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Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments
individually or in cooperation with their state universities and
others. However, the accel erating growth of highway transportation
develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a
coordinated program of cooperative research.

In recognition of these needs, the highway administrators of the
American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program is
supported on a continuing basis by funds from participating
member states of the Association and it receivesthefull cooperation
and support of the Federal Highway Administration, United States
Department of Transportation.

The Transportation Research Board of the National Academies
was requested by the Association to administer the research
program because of the Board’'s recognized objectivity and
understanding of modern research practices. The Board is uniquely
suited for this purpose as it maintains an extensive committee
structure from which authorities on any highway transportation
subject may be drawn; it possesses avenues of communications and
cooperation with federal, state and local governmental agencies,
universities, and industry; its relationship to the National Research
Council is an insurance of objectivity; it maintains a full-time
research correlation staff of specialists in highway transportation
mattersto bring the findings of research directly to thosewho arein
aposition to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed
to the National Research Council and the Board by the American
Association of State Highway and Transportation Officials.
Research projectsto fulfill these needs are defined by the Board, and
qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program,
however, isintended to complement rather than to substitute for or
duplicate other highway research programs.

Note: The Transportation Research Board of the National Academies, the
National Research Council, the Federal Highway Administration, the American
Association of State Highway and Transportation Officials, and the individual
states participating in the National Cooperative Highway Research Program do
not endorse products or manufacturers. Trade or manufacturers’ names appear
herein solely because they are considered essential to the object of this report.
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FOREWORD

By Charles W. Niessner
Saff Officer
Transportation Research
Board

This report presents the findings of a research project to evaluate the feasibility of
implementing an all-white pavement marking system in the United States. The
researchersrecommend that an all-white pavement marking system not beimplemented.
The report will be of particular interest to traffic engineers with responsibility for
installing and maintaining pavement marking systems.

The use of yellow and white pavement markings has been the subject of debate for
transportation agencies since the 1920s. In 1971, the Manual on Uniform Traffic Con-
trol Devicesfirst required exclusive use of yellow markings to separate traffic traveling
in opposite directions. A Federal Highway Administration International Scanning Tour
report indicates that the use of an all-white pavement marking system offers consider-
able advantages and that such a system may be desirable in the United States. This con-
clusion was drawn by a prominent group of traffic engineers after viewing the al-white
systems used in four European countries. A move toward an al-white marking system
would also help promote international uniformity.

Several reasons that traditionally have been mentioned as to why the United States
would benefit from implementing an all-white pavement marking system are:

* Driversdo not have an inherent understanding of the meaning of yellow markings.

« All other factors being equal, white markings have higher retroreflectivity than
yellow markings.

* Most of theindustrialized countries of theworld use all-white pavement markings.

» Some of the pigments used in yellow markings are difficult to recognize asyellow
in nighttime conditions.

» White markings are less expensive than yellow markings and having only one
color to apply would reduce the application and supply costs.

* An al-white pavement marking system would eliminate environmental concerns
in the use of lead chromate as a yellow pigment.

Under NCHRP Project 4-28, “Feasibility Study for an All-White Pavement Mark-
ing System,” the Texas Transportation Institute undertook research to quantify and/or
identify the advantages, benefits, costs, drawbacks, disadvantages, risks, and imple-
mentation issues associated with converting the United States from the present yellow
and white system of pavement markings to an all-white system.

Theresearch team reviewed international all-white pavement marking practicesand
found a variety of stripe lengths, gap lengths, and line widths used to convey various
messages with important differences from one country to another. U.S. marking prac-
tices were reviewed and a stakeholder’ s workshop was held to identify needs, limita-
tions, and benefits of converting to an al-white pavement marking system. The eco-



nomic issues, benefits, and drawbacks of changing to an al-white pavement marking
system were al so assessed.

The key effort undertaken in this project was a driver survey to evaluate how well
drivers understand pavement marking patterns and colors. The survey results found that

* Drivers use the yellow color of centerlines as atool in determining the direction
of traffic flow on aroad.

» Approximately 75% of the surveyed drivers understand the basic concept that a
single broken yellow line separates opposing traffic on atwo-lane road.

* The presence of a solid line in the centerline increases comprehension of direc-
tional flow to approximately 85%.

 Over 90% of the surveyed drivers understand that a solid line prohibits passing.

* The addition of direction arrows significantly improves understanding of a two-
way road situation.

The researchers developed recommendations in three areas. The primary recom-
mendation is that an al-white pavement marking system not be implemented in the
United States at the present time. The researchers aso identified several actions that
should be taken to improve the current yellow-white pavement marking system. These
recommendations include implementation of directional pavement marking arrows,
increased emphasis on marking color in driver training, increased retroreflectivity of
yellow markings, and improved color of yellow markings. Finally, the researchers rec-
ognized that there are factors that may, at some time in the future, force the implemen-
tation of an al-white pavement marking system. Therefore, the third area presents
implementation guidelines to help agencies address the challenges associated with
implementing an all-white pavement marking system if it should become necessary.
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SUMMARY

FEASIBILITY STUDY FOR AN ALL-WHITE
PAVEMENT MARKING SYSTEM

During the 1990s, numerous transportation professional s began to suggest that there
may be benefitsto converting the U.S. pavement marking system from ayellow—white
system to an al-white one. There are several general reasons that have traditionally
been mentioned as the primary reasons why the United States would benefit from
implementing an all-white pavement marking system. Those reasons include (in no
particular order):

« Driversdo not have an inherent understanding of the meaning of yellow markings.

« All other factors being equal (binder, beads, application, etc.), white markings
have higher retroreflectivity than yellow markings. Thisis compounded by the fact
that yellow markings receive less illumination than white markings (headlamps
are oriented to theright).

» Most of theindustrialized countries of the world use all-white pavement markings.

+ Some of the pigments used in yellow markings are difficult to recognize asyellow
in nighttime conditions.

» White markings are less expensive than yellow markings and having only one
color to apply would reduce the application and supply costs.

« An al-white pavement marking system would eliminate environmental concerns
related to the use of lead chromate as a yellow pigment.

The National Cooperative Highway Research Program (NCHRP) sponsored Project
4-28, “Feasibility Study for an All-White Pavement Marking System,” to look at the
various factors associated with the potential implementation of an al-white pavement
marking system and determine if such a system is feasible in the United States. The
overall objective of this research project, as described in the proposal, was to “ conduct
afeasibility study that quantifiesand/or identifies the advantages, benefits, costs, draw-
backs, disadvantages, risks, and implementation issues associated with converting the
United States fromthe present yellow and white system of pavement markingsto an all-
white system.”
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FINDINGS

A number of research activities were undertaken in assessing the feasibility of al-
white pavement markings. The primary activity of the research effort was an evalua-
tion of driver understanding of traffic control devices. Researchers also identified
pavement marking systemsin other countries; conducted surveys of agency and industry
perspectives on an all-white pavement marking system; and conducted a stakeholders
workshop to identify needs, limitations, and benefits. The results of these evaluations, as
they relate to specific issues, are briefly summarized below.

Driver Understanding

Thekey effort of thisresearch project wasadriver survey conducted to evaluate how
well drivers understand pavement marking colors and patterns. The researchers sur-
veyed 851 subjects at locationsin 5 states. The subject sample include drivers from 47
states, plus Puerto Rico and Washington, D.C. The survey results found that

- Driverstend to use signs and other traffic asthe primary cue to determine whether
aroad is one-way or two-way.

« Drivers use the yellow color of centerlines as a tool in determining the direction
of traffic flow on aroad.

« Approximately 75 percent of the surveyed drivers understand the basic concept
that a single broken yellow line separates opposing traffic on a two-lane road.

« The presence of asolid line (either double solid or solid and broken) in the center-
line increases comprehension of directional flow to approximately 85 percent.

+ Over 90 percent of the surveyed drivers understand that a solid line (either double
solid or solid and broken) prohibits passing.

« Driversdo not have a better understanding of any of the potential all-white mark-
ing alternatives presented in the survey, indicating that there is no inherent bene-
fit to converting to an all-white marking system from the standpoint of conveying
the directional message of the road.

« The addition of direction arrows significantly improves understanding of a two-
way road situation.

« Driversare not inclined to recognize the differences between various stripe and gap
lengths as a means of conveying information about the direction of traffic flow.
 Wider linesmay not be apractical means of indicating opposing traffic. When retrac-
ing lines, they often become wider. In addition, many agencies are now beginning

to implement wider longitudinal markings on aregular basis.

« Themost effective system for all-white markings appearsto be one where the center-
lineisadoubleline, which would be solid where passing is prohibited and broken
where passing is permitted. There are four possible centerline combinationsfor the
double line:

» Double solid line for passing prohibited in both directions.

» A solid line with abroken line for passing prohibited in one direction (there are
two versions of this pattern, depending upon which direction passing is prohibited).

» Double broken line for passing permitted in both directions.

Driver Education

Given that the alternative all-white marking schemes presented in the survey did not
have inherently higher levels of understanding than the current yellow—white system,
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the implementation of an all-white pavement marking system would require a signifi-
cant driver education commitment. Implementation of an all-white system would
require a nationwide driver education media campaign and a revision of all current
driver education and driver training materials.

Visibility

Increases in pavement marking visibility may be the most commonly cited reason
for converting to an all-white pavement marking system. This reason is based on the
belief that white markings are more visiblethan yellow markings. Theresearchersiden-
tified the following issues related to the visibility of pavement markings:

+ Nighttime visibility of pavement markings is based on the distribution of illumi-
nation from the headlamp, the retroreflectivity of the marking, and the contrast
with the pavement surface. For most pavement surfaces, the retroreflectivity of the
marking is the most significant factor in the nighttime visibility of the marking.

» Theretroreflectivity of ayellow marking istypically about 65 percent of an iden-
tical white marking fabricated from the same binder and beads and applied at the
same thickness.

» At night, drivers focus their attention on the right side of the field-of-view and
tend to rely upon the right lane line or edge line for positional guidance.

» At typical marking retroreflectivity levels, it is possible to place yellow mark-
ingsthat have the same or higher retroreflectivity value aswhite markings. This
can be achieved by improving the marking material, beads, or application process.
Placing yellow markings that have the same or higher retroreflectivity values as
white markings will increase the costs of the yellow markings.

» While all-white pavement markings can improve the nighttime visibility of the
overall system, the nighttime visibility of the current yellow—white system can
also be improved by increasing the performance of yellow markings.

« Daytime visibility of pavement markings is based on the contrast of the marking
with the pavement surface.

» White markings have lower contrast and are less visible on concrete and faded
asphalt pavement surfaces.

» Visibility of white markings on these surfaces can be improved through the use
of black contrast markings. This will increase the costs of using an al-white
pavement marking system.

International Harmony

Another commonly cited reason for converting to an all-white pavement marking
system in the United States is that it would bring the country into greater conformity
with international pavement marking practices. The evaluation of other countries
marking systems identified the following issues related to achieving international har-
mony in pavement marking patterns:

» The mgjority of countries contacted as part of this research effort use an all-white
pavement marking system. Officials representing the countries contacted did not
express any concerns about the effectiveness of their all-white pavement marking
systems.



« A review of the actual al-white pavement marking systems used in individual
countries revealed that there are important differences between countries. Coun-
tries use avariety of stripe lengths, gap lengths, and line widths to convey various
messages with pavement markings with important differences from one country
to another. As aresult, there is no consistent system of all-white pavement mark-
ings, even within the European continent.

« While it is possible for the United States to implement an all-white pavement
marking system that could be consistent with that used in one or two countries, it
is not possible to achieve consistency with alarge number of countries because of
the variations in all-white pavement marking systems used in different countries.

Costs

Evenif all other factorswereto favor implementation of an all-white pavement mark-
ing system, agency personnel have indicated that they would not favor implementation
if thereisacost increase associated with the all-white system. The researchers have not
conducted a detailed economic assessment of the cost impacts of implementing an all-
white pavement marking system. However, the researchers have been able to identify
the following economic issues related to all-white pavement markings:

« Implementation of an al-white pavement marking system in the United States
would require all current yellow centerlines to be removed and/or restriped.

» There are 160,462 mi of road on the National Highway System. At a weighted
average of $0.17/ft, it would cost over $144 million to restripe the centerlines
and |eft edgelines of the National Highway System. The National Highway Sys-
tem represents about 20 percent of the total federal-aid highway system.

» Thesurvey resultsindicate that adouble line centerlineislikely to have the best
understanding of the traffic direction message. Additional evaluations should be
conducted to confirm this conclusion. If a double line were to be implemented,
not only would all yellow lines need to be covered with white lines, but a second
line would need to be added at all locations that currently have a single yellow
line for the centerline. Thiswould further increase the costs of implementing an
al-white system.

+ Theimplementation of an all-white marking system is likely to impose a signifi-
cantly greater pavement marking expense on state and local agencies beyond the
costs associated with the activities just mentioned.

» If the FHWA movesforward with an all-white pavement marking system within
the next 10 or so years, the FHWA should consider providing funding to state
and local agencies for the initial costs of implementing an al-white pavement
marking system.

