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SI* (MODERN METRIC) CONVERSION FACTORS 
APPROXIMATE CONVERSIONS TO SI UNITS

Symbol When You Know Multiply By To Find Symbol 
LENGTH 

in inches 25.4 millimeters mm 
ft feet 0.305 meters m 
yd yards 0.914 meters m 
mi miles 1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2

ft2 square feet 0.093 square meters m2

yd2 square yard 0.836 square meters m2

ac acres 0.405 hectares ha
mi2 square miles 2.59 square kilometers km2

VOLUME 
fl oz fluid ounces 29.57 milliliters mL 
gal gallons 3.785 liters L 
ft3 cubic feet 0.028 cubic meters m3 

yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1000 L shall be shown in m3

MASS 
oz ounces 28.35 grams g
lb pounds 0.454 kilograms kg
T short tons (2000 lb) 0.907 megagrams (or "metric ton") Mg (or "t") 

TEMPERATURE (exact degrees) 
oF Fahrenheit 5 (F-32)/9 Celsius oC 

or (F-32)/1.8 
ILLUMINATION 

fc foot-candles 10.76 lux lx
fl foot-Lamberts 3.426 candela/m2 cd/m2

FORCE and PRESSURE or STRESS 
lbf poundforce   4.45    newtons N 
lbf/in2 poundforce per square inch 6.89 kilopascals kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS 
Symbol When You Know Multiply By To Find Symbol 

LENGTH
mm millimeters 0.039 inches in 
m meters 3.28 feet ft 
m meters 1.09 yards yd 
km kilometers 0.621 miles mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 

m2 square meters 10.764 square feet ft2 

m2 square meters 1.195 square yards yd2 

ha hectares 2.47 acres ac
km2 square kilometers 0.386 square miles mi2 

VOLUME 
mL milliliters 0.034 fluid ounces fl oz 
L liters 0.264 gallons gal 
m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams 0.035 ounces oz
kg kilograms 2.202 pounds lb
Mg (or "t") megagrams (or "metric ton") 1.103 short tons (2000 lb) T 

TEMPERATURE (exact degrees) 
oC Celsius 1.8C+32 Fahrenheit oF 

ILLUMINATION 
lx  lux 0.0929 foot-candles fc 
cd/m2 candela/m2 0.2919 foot-Lamberts fl

FORCE and PRESSURE or STRESS 
N newtons 0.225 poundforce lbf 
kPa kilopascals 0.145 poundforce per square inch lbf/in2

*SI is the symbol for th  International System of Units.  Appropriate rounding should be made to comply with Section 4 of ASTM E380.  e
(Revised March 2003)  
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LESSON 10: 

PEDESTRIAN FACILITY SIGNING  
AND PAVEMENT MARKINGS 

 
 
 
10.1 Introduction 
 
Traffic engineers use a wide variety of road signs and pavement markings. Some are used to alert 
motorists to pedestrian activity and to direct pedestrians to defined crossings. Problems are created, 
however, when pedestrians assume that signs and paint will protect them from cars. Drivers, on the other 
hand, often ignore pedestrian signs and markings because they seldom see many pedestrians. As a result, 
signs and paint may lull pedestrians into a false sense of security. 
 
This lesson provides an overall philosophy for the use of signs and pavement markings, as well as details 
on how these traffic control measures should be employed. Crosswalk markings at intersections are 
covered in more detail in lesson 11. The major sections of this lesson are as follows: 
 

• 10.1 Introduction. 
• 10.2 Background. 
• 10.3 Planning and Design Considerations. 
• 10.4 Regulatory Signs. 
• 10.5 Warning Signs. 
• 10.6 Directional Signs. 
• 10.7 Pavement Word and Symbol Markings. 
• 10.8 Crosswalk Markings. 
• 10.9 Intelligent Transportation Systems (ITS) Technology. 
• 10.10 Student Exercise. 
• 10.11 References and Additional Resources. 

 
10.2 Background 
 
Signing is governed by the Federal Highway Administration (FHWA) Manual on Uniform Traffic 
Control Devices (MUTCD), which provides specifications on the design and placement of traffic control 
signs installed within public rights-of-way.(1) The MUTCD encourages a conservative use of signs 
(sections 2A-1, 2A-6, 2B-1, and 2C-1). Signs should only be installed when they fulfill a need based on 
an engineering study or engineering judgment (see figure 10-1). The prevailing thinking among traffic 
engineers is that overuse of traffic control signs leads to disrespect of signs. 
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Figure 10-1. Photo. The sign and crosswalk markings at this 

midblock crossing alert drivers to pedestrians going to school. 
Source: Pedestrian and Bicycle Information Center (PBIC)  

Image Library, http://www.pedbikeimages.org(2) 

 
Used judiciously and located with consistency, signs and markings can be effective. Jurisdictions should 
develop clear guidelines for use and should avoid excessive reliance on signs and paint to control motorist 
behavior. This may mean altering and/or relocating existing signs and markings. It may be best to 
eliminate markings and signs that have proven to be ineffective or harmful to pedestrian safety. There is 
ongoing debate and studies are in progress to determine whether markings (especially written messages) 
improve pedestrian safety, whether crosswalks are useful at midblock locations, and whether signs 
contribute to visual overload for motorists and breed disrespect for messages. 
 
