, or 20
feet) and the
size of the
Snellen letter
(8.75 millime-
ters, or .35

inches) barely recognizable at a
distance of 20 feet.  See Figure
9.3

The standard visual acuity for a
“normal” eye is considered to be
20/20.  The standard frequently
used as a vision requirement for
drivers is 20/40.  The 20/40 cri-
terion should be used for sig-
nage readability for several rea-
sons:  

- While the average adult with
normal eyesight (including
corrections with spectacles or
contact lenses) has 20/20 visu-
al acuity when viewing
“straight ahead” (or from the
center of the retina’s fovea),
visual acuity decreases in pro-
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1. Visibility refers to the physical attributes of a sign and its con-
tents that allow for detection at a given distance, although legibili-
ty may be uncertain.
2. Hofstetter, H.W.; Griffin, J.R.; Berman, M.S.; Everson, R.W.
Dictionary of Visual Science and Related Clinical Terms, 5th
Edition.  Boston:  Butterworth-Heinemann, 2000.
3. From Norton, T.T.; Corliss, D.A.; Bailey, J.E.  The
Psychophysical Measurement of Visual Function. Boston:
Butterworth-Henemann, 2002.
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ly recognizable at greater dis-
tances than separate, unrelated
letters that possess no independ-
ent meaning.  Griffin and
Bailey4 found that 20/19 single
letter acuity compared with
20/11 single word acuity. 

In highway design, the standard
typically used for visual acuity
is one inch of letter height to 40
– 50 feet of viewing distance
(this translates into 1 cm of let-
ter height to 4.75 – 6 meters of
viewing distance).  One inch of
letter height to 40 feet demands
20/29 visual acuity; at 50 feet,
the demand is 20/23.  These are
threshold visual acuities (strin-
gent criteria) and much more
demanding of good visual acuity
than the minimum acuity of
20/40 required for motorists in
most states.  Visual acuity of
20/40 is represented by 1 inch at

28.6 feet (or 1 cm at 3.4
meters).  This suggests the need
for larger letter sizes on signs if
20/40 is the criterion.

This standard is further support-
ed by data based on a study by
Larry Decina for Pennsylvania
DOT with data from 12,483
drivers.5 As shown in Figure 10,
almost all drivers have scores of
20/40 or better and there is little
difference between drivers up to
age 54.  After that age, a pro-
gressively larger, but still small,
proportion of drivers score sig-
nificantly below 20/40.  

Highway signs have two distinct
advantages, which on-premise
business signs do not have.
They are usually directly facing
traffic and/or are immediately
adjacent to the roadway.  In
addition, they display letters and

background that optimally con-
trast, e.g., white lettering on a
green or blue background.
Motorists, familiar with the
standardized style of lettering
and the colors, immediately rec-
ognize that they are receiving
directional information.

For the on-premise business
sign, the situation is usually
quite different.  Unless the busi-
ness is part of a national chain,
backed up by extensive advertis-
ing in other forms of media, the
sign itself is not standardized
and, therefore, is not immediate-
ly recognizable as offering a
certain type of information.  For
that reason, lower measures
(less stringent demand) of visual
acuity should be used when cal-
culating the size of letters neces-
sary for a visually safe and
effective on-premise sign – in

Highway signs have two distinct
advantages, which on-premise signs
do not have.  They are usually
directly facing traffic and/or are
immediately adjacent to the roadway.
Additionally, they display letters and
background that optimally contrast.
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portion to eccentricity of
viewing.

- When viewing 3 degrees from
the center of the fovea (or at a
diameter of 6 degrees in the
cone of vision), visual acuity
drops to 20/40.  (When eccen-
trically viewing at 12 degrees,

or a cone of vision diameter of
24 degrees, acuity levels drop
to 20/110 or worse with acuity
approaching 20/200, the legal
blindness acuity criterion for
central visual acuity.)

- Most signs are located more
than 3 degrees from the center

of the fovea, and the use of
20/40 visual acuity permits
some degree of eccentric
viewing while still allowing
the driver to keep eyes straight
ahead or on the center of the
roadway.

- If a driver has 20/20 visual
acuity, a 20/40 sized message
is legible and readable at twice
the distance, giving the viewer
twice as much time to read –
and react – to it.    

Visual acuity is usually meas-
ured under optimal conditions in
a doctor's office, where the
viewer is not required to attend
to any other tasks.  Two impor-
tant influences, the fact of
motion and the influence of
color, are not taken into account.
This implies that the letter sizes
suggested by the statistics on
visual acuity may not be ade-
quate for a sign in the real world
environment.  One other factor
needs to be considered:  it is
generally thought by researchers
that words are more immediate-

4. Griffin, J.R.; Bailey, J.E.  Visual Science and Signage:  Signtronix Report, Torrance, CA:  Signtronix, 2001.
5. Decina, L.E., et. al., Correcting Unaware Vision Impaired Drivers, Pennsylvania Department of Transportation No. 730009, October,
1990.

FIGURE 9

FIGURE 10
Legibility Index and
Snellen Activity
Fraction*

1" @ 50 feet requires 20/23 visual acuity
1" @ 40 feet requires 20/29 visual acuity
1" @ 35 feet requires 20/33 visual acuity
1" @ 28.6 feet requires 20/40 visual acuity

*Equivalent values were derived from the
following formula:

Snellen Denominator =     1150   
Distance
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other words, the lettering may
need to be larger to communi-
cate at the same level as high-
way signage.  

Visual Process
Differences
Between Reading
Manuscript Text and
Reading Roadway
Signs

The visual processes involved in
reading books, newspapers,
magazines, etc. are often con-
fused with the processes
involved in the driving/informa-
tion-seeking task.  

In the manuscript (or text) read-
ing processes, the following fac-
tors are present:

1) A prescribed or consistent
scanning and sequencing pat-
tern – left to right, top to bot-
tom (for English text).