+ There are productivity benefits to implementing all-white markings. These cost
reductions result from not having to provide two-color systems on installation
equipment. The increased productivity benefits are not likely to offset the addi-
tional costs of implementing all-white markings.

Safety

Safety isafactor in any potential improvement to the transportation system. At this
time, it is not possible to assess the possible reductions (or increases) in crashes that
would be associated with implementing an all-white pavement marking system. Previ-
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ous research has attempted to document the benefit associated with incremental improve-
ments in pavement markings (use of wider markings, increases in marking retroreflec-
tivity), but has been unableto do so. The crash-reduction benefits of all-white pavement
markings can only be addressed through afield trial of all-white markings.

Material and Environmental Issues

The chemical properties of yellow binders and the associated environmental changes
are sometimes cited as reasons to eliminate yellow as a marking color. The following
issues are associated with the material and environmental aspects of yellow markings:

« Industry and agencies appear to have largely adjusted to the environmental demands
associated with pavement markings.

» Some agencies are not satisfied with the color of yellow markings.

+ Implementing an all-white pavement marking system would eliminate the envi-
ronmental issues associated with yellow pavement markings.

« NCHRP has funded a new research project to evaluate the color and specifications
for yellow pavement markings (Project 5-18). This project, expected to beginin late
2002, will evaluate drivers ability to distinguish between yellow and white mark-
ings, develop color specifications for markings, and assess the extent to which exist-
ing markings provide driverswith adequateyellow color. Theresultsof thisresearch,
when combined with the establishment of in-service color requirements for mark-
ings, should improve the quality of yellow pavement marking color.

Implementation Issues

There are many practical issues associated with the potential implementation of an
all-white pavement marking system. Many were identified in the background informa-
tion chapter, and an implementation plan that addresses many issuesis provided at the
end of this chapter. The following implementation issues are among the most signifi-
cant associated with an all-white pavement marking system.

« Implementation of an all-white pavement marking system would require that state
laws be changed in many or most states. The meeting schedule of the state legisla-
turesis such that changesin state laws would require alead time of at least 2 years.

» The wide range in pavement marking durability will pose challenges to convert-
ing to an all-white pavement marking system. If a short implementation period is
used, then some yellow durable pavement markings will be replaced with white
markings before the end of their servicelife.

RECOMMENDATIONS

The researchers developed recommendations in three areas. The primary recom-
mendation indicates whether an all-white marking system should be implemented. The
researchers al so devel oped a series of secondary recommendationsthat addressimprove-
ments that are beyond the immediate question of implementing an all-white system.
Finally, the researchers recognized that there are factors that may, at some timein the
future, force the implementation of an all-white pavement marking system. Therefore,
the researchers devel oped a series of implementation guidelinesto hel p agenciesaddress
the challenges associated with implementation.
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Primary Recommendation

Based on the findings of the research activities, the researchers recommend that an
all-white pavement marking system not be implemented in the United States at the
present time.

Secondary Recommendations

In determining that an all-white pavement marking system is not feasible, the
researchersidentified several actionsthat should be taken to improve the current yellow—
white pavement marking system. These recommendations are as follows:

« Implement Directional Pavement Marking Arrows—The survey results indi-
cate that the addition of arrows indicating the direction of traffic flow increase
comprehension of that message to over 90 percent. Section 3B.19 of the Manual
of Uniform Traffic Control Devices for Sreets and Highways (MUTCD) should
be revised to provide agencies greater flexibility and guidance on the use of direc-
tional pavement marking arrows to reduce travel in the wrong direction.

* Increase Emphasison Marking Color in Driver Training—The survey results
found that approximately 75 percent of the drivers understand the directional mes-
sage of asingle broken-yellow line. While this value is higher than some thought
it would be, it also indicates a need to increase understanding of the meaning of
marking colors. Driver education and driver training materials and curriculums
should increase the emphasis on the meaning of pavement marking color. Increas-
ing the emphasis in current programs would be less expensive and have greater
benefits than establishing a new program to educate drivers on the meaning of all-
white markings.

« Increase Retroreflectivity of Yellow M arkings—The reduced nighttime visibil-
ity of yellow markings (as compared to white markings) was cited as amajor rea-
son to implement all-white markings. Agencies should consider using yellow
marking materials that have retroreflectivity values that are similar to those of
white markings on the same road. This would entail using higher quality materi-
alsfor the yellow markings, resulting in an increase in costs.

« ImproveColor of Yellow Markings—The reduced use of lead chromate asapig-
ment in yellow markings has resulted in some yellow markings with less intense
yellow color, leading to potential confusion with white markings. A new NCHRP
project will evaluate color aspects of yellow markings and the results should be
used to improve yellow markings.

» Provide Fundingfor Potential | mplementation—As mentioned previously, there
are potential pavement marking changes on the horizon that may increase pavement
marking costs for transportation agencies (in-service minimum retroreflectivity and
color specifications). The next section of this chapter presents circumstances that
may lead to forced implementation of al-white markings. If minimum retroreflec-
tivity guidelines, color specifications, and forced implementation occur in the same
time frame, the federal government should consider providing state and local agen-
cieswithfinancial support for implementing the all-white pavement marking system.

Contingency Recommendations

As indicated in the primary recommendation, the researchers do not recommend
implementation of an all-white pavement marking system in the United States. However,
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the researchers identified four sets of circumstances that could lead to forced imple-
mentation of an all-white pavement marking system. They include environmental con-
straints, color specificationsfor pavement markings, minimum levelsof retroreflectivity,
and wet marking retroreflectivity.

Although the researchers found that the potential for any of these circumstances to
lead to all-white markings is small, they developed a preliminary implementation plan
for such a contingency. These contingency recommendations provide implementation
guidance to initiate the process of implementing an all-white system should it be nec-
essary to do so. The specifics of theimplementation plan extend over aperiod of 9 years
and are described in the report.




CHAPTER 1
INTRODUCTION

Transportation agencies are responsible for building, oper-
ating, and maintaining public roadsin the United States. Ful-
filling thisresponsibility requires that agencies communicate
awide variety of information to road users. Traffic control
devices are one, if not the primary, means of communicat-
ing vitally important information to drivers and other road
users. The Manual on Uniform Traffic Control Devices, or
MUTCD (1), establishesthe requirementsfor thesetraffic con-
trol devices. Traffic control devices can be divided into three
major groups. signs, signals, and markings. Each type of device
is able to communicate different types of information in dif-
ferent manners. All three are critical to the safety and effi-
ciency of the surface transportation system.

Asagroup, pavement markings may arguably be the most
valuable and important of all the types of traffic control
devices. Indeed, Mr. Al Pepper, former state traffic engineer
of Colorado, commented on their importance at a conference
in 1949, stating:

“1 believe most traffic engineers will agree that the use of a
marked centerline to keep vehiclesin their proper half of the
highway is the greatest single contribution to public safety
ever devised” (2).

Pavement markings have several unique characteristics
that distinguish them from the other groups of traffic control
devices. One of the most obvious is that longitudinal mark-
ings are continuous along alength of roadway. As such, they
provide a continuous stream of information that cannot be
provided by signsor signals. Markings are also positioned so
that they are near the center of the driver’ svisual field. Some
of the important purposes that pavement markings serve
include defining the travel path for vehicles and supplement-
ing other traffic control devices. In some cases, pavement
markings fulfill arole that cannot be filled by any other type
of device.

Early in the history of pavement markings in the United
States, pavement markings could be ailmost any color, with
white, black, and yellow being the most common. Asthe sys-
tem of traffic control devices in the United States matured,
national uniformity became an important goal and pavement
markings started to have the same appearance across the
country. The use of color inthe U.S. system of markings has
remained constant since the early 1970s.

During the last decade of the twentieth century, trans-
portation professional s have begun to question the continued
use of yellow as a color in the U.S. pavement marking sys-
tem. There are many reasons for considering a change to an
all-white pavement marking system, some of the most sig-
nificant being:

* Internationally, most countries have converted to an all-
white pavement marking system.

* Yelow markings have lower levels of night visibility
than white markings. There are two main reasons why:
» Yellow is adarker color than white and reflects less

light.

» Ydlow markingsareontheleft side of theleftmost driv-
ing lane and receive less illumination from the head-
lights compared to white markings on the right side.

* The impending establishment of minimum levels of
retroreflectivity for pavement markingswill requireyel-
low markings to provide a minimum visibility perfor-
mance, which may be difficult to achieve over long peri-
ods. The difference in service life between yellow and
white markings may create difficulties for transporta-
tion agencies.

» The reduction in the use of lead-chromate pigments
have resulted in yellow markings that may not have the
necessary depth of color at night to be recognized asyel-
low. The washed-out appearance of some yellow mark-
ingsat night can make them difficult to distinguish from
white markings.

+ TheFHWA isinthe process of establishing daytime and
nighttime end-of-service life color specifications for
pavement markings. Thiswill bethefirst time that color
specifications will be specifically applied to markings.
It is aso the first time that marking color has been
defined for nighttime conditions.

CURRENT SYSTEM

The United States uses ayellow—white pavement marking
system in which yellow is used to separate opposing traffic
on two-way roadways and as the left edge line on one-way
roadways (such asdivided highways). Y ellow a so delineates
the separation of two-way left turn lanes and reversible lanes



from other lanes. In this manner, the color yellow always
definesthe leftmost side of the travel path for avehicle (with
the exception of reversible lanes). Figure 1 presents the lan-
guage from Section 3A.05 of the 2000 MUTCD (1) that
definesthe use of color in pavement markings. Specific appli-
cations of some of the most important U.S. pavement mark-
ing applicationsarelisted in Table 1. Figures2 and 3illustrate
the current applications of the most significant longitudinal
pavement markings for two-lane and multilane roads from
the 2000 MUTCD. As described later in this report, the use
of color in the current U.S. pavement marking system has
been unchanged since a 1973 revision of the 1971 MUTCD.

RESEARCH PROJECT INFORMATION

The NCHRP established Project 4-28, “Feasibility Study
for an All-White Pavement Marking System,” to look at the
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various issues associated with the potential implementation
of an al-white pavement marking system in the United
States. The tasks that were conducted as part of this project
are presented in Table 2.

Thisreport describes the activities and findings associated
with the research project. The report addresses the key find-
ings of theresearch and presentsrecommendationsregarding
the feasibility of implementing an all-white pavement mark-
ing system. Theinformation in thisreport is organized in the
following manner.

+ Chapter 2 provides background information related to
all-white pavement markings:
» evolution of the current U.S. system (detailed infor-
mation on the evolution isin Appendix A),
» international practices regarding pavement marking
color, and

Section 3A.05 Colors of Longitudinal Pavement Markings

Standard:
basic concepts:
A. Yellow lines delineate:

and ramps.

other lanes.
B. White lines delineate:

The colors of longitudinal pavement markings shall conform to the following

1 The separation of traffic traveling in opposite directions.
2. Theleft edge of the roadways of divided and one-way highways
3. The separation of two-way left turn lanes and reversible lanes from

1 The separation of traffic flowsin the same direction.
2. Theright edge of the roadway.

C. Red markings delineate roadways that shall not be entered or used.
D. Blue markings delineate parking spacesfor personswith disabilities.

Figurel. Pavement marking color definitions from the 2000 MUTCD.

TABLE 1 Selected pavement marking applications

l\-/lrgflfiﬁfg Function Marking Color
Separate opposing traffic Broken or solid centerline | Yellow
Indicate no passing zone Solid line Yellow

Longitudinal L S . . .
Lines Separate lanes traveling in the same direction Broken or solid lane lines White
Indicate right edge on one- or two-way road Solid edge line White
Indicate left edge on one-way road Solid edge line Yellow
Transverse Indicate stopping location on intersection approach Stop line White
Lines Indicate pedestrian crossing area Crosswalk White

Note: Only some of the most important markings are listed. There are other types of markings.
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TABLE 2 Research tasks

Task

Review International All-White Marking Practices

Evaluate Driver Comprehension of Pavement Markings

Review U.S. Marking Practices

Prepare Interim Report

Assess Economic |ssues

Evaluate Driver Understanding of Pavement Markings

Convene Stakeholders Workshop

Assess Benefits and Drawbacks

Evaluate Implementation Feasibility of Alternatives

Nle|lZ|O|mMmO|O|m| >

Prepare Final Report
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» current U.S. marking practices related to implemen-
tation of all-white pavement markings.
Chapter 3 addresses driver understanding of pavement
markings:
» previous research on driver understanding (detailed
information on previous research isin Appendix B),
» development and administration of the comprehension
survey (the survey instrument isin Appendix B), and
» results of the evaluation of driver understanding.
Chapter 4 addresses various issues associated with
implementing an all-white pavement marking system.
Chapter 5 presents the recommendations on the feasi-
bility of an all-white pavement marking system.
Chapter 6 contains the references.
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CHAPTER 2
BACKGROUND INFORMATION

Before assessing the feasibility of implementing an all-
white pavement marking system, the researchers established
severa different data baselines. Baseline information was
needed in three key areas before moving forward: (1) how the
current U.S. system has devel oped over time, (2) what mark-
ing systems are used in other countries, and (3) the current
U.S. marking practices that would be affected by the conver-
sion to all-white markings.