10.3 Planning and Design Considerations 
 
MUTCD outlines guidelines governing signs and pavement markings. At the same time, it does not 
prohibit creative regulatory design. 
 
MUTCD does not define criteria for crosswalk location or striping options. “Crosswalks should be 
marked at all intersections where there is substantial conflict between vehicular and pedestrian 
movements.” Much is left to engineering judgment to determine what is “substantial.” As a result, there is 
leeway in adapting guidelines to specific signing and marking policy needs. 
 
Colors for signs and markings must conform to the color schedule recommended by MUTCD to promote 
uniformity and understanding from jurisdiction to jurisdiction. For the background color of signs, use: 
 

• YELLOW—General warning. 
• RED—Stop or prohibition. 
• BLUE—Service guidance. 
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• GREEN—Indicates movement permitted or directional guidance. 
• BROWN—Public recreation and scenic guidance. 
• ORANGE—Construction and maintenance warning. 
• BLACK—Regulation. 
• WHITE—Regulation. 

 
For pavement markings, use: 
 

• YELLOW—Centerline stripes which delineate opposing directions of traffic. 
• WHITE—All other pavement stripes and markings, including edge stripes, lane markings, and 

crosswalks. 
 
10.4 Regulatory Signs 
 
These signs are used to inform motorists or pedestrians of a legal requirement and should only be used 
when the legal requirement is not otherwise apparent. They are generally rectangular in shape, usually 
consisting of a black legend on a white background, and shall be reflectorized or illuminated. Many 
motorist signs, including stop signs, yield signs, turn restrictions, and speed limits, have a direct or 
indirect impact on pedestrians. 
 
The NO TURN ON RED (R10-11a) sign may be used in some instances to facilitate pedestrian 
movements. MUTCD lists six conditions when no turn on red may be considered, three of which are 
directly related to pedestrians or signal timing for pedestrians. Considerable controversy has arisen 
regarding pedestrian safety implications and right-turn-on-red operations, ranging from a study by Zador, 
which indicated a significant increase in pedestrian crashes where right-turn-on-red movements are 
allowed, to studies by the American Association of State Highway and Transportation Officials 
(AASHTO) and McGee, which concluded that right-turn-on-red movements do not create a pedestrian 
safety problem.(3,4,5) 
 
The use of NO TURN ON RED signs at an intersection should be evaluated on a case-by-case basis. Less 
restrictive alternatives should be considered in lieu of NO TURN ON RED. Also, supplementary signs, 
such as WHEN PEDESTRIANS ARE PRESENT or WHEN CHILDREN ARE PRESENT may be placed 
below the NO TURN ON RED sign. 
 
There are occasions when no-turn-on-red restrictions are beneficial, and specific recommendations 
relating to pedestrians include: 
 

• Part-time restrictions should be discouraged; however, they are preferable to full-time 
prohibitions when the need only occurs for a short period of time. 

 
• Universal prohibitions at school crossings should not be made, but rather restrictions should be 

sensitive to special problems of pedestrian conflicts, such as the unpredictable behavior of 
children and problems of the elderly and persons with disabilities. Pedestrian volume, as such, 
should not be the only criterion for prohibiting right-turn-on-red movements. 

 
There are a number of regulatory signs directed at pedestrians, which include: 
 

• Pedestrians prohibited signs (R5-10a, R5-10b, R5-10c, and R9-3a) to prohibit pedestrian entry at 
freeway ramps. 
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• Pedestrian crossing signs (R9-2, R9-3a, and R9-3b), which restrict crossings at less safe locations and 
divert pedestrians to optimal crossing locations at signalized intersections (see figure 10-2). Various 
alternatives include the USE CROSSWALK (with supplemental arrow) sign, which may be used at 
signalized intersection legs with high conflicting turning movements or at midblock locations 
directing pedestrians to use an adjacent signal or crosswalk (see figure 10-3). The signs have most 
applicability in front of schools or other buildings that generate significant pedestrian volumes. 

 

 
Figure 10-2. Photo. Pedestrian crossing signs. 