1) Static visual acuity – only the
eyes, and not the target and
reader, are moving.

2) The reader scans down a row
of words (top to bottom/left
to right), and translates spa-
tial information on the page
into temporal information
required for concept forma-

tion and understanding.   
3) When the reader becomes

proficient, visual scanning of
the page is used primarily for
confirmation of the thought
process and text content to
enable the reader to follow
the storyline and absorb
detail.  

While reading text is a static
process with a constant pre-
dictable scanning pattern and
cognition sequence, reading
signs while driving is a much
more dynamic process:

1) The driver/observer is con-
stantly taking information in
random sequence, dictated by
the varied situations encoun-
tered as well as the driver’s
perceived needs of the
moment – e.g., safety, servic-
es, products, confirmation of
location or direction. 

2) Kinetic visual acuity rather
than static visual acuity is
required. Kinetic visual acu-
ity is less sensitive than static
visual acuity, and is affected
by:
a. The brightness, contrast, or

clarity (or legibility) of the
target/figure;

b. The speed at which the tar-
get/figure is approaching;

c. The driver’s method of
tracking (head movement
vs. eye movement);

a. The driver’s perceptual and
cognitive speed;

b. The driver’s level of
fatigue; and

c. The driver’s overall visual
acuity.

3) Peripheral vision is used
extensively.

4) The visual field is quite large,
and in motion.

Legibility

How clearly a sign is seen and
read by oncoming drivers of
20/40 visual acuity is first
dependent on legibility,6 which
in turn is dependent upon such
characteristics as letter size,
font, spacing of letters and
words, extent of negative space
(blank area of sign), whether the
sign contains a dark legend on a
light background or a light leg-
end on a dark background, the
color combinations between leg-
end and background, and (in the
case of obliquely oriented signs)
foreshortening effects.

Typically, to improve a sign’s
legibility, the size of its lettering
will be increased, which may
require an increase in overall
size of the sign itself.  For night
driving, illumination is essential
for nonreflective signs or reflec-
tive signs that may not always
fall within the cone of vision
provided by vehicle headlights.  
Legibility has been more heavily
researched than any other sign-
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6. Legibility means the physical attributes
of a sign that allow for differentiation of its
letters, words, numbers, or graphics, which
directly relate to an observer’s visual acu-
ity.

Vertically lettered
signs are more
difficult to read
than horizontally
lettered signs.

When a script font
is used, the size of
the lettering - and,
thus, the size of the
sign itself - must be
increased to
ensure readability.



ing variable.  Forbes and
Holmes developed a Legibility
Index (LI)7 to describe the rela-
tive legibility of different letter
sizes used on highway signs.
The LI is the ratio of letter
height to legibility distance in
terms of the distance in feet at
which a one-inch letter is legible
for individuals at specific levels
of visual acuity.  The Forbes and
Holmes study resulted in a rela-
tive LI of 50 feet/inch (or 6
meters/1 cm).  In other words, if
the observer is 50 feet from a
sign, the letters comprising the
message must be at least one
inch in height for the message to

be readable by the observer with
20/23 visual acuity.

The LI developed by Forbes-
Holmes was used as a standard
for nearly six decades.  By the
early 1990’s, however, it
became apparent that an LI of
50 feet/inch did not address the
needs of an increasingly older
driver population (the Forbes-
Holmes study had been of
younger drivers).  The FHWA
conducted a new study, using

the same methodologies used by
Forbes and Holmes, and as a
result of new findings, the stan-
dard LI recommended by the
FHWA was reduced to 35
feet/inch (or 4.2 meters/cm).
This requires a visual acuity of
20/32.7, which is two lines
above the 20/20 line on a stan-
dard eye chart.  Because this is
threshold acuity, the minimum
angle of resolution is too strin-
gent for an individual with only
20/40 visual acuity.  This dilem-
ma could apply to many older
drivers with compromised
vision.  Concurrent with the
reduction, the FHWA recom-
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mended an increase in letter
heights, for example, from 4
inches to 5.7 inches for a
Mimimum Required Legibility
Distance (MRLD) of 200 feet.8

Because the MRLD studies had
been conducted primarily on test
tracks where no driving tasks
were involved, in 2001 a study
was undertaken that included
driving tasks.  The test group,
which included older drivers,
was asked to find and read street
name signs throughout
Minneapolis, MN.  The subjects
were instructed to observe all
traffic rules and engage in safe-
driver behaviors.  The test signs
were located on both sides of the
roadway in varying degrees of
visual-field complexity, and con-
sisted of several types of retrore-

flective materials.  

The results of the study disclosed
a mean legibility distance of 153
feet for 6-inch letters, or an LI of
25 feet/inch (or 3 meters/cm).
For left-mounted signs using low
reflectance materials, the LI
dropped to 16 feet/inch (or 1.9
meters/cm), and if said signs
were placed in high complexity
locations, the LI dropped to 5.5
feet/inch (or 66 cm/cm), mean-
ing the MRLD was only 33 feet
(or 10 meters)! 

One inescapable conclusion from
the study by Chrysler, et al,9 is
that when driving tasks are
added to the test-mix, the LI
varies significantly from the
standard.  However, the study
was narrowly confined to street

name signs, with design and
mounting locations substantially
different from those of on-prem-
ise business signs.  

The dissimilarity in signs
prompted a recent study by
Garvey, et al, which solely con-
centrated on the detectability and
legibility of a variety of on-
premise signs under real life
environmental conditions.  The
results of this study disclosed
that even under the best condi-
tions (daytime and low complex-
ity), the LI was approximately
30 feet/inch (or 3.6 meters/cm).
In high complexity circum-
stances, the LI dropped as low as
7 feet/inch (or 84 cm/cm) (con-
sistent with Chrysler, et al), with
the mean LI determined at 25
feet/inch (3 meters/cm).10

Researchers have
discovered that to
retain legibility,
signs mounted on
the left side of the
driver require letters
about a third larger
in size than those
needed on right-
mounted signs.