EVOLUTION OF U.S. MARKING CODE

Drivers familiarity with amarking code, evenif they can-
not articulate it properly, isamajor issueto be considered in
changing the code. The interim report for this project con-
tained adetailed summary of the evolution of the U.S. mark-
ing code, which is presented in Appendix A. The following
provides a brief summary of the evolution of the U.S. mark-
ing system and how the evolution could affect the feasibility
of implementing an all-white pavement marking system.

The MUTCD was first published in 1935 in an effort to
bring about greater uniformity in the traffic control devices
used throughout the United States. In thefirst MUTCD, lines
could be white, yellow, or black, whichever provided the
greatest contrast. Use of longitudinal lineswas required only
at specific hazardous locations (such as approaches to hill-
crests, short radius curves, curves with a restricted view, or
pavements wider than 40 ft).

The 1948 MUTCD wasthefirst to establish specific colors
for specific applications. White and yellow werethe only col-
ors permitted for markings. White was specified for all appli-
cations (including as a broken centerline) except for double
centerlines on multilane highways and no-passing zone bar-
rier lines, where yellow was recommended. However, white
continued to be permissiblefor usein these applications. The
manual recommended against the use of pavement edgelines.

There continued to be great variation in pavement mark-
ing practices even after the 1948 MUTCD was published.
Individual states continued to use avariety of marking colors
and patternsfor various applications. The 1961 MUTCD was
thefirst MUTCD that agencieswere required to comply with
on federal-aid highways. This edition specified the exclusive
use of yellow for the double centerline and for no-passing
barrier lines (solid line). It specified white for centerlines on

two-lane roads (even when used with a no-passing zone bar-
rier line), lane lines, and all edge lines.

The 1971 MUTCD established yellow asthe color for sep-
arating opposing traffic, eliminating the use of white for a
centerline. For 2 years after the publication of the 1971
MUTCD, |eft edge lines could be white or yellow, depending
upon the circumstances. However, arevision in 1973 estab-
lished yellow as the color for all left edge lines.

Although new editions of the MUTCD were published in
1978, 1988, and 2000, the use of color in pavement markings
has remained constant since 1973. The nation’s current sys-
tem of markings has matured to a stable system that has
remained unchanged for aimost 30 years. When the maturity
of the pavement marking system is considered with respect to
the ages of the driving population, it is apparent that there are
more drivers that never have driven with white centerlines
than there are drivers that can recall driving with white cen-
terlines over 30 years ago. Table 3 presents Census 2000 data
on the age of the U.S. population. Assuming that all drivers
15 and over have adriver’ slicense or learning permit, then 56
percent of the U.S. population of driving age has learned to
drive since about 1971, when yellow was established as the
only color for separating opposing traffic. Although thereis
asignificant percentage (44 percent) of driversthat havedri-
ving experience on some roads that used white for a center-
line (in accordance with the 1961 MUTCD and/or earlier
editions), it has been 30 years since these markings were in
Common use.

Based on the assessment of the evolution of theU.S. mark-
ing system, two key findings are evident:

* The current system of using yellow to separate oppos-
ing traffic has been in place for 30 years. Fifty-six per-
cent of the driving population learned to drive after yel-
low was established as the color separating opposing
traffic.

* For the remaining 44 percent of the driving population
that may have driven on roads with white centerlines, it
has been 30 years since they have had such an experience.

Based on these findings, the implementation of an all-
white pavement marking system should be perceived as a
new experiencefor theentire U.S. driving population, requir-
ing adriver education program be implemented.
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TABLE 3 U.S. population relativeto key MUTCD changes
Percentage
Age Year Category Number Percentage of Driving
Born of Population .
Population
Less i
SINCe | \jon-drivers 60,253,375 21.4% None
than15 | 1986
1956 to Learned to drivein 1971 or later
15t0 44 (1971 and later MUTCD markings) 124,224,142 44.1% 56.2%
1985 } .
Yellow used exclusively for centerlines
Learned to drive before 1971
45and 11955 and | 1961 ang earlier MUTCD markings) | 96,944,389 34.4% 43.8%
over earlier ; .
White used for some or all centerlines
Totals 281,421,906 100% 100%

Source: Census 2000 data (http://www.census.gov/popul ation/www/cen2000/phc-t9.html)

INTERNATIONAL MARKING PRACTICES

All-white or predominantly white pavement marking sys-
tems are used in many countries throughout the world and
especially in most European countries. Some of these coun-
tries have used all-white pavement marking systemsfor sev-
eral decades, while other countries have recently converted
to an all-white system. Additionally, the actual pavement
markings used for motorways (freeways), dual-lane carriage-
ways (four-lane divided or undivided highways), and single-
lane carriageways (two-way, two-lane roadways) vary from
country to country. Researchers contacted representatives of
many countries using or considering the use of all-white
pavement markingsto obtain information regarding thetypes
of markings used, how long the markings have been in use,
and how well they seem to be understood. These results are
summarized in this section.

Researchers contacted officials regarding pavement mark-
ing practices in their respective countries using telephone
and electronic mail contacts. Selection of the countries was
based on previous knowledge of pavement marking systems,
a geographically diverse sample, and information obtained
when speaking with representatives of other countries.

Two magjor color systemsare currently in use: 17 of the 22
countries contacted currently use single-color systems (white
only) for longitudinal lines, while 5 countries currently usea
two-color system (white and yellow) for longitudinal lines.
Table 4 liststhe current use of white and yellow markingsfor
longitudinal lines, arrows, chevrons and hatching, and work
areas for the 22 countries contacted.

Current Use of All-White Pavement Markings

In countries where white pavement markings are predom-
inant, white lines are used to separate opposing directions of
traffic. However, the pattern, width, spacing, and meaning of
the markings vary from country to country. White centerline

applications include double white lines, single whitelines, a
single continuous white line with a broken or dashed white
line, and single broken or dashed lines. Other applications of
white pavement markingsinclude crosswalk markings, park-
ing spaces, parking prohibition, islands and channelization,
and separation markingsthrough intersections. |n some coun-
tries, yellow pavement markings are used to indicate parking
restrictions, crosswalks, and maintenance zones as listed in
Table 4.

Pavement Marking Widths

Table 5 lists the width of left edge line, centerline, and
right edge markings for motorways (freeways), dual carriage-
ways (four-line divided highways), and single carriageways
(two-lane, two-direction roadways). Figure 4 illustrates the
varying widths of white pavement marking for motorways.
One factor that could affect the interpretation of line width
information in the figure is the side of the road that drivers
usein each country. Thisinformation is presented in Table 6.
For al of the countriesthat drive on the Ieft side of the road,
the right and left edge lines are the same width. As aresult,
the clarification on driving side is not needed to interpret the
findings.

Pavement Marking Lengths

Figure 5 illustrates the marking length and gap for both
motorways and dual carriageways. Figure 6 illustrates the
marking length and gap for single carriageways. Tables 7, 8,
and 9 list the lengths of white pavement markings for these
three types of roadways for the countries contacted. The
design of the pavement markings vary from country to coun-
try. Aslisted in Table 9, the design of passing markings on
single carriageways is very different from one country to
another.
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TABLE 4 Current use of white and yellow pavement markings

Color of Marking
Country Longitudinal Lines Arrows | Chevronsand Work Areas
Center Edge Hatching
1. Australia w w w
2. Austria w w w w various colors
yellow-orange; orange
3. Belgium w w w w retroreflective road
studs
4. Canada Y w W Y, W Y, W
5. Denmark w W w W
6. France w w w w
7. Germany w W w W
8. Hungary w W
9. Iceland w w W W W
10. India w w w W
11. Ireland w Y w W W, Y
12. Italy w W
13. Japan W, Y w
14. Mexico W w W w
15. Netherlands w w w w Y
16. Norway Y w W W
17. Singapore W w W W,Y
18. South Africa W w
19. South Korea Y w w Y W, Y
20. Sweden W w w w
21. Switzerland w W w w (0]
22. United Kingdom W w W

Notes: Colors: W=white, Y=yellow, O=orange.

Experiences with Converting
to All-White Pavement Markings

Researchers asked officials of countries that had converted
to an al-white pavement marking system why they had con-
verted to an all white system. If acountry did not use an all-
white system, they were asked if they were considering a
changeto an al-white pavement marking system. Experiences
from severd countriesthat have converted to all-whiteand one
country that was considering a change to all-white pavement
markings are summarized in the following paragraphs.

Australia

Australia converted to a predominantly all-white pavement
marking system approximately 20 years ago. At that time,

every state had different standards, and the new all-white sys-
tem became standard for all states. Y ellow markings are used
to denote peak-hour restricted parking. Australia has experi-
enced some negative issues regarding nighttime visibility
under wet pavement conditions. They have also had problems
with glass beads; the beads increase visibility but also make
the pavement dlicker, and motorcyclists have complained
about the dickness. Australia also uses some marking on the
edgelinesthat givearipple effect. Most markingsinstalled are
thermoplastic in order to withstand the hot weather conditions.

Belgium

Belgium converted to apredominantly all-white pavement
marking system in 1975. Exceptions to the all-white system
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TABLES5 Linewidthsof white pavement markings
Width of Indicated Linefor Type of Roadway (centimeters)
Country M otorway Dual Ca_rr_iagewgy Single Carriageway
(Freeway) (Four-Lane Divided Highway) (Two-L ane Roadway)
Left Edge | LaneLine| Right Edge L eft Edge Centerline Right Edge L eft Edge Centerline Right Edge
Austrdia | 12(5in.) 8(3in.) 12 (5in.) 12(5in.) 15(6in.) 12(5in.) 12(5in.) 10 (4in.) 12(5in.)
Belgium | 30(12in) | 20(8in) | 30(12in) | 30(12in) 20(8in.) 30(12in) | 20-25(8-10in)| 15(6in) 30(12in.)
Denmark | 30(12in.) | 15(6in.) | 30(12in) | 30(12in.) 10 (4in.) 30(12in.) 30(12in.) 10 (4in.) 30(12in.)
Finland | 20(8in) | 10(4in) | 20(8in) 20 (8in.) 10 (4in.) 20 (8in.) 10 (4in.) 10 (4in.) 20 (8in.)
France 225(9in.)| 10(4in) | 20(8in.) 18(7in.) 10(4in.) 20 (8in.) 18(7in.) 10 (4in.) 20 (8in.)
Germany | 15(6in) | 15(6in) | 30(12in) |12-25(5-10in.) | 12(5in) | 12-25(5-10in) | 12-25(5-10in.)| 12(5in) | 12-25(5-10in.)
Hungary | 20(8in) | 15(6in) | 20(8in) 20 (8in.) 12 (5in. 20(8in.) 20 (8in.) 12 (5in. 20 (8in.)
Iceland There are no motor ways. 10-20 (4-8in.) | 10-20 (4-8in.) | 10-20 (4-8in.) | 10-20 (4-8in.) | 10-20 (4-8in.) | 10-20 (4-8in.)
Irdand | 15(6in) | 10(4in) | 15(6in) 15 (6in.) 10 (4in.) 15 (6in.) 15 (6in.) 10 (4in.) 15 (6in.)
Mexico 10(4in) | 10(4in.) | 10(4in) 10 (4in.) 10 (4in.) 10 (4in.) 10 (4in) 10 (4in.) 10 (4in.)
Netherlands| 20(8in) | 15(6in) | 20(8in) | 10-15(4-6in) | 10(4in) 10-15 (4-6in.) | 10-15(4-6in) | 10(4in) 10-15 (4-6 in.)
Singapore | 30(12in.) | 10(4in.) | 30(12in.) 20 (8in.) 15(6in.) 20 (8in.) 20 (8in.) 15(6in.) 20 (8in.)
Sweden | 20(8in) | 10(4in) | 20(8in.) 10(4in) | 10-15(4-6in.) 10 (4in.) 10-15 (4-6in.) | 10-15(4-6in.) | 10-15(4-6in.)
Switzerland | 20(8in) | 15(6in) | 20(8in) |20-25(8-10in.) | 15-20 (6-8in.) | 20-25 (8-10in.) | 15-20 (6-8in.) | 10-15(4-6in.) | 15-20 (6-8in.)
KliJr?gi]ge:m 20(8in) | 10(4in) | 20(8in) | 15-20(6-8in) | 10(4in) 15-20 (6-8in.) | 10-15(4-6in.) | 10-15(4-6in.) | 10-15(4-6in.)

Notes: Figure 4 illustrates the varying white line widths of centerlines and edge lines on motorways (freeways) based on the information in Table 4. Data provided in

metric units. Converted to U.S. units and rounded to nearest whole inch.

are yellow markings used for parking prohibition and yel-
low-orange markings and orange retroreflecting road studs
used for road work. The reasons for changing to an all-white
system included:

* Making the system in line with international conven-
tions, agreements, and protocals;

* Achieving internal consistency; and

* Making the system more consistent with the increas-
ingly complex problems they were experiencing.