Source: MUTCD(1) 
 

 
Figure 10-3. Photo. Pedestrians are restricted from continuing straight  

and are encouraged to cross left to avoid a traffic merge lane. 
 

• Traffic signal signs (R10-1 through R10-4), which include the pedestrian pushbutton signs or 
other signs at signals directing pedestrians to cross only on the green light or WALK signal. 
Pedestrian pushbutton signs should be used at all pedestrian-actuated signals. It is helpful to 
provide guidance to indicate which street the button is for (either with arrows or street names). 
The signs should be located adjacent to the pushbutton and the pushbuttons should be accessible 
to pedestrians with disabilities. 
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Other signs may be used for pedestrians at traffic signals to define the meaning of the WALK, DON’T 
WALK, and flashing DON’T WALK signal indications (see figure 10-4). In MUTCD, the signs R10-3a, 
b, c, and d help define crossing signal indications. The top section shows a walking person symbol, 
labeled STEADY, or the word WALK to the left of the words START CROSSING. The next section 
shows an orange caution symbol of an upraised hand with the palm facing the viewer, labeled 
FLASHING, or the words DON’T WALK to the left of the text “DON'T START   FINISH CROSSING 
IF STARTED” on three lines. The third section shows an orange caution symbol of an upraised hand with 
the palm facing the viewer, labeled STEADY, to the left of the words DON'T CROSS or PEDESTRIANS 
SHOULD NOT BE IN CROSSWALK. These signs are generally located near the pushbuttons used to 
activate the crosswalk signal. 
 

 
Figure 10-4. Photo. Variation of R10-3b regulatory crossing sign. 

Source: PBIC Image Library, http://www.pedbikeimages.org(2) 
 

The decision to use these signs (or alternatively, stickers mounted directly on the signal pole) is strictly an 
engineering judgment and is primarily for educational purposes. As such, their use may be more helpful 
near schools and areas with concentrations of elderly pedestrians—two high-risk areas. This information 
may also be effectively converted into brochures for distribution and ongoing educational purposes. 
 
10.5 Warning Signs 
 
Warning signs are used to inform unfamiliar motorists/pedestrians of unusual or unexpected conditions. 
Warning signs predominantly fall under the permissive category (“may” condition), and when used, 
should be placed to provide adequate response times. Warning signs are generally diamond-shaped with 
black letters or drawings on a yellow background and shall be reflectorized or illuminated. Overuse of 
warning signs breeds disrespect and should be avoided. 
 
The warning sign predominantly used to warn motorists of possible pedestrian conflicts is the Pedestrian 
Crossing sign (W11-2) (see figure 10-5). This sign should be installed in advance of midblock crosswalks 
or other locations where pedestrians may not be expected to cross. This significantly minimizes their use 
at most urban intersections since pedestrian crossings are an expected occurrence. This sign may also be 
selectively used in advance of high-volume pedestrian crossing locations to add emphasis to the 
crosswalk. The advance pedestrian crossing sign provides more advance warning to motorists than 
crosswalk markings, and on some occasions, may be used when crosswalk markings do not exist. Where 
there are multiple crossing locations that cannot be concentrated to a single location, a supplemental 
distance plate may be used (NEXT XX FEET). The advance pedestrian crossing signs should not be 
mounted with another warning sign (except for a supplemental distance sign or an advisory speed plate) 
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or regulatory sign (except for NO PARKING signs) to avoid information overload and to allow for an 
improved driver response. When placing signs, care should be taken in relation to other signs to avoid 
sign clutter and to allow adequate motorist response. The MUTCD specifies a 76- by 76-centimeter (cm) 
(30- by 30-inch) sign size. However, it may be helpful to use a larger (91- by 91-cm [36- by 36-inch) sign 
on higher speed or wider arterial streets. 
 

 
Figure 10-5. Photo. This pedestrian crossing sign is fluorescent  

yellow green (FYG), allowing it to be more visible. 
 
At the actual location of the pedestrian crossing, the pedestrian crossing sign (W11-2) is used but 
supplemented with a black-on-yellow diagonally downward pointing arrow plaque (W16-7p). This 
combination of pedestrian crossing sign and supplemental arrow plaque is intended to indicate the 
pedestrian crossing location. 
 
The Playground sign (W15-1) may be used in advance of a designated children’s play area to warn 
motorists of a potentially high concentration of young children. This sign should generally not be needed 
on local or residential streets where children are expected. Furthermore, play areas should not be located 
adjacent to high-speed major or arterial streets, or if so, should be fenced off to prevent children from 
darting into the street. 
 