7. Forbes, T.W. and Holmes, R.S.:  “Legibility Distance of Highway Destination Signs in Relation to Letter Height, Letter Width, and
Reflectorization,” Proceedings:  Highway Research Board, Vol. 19, pp. 321-326, 1939.
8. Mace, D.M.; Garvey, P.M.; and Heckard, R.F.  1994.  Relative Visibility of Increased Legend Size vs. Brighter Materials for Traffic
Signs. Publication No. FHWA-RD-94-035.
9. Chrysler, S., et al, 2001.  Improving Street Name Sign Legibility for Older Drivers. Proceedings of the Human Factors and Ergonomics
Society 45th Annual Meeting, pp. 1597-1601.
10.  Garvey, P.M., et al.  Real World On-Premise Sign Visibility:  The Impact of the Driving Task on Sign Detection and Legibility.
Bristol, PA:  The United States Sign Council, 2002.

Basic Type Styles

With the advent of moveable type, lettering became standardized as to type or typeface, with some varia-
tion from printer to printer.  For our purposes, type styles will be classified in six categories, which both
custom and research have led us to believe are the most elemental:  Roman, Gothic, Gothic-Block, Text,
Italic and Script. 

Roman 

Traditional Roman lettering is essentially composed of a
combination of thick and thin strokes, and for the most
part includes serifs.  Depending on letter extension, or
breadth, the outside curves of letters are circles or por-
tions of circles, adjusted to ovals in vertical form for
condensed lettering, or ovals in horizontal form for
extended lettering. The traditional serif is likewise con-
structed with an inside curve of circular-oval character. 

A B C D E F G H I J K L M N O P
Q R S T U V W X Y Z
Roman
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Italic

Many early scribes found the vertical straight line difficult to draw
with a pen, and, as a result, they often slanted letters to the right.  This
practice originated in Italy with Aldus Menutius (1450-1515), and
centuries later the style retains the identity of its birthplace – the “ital-
ic” hand.  Italic typefaces differ from script in that they are primarily
individual letters with curves that flow to carry the eye from one letter
to the next.  However, care should be taken in the use of Italic type on
signs, because most people are not accustomed to reading text of any
length in this style.  Therefore, a message in italic lettering will not be
as easily legible or readable in comparison to traditional Roman or
Gothic vertical styles. 

A B C D E F G H I J K L M N O P Q R S T U
V W X Y Z
Gothic Italic 

Script

This category is based on the penmanship and round hand of court
scribes.  As an adaptation of handwriting, it is usually slanted and has
thick and thin letter strokes, though there are contemporary styles fea-
turing equal strokes.  It differs from Italic lettering in that the letters
are, or appear to be, connected. 

The quick brown fox jumped over the lazy dog.
g{x Öâ|v~ uÜÉãÇ yÉå }âÅÑxw ÉäxÜ à{x Ätéç wÉzA

Script
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Gothic 

Gothic type originally took the form of equal emphasis on all vertical
strokes.  Today “Gothic" is generally used to refer to letters whose
essential elements are of optically equal width, as opposed to the
thick-and-thin contrasts of vertical strokes in Roman lettering. 

A B C D E F G H I J K L M N O P Q R S T
U V W X Y Z
Gothic

Gothic Block

Gothic block represents a departure from classical forms.  The tradi-
tional circular letters are generally abandoned in favor of characters
based on parallelograms, with the corners either chamfered or curved
on a small radius.  

A B C D E F G H I J K L M N O P Q R S T U V
W X Y Z
Gothic Block 

This style has some shortcomings, as there is very little difference
between several of the letters. For example, in the gothic-block word
“DOG” below, the only difference between the D and the O is the
chamfered corners.  This similarity makes the two letters almost
impossible to differentiate at a distance. 

COMPARE:  DOG (Block Gothic) 

and

DOG (Non-Block Gothic)

Text

Many of the more ornamental Gothic letters of the thirteenth century
and their derivatives are now classified as Text – a manuscript letter-
ing style that is calligraphic or ornamental in nature, generally reflect-
ing an ornate, flat, pen-drawn quality.11 This category also includes
type styles sometimes referred to as "quaint" or "novelty/whimsical,”
which are reflective of such things as historic periods or eras, or eth-
nic identity.   

Cat’s Pajamas Lucy’s Diner  Chez Moustache

Text

Legibility and Readability Factors

11. Biegeleisen, J.I., The abc of Lettering, Harper and Row:  New York, 1965.

With the exception of script, let-
ter styles may utilize either all
upper case letters or mixed-case
without a direct affect on legibili-
ty.  As a general rule, capital let-
ters are most easily recognized,
but tend to be read individually.
Lower case letters, on the other
hand, are generally read as whole
words or phrases.  For easiest
legibility at a distance, experi-
ence and research indicate that
the width of a letter’s vertical
stroke should be approximately
1/5 of its height.  See Figure 11.

In choosing numerals, it is gener-
ally accepted that Roman numer-
als reduce speed and accuracy of
reading because they are more
complex and less familiar to the
viewer than Arabic numerals.

Letter Heights

As a general rule, an increase in
letter height increases legibility
distance, as does a wider letter
stroke in relation to height.
However, with any one font, not
all letters are equally legible.

FIGURE 11



ed by adding words rather than
by significantly changing letter
characteristics such as height or
width stroke.  See Figure 12.