The problems encountered after converting to an all-white
system include:

* Wear and tear of markings, and

* Lack of conspicuity in particular cases, such as adverse
weather conditions and lack of contrast on concrete
pavements.

France

France converted to a predominantly all-white pavement
marking system in 1972. Before that time, some roadway
markings were yellow, some were white, and some were not
marked. France uses temporary yellow markings for con-
struction. French officials noted that the main benefits of an

all-white system are no lead-chromate pigment and increased
visibility of the all-white pavement markings.

Hungary

Hungary has had a predominantly all-white pavement
marking system since 1970, and their pavement standards
follow the European guidelines. Since 1984, Hungary has
used yellow markingsfor parking regulations, bikeways, and
for temporary markings. The system appears to be well
understood; some studies have been conducted to examine
the factorswhich cause problems such ashow well the mark-
ings are seen by the driver and the removal of old markings.

Iceland

Iceland has had a predominantly all-white pavement
marking system since 1995. Their primary reason for chang-
ing wasinsufficient luminance from the yellow markingsand
because most of the European countries use white markings.

Norway

In November 1999, Norway was considering converting to
an al-white pavement marking system and conducted a
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Figure4. Comparison of white pavement marking widths on motorways.

study to evaluate the benefits of changing to an all-white sys-
tem (3). The reasons for the study were

* Norway's road marking system was not in compliance

with European agreements and the practice in other
European countries,

» white and yellow markings differ in visibility proper-

ties, and

* experience has shown that the two-color system com-

plicates and increases the cost of road markings (3).

The conclusions drawn at the end of the study are summa-

rized below:

The Norwegian road marking system is not in compli-
ance with European agreements.

Driversneed aretroreflection coefficient RL (visibility in
darkness) for centerlines of at least 80100 mcd/m?/Iux,
with higher values desired. Comparisons indicate the
visiblelength whitelinesin darknessto be notably greater
than the visible length of yellow ones.

A change to one-color (white) road markings is esti-
mated to give asaving of closeto 10 million 1996 kro-
ner per annum (approximately $1.1 million per year).
A change to white centerlines would raise the center-
lines to a much higher degree of retroreflectivity. The
cost was estimated at an additional 30 million kroner
(approximately $3.3 million) for the country, but main-

TABLE 6 Driving side of the road

Country Side of the Road on Which They Drive
Australia Left
Austria Right
Belgium Right
Denmark Right
Finland Right
France Right
Germany Right
Hungary Right
Iceland Right
Ireland Left
Itay Right
Mexico Right
Netherlands Right
Singapore Left
South Africa Left
Sweden Right
Switzerland Right

United Kingdom

Left
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left line wi
lane line S wi
right line wi

Figure5. White pavement marking lengths and gaps on motorways and

dual carriageways.

tenance needswould be gresatly reduced. Also, night vis-
ibility would improve.

Based on the current road marking method, a change to
one color would allow quicker installation of new mark-
ings after repaving.

A majority of Norwegian road users prefer the two-
color system and rank the use of the yellow centerline
higher than the road marking conformity across country
borders. However, only 6 percent expect to find it hard
to adjust to white centerlines.

From the analyses made, neither positive or negative
traffic safety impacts can be ascertained for the two-color
system compared to an all-white system.

A changeto aone-color systemwill result in some, but
not very notable, improvements in working environ-
ments for road crews and in environmental pollution.

* A changeto an all-white systemisnot expected to imply
significant changes in the use of symbol and line com-
binations.

Later in 1999, the Ministry of Transport stopped the change
from yellow to white pavement markings for the centerline
due to the difficulties associated with implementing such a
major change in the pavement marking system.

Sweden

Sweden converted to an all-white pavement marking sys-
temin 1967. At that time, they also switched from driving on
theleft side of theroad to driving on theright side of theroad.
They developed a program to address the educational issues

edge line wi
centerline.  wi
i

edge line wi

Figure 6. Passing markings for single carriageways.
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TABLE 7 Motorway linelengths

Length of Indicated Line (meters)
Country Left Edge LaneLines Right Edge
Length Gap Length Gap Length Gap
Australia - - - - - -
Belgium Continuous - 25 10 Continuous -
Denmark Continuous - 5 10 Continuous -
Finland Continuous - 3 9 Continuous -
France Continuous - 3 10 38 14
Germany Continuous - 6 12 Continuous -
Iceland - - - - - -
Ireland Continuous - 4 8 Continuous (yellow) -
Mexico - - - - - -
Netherlands Continuous - 3 9 Continuous -
Singapore Continuous - 20 100 Continuous -
Sweden Continuous - 3 9 Continuous -
Switzerland Continuous - 6 12 Continuous -
United Kingdom | Continuous - 2 7 Continuous -
TABLE 8 Dual carriageway line lengths
Length of Indicated Line (meters)
Country Left Edge LaneLines Right Edge
Length Gap Length Gap Length Gap
Australia Continuous - 3 9 Continuous -
Belgium Continuous - 25 10 Continuous -
Denmark Continuous - 5 10 Continuous -
Finland Continuous - 3 9 Continuous -
France Continuous - 3 10 20 14
Germany Continuous - 4 8 Continuous -
Iceland Continuous - 3 9 - -
Ireland 2 (yellow) 2 (yellow) 4 8 2 (yellow) 2 (yellow)
Mexico Continuous - 5 10 Continuous -
Netherlands Continuous - Continuous -
spoe | Cumoasymon | g | | Cpinaeon |
Sweden 1 2 3 9 1 2
Switzerland Continuous - 6 12 Continuous -
United Kingdom Continuous - 2 7 Continuous -




TABLE 9 Singlecarriageway linelength for passing markings
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Length of Indicated Line (meters)
Country Edgeline Broken Centerline
Length Gap Length Gap
Australia Continuous 3 9
Belgium Continuous - 25 10
Denmark Continuous 5 10
Finland Continuous - 3 9
France 3 35 3 10
Germany 4 8.0
Iceland Continuous 2 6
s | gt [ zgment |
Mexico 5 10
Netherlands Continuous -
Srgpoe | Copmoyen | Coouyein | g7 | ar
Sweden 1 2 1 2
Switzerland Continuous 3 6
United Kingdom Continuous 3 6

associated with the change; however, the program focused
on changing sides of the road rather than on changing from
yellow to white pavement markings. The Swedish official
also noted that white lines are sometimes not visible during
snow conditions.

Conclusions

The use of al-white pavement markings for longitudinal
lines iswidely accepted in 17 of the 22 countries contacted,
and only one official contacted expressed a concern regard-
ing driver understanding of one pavement marking color.
However, the design of the markings varies from country to
country, particularly for passing and no-passing indications.
Asaresult, thereisno standard system of all-white pavement
markings, even within the European continent.

CURRENT U.S. MARKING PRACTICES

The potential implementation of an all-white pavement
marking systemwould impact all of thetransportation agencies
in the United States, along with the private sector. Therefore,
the research plan included efforts to identify current practices
and identify potential impacts on both agenciesand the private
sector. Information on current practices came from two efforts:

1. Survey of agencies and the private sector and
2. Stakeholders workshop.

In addition to these efforts, the researchersrelied on pave-
ment marking information gathered as part of an NCHRP
synthesis project that was ongoing at the same time as the
research.

Public- and Private-Sector Surveys

In the Fall of 2000, the researchers distributed, through
email, a survey of pavement marking practices. The survey
was sent to individuals at state and local transportation agen-
cies and to individuals in the pavement marking industry.
Therewere 18 responsesfrom public agenciesand 4 responses
from manufacturers and suppliers. There were 17 questions
in the public agency survey and 10 questions in the private-
sector survey. The difference in the number of questions can
be accounted for by the fact that the public-sector agency sur-
vey included numerous questions related to the size of an
agency’s road network and the extent to which those roads
were marked. These questionswere asked in order to provide
data for a potential economic analysis of implementing an
all-white pavement marking system.

Some of the key findings from the surveys include the
following:



Themaost common striping materials used by therespond-

ing agencies include

» water-based paint,

» thermoplastic,

> €poxy,

» tape, and

» ceramic buttons and retroreflective raised pavement
markers.

Agencies appear to be moving toward contractor-
applied markings. Those agencies that apply their own
markings generally used only paint.
The costs of pavement markings is highly variable
between agencies. Table 10 presents a comparison of
some of the cost information provided by agency respon-
dents. Some of the cost information provided by agen-
ciesrepresented detailed costs, while data provided by
other agencies were generalized information.

Information from the private sector indicated significant

variability in the price of pavement marking materials,

depending upon the material content. For example,

» AASHTO specification thermoplastic prices (in 2000)
averaged $565/ton for white, $515/ton for leaded yel-
low, and $700/ton for lead-free yellow.

» Water-based fast dry paint isabout $4.50/gal, and low
volatile organic compounds (VOC) solvent-based is
$6.25/gal.

As expected, replacement cycles for markings varied

greatly depending upon the type of marking, type of

road, traffic volume, and whether the agency is located
in the snowbelt.

» Paint is generaly replaced every year. At some loca
tions, high traffic volumes require painted markings
to be applied more than once per year.

» Thermoplastic is generally replaced on 2- to 8-year
cycles. Durability of thermoplastic is significantly

affected by the thickness of the marking and the pave-
ment surface.
» Epoxy isgenerally replaced on 2- to 5-year cycles.

* Environmental issues are a concern to both public and

private sectors, but more so with the private sector. The
private sector hasinvested significant capital into devel-
oping yellow marking materials without lead.

The last six questions of the survey asked for input and
opinions regarding an all-white pavement marking system.
Some of the most significant of these comments are described
on the following pages.

* What issues do you think should be addressed in a

feasibility study of all-white pavement markings?
» Motorist understanding of markings

« Older driver habits and differentiation between yel-
low and white.

« Driver expectation of yellow on left (especially
centerlines) and the implicit warning of opposing
traffic flow (seriousness of head-on accidents).

» The ability of new and existing motorists to learn
and retain the meaning of the various pavement
marking patterns of an all-white system will be a
key factor.

« Changing to all-white markings would require
changes in Department of Motor Vehicle statutes
and training materials. Public outreach would be
necessary.

« Will the public accept the change?

« Drivers have been using yellow as a centerline for
more than 30 years.

« Someone (FHWA, I TE, state transportation depart-
ments, professionals) will need to be more respon-
sible for a better educational effort than is being
done with the two-color system.

TABLE 10 Summary of pavement marking costs

Material Installation Color Low | Average | High
White 0.02 0.08 0.34

Agency
] Yellow | 0.02 0.09 0.34

Water-based paint

White 0.03 0.07 0.18

Contractor
Yellow | 0.03 0.07 0.18
White 0.00 0.18 0.30

Agency
) Yellow | 0.00 0.18 0.30

Thermoplastic

White 0.11 0.36 0.55

Contractor
Yellow 0.1 0.35 0.55
White 0.13 0.34 0.50

Epoxy Contractor
Yellow | 0.13 0.31 0.45

Note: Costs are $/LF.




» Implementation

« How will drivers know what to do during imple-
mentation when both yellow—white and all-white
systems arein place?

« Would existing yellow paint have to be removed
or would the application of the white paint over
the existing marking work considering the poten-
tial for bleed through and failure to fully cover the
old marking?

« Will we haveto install additional markings such as
arrows because of directional issues?

« What patterns can be used to convey the message
now communicated by yellow?

« How long should existing yellow markings be per-
mitted to remain?

« What about roads where raised pavement markers
and buttons are used as a replacement for painted
lines? Costs of converting these would be much
higher.

« Possible use of yellow raised pavement markers
with the white centerline markings to “keep” the
yellow meaning, at least through a suitable number
of yearsfor driver adjustment and acceptance.

« Transition period should be short—do not drag it
out.

« Implementation should not begin until 100 percent
of state and local agencies have made the necessary
changes to laws, codes, and ordinances. A nation-
wide implementation deadline needs to be estab-
lished so that the change is universal.

« If all the current yellow markingswere converted to
white, this would put a large and sudden demand
into the market place for components used exclu-
sively in white thermoplastic. In particular, the
increased demand for titanium dioxide (TiO,) would
have to be addressed. Thiswould include analyzing
the ability of TiO, suppliersto meet a 40 percent or
so increase in demand and the effect on the price of
TiO,. The price of an all-white marking system
might increase to the point where it would be more
expensive than the current yellow—white marking
system.

» Cost impacts and efficiency

« What is the cost of and who will fund the yellow-
to-white conversion?

« Need cost and efficiency comparisons between
one-color and two-color systems.

« One color will be less expensive than two colors.
But implementation costs would be high. What is
the payoff period?

« A one-color system would make it easier for con-
tractorsto stripe in lesstime.