According to the Institute of Transportation Engineers (ITE) publication, Traffic Control Devices 
Handbook, CAUTION—CHILDREN AT PLAY or SLOW CHILDREN signs should not be used since 
they may encourage children to play in the street and may encourage parents to be less vigilant.(6) Such 
signs also provide no guidance to motorists as to a safe speed, and the sign has no legal basis for 
determining what a motorist should do. Furthermore, motorists should expect children to be at play in all 
residential areas, and the lack of signing on some streets may indicate otherwise. The signs are 
unenforceable and act as another roadside obstacle to pedestrians and errant motorists. Use of these 
nonstandard signs may also imply that the involved jurisdiction approves of streets as playgrounds, which 
may result in the jurisdiction being vulnerable to tort liability. 
 
School Warning signs include the advance school crossing signs (S1-1), the school crossing sign (S2-1), 
SCHOOL BUS STOP AHEAD (S3-1) sign, and others. School-related traffic control devices are 
discussed in detail in part VII (“Traffic Controls for School Areas”) of MUTCD.(1) A reduced speed limit 
sign with flashing lights can be installed ahead of the actual crossing (see figure 10-6). The lights are set 
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to flash during school hours, alerting drivers that a lower speed limit is in effect when the flashers are 
operating. Another sign and light combination is SCHOOL SPEED LIMIT XX, where the speed limit is 
illuminated during school hours. 
 

 
Figure 10-6. Photo. Flashing lights, school crossing signs, and a low speed 

limit gives motorists plenty of warning of the crossing area ahead. 
 
MUTCD allows for the development of other specialty warning signs based on engineering judgment for 
unique conditions. These signs can be designed to alert unfamiliar motorists or pedestrians of unexpected 
conditions and should follow the general criteria for the design of warning signs. Their use should be 
minimized to retain effectiveness and should be based on engineering judgment. 
 
10.6 Directional Signs 
 
Directional signs for pedestrians are intended to assist people who are new to the area or to assist 
residents who may not know the most direct route to a destination by foot. Use distances meaningful to 
pedestrians, such as the number of blocks or average walking time. 
 
10.7 Pavement Word and Symbol Markings 
 
MUTCD allows for the use of pavement word and symbol markings such as SCHOOL XING or PED 
XING, as motorist warning devices (MUTCD, Section 3B-20). These may be helpful on high-volume or 
high-speed streets with unusual geometrics (such as vertical or horizontal curves) in advance of a 
pedestrian crossing area. Markings should be white and placed to provide an adequate motorist response. 
Their use should be kept to a minimum to retain effectiveness. Consideration should be given to snow 
conditions that may obliterate the markings during portions of the year in some regions of the country and 
also to the agency’s ability to maintain these pavement markings. If used, the word or symbol markings 
should generally be used in each approach lane (except for the SCHOOL message). 
 
Some agencies have also attempted to communicate with pedestrians by using pavement word markings 
such as LOOK BOTH WAYS or other symbols to encourage pedestrians to look for vehicles and to enter 
the road cautiously (see figure 10-7). 
 

7  



 

 
Figure 10-7. Photo. “Look Right” or “Look Left” is painted  

on the street next to the curb in the United Kingdom. 
 
All pavement word and symbol markings require periodic maintenance and replacement after resurfacing. 
If such markings are used, it is advisable to maintain an inventory of stencils for periodic checking and 
refurbishment. 
 
10.8 Crosswalk Markings 
 
Here is an excerpt from MUTCD regarding the use of crosswalk markings:(1) 
 

Crosswalk markings provide guidance for pedestrians who are crossing roadways by 
defining and delineating paths on approaches to and within signalized intersections, and 
on approaches to other intersections where traffic stops. Crosswalk markings also serve 
to alert road users of a pedestrian crossing point across roadways not controlled by 
highway traffic signals or STOP signs. At nonintersection locations, crosswalk markings 
legally establish the crosswalk. 

 
Table 10-1 presents some minimum and maximum design requirements for crosswalk pavement 
markings. Below are some additional MUTCD guidelines for crosswalk installation: 
 

• Crosswalk lines, if used on both sides of the crosswalk, should extend across the full width of 
pavement or to the edge of the intersecting crosswalk to discourage diagonal walking between 
crosswalks. 

 
• Crosswalks should be marked at all intersections where there is substantial conflict between 

vehicular and pedestrian movements.  
 
• Marked crosswalks also should be provided at other appropriate points of pedestrian 

concentration, such as at loading islands, midblock pedestrian crossings, or where pedestrians 
could not otherwise recognize the proper place to cross.  

 
• Crosswalk lines should not be used indiscriminately. An engineering study should be performed 

before they are installed at locations away from highway traffic signals or STOP signs.  
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• Because nonintersection pedestrian crossings are generally unexpected by the road user, warning 

signs should be installed and adequate visibility should be provided by parking prohibitions.  
 