The test signs were of the same
dimensions, with white copy on
black background, mounted per-
pendicular to the road, and inter-
nally illuminated (the results are
equally applicable to signs with
black copy on a white back-
ground).  These controls permit-
ted the research team to singu-
larly focus on the effect of nega-
tive space (also referred to as
“white space”) on sign con-
spicuity and legibility distances.
Six of the test signs were placed
in downtown locations, and six
in strip development areas.  

For all signs, regardless of the
percentage of negative space,
the detection rate during both
daylight and nighttime hours
averaged 97%.  And, overall, an
increase or decrease in the per-
cent of negative space was
found to have no consistent
effect on sign detection or legi-
bility distance.  Given this inter-
esting result, further research is

recommended for verification.
Alternative experimental
designs are suggested.  It is pos-
sible that more white space may
improve visibility and legibility,
thus aiding readability, but
reduction of words (four to one
in this example) may hinder
readability due to reduced com-
prehension because of lack of
contextual analysis.  These vari-
ables need further analysis.

In the downtown locations, the
legibility distance during day-
light hours tended to be greater
for signs with 50-75 percent
negative space, averaging 108
feet (33 meters), as opposed to
95 feet (29 meters) for signs
with 25% negative space.  The
difference in legibility distances
in the strip commercial districts
was less pronounced – with an
average daylight legibility dis-
tance of 175 feet (53 meters) for
all signs.  In fact, in one loca-
tion a sign with only 25% nega-
tive space was found at a greater
distance (150 feet, or 45.7
meters) than a sign with 75%
negative space (146 feet, or 44.5
meters), while in another loca-

tion, the sign with 25% negative
space was legible at 197 feet (60
meters) –32 feet (9.75 meters)
further away than a sign with
50% negative space (legible at
165 feet, or 50.3 meters).  

During nighttime hours, for
downtown locations the mean
legibility distance reduced
across the board for all signs,
but not proportionately.  As
opposed to daylight hours, the
signs with 25% negative space
performed nearly equally to
those with greater percentages,
with the average legibility dis-
tance for all signs at 90 feet (or
27 meters).  In the commercial
strip areas, legibility distances
slightly increased in one loca-
tion, and slightly decreased in
another, meaning that the night-
time legibility distance average
of 178 feet (54.25 meters) was
essentially equal to the daytime
average of 175 feet (53.3
meters).12

From this study, it can be rea-
sonably concluded that if all
other things are equal (sign size,
height, illumination, placement
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Table 2 below sets out recom-
mended letter heights, based
upon traffic speed, a MRLD of
30 feet/inch (or 3 meters/cm),
highway signage standard alpha-
bet fonts, and a visual acuity of
20/40.

Spacing

Spacing between letters, words
and lines affects legibility.  Each
of the basic type categories may
be subdivided as to density and
width ratios.  Depending upon
the width of the stroke (standard,
thick or thin), the words formed
may exhibit a standard or medi-
um width, an extended width, or
a condensed width. 

For example:

DINER
(standard width)

DINER
(condensed width)

DINER
(extended width)

DINER
(standard stroke)

DDIINNEERR
(thick/bold stroke)

DINER
(thin/light stroke) 

In varying widths or spacing
from the norm (or standard),
care must be taken to avoid the
following legibility/conspicuity
mistakes:

- Fitting too many letters in one
space (which most often
occurs when sign codes
severely restrict face sizes).
Condensed width makes it dif-
ficult to differentiate one letter
from another, often leading to
the point of non-recognition of
the word.    

Example: 

OVERCROWDING

- Using thin strokes to maximize
available space (again, an
effort to overcome code severi-
ty regarding sign face size).
Too-thin strokes may cause the
letters to fade into the back-
ground, sometimes rendering
them essentially invisible.

Example:
INVISIBILITY

- Increasing stroke width to give
greater weight to one letter or
word over another.  Strokes
that are too heavy tend to
become “blobs” at a distance,
and the word becomes unrec-

ognizable.

Example:
OVERWEIGHT

Background

The background (or blank) por-
tion of a sign face that surrounds
a sign’s legend, graphics and/or
border is generally referred to as
“white” space, and sometimes
“negative” space.  This space is
often the unifying element in a
sign – the “glue” that holds a
message together.  The amount
of white space to include on a
sign face is sometimes argued as
a simple matter of aesthetics,
related to finding the most
attractive balance between all
the sign’s elements.  While a
“pleasing appearance” is an
important consideration, the
effect of white space on copy
legibility and conspicuity is a
matter that many researchers
have concluded should be fac-
tored into the design.

To evaluate the effect of back-
ground space on signage read-
ability and detectability, Garvey,
et al (2002) studied three levels
of open space surrounding sig-
nage text:  25, 50 and 75 per-
cent.  The space was manipulat-

TABLE 2
Standard Letter Height Guidelines for On-Premise Signs

Speed Limit Speed Limit MRLD MRLD Letter Height Letter Height
(mph) (kph) (Feet) (meters)    (Inches) (Centimeters)

25 40 200 61 7 18
35 55 280   85 9 23
45 70 360 110 12 30
55 90 445   136 15 38

FIGURE 12

a.25% White Space b.50% White Space c.75% White Space

12. Garvey, P.M., et al, 2002.  Real World On-Premise Sign Visibility:  The Impact of the Driving Task on Sign Detection and Legibility.
Bristol, PA:  The United States Sign Council.
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If a vehicle is traveling 30 miles
per hour (48 kilometers per
hour) or (13.4 meters) 44 feet
per second, a sign composed of
three familiar words should take
one second to read: 3 x 0.33 = 1. 

Odescalchi, Rutley and Christie
(1962)14 experimented with
advanced highway directional
signing containing a maximum
of nine destinations.  The test
subjects were asked to deter-
mine whether a specific destina-
tion appeared on a given sign.
It was found that reading time
depended on the order in which
the driver scanned the names,
and that the driver usually read
only part of the legend before
determining that the sign did or
did not contain the desired
information.  From their data,
Odelscalchi, et al, modified
Mitchell and Forbes’s formula
to include the maximum time

needed to read any name in an
array of information.  