>

>
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lane lines are unimportant, they are probably not
as important as the centerline on a two-way undi-
vided roadway. Will the white marking, when used
as a centerline marking on a concrete roadway, be
sufficiently visible?

« White is more visible at nighttime and foggy con-
ditions.

« White will make it easier to meet minimum retro-
reflectivity requirements.

« How beneficia isthe increased retroreflectivity of a
white centerline or left line edge line if the motorist
aready has a right edge line or skip line of the
same retroreflectivity to provide roadway align-
ment information?

Environmental

« Clean up/removal and disposal—heavy metals (leads
and chromates) are contained in yellow thermo-
plastic.

Safety

« |Is there a documented safety benefit to using all-
white?

* Advantages associated with an all-white pavement
marking system.

>

Reducesthe amount of material typesto be stocked or
ordered.

Eliminates the need to change or clean equipment
when converting colors. Will improve productivity of
installation.

Whiteismore visible.

White is lead- and chromate-free (more environmen-
tally friendly).

Would eliminate the problem of yellow markings that
look white at night.

If the majority of the public does not have an under-
standing of the yellow—white system, thenif wechange
to a single color, it will be easy to implement and
would have a high comprehension rate among the
public.

Fewer Occupational Safety and Health Administra-
tion (OSHA) and Environmental Protection Agency
(EPA) requirementsto deal with during the manufac-
turing process.

* Disadvantages associated with an all-white pave-
ment marking system.

>

>

Theinformation on direction of travel in agiven lane
provided by the current yellow—white combination
would be lost. Motorist understanding (or misunder-
standing) and adaptation to an all-white system may
a so be a disadvantage.

If al-white pavement markings were implemented,
there would be considerable cost to replace existing
yellow markings, including removal, disposal, and /or

» Visihility
« White markings are often not as visible on con-
crete roadways as yellow markings. Not to say

storage.
» Therewould need to be amajor driver education cam-

paign.
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» White markings become dirtier faster.

» White does not have good contrast on concrete or
light-colored pavements.

» The single disadvantage is the possibility of wrong-
way movements. However, thismay be overcomewith
signing.

» Additional signing may be necessary.

» Driverswould have to understand a greater variety of
pavement marking patterns.

Stakeholders Workshop

A stakeholders workshop was held in January 2001 in
Arlington, Virginia, to identify and discuss issues and con-
cerns related to the potential implementation of an al-white
pavement marking system. A total of 29 participantsfromthe
public and private sector took part in the all-day workshop.
The workshop began with some introductory information
about the project and the findings from research activities
that had been conducted to date. After the presentations, the
group began open discussions on various issues associated
with yellow—white and all-white pavement marking systems.
These discussionstouched on awide variety of issuesand the
discussions were not always neatly organized by topic. The
major findings of the workshop are described below and orga
nized according to the major issues associated with the poten-
tial implementation of an all-white pavement marking sys-
tem. It should be noted that these findings represent the
opinions of the workshop participants. They may not accu-
rately represent real-world conditions.

* International Practices

» European traffic control device systemsoperate under
different philosophies than the U.S. system.

» European headlights provide much less light above
the horizontal than U.S. headlights. This requires
Europeans to rely more on pavement markings.

» Many European countries place amuch higher empha
sis on pavement markings.

« European countries use the concept of horizontal
signing (signing information on the pavement sur-
face) to amuch greater extent than does the United
States.

« European countries maintain their pavement mark-
ings to a higher level than most agencies in the
United States.

» European pavement marking colors:

« There is no single all-white system for the entire
European continent.

« Yellow markings are used in many countries for
work zone applications.

» Thereisless concern with tort issuesin Europe.

« Experimentation with traffic control devicesismore
common.

« Variations from guidelines is a less significant
occurrence.

* Institutional Issues
» No one has made a convincing argument for imple-

menting an all-white pavement marking system.

» Any recommendations to implement an all-white

marking system must address the issues of concern to

public agencies. Factors that need to be shown or

demonstrated include:

« Implementation of an all-white marking system
would improve safety or have no negative impact
on safety.

« Implementation of an all-white marking system
would increase driver understanding of the mean-
ing of pavement markingswhen compared to driver
understanding of the current yellow—white system.

« The cost of implementing an all-white system
would be negligible or, if significant, would result
in improvements (safety, maintenance, etc.) that
justify the additional expense.

« The transition to an all-white system could be
implemented in such a manner to allow the legisla-
tive, driver education, and application demands to
be handled in a reasonable manner.

» The perceived benefits to implementing an al-white

marking system are as follows:

« Drivers do not have an adequate understanding of
the current yellow—white system, and an all-white
system may increase comprehension levels.

« An all-white marking system has greater visibility
benefits.

— Yellow has alower retroreflectivity than white,
yet it is the more important marking because it
separates opposing traffic.

— Yellow markings get less light from vehicles
because they are located on the left side of the
vehicle.

— The costs of meeting minimum retroreflectivity
levelsfor yellow may be too high.

« White may be amore durable material.

— Caolor of yellow markings shifts more during the
servicelife.

— The life of many marking materials are now
longer and this provides greater opportunity for
changes in the color of yellow markings during
their life.

« Yellow often has greater concentration of poten-
tially hazardous materials.

— Many yellow markings contain lead in someform.

— Many yellow markings require specia handling
in production and removal processes.

» Thetwo-lane, two-way roadway providesthe greatest

challenge in implementing an all-white pavement
marking system.
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» Itiseasier to add improvementsto the current yellow—
white system than to change it to an all-white system.
* Driver Comprehension
» Driver understanding of yellow—white and all-white
marking systemsisacritical piece of information that
must be determined before any implementation of all-
white markings can be redlistically considered.

« Do yellow markings provide greater contrast when
snow is on the road?
« Yellow markings begin to appear white as the dis-
tance to the marking is increased.
» Minimum retroreflectivity:
« Implementation of minimum retroreflectivity guide-
lines may require that yellow markings be replaced

» Changing to all-white markings means that pattern
will be the primary communication technique instead
of using a combination of color and pattern asis cur-
rently done with yellow—white markings.

more often than white markings. Thiswill increase
the costs of maintaining markings. White might be
replaced on the same cycle as yellow even though
there may be life remaining in the white marking.

* Materials » Improving pavement marking retroreflectivity hasnot
» There are environmental concerns with yellow mark- been shown to reduce crash rates.
ings. . . * Color
« It is difficult to dispose of lead and chromium » Yellow markings haveless durable color performance

paints.

« Most current yellow thermoplastic material con-
tains lead.

« Removing yellow markings may require special
precautions because of potentially hazardous mate-
rials that may be in some yellow markings.

» Lifespan of current durable marking materials creates

an implementation transition challenge.

« Agencieswill not want to replace durable markings
with significant life remaining.

« Longer life of durable materials creates situations
where changes in the material’s color and retro-
reflectivity are more common because of the length
of time durable markings are on the road. When
markings were applied on a frequent basis, there
were less opportunities for the material color and
retroreflectivity properties to change dramatically.

» UV light will impact white epoxy materials, but not

other white materials.

* Visibility and Retror eflectivity

» Visibility at night is more critical because there are

fewer driving cues.

» White markings:

« White markings have higher retroreflectivity than
yellow.

« White markings have poor contrast on light-col ored
concrete pavements.

« Black contrast material can be used to improve
contrast.

» White markings are better for older drivers because
of their greater visibility.

» Yellow markings:

« Yellow markings have lower retroreflectivity than
white.

« Yellow markings are located on the |eft side where
there is less illumination from headlights. When
combined with the lower retroreflectivity level of
yellow, this produces even lower marking luminance
values.

than white.

« Thereiswide variation in the color of yellow pave-
ment marking materials.

— Thisisespecialy true for lead-free yellow mate-
rials.

FHWA and the American Society for Testing and

Materials (ASTM) arelooking at defining daytimeand

nighttime color specifications for pavement markings.

« The ahility to conduct field measurements of pave-
ment marking color is limited.

« The FHWA proposed rule on color specifications
was intended to establish end-of-service life color
limits.

Current color measurement of marking materials is

done in laboratories without beads. This provides a

different measurement result than a field measure-

ment of marking color with beads at driver viewing

geometry (30 m).

Glass beads have an impact on the reflected color.

Reflected color of markings depends upon the view-

ing geometry.

* Alternative Systems
» Consider using a double line to indicate separation of

opposing traffic.

» Drivers are unlikely to recognize the difference in

meaning between 4-, 6-, or 8-in. lines.

» As lines are restriped, they sometimes become
wider due to the difficulty of exactly tracing the
original line. Asaresult, a4-in. line may become a
5-or 6-in. line.

« A wider line reduces the usable width of the pave-
ment surface.

« Many agencies are aready using wider lines in
place of the normal 4-in. line.

» Need to consider whether thereis an all-white system

that would not require more marking material thanthe
current yellow—white system.

» Supplemental devices:
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« What supplemental marking symbols, delineators,
and signs will be needed to implement all-white
markings?

« May need to make changes in signing code to dis-
tinguish one-way from two-way roads.

« May need to require the No-Passing Zone pennant
for no-passing zones.

* |temsfor Research Study

>

>

Need to evaluate current patterns with all-white mark-
ingsto show you can't just paint over the old markings.
Survey should consider the needs of the rural states
(Wyoming and |owa were mentioned).

Survey should have questions that address marking
patterns only.

Workshop participants would like to review the sur-
vey instrument before it is finalized.

Add a question at the end of the survey—How can
markings be improved?

Researchers should contact previous researchers to
find out what they learned that is not in their reports.

For all-white to be implemented, need to prove that
white is safer than yellow or that yellow is less safe
than white.

We should seek input from an attorney regarding
implementation issuesif an all-white pavement mark-
ing system isfound to be feasible.

* Implementation | ssues

>

>

The research should demonstrate why an all-white
system using the same quantity of marking material
asthe yellow—white pavement marking system would
be more effective than the yellow—white system or an
all-white system using a greater amount of marking
material.

If this research shows some feasibility for all-white

markings, then ssimulator and field studies should be

conducted prior to implementation.

Funding issues:

« The FHWA must follow the 1995 Unfunded Man-
date Act when enacting changestothe MUTCD. This
may limit the ability to implement any all-white sys-
tem that would increase the costs to agencies.

Implementing all-white markings would require the

MUTCD to be changed.

« Changes in the national MUTCD would have to be
followed by changesin state MUTCDs and supple-
ments.

« The FHWA would have to conduct rulemaking to
change the MUTCD and respond to public com-
ments.

« When the MUTCD is revised, the actual implemen-
tation of all-white markings would have to be sched-
uled to occur within a specified transition period.

After the MUTCD ischanged, statelegislatureswould

have to change the applicable laws and regulationsin

many of the 50 states.

« Thiswould haveto be done before all-whiteimple-
mentation could begin.

« Some state |egislatures meet only every 3 years.

« Changesin state lawswould have to be coordinated
with the MUTCD changes.

» Several organizations would have to be heavily
involved in theimplementation of all-white markings.
A partial list of organizations includes:

« National Committee on Uniform Traffic Laws and
Ordinances,

« Association of American Motor Vehicle Adminis-
trators,

« National Committee on Uniform Traffic Control
Devices, and

« FHWA.

» Implementation periods:

« Industry isprobably not capable of implementing all-
white markingsin a 1-year period. Bead companies
have difficulty keeping up with current demand.
Contractors are spread thin in many aress.

» 2 to 5 years of advance notice of implementation
should be provided to allow agencies to maximize
durable products already in the field.

« Theactual implementation period should be short—
lor2years.

« Need to provide early implementation option for
new construction that is completed before the
implementation period formally begins.

« May want to transition implementation according
to the class of highway.

» Raised pavement markers (RPMs):

« Many agencies will have to replace or modify a
large number of RPMs to implement an all-white
marking system.

« Can an al-white system be simulated by using only
buttons and RPMs?

At the end of the workshop, the moderator asked each of
the participants whether they supported, opposed, or were
undecided on the issue of implementing all-white pavement
markings. Each participant offered comments to support
their opinion. A few of the key comments associated with
each of the positionsinclude:

* Support implementing all-white markings:

» Issue is worthy of further evaluation. To implement,
all-white markings must have measurable benefits.

» Manufacturers would prefer dealing with only one
color, and white is the better color.

» All-white markings have better color, higher retro-
reflectivity, and they are less hazardous.

» Many of the yellow markings currently in use look
white and don't cause any problems for drivers or
agencies.



The only major issue that needs to be overcome is
markings for two-lane, two-way operation.

It may take many yearsto bring an all-white pavement
marking system to implementation and the yellow—
white system should beimproved while preparing for
implementation.

Driver education needs to be a critical element of
implementation.

Provides an opportunity to add emphasis on the
importance of pavement markings.

Oppose implementing all-white markings:

>

>

Converting to al-white hasasignificant budget impact.
Need to improve the current system, not to change
systems.

The resources needed to implement all-white mark-
ings would be better spent improving the current yel-
low—white system.

Safety of current system could be improved through
the use of horizontal signing (signing through pave-
ment markings).