• For added visibility, the area of the crosswalk may be marked with white diagonal lines at a 

45-degree angle to the line of the crosswalk or with white longitudinal lines parallel to traffic 
flow.  

 
• When diagonal or longitudinal lines are used to mark a crosswalk, the transverse crosswalk lines 

may be omitted. This type of marking may be used at locations where substantial numbers of 
pedestrians cross without any other traffic control device, at locations where physical conditions 
are such that added visibility of the crosswalk is desired, or at places where a pedestrian 
crosswalk might not be expected. 

 
• The marking design should avoid the wheel paths. 

 
Table 10-1. Design requirements for crosswalk pavement markings. 

Treatment Minimum Design Requirements Maximum Design Requirements 
Solid white transverse 
crosswalk lines 

15.0-cm (6-inch) line width 
1.8-meter (m) (6-feet (ft)) gap between lines 
(crosswalk width) 

61.0-cm (24-inch) line width 
No maximum crosswalk width 

Diagonal or longitudinal 
lines without transverse 
lines 

1.8-m (6-ft) crosswalk width 
30.5-cm (12-inch) line width 
30.5-cm (12-inch) spacing of lines 

No maximum crosswalk width 
61.0-cm (24-inch) line width 
1.5-m (5-ft) spacing of lines (not to 
exceed 2.5 times the line width) 

  
Three styles of crosswalk markings are shown at a roadway intersection in figure 10-8: two parallel solid 
white lines (transverse lines) at the top of the figure, solid white diagonal lines between two parallel solid 
white lines on the left side, and a series of closely spaced solid white lines (longitudinal lines) placed at 
the intersection parallel to the direction of travel on the bottom side of the figure. Figure 10-9 shows 
examples of these and other marking patterns typically used and the common names they go by. 

 
Figure 10-8. Illustration. An intersection with examples of crosswalk markings. 

Source: MUTCD(1) 
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Figure 10-9. Illustration. Common crosswalk marking patterns. 

Source: Safety Effects of Marked versus Unmarked Crosswalks at Uncontrolled Locations(7) 
 
Marked Versus Unmarked Crosswalks 
 
In the United States, there has been considerable controversy concerning marked crosswalks and whether 
they increase or decrease pedestrian safety at uncontrolled crossing locations (i.e., intersections or 
midblock locations with no traffic signals or stop signs on the main road approach). Some believe that 
marked crosswalks enhance the visibility, safety, and mobility of pedestrians, while others think that they 
generate overly confident feelings of safety which may cause pedestrians to be more vulnerable to 
collisions with motor vehicles. 
 
Zegeer et al., performed a study to determine which types of uncontrolled locations merited a marked 
crosswalk and which ones would require more treatment in order to provide a safe crossing for 
pedestrians.(7) The study revealed that “under no condition was the presence of a marked crosswalk alone 
at an uncontrolled location associated with a significantly lower pedestrian crash rate compared to an 
unmarked crosswalk,” and at some locations, especially those with volumes greater than 12,000 vehicles 
per day, having a marked crosswalk was associated with a higher pedestrian crash experience compared 
to an unmarked crossing. Table 10-2 below provides a summary of the study’s recommendations for 
where marked crosswalks should be provided at uncontrolled locations. 
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Table 10-2. Recommendations for installing marked crosswalks and 
other needed pedestrian improvements at uncontrolled locations.*  

Source: Safety Effects of Marked versus Unmarked Crosswalks at Uncontrolled Locations(7) 
Vehicle Average 

Daily Traffic (ADT)  
≤ 9,000 

Vehicle ADT 
>9,000 to 12,000 

Vehicle ADT 
>12,000 to 15,000 

Vehicle ADT 
> 15,000 

Speed Limit** Roadway 
Type 

(Number 
of travel 
lanes and 
median 
type) 

≤ 48 
kilometers 
per hour 
(km/h) 
(≤ 30 

miles per 
hour 

(mi)/h) 

56 
km/h 
(35 

mi/h) 

64 
km/h 
 (40 

mi/h) 

≤ 48 
km/h 
(≤ 30 
mi/h) 

56 
km/h 
(35 

mi/h) 

64 
km/h 
 (40 

mi/h) 

≤ 48 
km/h 
(≤ 30 
mi/h) 

56 
km/h 
(35 

mi/h) 

64 
km/h 
 (40 

mi/h) 

≤ 48 
km/h 
(≤ 30 
mi/h) 

56 
km/h 
(35 

mi/h) 

64 
km/h 
 (40 

mi/h) 