In all cases, the number of sec-
onds required to read a sign is
then multiplied by the speed at
which the vehicle is traveling
(velocity) to determine the dis-
tance traveled while reading the
sign.  Thus, to calculate the
reading distance for messages
containing between six to nine
simple words, the formula may
be stated as:

RD =  V[(N x 0.33) + 2] = feet
(or meters)     
RD = Reading Distance
V = Driver’s Velocity (feet or
meters/second);
N = Number of Words/Numerals 

Thus, using the above formula,
if a vehicle is traveling 30 miles
per hour (48 kilometers per
hour) or 44 feet (13.4 meters)

per second, and the target sign
contains six words, the distance
traveled while reading the sign
is:  44 x [(6 x 0.33) + 2] = 175
feet (or 13.4 x [(6 x 0.33) + 2] =
53.6 meters).

The above calculations address
only reading distance.  When
one factors in decision and
maneuver time necessary to a
safe response to the target sign,
the more optimally legible, read-
able and conspicuous the sign
and its message, the safer the
response.  

The time for decision and
maneuver varies greatly depend-
ing on the maneuver.  For exam-
ple, if a lane change is the
selected response, then time is
required to find a suitable gap in
the adjacent lane’s traffic and
for the actual lane-changing
maneuver.  Federal Highway

Many on-premise business signs
encapsulate the message in
some type of clearly differentiated
border.  It is conventional wisdom
that such spacing borders
enhance conspicuity.
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13. Mitchell, A. and Forbes, T.W., “Design of Sign Letter Sizes,” Transactions of the American Society of Civil Engineers, Paper No.
2177, Vol. 108, pp. 233-246.  1943.
14. Odelscalchi, P.; Rutley, K.S.; and Christie, A.W., The Time Taken to Read a Traffic Sign and its Effect on the Size of Lettering
Necessary, Report No. LN/98/PO.KSR.AWC, Road Research Laboratory, Great Britain.  1962.

in relation to road, and loca-
tion in relation to zone or dis-
trict), the amount of negative
space on a sign has neither
positive nor negative impacts
on legibility, readability or
conspicuity.  It appears rea-
sonable, therefore, to state that
sign regulators who attempt to
restrict copy in favor of large
percentages of negative space,
can point to no apparent safety
reason, related strictly to legibil-
ity, for the restriction, thus leav-
ing aesthetics as the only
remaining argument.  As we
have learned, the tests of the
First and Fourteenth
Amendments will be applied in
these circumstances, and aes-
thetics alone may be unable to
carry the day for the regulator.  

Borders

While white or negative space
may constitute a border, many
on-premise business signs
encapsulate the message in
some type of clearly differentiat-
ed border.  It is conventional
wisdom that such spacing bor-

ders enhance conspicuity.  The
effects on legibility and read-
ability, however, are not neces-
sarily associated.  In these
instances, sign designers and
sign users have a certain amount
of latitude or artistic license.  

Message Content
(or Amount of
Legend) 

Readability is different than leg-
ibility.  Readability is the char-
acter of a sign which leads to
comprehension of its intended
message, and depends on legi-
bility and other considerations
of contents and time restraints.
The “readability” of graphics

(e.g., logos) requires recogni-
tion and interpretation for
meaning.  Readability of
words (legend or text) first
requires decoding of the words
and then comprehension of
them to derive meaning from
the message.

The time needed to read a sign
depends upon the amount of
information it contains (of

course, symbols and logos are
“read” much more quickly than
words).  Mitchell and Forbes
(1943)13 found that the average
person takes approximately 0.33
seconds to recognize a familiar
single word or symbol.
Obviously, more seconds are
required to recognize or read
more words.  The following for-
mula is helpful in determining
the approximate length of time
needed to read any given sign:

Basic Formula: 
N x 0.33 = T
N  =  Number of words appear-
ing on the sign
T =   Number of seconds to
read the sign

When one factors in deci-
sion and maneuver time
necessary to a safe
response to the target
sign, the more optimally
legible, readable and con-
spicuous the sign and its
message, the safer the
response.  If a lane
change is the selected
response, then time is
required to find a suitable
gap in the adjacent lane’s
traffic and for the actual
lane-changing maneuver.

The average person takes
approximately 0.33 seconds
to recognize a familiar single
word or symbol.



type of information and address
this situation by placing each
highway sign well in advance of
the designated exit.  

Response Selection
and Decision Making
at Standard Traffic
Speeds; Anticipatory
Sight Distances

In general, a driver must have
time to judge a situation before
encountering it and take any nec-
essary precautionary action.
This is particularly important at
areas of potential hazard and at
points requiring complex driver
decisions, such as at intersec-
tions, interchange exits, lane
drops, railroad crossings, draw-
bridges, toll collection booths,
speed reduction zones, etc.  In a
complex situation, where the
driver is presented with difficult
choices, ordinary reaction dis-
tance may be totally inadequate
and unsafe. 

In 2000, two traffic researchers,
McGee and Mace, in a report to
the American Association of

State Highway and
Transportation Officials,17 pre-
sented a model for calculating
minimum required legibility dis-
tances in varying situations.  The
approach allows an adjustment in
the standard MRLD to reflect the
time for a decision to be made as
a result of seeing a sign and
whether a driver needs to slow
down or change lanes to act on
the decision.   

The model set out in Table 3

addresses two sets of data.
Columns 1 and 2 are based on an
MRLD of 4 seconds (the
MUTCD standard for an accept-
able sign) and an MRLD of 5.5
seconds (according to the
research of Garvey, et al18),
respectively.  The measurements
in columns 3 and 4 are based on
whether or not a maneuver was
made, and set out the values rec-
ommended by McGee and Mace.