Undecided about implementing all-white markings:

>

Use of RPMsfor lane lines and centerlines will make
it more difficult and expensiveto implement all-white
markings. Can't just restripe over old markings.
Thereisnot enough information to make aninformed
decision. Lack of driver understanding datais signif-
icant.

Nonperformance issues, such as the need to change
state laws, may have greater impact on implementa-
tion than marking performance aspects.

Any benefitswill berealized over along-term period.
Should not implement all-white pavement markings
without knowing the safety impacts.

Concern over environmental issues is overblown.
Impacts of RPMs on implementation has been under-
stated.
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NCHRP Synthesis

At the same time that this feasibility study of all-white
pavement markings was underway, NCHRP was also spon-
soring a synthesis study of long-term pavement marking
practices (4). This synthesis report describes many different
practices and provides much valuabl e information about cur-
rent practices. Typical costs of pavement markingsis one of
the most valuable pieces of information in this report, as it
relates to an assessment of all-white pavement marking sys-
tem feasibility. Table 11 presents the cost information con-
tained in NCHRP Synthesis 306 (4). This information con-
firms the wide range of costs associated with pavement
markings in the United States.

Color Specifications for Pavement Markings

In December 1999, the FHWA published a proposed rule
that presented in-service color specificationsfor daytime and
nighttime color of pavement markings (5). These color spec-
ifications were intended to define the end-of-service life for
pavement markings in the field. At the conclusion of this
research project, the FHWA had not issued afinal rule onthe
color specifications.

However, the ASTM recently published a standard speci-
fication for the color of pavement marking materials (6). This
specification establishes both daytime and nighttime color
requirements for markings and applies through the life of the
markings. The existence of an ASTM specification does not
obligate an agency to meet those requirements. However,
the specification may be viewed by some as an “industry-
accepted standard.” The values in the ASTM specification
are amost the same as those in the FHWA proposed rule.

There have been no evaluations of in-service color of yel-
low pavement markings, so there is no clear understanding
of how existing markings will meet the requirements. Nor is

TABLE 11 Cost information from NCHRP synthesis

Material Application Number Typical ($/ft) Range ($/ft)
] State Forces 24 0.05 0.02-0.20
Waterborne paint

Contractor 21 0.08 0.02-0.18
State Forces 6 0.05 0.04-0.08

Solvent paint
Contractor 8 0.08 0.02-0.15
Epoxy Contractor 14 0.27 0.09-0.65
Preformed tape - flat Contractor 11 1.59 1.01-2.00
Preformed tape - profiled Contractor 15 2.34 1.50-3.10
Thermoplastic Contractor 20 0.34 0.10-0.85

Notes: Adopted from Reference (4).

Only costs for materials with more than 5 survey responses were included in this table.
All responses were from state agencies. There were fewer than 4 city or county agencies that responded for any

particular material.
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there a clear understanding of the impact of in-service color
requirements on the life of yellow markings. It is possible
that in-service color requirements may significantly reduce
the service life of markings that meet the color requirements
when initially installed. This may require agenciesto imple-
ment more expensive yellow marking materials.

Minimum Levels of In-Service Retroreflectivity

The 1993 Department of Transportation Appropriations
Act requiresthe DOT to revisethe MUTCD to include astan-
dard for a minimum level of retroreflectivity that must be
maintained for pavement markings. The FHWA has con-
ducted some research that has resulted in research recom-
mendations for minimum values (7). FHWA is continuing to
conduct additional research to determine the most appropri-
ate minimum valuesfor inclusionin aproposed rule. A value
of 100 mcd/m?/lux is the highest retroreflectivity in-service
valuefor yellow in the research recommendations. Thisisan
achievable minimum retroreflectivity value for most combi-
nations of binders and beads, although it may require some
agenciesto replace yellow markings more often. The FHWA
recently gathered information on the minimum initial values
used by some states for evaluating the quality of newly
installed markings. Initial retroreflectivity values for white
markings range from 175 to 700 mcd/m?lux, depending
upon the state, the type of marking material, and the time
frame in which the retroreflectivity is measured. For yellow
markings, the initial retroreflectivity values range from 100
to 350 med/m?/lux.

Pavement Marking Materials

Various materials have been used over the years for pave-
ment markings. All the types have consisted of basicaly the
same components, aresin or binder, a pigment, and a solvent.
A resin or binder isused to hold the pigmentstogether inafilm
aswell as provide adherence to the roadway. Pigment is used
to impart color to the marking as well as provide hiding and
various chemical aspects such as UV resistance. Solvent is
typically used to add fluidity to the material to make for ease
of handling. The various pavement marking types have typi-
cally been known by thetype of resin or some characteristic of
theresin that is present, for example, solvent-based or water-
based. Pavement marking materials have evolved substantially
from the paint materials used in the early part of the twentieth
century. Today, there are awide variety of materials that can
be used for pavement markings. Table 12 lists the common
marking materials and the findings of arecent survey indicat-
ing the extent of use among state transportation agencies (4).

Recent federal regulations have significantly reduced the
use of two marking materials that were widely used in the
past. In September 1999, the EPA issued regulations limiting
the VOCs in long-line pavement markings to 150 g/I. This
essentially requires that agencies and contractors eliminate
the use of solvent-based marking materials or pay the neces-
sary exceedance fees. Agencies are now using water-based or
durable marking material sinstead of solvent-based materials.

The other major change in pavement marking materialsis
the most significant one related to the issue of an all-white
pavement marking system. Y ellow markings were originally
created through the use of a lead-chromate pigment. Lead-
chromate pigment can be present in latex or alkyd paint, and

TABLE 12 Useof marking materialsin state transportation agencies

Cold Applied Plastic

Type of Longitudinal Marking Material Number of States' Per centage’
Water-based Paint 33 89%
Thermoplastic 30 81%
Preformed Tape - Profiled 20 54%
Preformed Tape - Flat 19 51%
Epoxy 19 51%
Solvent-based Paint 13 35%
Methyl Methacrylate 9 24%
Thermoplastic - Profiled 9 24%
Polyester 5 14%
Polyurea 2 5%
1

3%

Notes:

IA total of 37 states responded to the survey. States could indicate more than one material used.

2Totals add up to more than 100 percent.
Source: Adapted from Reference (4).



is used to get the vibrant golden yellow that has been associ-
ated with highway centerlines for years. As transportation
agencies became more environmentally consciousin thelate
1980s (astheresult of encouragement from the EPA), theuse
of lead in marking materialswas questioned. Thisresulted in
amove away from paint with lead in it.

In an attempt to shift fromlead chromate, organic dyeshave
been used. It has sometimes proven difficult to provide acolor
that is recognized as yellow in day and night conditions with
organic dyes; the problem has been to get an organic dye that
has enough color fastness to last the life of the paint without
being too expensive. Providing the necessary hiding isalso dif-
ficult; asthe dyes have virtually no hiding capability.

Other environmenta challengesassociated with lead in yel-
low marking materials include worker protection and the
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treatment of yellow marking materialswhen they areremoved.
Worker protection issues fall under the OSHA regulations.
Worker safety concernsarerelated to exposureto lead through
spraying paint with lead or removing paint with lead. The
rules assume an exposure until there is proven by testing to
be no exposure above the action level. The Resource Con-
servation and Recovery Act (RCRA) regulates the disposal
of solid waste that containslead. Specifically, the solid waste
has to be tested for leachability for lead and chromium or
other heavy metals identified by RCRA as a characteristic
waste. This means that when lead-containing paint is eradi-
cated from the roadway, it has to be collected and analyzed
prior to disposal. It cannot beleft ontheroadway. If it leaches
more than 5 ppm, then it has to be treated to a nonhazardous
condition prior to disposal.
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CHAPTER 3
DRIVER UNDERSTANDING

Aswith any part of thetraffic control device system, there
are many factors that affect the effectiveness of a pavement
marking. Certainly, visibility of a pavement marking is one
of those factors. However, seeing a marking is only the first
step; drivers must also know the meaning of pavement mark-
ings or the meaning must be inherently understandable in
order to function at an optimal level. In fact, astudy of traffic
sign symbols suggested that comprehension, or understand-
ing, isthe most important criteriain the overall effectiveness
of atraffic sign (8). Therefore, acritical element in assessing
the potential impacts of implementing an all-white pavement
marking system is to determine driver comprehension of the
current yellow—white pavement marking systemin the United
States and compare that to potential driver understanding of
an al-white system.

Asoriginally proposed, thisresearch project intended torely
upon previous research to assess driver understanding of pave-
ment markings and the potential effectiveness of various all-
white pavement markings. However, although that review did
identify previous research on driver understanding of pave-
ment markings, much of it was too old or did not address the
specific issues of color understanding. Therefore, the research
was modified to conduct an extensive evaluation of driver
understanding of:

« the current yellow—white pavement marking system,
including:

» understanding of the direction message conveyed by
yellow and white and

» understanding of the passing restrictions conveyed by
marking patterns,

« the potential effectiveness of an all-white pavement
marking system, including:

» directional messages and
» passing restrictions,

* identification of potential enhancements that could be
implemented to improve yellow—white or all-white pave-
ment marking systems, and

« drivers opinionsof pavement marking issues, including
the potential conversion to an all-white pavement mark-
ing system.

This chapter summarizes the findings from the two efforts
in this area: (1) evaluation of previous research on under-

standing of pavement markings and (2) evaluation (through
a survey) of current drivers’ understanding of pavement
markings.

PREVIOUS RESEARCH

Early in this study, the researchers evaluated previous
research on driver understanding of pavement markings. The
researchers identified 10 major studies in the last 35 years
that evaluated various aspects of the extent to which drivers
understand pavement markings. The results of the analysis
were presented in the interim report and are included in this
report as Appendix B.

The effort identified a limited number of previous studies
on driver understanding of pavement markings, particularly
with respect to the system-type issues. The system perspec-
tive of comprehension information was needed for this study
in order to assess various elements of the yellow—white sys-
tem and the identification of potential alternativesfor an all-
white pavement marking system. Furthermore, many of the
studies that were identified were conducted in the 1970s,
when the exclusive use of yellow for separating opposing
traffic was relatively new. As such, data from those studies
could not be generalized to represent understanding of the
system today, which has been in use for 30 years. The ulti-
mate result of the review was the finding that there is not an
adequate body of recent information to determine the extent
to which drivers understand the yellow—white marking code.
Also, there was no information on the potential understand-
ing of various alterative schemes for an all-white pavement
marking system.

One of the most significant challenges of evaluating pre-
vious research efforts was the limited focus of many of these
studies. Typically, one or two questions might be asked about
pavement markings as part of alarger effort on traffic con-
trol devices or other issues. Most of the questions focused on
no-passing messages of markings and did not address the
meaning of pavement marking color. Another significant
challenge in using various studies to make pavement mark-
ing system comparisons were the differences in evaluation
techniques between studies. Differences in evaluation tech-
niques, subject samples, and the year of evaluation can lead
to differencesin evaluation results. For example, the studies



that used in-context or simulated real world images of the
pavement markings generally had higher levels of compre-
hension. The higher level swere attributed to contextual clues
found in the driving environment.

Table 13 presents a generalized summary of the findings
relative to understanding of abroken yellow centerlineand a
broken whitelaneline. Inthistable, the research studieshave
been arranged in chronological order. However, theseresults
should not be compared directly with one another. Many of
these research studies found that drivers who had attended
driver education classes had better overall comprehension of
pavement markings. Instead of directly comparing results,
these findings should be used to gain a general appreciation
of the extent to which drivers understand the pavement mark-
ing system.

In general, the previous research evaluated as part of the
all-white marking evaluation found that significant portions
of driversdo not have an inherent understanding of the color
meanings associ ated with the yellow—white pavement mark-
ing system. The following information presents some of the
researchers’ conclusions about the yellow marking color as
presented in eight of the 11 studies described in this chapter.
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« Evaluationsfor the 1971 MUTCD: “Respondents are

able to interpret the intended meanings of the form of
road markings, but, on the basis of the examples given
in this questionnaire at least, they do not apprehend the
proposed meanings for colors’ (10).

Evaluations of the marking code: “ The research find-
ings indicate that, in fact, color coding of traffic is not
“ getting across’ to the driver. Many respondents, in
defining the markings, thought that white lines are
intended to show counter traffic movement. Moreover,
most drivers did not even recognize that color does
communicate traffic movement. . . . Yellow should not
be universally used to mark the center of two-way roads.
White center markings are preferable. Yellow paint is
toxic, it represents a visibility handicap under adverse
weather conditions, and it is more expensive than white
paint. . . . Theresearch findings bring into question the
use of yellow markingsto show the separ ation of counter-
moving traffic” (11).

AAA 1979 Evaluation: “The greatest weakness in
motorists’ perception of traffic controlswasin the area
of pavement markings’ (12).