2 Lanes C C P C C P C C N C P N 
3 Lanes C C P C P P P P N P N N 
Multilane 
(4 or more 
lanes) with 
raised 
median*** 

C C P C P N P P N N N N 

Multilane 
(4 or more 
lanes) 
without 
raised 
median 

C P N P P N N N N N N N 

Notes: 
*These guidelines include intersection and midblock locations with no traffic signals or stop signs on the approach to 
the crossing. They do not apply to school crossings. A two-way center turn lane is not considered a median. 
Crosswalks should not be installed at locations that could present an increased safety risk to pedestrians, such as 
where there is poor sight distance, complex or confusing designs, a substantial volume of heavy trucks, or other 
dangers, without first providing adequate design features and/or traffic control devices. Adding crosswalks alone will 
not make crossings safer, nor will they necessarily result in more vehicles stopping for pedestrians. Whether or not 
marked crosswalks are installed, it is important to consider other pedestrian facility enhancements (e.g., raised 
median, traffic signal, roadway narrowing, enhanced overhead lighting, traffic calming measures, curb extensions), 
as needed, to improve the safety of the crossing. These are general recommendations; good engineering judgment 
should be used in individual cases for deciding where to install crosswalks. 
** Where the speed limit exceeds 64 km/h (40 mi/h), marked crosswalks alone should not be used at unsignalized 
locations. 
*** The raised median or crossing island must be at least 1.2 m (4 ft) wide and 1.8 m (6 ft) long to adequately serve 
as a refuge area for pedestrians in accordance with MUTCD and AASHTO guidelines. 

C = Candidate sites for marked crosswalks. Marked crosswalks must be installed carefully and selectively after an 
engineering study is performed.  

P = Possible increase in pedestrian crash risk may occur if crosswalks are added without other pedestrian facility 
enhancements. These locations should be closely monitored and enhanced with other pedestrian crossing 
improvements, if necessary, before adding a marked crosswalk. 

N = Marked crosswalks alone are insufficient, since pedestrian crash risk may be increased due to providing marked 
crosswalks alone. Consider using other treatments, such as traffic calming treatments, traffic signals with pedestrian 
signals where warranted, or other substantial crossing improvement to improve crossing safety for pedestrians. 
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10.9 Intelligent Transportation Systems (ITS) Technology 
 
The information and images in the following ITS section have been taken directly from the PedSmart 
website maintained by the Pedestrian and Bicycle Information Center with funding from the U.S. 
Department of Transportation (USDOT) and the Centers for Disease Control and Prevention.(8) 

 
In-Roadway Warning Lights 
 
In-roadway warning lights are being used at crosswalks to alert motorists to the presence of a pedestrian 
crossing or preparing to cross the street (see figures 10-10 and 10-11). Since the lights only flash when 
activated by the pedestrian, the motorist receives real-time information indicating that a pedestrian is in 
the vicinity of the crosswalk. The amber lights are embedded in the pavement on both sides of the 
crosswalk and oriented to face oncoming traffic. When the pedestrian activates the system, either by using 
a pushbutton or through detection from an automated device, the lights begin to flash at a constant rate, 
warning the motorist that a pedestrian is in the vicinity of the crosswalk ahead. 
 

 
Figure 10-10. Illustration. Example of in-roadway warning lights. 
Source: PBIC, http://www.walkinginfo.org/pedsmart/devcmain.htm(8) 
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Figure 10-11. Photo. Working example of in-roadway warning 

lights with pedestrian pushbutton in Austin, TX. 
 
The amber light-emitting diode (LED) lights flash in unison at a rate designed for maximum motorist 
recognition and are visible during the daylight as well as at night. The flashing lights are only activated 
when a pedestrian wants to cross and are automatically shut off after a set period of time, i.e., the time 
required for a pedestrian to safely cross the street. If installed in conjunction with the means to detect the 
presence of pedestrians while in the crosswalk, the crossing interval can be extended, in which case the 
lights would continue to flash and allow slower pedestrians to safely cross. 
 
A study by Huang et al., in 1999 found that the “flashing crosswalk had small positive effects on reducing 
vehicle speeds, increasing vehicle yielding to pedestrians, and reducing pedestrian-motor vehicle 
conflicts,” but it was less effective in channelizing pedestrians.(9) 
 
Countdown Signal 
 
Countdown signals are used in conjunction with conventional pedestrian signals to provide information to 
the pedestrian regarding the amount of time remaining to safely cross the street (see figure 10-12). It is 
hypothesized that pedestrians will use this information to make better decisions about when to enter the 
crosswalk. Depending on user preference, the countdown timer starts either when the WALK or Walking 
Person indication appears or when the flashing DON’T WALK or Hand indication appears. The timer 
continues counting down through the flashing DON’T WALK (Hand) clearance interval. When the steady 
DON’T WALK or Hand appears, the countdown signal will be at zero. 
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Figure 10-12. Photo. Example of countdown pedestrian  

signal in Lauderdale-By-The-Sea, FL. 
 