Some discrepancy is evident in

Color contrasts and
familiar symbols or
logos are likelly to

enhance conspicuity.

Administration studies have
typically reported decision
times between 4.2 and 7.0
seconds, and maneuver times
to be approximately 4.0 to
4.5 seconds.  One study con-
cluded that 8-10 seconds
were required for a decision
followed by a lane-change
maneuver.  

Assuming that a sign is legi-
ble and placed so that its
detection and reading are
possible requiring only eye
movements by the driver, the
total “read-react” time can be
calculated.  The formula for
a 3-word sign is:

TD = V [(N x 0.33) + 2 +
(DT + MT)] = feet (or
meters)
TD = Total Distance
V = Driver’s Velocity (feet or
meters/second)
N = Number of Words/Numerals
DT = decision time (seconds)
MT = maneuver time 

If we use a 4 second “decision”
time and 4 second “maneuver”
time, the minimum total dis-
tance required for a driver trav-
eling at 30 mph (48 kph), or 44
feet (13.4 meters) per second, to
read and respond safely is:  
44 x [(3 x 0.33) + (4 + 4)] = 396’
(or 13.4 x [(3 x 0.33) + (4 + 4)]
= 121 meters).15

Length of Message

The above research and calcula-
tions indicate the wisdom of
keeping messages brief and easy
to understand at single glances.
In general, information most
important to a potential customer

or client should be emphasized,
with ambiguity kept to a mini-
mum.  This is particularly
important in complex driving
situations (at major intersections
or on major arterials), where the
message needs to be simple and
direct.  Abbreviations should not
be used unless they have essen-
tially universal recognition or
understanding.  And whenever
possible, text should be arranged
horizontally rather than vertical-
ly.  In addition, color contrasts
and familiar symbols or logos
are likely to enhance conspicuity. 

Reaction Distance

Reaction distance depends on
the amount of time it takes a
viewer to react to a situation.
The time for reaction, or deci-
sion and maneuver, varies great-
ly depending on the maneuver.

Thus, if a lane change is the
selected response, then time
is required to find a suitable
gap in adjacent traffic, and
for the actual lane change.
In conducting highway sig-
nage research, McGee, et al,
(1978)16 found as much as 8
to 10 seconds necessary for
such maneuvers.  Highway
literature typically has
reported decision times
between 4.2 and 7.0 sec-
onds, and maneuver times to
be approximately 4.0 to 4.5
seconds.  

Calculating a reaction dis-
tance is most difficult when
applied to commercial sig-
nage.  If a substantial num-
ber of people who view a
sign are new to a trade area
or are vacationers or busi-

ness travelers, the amount of
time needed to react will be
greater than that required by
people familiar with the area.
The local resident may read
only the changeable part or dis-
play section of the sign, because
the other sections are familiar to
the viewer, having been seen
and read many times before.
Therefore, a system of measure-
ment must attempt to take into
account these variables.

Simple (or mean) reaction dis-
tance, as reflected in Tables 3
and 4, takes into account the
time needed for seeing, braking
and stopping.  When anticipato-
ry time is added (the time it
takes for a person to decide and
prepare to stop), more time and
distance are needed to react.
Designers of highway direction-
al signs know how to utilize this

Complex driving situations, such
as busy downtown areas full of
pedestrians, call for signs that
are simple and direct.

Legibility and Readability Factors

15. Converted to metric from Schwab,
Richard N.  Safety and Human Factors:
Design Considerations for On-Premise
Commercial Signs.  International Sign
Association, Washington, DC.  1998.
16. McGee, H.W.; Moore, W.; Knapp, B.G.;
and Sander, J.H.  Decision Sight Distance
for Highway Design and Traffic Control
Requirements, Report No. FHWA-RD-78-
78, Federal Highway Administration,
Washington, DC.  1978.
17. McGee, Hugh W. and Mace, Douglas L.
Retroreflectivity of Roadway Signs for
Adequate Visibility:  A Guide, Report No.
FHWA/DF-88-001, Federal Highway
Administration, Washington, DC,
November, 1987.
18. Garvey, P.M., et al.  Sign Visibility:
Research and Traffic Safety Overview.
Bristol, PA:  The United States Sign
Council, 1996.
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Because on-premise signs
cannot be located in
advance of a business, they
must not only be legible at a
distance sufficient to detect
them, but also to permit the
driver sufficient time to
respond safely.
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Table 3.  The 4 second and 5.5
second MRLD of the MUTCD
and Garvey research team,
respectively, require a greater
legibility distance than the
MRLD without maneuver of
McGee and Mace.  However, the
discrepancies become less sig-
nificant in comparison with the
MRLD with maneuver.  

Even with the decreased legibili-
ty distance requirements sug-
gested by McGee and Mace,
their MRLD with maneuver
increased this distance almost
threefold.  The same increase
can be assumed for MRLD’s of
4 and 5.5 seconds, which if more
nearly correct than that proposed
by McGee and Mace, would
increase the “maneuver” reaction
distance approximately 1-1/2 to
2 times beyond the McGee and
Mace model.

Sign Dimension

On-premise signs cannot be
located in advance of the busi-
ness.  To safely perform its com-

munication function, a sign must
not only be legible at a distance
sufficient to detect it, but also
permit the driver sufficient time
to respond safely. 

Thus, the mean MRLD must be
adjusted to provide the distance
necessary to both read and safely
react to the sign’s message.  

The need to account for decision
and reaction (or maneuver) times
when addressing safe legibility
distances is indisputable, and in
some cases – especially in com-
plex driving situations – legibili-
ty distances should be increased
above the accepted norm.
Larger sign sizes improve con-
spicuity and legibility by permit-
ting larger symbols or letters.