TABLE 13 Generalized summary of previousresear ch findings

Directional M essage Associated with Color
Correct Response Rate (per cent)
Study Year | First Author | Reference
Yellow White
Centerline LanelLine
Ohio 1967 Taylor 9 674897
Evaluations for .
1971 MUTCD 1972 Dietrich 10 29 6
Evaluations of
Marking Code 1976 Gordon 11 70 59
First AAA 1979 Hulbert 12 na
Second AAA | 1980 Hulbert 13 n/a
87 47°
Second TTI 1981 Womack 14
53* 45*
Wisconsin 1993 Palit 15 69 57
Kansas 1995 Stokes 16 88 52
e 50
Third TTI 1995 Hawkins 17
NE 79
72 52°
TTI Border 1999 Hawkins 18
83* 48°

Notes: 'Results from random-order presentation for complete marking system.
2Results from system-order presentation for complete marking system.

3Results for multiple-choice eval uation.
“Results rate for open-ended evaluation.
5Drivers from Mexico.

5Drivers from Texas border area.
NE=not evaluated.
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« Ohio Evaluation: “Sgnificant results were found in
many of the studies which indicated that pavement
marking systems could be devised to convey meaningful
information to the driver. ... Also, the use of color
appears to have greater potential in the long run than
the use of line shape” (9).

» Wisconsin Evaluation: “ Theseresults suggest the need
for an educational program for the general public on
the meaning of the pavement markings’ (15).

« TTI 1981 Evaluation: “In general, survey respondents
indicated a lack of understanding of the meaning of the
road marking code system. . . . Respondents showed lit-
tle understanding of the difference between yellow and
white in defining directions of travel. Additionally,
although a reasonably good under standing of markings
that do not permit passing was found, there was some
indication that the premise drivers use was the color
yellow, rather than solid versus dashed markings’ (14).

« TTI 1995 Evaluation: The researchers identified sev-
eral deviceswhereincreased emphasisin driver training
classes is needed. Among the recommendations was
one to “Emphasize the difference between yellow and
white markings and the restrictions indicated by differ-
ent marking patterns’ (17).

« TTI 1999 Border Area Evaluation: Researchers rec-
ommended several devicesfor emphasisin driver educa-
tion: Among the recommendationswas oneto emphasize
the* difference between yellow and white markings® (18).

Several magjor conclusions can be drawn from the find-
ings of the review of previous research. They include the
following:

* Thereis alack of thorough research on driver under-
standing of pavement markings.

+ Inthe 1970s, when exclusive use of yellow as a center-
line was relatively new, research indicated that signifi-
cant proportions of the driving population did not dis-
tinguish the different meaning between yellow and
white lines of the same shape.

» Thepreviousresearch supportsthe claim that the yellow—
white system could be changed because drivers do not
have a high degree of familiarity and understanding
with it.

+ Driversare not thoroughly familiar with the meaning of
yellow within the pavement marking system, but spe-
cific issues of understanding color are not adequately
addressed in previous research.

The information on previous comprehension research was
presented to the panel early in the research project. After
reviewing this and other information, the panel agreed that
the project should include an evaluation of current driver
understanding of the U.S. pavement marking system. There-
fore, the project was modified to devote asignificant effort to

this issue, including driver understanding of potentia all-
white pavement marking patterns. Driver understanding of
yellow—white and all-white markings were assessed through
adriver survey that was administered to 851 driversat 7 gen-
eral locations in the United States.

SURVEY DEVELOPMENT

The survey was devel oped over aseries of several months.
The researchers established theinitial content and format for
the survey, then proceeded to administer the survey in apilot
effort. Through pilot testing, the researchers found that the
format of theinitial survey had numerous shortcomings and
the content was too long. This led to an overhaul of the sur-
vey format and content. The survey was revised and evalu-
ated in asecond pilot effort, which determined that the revised
survey was effective.

Initial Survey Development

In developing theinitial survey, the researchers attempted
to address all of the understanding issues that needed to be
answered and to present the information to survey partici-
pants in a manner that represented a real-world condition to
the greatest extent possible.

Content

In developing the initial survey, the researchers identified
numerousitemsthat they felt should be addressed inthe eval-
uation. These included:

 Drivers ability to describe the pavement marking color
code,

* Drivers reliance on pavement marking color wheninter-
preting marking messages,

+ Drivers reliance on pavement marking patterns when
interpreting marking messages,

» Drivers ability to discern subtle differences in pave-
ment marking patterns,

+ Drivers understanding of the current yellow—white pave-
ment marking system,

 Drivers potential understanding of various alternatives
for an all-white pavement marking system,

+ The ability to increase understanding of yellow—white
or all-white markings through minor enhancements, and

* Drivers' opinion and input on pavement marking i ssues.

The initial survey consisted of 55 questions, which could
be divided into the following categories:

+ Basic understanding of the pavement marking code and
driver reliance on the code (5 questions),



+ Pavement marking patterns without color (10 questions
on 6 different marking patterns),

+ Current yellow—white pavement markings (8 questions
on 4 different marking patterns),

+ Potential aternatives for al-white pavement markings
(28 questions on 14 different marking patterns),

+ Enhancementsto the pavement marking system (2 ques-
tions), and

» General comments (2 questions).

Static graphic images were used for all questions except
those addressing the yellow—white and all-white markings.
Video clips were used for the 36 questions on yellow—white
and all-white markings. The video clips were deemed to be
necessary for two reasons: (1) the desire to present asredlis-
tic a scenario as possible and (2) the desire to evaluate dif-
ferent stripe and gap patternsfor the all-white markings. TTI
staff filmed the video clipson aloca highway. The all-white
markings were created by overlaying existing yellow mark-
ings with strips of white tape mounted on auminum panels.
These patterns were easily changed from one scenario to
another. Table 14 presents the different all-white pavement
marking patterns that were included in the initial survey as
video clips.

As shown in Table 14, a variety of width and stripe/gap
lengths for the all-white markings was included because of
the dependence on similar patterns in other countries with
all-white markings. The researchers wanted to determine if
wider markings or different stripe and gap lengths might
convey a sense of opposing traffic to drivers. Figure 7 illus-
tratesthe appearance of several different stripe/gap patterns.
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These images were taken from the video clips used in the
initial survey.

Format

The initial survey was envisioned as a self-administered
survey that would be presented on a laptop computer. The
intent wasto present aseries of photographs, graphic images,
and video clips to survey subjects, who would respond
through keystrokes on the computer. This survey format was
selected because (1) it presented a more realistic view of
roadway scenarios than a static image, (2) it allowed more
than one survey to be given concurrently by an administra-
tor, and (3) it allowed automated recording of data entries.

The initial survey was created in Visual Basic so that
answers would be automatically saved in a database on the
computers as respondents viewed the images and responded
to questions on the screen. As mentioned, thisformat allowed
for the use of video clips as a part of the survey. Each of the
video clipswas 310 4 slong. The use of video clips enabled
theresearchersto display varying patterns of linelengths and
spacings in a real-time view, simulating the actual driving
situation more realistically than with photographs.

Pilot Testing

Oncetheinitial survey had been prepared and approved by
the NCHRP panel, the researchers initiated a pilot test to
evaluate the effectiveness of the survey instrument. The ini-
tial survey was pilot tested with 15 subjects at two locations

TABLE 14 All-white pavement marking patternsincluded in initial survey

Line Type LineWidth LineLength | Gap Length | In Revised
(inches) (feet) (feet) Survey?
Single Broken 4 10 10 Yes
Single Broken 4 10 30 No
Single Broken 4 20 20 No
Single Broken 8 10 10 No
Single Broken 8 10 30 No
Single Broken 8 20 20 No
Single Solid 8 N/A N/A Yes
Double Broken 4 10 10 Yes
Double Broken 4 10 30 No
Double Broken 4 20 20 No
Double Combination (Passing Permitted) 4 10 10 No
Double Combination (Passing Permitted) 4 10 30 No
Double Combination (Passing Permitted) 4 20 20 Yes
Double Solid 4 N/A N/A Yes




a 4-inchline: 10-ft stripe, 10-ft gap b. 8-inch line: 10-ft stripe, 10-ft gap

¢. 4-inch line: 20-ft stripe, 20-ft gap d. 8-inch line: 20-ft stripe, 20-ft gap

e. 4-inch line: 10-ft stripe, 30-ft gap f. 8-inchline: 10-ft stripe, 30-ft gap
Figure7. Comparison of striping patterns.




in the College Station/Bryan area. During the pilot testing,
researchers noted that participants were not taking thetimeto
watch the 3- to 4-s video clips. In most cases, they answered
almost immediately upon seeing astill image on the screen. It
became apparent that participants could not tell the difference
between various stripe and gap lengthsin the video clips. Fig-
ure 7 provides several examples of striping patterns that driv-
erscould not distinguish from one another. Further, theinitial
pilot testsindicated that the survey wastoo long and too repet-
itive. Because participants did not distinguish between the
various scenarios, they thought they were being asked to
answer the same question repeatedly. The 55 questionsin the
initial survey took an average of 20 min to complete.

In addition to the problems with perceived repetition and
length, there were glitchesin the use of the Visual Basic ver-
sion of the survey. Although the survey worked well on the
laptop computer on which it was developed, it did not work
properly when installed on other laptop computers. Thispre-
vented the survey from being administered on multiple lap-
tops at the same time, reducing the efficiency of the survey
administration process. Asaresult of the negative experience
with the initial survey, the researchers determined that the
survey should be significantly revised.

Revised Survey Development

The revised survey was created from the initial survey by
eliminating some of the questions, converting the video clips
to photographs, and creating a paper-based survey format.

Content

In revising the content, the researchers eliminated 12 of
the marking scenarios and combined separate questions for
many of the other scenarios that were retained in the survey.
The result was a survey that consisted of 20 questions. In
genera, the questions that were eliminated addressed some
of the less common marking situations or the wide variety of
stripe and gap lengths in the all-white markings. Table 14
indicates which of the all-white markings were included in
the revised (and final) survey instrument. The researchers
also refined the introductory questions on the pavement mark-
ing code and simplified the presentation of multiple ques-
tions that were related to a specific scenario. The content of
the final survey instrument is presented in Appendix C.

Format

Once the video clips were eliminated and the number of
guestions was reduced, the researchers determined that a
paper-based survey format would be just as effective as the
computer-based format. Therefore, the survey was converted
to PowerPoint and printed for presentation from a binder.
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Each screen was printed in color, and each page was inserted
in aplastic sleeve. The sleeveswere placed in a hard binder,
and each surveyor had a copy of this notebook. This change
also allowed the surveyors to more easily approach potential
participants because the paper version was mobile: the
researcher and participant did not have to move to a specific
area where a laptop computer was located. Figure 8 illus-
trates one question from the survey binder as it was used to
collect data from the participants.

Therevised survey was organized into four general sections:

* Introduction and initial open-ended questions to deter-
mineif drivers mentioned pavement markings as some-

9 A s this road & one-way, Of two-way, o

could e sthaer type of rosd?

B Can you cross the centar line to get into
thin lane or pass using this lane?

Figure8. Survey binder.



thing they would look for when deciding which way to
go in an unfamiliar situation,

+ Scenarios where all pavement markings are shown in
black on a gray road to determine driver understanding
of patterns,

 Actual photos of road scenarios with pavement mark-
ings shown in yellow and white to determine driver
understanding of color, and

« Actual photos (originally videos) of all-white pavement
markings to determine interpretation of the markings.

These sections were followed by two questions about new
arrow patterns and an open-ended question asking for opin-
ions on converting to an all-white pavement system.

Pilot Testing

After developing a revised survey instrument, researchers
pilot tested the revised survey instrument. Two pil ot testswere
conducted in the College Station/Bryan area, with a total of
30 subjects participating in the survey. The experience gained
from thefirst pilot test found that the recorded responses indi-
cated answers to the questions, but not the respondents’ confi-
dence in the answer. In many cases, the respondent would
make statements such as“1’m not really sure, but | think itis
supposed to be yellow, so that’swhat I'll say.” In the survey
results, this would be recorded as a correct response even
though the respondent did not have any degree of confidence
inthe answer. Therefore, in the second pilot test, afollow-up

TABLE 15 Survey sites

question was added to the second and third questions in the
survey to assess subjects’ certainty of their answers.

The experiences gained from the pilot testing of the revised
survey indicated that the survey instrument was effective and
that the effort could move forward into the survey adminis-
tration stage.

SURVEY ADMINISTRATION

Thefirst surveyswere conducted in August 2001 in Hous-
ton, Texas. In all, surveys were administered in six metro-
politan areas in five states around the United States to atotal
of 851 subjects. Table 15 lists the survey locations and num-
ber of surveys completed at each location.