Animated Eyes Display 
 
Animated eyes are intended for use at pedestrian crosswalks as an alternative to conventional pedestrian 
signals (see figure 10-13). Animated eyes displays are expected to encourage pedestrians to look for 
turning vehicles traveling on an intersecting path by including a prompt as part of the pedestrian signal. 
The prompt is a pair of animated eyes that scan from side to side at the start of the WALK indication. 
Depending on user preference, the animated eyes can be illuminated separately from the standard 
pedestrian symbol (walking person) for the beginning of the WALK phase or illuminated concurrently 
with the standard symbol.  
 

 
Figure 10-13. Example of animated eyes display. 

Source: http://www.walkinginfo.org/pedsmart/devcmain.htm(8) 
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The animated eyes display uses an LED pedestrian signal head and adds animated eyes that scan from 
side to side. The device uses narrow (8-degree) field of view blue (460 nanometers (nm)) LEDs on a 
black background. The display is highly visible to pedestrians while restricting signal visibility to 
motorists. The eyes, which appear to scan left and right at the rate of one cycle per second, are 13 cm 
(5 inches) wide, 6.9 cm (2.7 inches) high, and 5.7 cm (2.25 inches) apart. The WALK portion of the 
display is a 28.4-cm-high (11.2-inches-high) outline of a walking person (a standard pedestrian symbol) 
constructed from blue LEDs. The DON’T WALK display is a 28.4-cm-high (11.2-inches-high) upraised 
hand constructed from Portland orange (6.15 nm) LEDs. 
 
Detection Devices 
 
Microwave Detector 
 
The microwave pedestrian detector provides the means to automatically detect the presence of pedestrians 
in the targeted curbside area and/or while moving in a designated crosswalk area. In figure 10-14, 
pedestrians in the curbside microwave detection zone (shown in red) will activate the call feature, while 
slower pedestrians detected within the onstreet detection zones (shown in blue) receive more time to cross 
the street. 
 

 
Figure 10-14. Example of a microwave detector system. 

Source: http://www.walkinginfo.org/pedsmart/devcmain.htm(8) 
 
When used at the curbside area, it may either replace or augment the standard pushbutton used to activate 
the pedestrian call feature. When used to detect pedestrians in the crosswalk, its function is to detect the 
presence of individuals requiring additional time to cross, appropriately extend the clearance interval, and 
provide more time to cross. 
 
Infrared Detector 
 
The passive infrared detector provides the capability to automatically detect the presence of pedestrians in 
the targeted curbside area or within the crosswalk. In figure 10-15, pedestrians entering the curbside 
infrared detection zone (shown in red) will activate the pedestrian call feature, while those detected in the 
crosswalk (shown in blue) will extend the clearance interval. When used to detect pedestrians in the 
crosswalk, its function is to detect the presence of individuals requiring additional time to cross, 
appropriately extend the clearance interval, and provide more time to cross.  
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Both these types of detectors function by sensing changes in thermal radiation caused by pedestrian 
movement within the targeted areas. These detectors may be used either to supplement or to replace the 
standard pushbutton used to activate the pedestrian call feature. 
 

 
Figure 10-15. Illustration. Example of an infrared detector system. 

Source: http://www.walkinginfo.org/pedsmart/devcmain.htm(8) 
 

Illuminated Pushbuttons 
 
The illuminated pushbutton is simple technology designed to provide immediate feedback to the 
pedestrian that the button is working and that the signal will change (see figure 10-16). Use of the 
illuminated button may reduce the number of pedestrians who cross against the signal because they have 
no indication that a standard pushbutton is working. Because of an immediate response from the light, the 
illuminated button may also result in fewer pedestrians pushing the button multiple times. This can result 
in longer life for the pushbutton itself. 
 

 
 

Figure 10-16. Photo. Illuminated pushbuttons. 
Source: Polara Engineering, http://www.polara.com/BD_Features.htm 
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10.10 Student Exercise 
 
The need to develop and detail pedestrian signs and pavement markings in a manner in which these 
provisions can be constructed within the normal field of highway construction is an extremely important 
issue. Signs and pavement markings for a proposed roadway project are specified through a detailed 
system of standard drawings, specifications, and bid item numbers. An example plan view drawing 
demonstrating this method for highway-related signs and pavement markings using California 
Department of Transportation (Caltrans) specifications is provided for reference in figure 10-17. 
 