Although message variability
generally controls overall sign
dimensions (discussion to fol-
low), Table 4 sets out generally
accepted sign size and sign-
height guidelines for a parallel
double-faced sign, based upon
the assumption that the sign’s

copy meets the mean Legibility
Index (LI) distance for letter
sizes, and the sign is mounted
perpendicular to the vehicular
path within 5-10 feet (1.5 - 3
meters) of the nearest edge of
the public right-of-way.  

While Tables 3 and 4 above pro-
vide useful references, to safely
perform its communication func-
tion, a sign must be legible not
only at a distance sufficient to
detect it, but also must be read
and the driver must be provided
with a safe time for comprehen-
sion and response.  Thus, the
mean MRLD must be adjusted
to provide the distance necessary
to both read and safely react to
the sign’s message.  

Sign Size and
Reaction Time
Relationships 

A natural follow-up to calculat-
ing safe reaction-time distances
is a consideration of the optimal-
ly safe sign size in relationship
to the viewing audience, traffic

Table 3
Minimum Required Legibility Distances In Varying Situations

Speed MRLD @ MRLD @ MRLD MRLD
4 seconds 5.5 seconds With Maneuver Without Maneuver

25-30 mph 
(40-50 kph) 175' (53 m) 225' (69 m) 410' (125 m) 155' (47 m)
35-40 mph 
(55-65 kph) 235' (72 m) 325' (99 m) 550' (168 m) 185' (56 m)
45-50 mph 
(70-80 kph) 290' (88 m) 405' (123 m) 680' (207 m) 220' (67 m)
55-60 mph 
(85-95 kph) 350' (107 m) 485' (148 m) 720' (219 m) 265' (81 m)
> 65 mph 
(100+ kph) 385' (117 m) 525' (160 m) 720' (219 m) 280' (85 m)

Table 4:
Standard Sign Size & Height Guidelines for On-Premise Signs

Speed Limit Number of Size of Face Sign Height
Traffic Lanes

25 mph 2 25 sq. ft. 12 feet
(40 kph) (2.3 sq. meters) (3.75 meters)

25 mph 4 32 sq. ft. 12 feet
(40 kph) (3 sq. meters) (3.75 meters)

35 mph 2 32 sq. ft. 20 feet
(55 kph) (3 sq. meters) (6 meters)

35 mph 4 42 sq. ft. 20 feet
(55 kph) (4 sq. meters) (6 meters)

45 mph 2 75 sq. ft. 35 feet
(70 kph) (7 sq. meters) (10.75 meters)

45 mph 4 90 sq. ft. 35 feet
(70 kph) (8.4 sq. meters) (10.75 meters)

55 mph 2 150 sq. ft. 50 feet
(85 kph) (14 sq. meters) (15.25 meters)

55 mph 4 200 sq. ft. 50 feet
(85 kph) (18.5 sq. meters) (15.25 meters)

Urban N/A 300 sq. ft. 75 feet
Freeway (28 sq. meters) (23 meters)

Source:  Schwab, 1998, converted to metric. 

Legibility and Readability Factors



The greater the number of
lanes and the faster the
speed of traffic, the larger
a sign needs to be.
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characteristics within the sign’s
vicinity, and the district in
which the sign is located.  Based
essentially on the speed of traf-
fic on the adjacent street, and
assuming a freestanding sign,
placed perpendicular to the
street, several formulas have
been developed.  The one dis-
cussed below is representative. 

A Minimum Required
Sign Area Formula
(MRSA)

This formula to determine the
minimum size necessary for safe
sign viewing and reaction as
applied to differing commercial
zones was developed initially to
aid planners in determining the
average allowable sizes for signs
within various commercial

zones.19

Assuming the subject sign is a
freestanding sign placed perpen-
dicular to the street, three
important numbers are needed in
order to calculate the minimum
copy area necessary for opti-
mum visibility and safe reaction.
These basic figures are: 

A = Reaction Distance (simple
or anticipatory, depending on
characteristics of the site loca-
tion); 
B = Optimal Letter Height (the
height-to-distance ratio will
change with the letter style and
color); and 
C = Number of Letters in the
Message.  Reaction distance
tables presented earlier can be
used to select the most appropri-

ate estimate.  An average figure
of seven letters per word can be
used if the exact number of let-
ters in the message is unknown. 

When the above figures are
known, the following formula
can be applied: 

Minimum Required Sign Area     
.40 B2c

144 

Measuring the Copy
Area

This above formula is applied
only to the actual copy area –
legend, border and “white
space” – of the sign.  The for-
mula does not include structural
components, such as the sup-
porting pole or pole cover, if

(MRSA) = B x C + 

Examples: 
The following calculations will illustrate how the MRSA can be determined for an average city
street and for a normal highway. 

Sign Size for a City Street

The minimum size for a free-standing sign to be located on an average urban street, using a standard
sans serif font and displaying a message of about 70 letters, is approximately 241 sq. ft. (22.4 sq.
meters). (This is only an approximation used as an example and should not be used as a standard.
Each situation requires its own MRSA calculation.) This estimate is derived in the following manner: 

1) A = Reaction Distance = 470 ft. at 30 mph (145 m at 48 kph) (See Table 4) 
2) B = Optimal Letter Height = 18.8 in. (.48 m) (using height-to-distance ratio of one inch to 25 feet

(one cm to 3 m)); 470 divided by 25 = 18.8 in. (145 divided by 3 = .48 m) 
3) C = Number of Letters in the Message = 70 (10 words x 7 letter average) 
4) Copy Area = 18.8 x 18.8 x 70 = 24,740.8 sq. in., or 171.81 sq. ft. (.48 x .48 x 70 = 16m2)
5) Borders and Margins = 40% of copy area = 68.72 sq. ft. (6.4 m2) 
6) Minimum Required Sign Area = 171.81 + 68.72 = 240.53 sq. ft. (16 + 6.4 = 22.4 m2)