 
1 inch = 2.54 cm 

 
Figure 10-17. Illustration. Example signing and marking plan for SR 8 by  

Fletcher Parkway Construction Plans, La Mesa, CA. 
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Engineers use such standards to ensure uniform construction; contractors use them to develop 
construction cost estimates for their bids. The use of these procedures in developing designs is a critical 
link in the continuum of planning, designing, and constructing transportation facilities. Construction of 
pedestrian and bicycle facilities should make full use of this well-established system. Most State 
departments of transportation (DOTs) have a variety of specifications that pertain to pedestrian and 
bicycle facilities.  
 
Using the summary of standard drawings for bicycle and pedestrian facility construction provided below 
(taken from the Caltrans Standard Plans document), develop a plan to install pedestrian signs and 
pavement markings that uses nomenclature and reference standards from your State DOT. Estimate the 
quantity of each construction item needed and develop an engineer’s construction cost estimate. You will 
need to utilize the following resources: 
 

• Standard drawings (periodically published document). 
• Standard specifications (periodically published document). 
• Bid item numbers (typically a published list). 
• Statewide average bid summary (typically assembled several times a year).  

 
10.11 References and Additional Resources 
 
The references for this lesson are: 
 

1. Manual on Uniform Traffic Control Devices for Streets and Highways, Federal Highway 
Administration, McLean, VA, 2003 edition, available online at 
http://mutcd.fhwa.dot.gov/HTM/2003/html-index.htm, accessed February 25, 2004. 

 
2. Image Library, Pedestrian and Bicycle Information Center (PBIC), available online at 

http://www.pedbikeimages.org, accessed May 6, 2004. 
 
3. Zador, P., J. Moshman, and L. Marcus, “Adoption of right turn on red: effects on crashes at 

signalized intersections,” Accident Analysis and Prevention, vol. 14, no.3, Elsevier Ltd., June 
1982, available online at http://www.sciencedirect.com/science/journal/00014575. 

 
4. A Policy on Geometric Design of Highways and Streets, American Association of State Highway 

and Transportation Officials, Washington DC, 2001. 
 
5. McGee, H.W., “Accident Experience with Right-Turn-on-Red,” Transportation Research 

Record 644, Transportation Research Board, Washington, DC, 1976, pp. 66–75. 
 

6. Pline, J.L, Ed., Traffic Control Devices Handbook, Institute of Transportation Engineers, 
Washington, DC, 2001. 

 
7. Zegeer, C.V., J.R. Stewart, H.H. Huang, P.A. Lagerwey, Safety Effects of Marked versus 

Unmarked Crosswalks at Uncontrolled Locations: Executive Summary and Recommended 
Guidelines, Federal Highway Administration, FHWA-RD-01-075, McLean, VA, March 2001, 
available online at http://www.walkinginfo.org/pdf/r&d/crosswalk_021302.pdf, accessed 
February 26, 2004. 
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8. ITS Technologies, PedSmart website, Federal Highway Administration, Washington, DC, 1999, 
available online at http://www.walkinginfo.org/pedsmart/devcmain.htm, accessed February 25, 
2004. 

 
9. Huang, H.H., R. Hughes, C.V. Zegeer, and M. Nitzburg, An Evaluation of the LightGuard™ 

Pedestrian Crosswalk Warning System, Florida Department of Transportation, Tallahassee, FL, 
June 1999, available online at 
http://www.dot.state.fl.us/safety/ped_bike/brochures/pdf/lgresrch.pdf, accessed May 18, 2004. 

 
Additional resources for this lesson include: 
 

• “Accessible Pedestrian Signals: Synthesis and Guide to Best Practice,” National Cooperative 
Highway Research Program Research Results Digest, number 278, 2003, available online at 
http://trb.org/news/blurb_detail.asp?ID=1705. 

 
• Design and Safety of Pedestrian Facilities—A Recommended Practice of ITE, Institute of 

Transportation Engineers (ITE), Washington, DC, 1998. 
 
• Florida Pedestrian Planning and Design Handbook, Florida Department of Transportation, 1999, 

available online at http://www.dot.state.fl.us/safety/ped_bike/ 
ped_bike_standards.htm#Florida%20Ped%20Handbook . 

 
• Implementing Pedestrian Improvements at the Local Level, Federal Highway Administration, 

FHWA-98-138, 1998, available online at 
http://safety.fhwa.dot.gov/ped_bike/docs/localpedguide.pdf. 

 
• Oregon Bicycle and Pedestrian Plan, Oregon Department of Transportation, 1995. 
 
• Van Houten, R.; R.A. Retting, C.M. Farmer, and J. Van Houten, “Field evaluation of a leading 

pedestrian interval signal phase at three urban intersections,” Transportation Research Record, 
Transportation Research Board, Washington, DC, in press. 
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