Sign Size for a Highway

The minimum size for a freestanding sign located on a highway, using a standard sans serif letter
and displaying a message of ten words (averaging seven letters per word) is approximately 741 sq.
ft. (69 m2).  The estimate is calculated in the following way:

1) A = Reaction Distance = 825 ft. at 55 mph (251.5 m at 88 kph) (See Table 4) 
2) B = Optimal Letter Height = 33 in. (84 cm) (using height-to-distance ratio of one inch to 25 feet

(one cm to 3 m)); 825 divided by 25 = 33 in. (251.5 divided by 3 = .84 m) 
3) C = Number of Letters in Message = 70 (10 words x 7 letters average) 
4) Copy Area = 33 x 33 x 70 = 76,280 sq. in., or 529.375 sq. ft. (.84 x .84 x 70 = 49.4 m2)
5) Borders and Margins = 40% of copy area = 211.75 sq. ft. (19.8 m2)
6) Minimum Required Sign Area = 529.375 + 211.75 = 741.125 sq. ft. (49.4 + 19.8 = 69.2 m2)

19.  See Claus, K.E. and Claus, R.J.  Street Graphics:  A Perspective. Cincinnati, Ohio:  Signs of the Times Publishing Co., 1975.

A sign code should allow for
40% of a sign’s copy area to
be used for white space if the
designer feels it is necessary.
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20.  Garvey, P.M., et al.  Real World On-Premise Sign Visibility:  The Impact of the Driving Task on Sign Detection and Legibility.
Bristol, PA:  The United States Sign Council, 2002.
21. Brooks, James T., PE, U.S. Federal Highway Administration (ret.).
22. Deceleration Sight Distance equation from American Association of State Highway and Transportation Officials (AASHTO), A Policy
on Geometric Design of Highways and Streets, 2001 (2001).

any, or other embellishments. 

Applying the MRSA
Formula in the
Landscape 

The formula is not meant for
strict or unvarying application,
or as a way to determine an
ideal sign size for all business-
es.  It can, and should be,
adjusted, taking into consider-
ation the type of sign used, the
amount of copy, and its letter-
ing, colors and other graphic
components.

In general, the MRSA formula is
most instantly useful for high-
way-oriented businesses that
depend for a large part of their
income on non-local drivers
who stop on impulse because
they saw the sign.  It is also
applicable, however, to the
trade-oriented business in terms
of placing an optimally visible

sign that can brand the site and
establish a long-term memory in
a potential local customer or
client.  

In some cases, the MRSA for-
mula is insufficient to meet visi-
bility requirements.  A building
frontal wall or fascia sign,
unless it is quite large, is diffi-
cult to read from the street
because of the viewing angle of
the letters.  In effect, a wall sign
is predominantly oriented to

someone who is directly across
from it, parked or walking. If a
wall sign is the only choice
available (a circumstance most
often encountered because of a
restrictive sign code that pro-
hibits freestanding, roof or
projecting signs), the MRSA
formula proposed above is too
conservative.  

Garvey, et al found that signs
mounted parallel to the road-
way, even when two or three

times larger than signs oriented
perpendicular to the roadway,
are missed significantly more
than the perpendicular signs.20

Based on his many years of
research and experience, former
Federal Highway Administration
official James T. Brooks, PE
recommends that wall signs be
at least 60% to 70% larger than
freestanding signs to provide
even an approximate legibility,
readability and conspicuity
equivalent. 

Sample Problem  

An exit sign at a freeway exit ramp has 4" letters.  Drivers are passing the exit ramp
and backing up to use the ramp.  

Assume a legibility distance (L.D.) of 40 feet per inch of letter height (standard for
highway design).  The present sign can be read by most drivers at 40 x 4, or 160 feet.
This is not enough distance for a driver to read the sign and reduce his or her vehicle
speed to safely enter the exit ramp.  How big should the letters be?  How big should
the sign be?

Solution:  Calculate the distance needed to reduce speed to a safe rate.  This dis-
tance is calculated in two parts:  Decision Distance and Braking Distance.  Both parts
are called the Deceleration Sight Distance.

Legend and assumptions:

PIEV:  The time required for Perception, Intellection, Emotion, and Volition is 2.5 sec-
onds on an expressway.21

BD:  Braking Distance
DD:  Decision Distance
DSD:  Deceleration Sight Distance = DD + BD
V1:  Original velocity (60 mph)
V2:  Velocity at exit (20 mph)
F:  Coefficient of friction of road and tire surface (0.31)
LD:  Letter legibility distance (40 ft/inch)
LS:  Letter size

Calculations:

DD = PIEV time x 60 mph (88 feet per second)22

DD = 2.5 x 88 = 220 feet

BD = [(V1 x V1) – (V2 x V2)] ÷ 30F
BD = [(60 x 60) – (20 x 20)] ÷ (30 x 0.31)
BD = (3600-400) ÷ 9.3
BD = 344 feet

DSD = 220 + 344 = 564 feet

LS = DD ÷ LD
LS = 564 ÷ 40 = 14.1 inches (use 14 in.)

Copy Area = 14 x 14 x 6
= 1176 sq. in. = 8.2 sq. ft.

Borders and Margins = 40% of copy area = 3.3 sq. ft.
Total Size Highway Sign = 8.2 + 3.3 = 11.5 sq. ft. (use 12 sq. ft.)

Wall signs should be at least
60% to 70% larger than free-
standing signs to provide
even an approximate legibility,
readability and conspicuity
equivalent.

Legibility and Readability Factors

Freeway-oriented businesses often
depend for a large part of their income

on non-local drivers who stop on impulse
because they saw the sign.