Site Selection

The survey was administered in public places where driv-
ers could be recruited and where a waiting period was typi-
cal. The researchers selected driver licensing offices, air-
ports, train stations, and bus stations for survey locations in
order to include a wide variety of drivers. The researchers
original planwasto collect survey datain airports. Some data
were collected at airports prior to September 11, 2001, but no
surveys were administered in airports after this date because
of security restrictions. Instead, the researchers used train
and bus stations as the primary locations for collecting sur-
vey data

City and State L ocation Number of Surveys Completed
Atlanta, GA Hartsfield Airport 5
Atlanta, GA Greyhound Station 70
Chicago, IL Amtrak Station 398
Dallas, TX Amtrak Station 47
Dallas, TX Greyhound Station 7
Emeryville, CA

Oakland, CA Amtrak Stations 65
San Francisco, CA

Houston, TX Amtrak Station 33
Houston, TX Driver License Station 69
Houston, TX George Bush Intercontinental Airport 50
Houston, TX Greyhound Station 75
Minneapolis, MN | Human Factors & Ergonomic Society Conference 10
Minneapolis, MN | Small Social Settings 14
St. Paul, MN Amtrak Station 8
Total Number of Surveys 851




The survey was conducted in five geographically diverse
areas of the United States: Texas, Illinois, Georgia, California,
and Minnesota. The intent wasto avoid limiting the results to
one region of the country. As the location selection expanded
to include morethan driver licensing offices, the net result was
that the sample included drivers from almost every state and
territory of the United States, with larger frequencies from the
survey state sites.

Administration

Potential participants were approached and asked if they
would be willing to complete a survey about driving that
would take approximately 10 min. If the potential participant
said no, surveyors thanked them and moved on. If the poten-
tial participant said yes, the surveyor positioned the notebook
so that the participant could clearly see the images and text
after first determining that the participant was a driver. The
surveyor began by assuring the respondent that the survey
was not atest and would in no way affect the participant’s
driver license.

The surveyor then read each question aloud, waited for the
participant’ sanswer, and recorded each answer on an answer
sheet. The surveyor gave the participant a squeezable stress
vehicle after they completed the survey in appreciation for
their participation.

SURVEY RESULTS

Data from the survey consist of the responses from 851
subjectsto various demographic and roadway marking ques-
tions. Theresults presented in this section simply addressthe
frequency and percent responses to each question. A more
detailed analysis of the results is presented at the end of this
chapter. Theanalysisis presented according to the major sec-
tions of the survey: demographics, basic marking color code,
marking patterns, yellow—white markings, al-white mark-
ings, and follow-up questions. The response percentages pre-
sented herein have a standard error of +3.5 percent for the
reported percentages, based on a sample size of 850 and a
95 percent confidence level.

Demographics

The first five questions in the survey asked the subject for
demographic information. In addition to thefive questions, the
survey administrator recorded the gender and apparent ethnic-
ity of the subject. While gender determination is straight-
forward, the values recorded for ethnicity may, by not being
self-reported, involve an unknown degree of ambiguity. Ta-
ble 16 presents the results of the demographic analysis. The
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851 subjects that participated in the survey represented
47 states, the District of Columbia, and Puerto Rico. Table 17
presentsthe geographic distribution of the survey respondents.

Basic Marking Color Code

The first three questions of the survey were intended to
identify driver understanding of the basic color code of the
current yellow—white pavement marking system. All three
guestions were open-ended and subjects were alowed to
give multiple responses. All subject responseswere recorded
in the order that they were given. All three questions pre-
sented the photograph shown in Figure 9. The second and
third questions presented the graphicsin Figures 10 and 11,
respectively, in addition to the graphic shown in Figure 9.

Responsesto Question 1 are shown in Table 18. The actual
responses to this question were open-ended, and multiple
responseswerealowed. Therewereatota of 2,041 responses
among the 851 subjects (an average of about 2.4 responses per
subject). In tabulating the responses, the individual responses
were grouped into eight distinct categories and one catch-all
category (Other). Subjects were asked to continue providing
answers until they could not think of any other cuesto traffic
direction. Therefore, Table 18 also indicates the frequency
and percentage that each of these responseswere given asthe
first, second, and third response from each subject. Present-
ing the results in this manner gives an indication of the pri-
mary tool that a driver would use to determine whether a
street is one-way or two-way.

Table 19 presents arank order of the responses as a func-
tion of several different considerations. This information
showsthat driverstend to use signs and other traffic to deter-
mine whether aroad is one-way or two-way. While drivers
rely upon markings in general, they tend to be a secondary
consideration if there are other cuesavailableto providedirec-
tional information. Only about 10 percent of all the responses
specifically mentioned looking at the color of the markings.
About one-fourth of the subjects mentioned markings as one
of their responses.

In Questions 2 and 3, a graphic was presented along with
the photograph (see Figures 10 and 11). The graphic had
arrows indicating one- or two-way traffic and black pave-
ment markings. Subjects were asked to indicate the color of
the broken line in the center of the street and the degree to
which they were certain of their answer. They were also
asked to indicate the certainty of their answer, with a5 indi-
cating they were positive and a 1 indicating they were guess-
ing. Table 20 presents the responses for a two-way street
(Question 2) and Table 21 presents the responses for a one-
way street (Question 3). A small nhumber of subjects gave a
fractional answer (e.g. 3.5, 4.5) as their response on the cer-
tainty question. In these cases, the response was rounded
down to the nearest integer.



TABLE 16 Demographic results

Survey Data us.
Question/Demogr aphic Categories Number | Percentagea Population®
Lessthan 1 year 21 247 N/A
How long have you been driving? | 1 —5 years 133 15.63 N/A
(851 responses) 610 years 115 1351 N/A
More than 10 years 582 68.39 N/A
_Did you take Driver’ S_Educati on |Yes 553 65.14 N/A
:i”cgrr](;g_,“(’gig E’;&ggg S No 296 34.86 N/A
16-19 72 8.47 7.5%”
20-29 218 25.65 17.7%°
What is your age group? (850 30-39 144 16.94 19.9%°
responses) 40-49 164 19.29 19.6%
50-59 149 17.53 14.3%
60 or above 103 12.12 21.1%°
Less than high school 55 6.48 24.8%°
What is the highest grade you High school or GED 180 21.20 30.0%°
completed in school? (849
responses) Some college or technical school 250 29.45 24.9%°
College graduate 364 42.87 20.3%°
City
Where do you live? State fc?fzi-ls—t??tlyﬁtilgn N/A
Zip Code
Observation of subject gender | Male 455 54.30 49.1%°
(838 responses) Female 383 45.70 50.9%°
Anglo 604 71.90 62.6%"
Observation of subject ethnicity Black 151 17.98 12.3%
(840 responses) Hispanic 55 6.55 12.5%"
Other 30 3.57 10.2%
Notes: 'Data based on the 2000 U.S. Census.

2Data based on percentage of total driving age population (16 and over).
3Data based on total U.S. population.
“4Census data includes Hispanic with White for reporting purposes. They have been separated in this table.

TABLE 17 Summary of sampledistribution by state

State | Number State | Number State | Number State Number
AK 2 1D 2 MT 11 Puerto Rico 2
AL 11 IL 150 NC 8 SC 5
AR 7 IN 19 ND 3 SD 2
AZ 8 KS 3 NH 2 TN 10
CA 95 KY 5 NJ 8 X 185
CO 18 LA 11 NM 1 uT 1
CT 3 MA 7 NV 2 VA 12
DC 1 MD 7 NY 16 VT 1
DE 3 ME 2 OH 18 WA 3
FL 31 MI 27 OK 3 Wi 29
GA 31 MN 26 OR 7 wv 1
HI 1 MO 16 PA 22
1A 7 MS 5




Figure9. Photo for Questions 1 through 3.

The results of these two questions show that a substantial
number of the subjects have an understanding of the use of
marking color to differentiate between one- and two-way
roads. About 70 percent of the subjects indicated yellow for
atwo-way street and about 80 percent indicated white for a
one-way street. When these responses are combined with
those of Question 1, it is apparent that this knowledge is not
the primary tool drivers use to distinguish direction of travel
on aroad.

One other question in the survey addressed the color of
pavement markings. Question 8 presented a graphic of a
divided highway and asked driversto indicate the color of the
markings for one direction of travel. Figure 12 presents the
graphic used for this question and the results are presented in
Table 22. The labels identifying the specific lines were not
part of the graphic image shown to survey participants. Inthe
actual survey, the administrator would point to the line that
the question was asking about.

Figure10. Graphic for Question 2.
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Figure11l. Graphic for Question 3.

While approximately three-fourths of the subjects cor-
rectly identified the color of the lane line, these results indi-
cate a significant lack of understanding of the color of edge
lines. Only 39 percent correctly identified the color of theleft
edge line and 66 percent correctly identified the color of the
right edge line.

Marking Patterns

Questions 4 through 7 presented graphic images of road
scenes where the pavement markings were black. The intent
of these questions was to determine if drivers associate spe-
cific messages with the marking pattern alone (sans color).
Two issues were addressed for each question: direction of
traffic (one-way or two-way) and passing/lane changing
restrictions. The graphic images presented with each ques-
tion are shown in Figures 13, 14, 15, and 16.

Thefirst part of each question addressed whether the traffic
flow on the road was one-way, two-way, or either. Respon-
dentswere also allowed to indicate that they did not know or
were not sure. The results for the first part of Questions 4-7
are presented in Table 23.

The second part of Questions 4—7 addressed whether the
marking presented arestriction on passing or changing lanes.
Respondents answered the questions based on driving the
vehicle shown in the graphic image. The results for the sec-
ond part of Questions 4—7 are presented in Table 24.

The resultsto the direction of traffic question indicate that
drivers tend to associate a solid line with two-way traffic.
The broken line question was correctly answered (could be
either two-way or one-way) by almost 60 percent of the sub-
jects. Another 30 percent provided the safer response of two-
way traffic. The passing prohibited in one direction and the
double solid line markingswere strongly associated with two-
way traffic (82 and 80 percent, respectively). There was no
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TABLE 18 Responsesto Question 1

Question: How would you know if thisis a one-way or atwo-way road? What would you look for that
would tell you? Isthereanything else you would look for? Isthat everything?

. Overall First Response | Second Response | Third Response

Response (open-ended)
Freq. | Percent | Freq. | Percent | Freq. | Percent | Freq. | Percent

Look for asign 545 26.7 310 36.4 180 234 51 135
Look for One-Way sign 187 9.2 99 11.6 68 8.8 20 53
Look for Do Not Enter sign 34 1.7 0.9 13 17 10 2.6
Look to seewhich way signsare| 17 0.8 5 0.6 6 0.8 3 0.8
facing
Look at direction trafficis 504 24.7 104 12.2 228 29.6 160 423
moving
Look at the markings 294 14.4 134 15.7 121 15.7 37 9.8
Look at the color of the 209 10.2 129 152 56 15.2 22 5.8
markings
Look for an arrow 89 4.4 17 20 39 51 29 7.7
Other 162 7.9 45 5.3 58 75 46 12.2
Total 2041 | 100% 851 100% 769 100% 378 100%

Note: *The response categories represent generalized aggregation of the specific responses provided by subjects.

TABLE 19 Rank order of Question 1 responses

Rank Rank Order By Types of Responses
Order All Responses (2041) | First Response (851) | Second Response (769) | Third Response (378)
First Sign Sign Direction of traffic Direction of traffic
Second Direction of traffic Markings Sign Sign
Third Markings Marking Color Markings Other
Fourth Marking Color Direction of traffic One-Way sign Markings
Fifth One-Way sign One-Way sign Other Arrow

TABLE 20 Responsesto Question 2 (two-way street)

Note: *Indicates the correct response.

Question: If thisisatwo-way street, Question: How sure you are of your
what color would this dashed line be? answer?
Responses Frequency | Percent Responses Freguency | Percent
White 214 25.2 1 (Guessing) 21 25
Y ellow* 501 69.5 2 50 6.0
Either 18 21 3 139 16.7
Other 12 14 4 152 18.2
Don’'t know 8 0.9 5 (Positive) 473 56.7
Not sure 7 0.8 Total 835 100%
Tota 850 100%




TABLE 21 Responsesto Question 3 (one-way str eet)

Question: If thisisa one-way street, Question: How sureyou are of your

what color would this dashed line be? answer?

Responses Frequency | Percent Responses Frequency | Percent
White* 665 79.2 1 (Guessing) 31 39
Yellow 95 11.3 2 47 59

Either 11 13 3 151 18.9
Other 24 29 4 117 14.6

Don't’ know 29 35 5 (Positive) 455 56.8

Not sure 16 19 Tota 801 100%
Tota 840 100%

Note: *Indicates the correct response.

Right Edge

Lane
Line

Left Edge
Line

Figure12. Divided road line color (Question 8).

TABLE 22 Question 8results

Question: Thisisa sketch of an inter state highway, showing both the northbound and
southbound sections. What color do you think the left edge line would be? What color do you
think thelaneline would be? What color do you think theright edge line would be?

Left EdgeLine LaneLine Right EdgeLine
Responses

Freg. Per cent Freqg. Per cent Freqg. Percent

Yellow 331 39.0%* 171 20.3% 228 26.9%
White 461 54.3% 642* 76.1%* 555* 65.5%*
Other 26 3.1% 20 2.4% 34 4.0%
Uncertain 31 3.7% 11 1.3% 30 3.5%
Total 849 100% 844 100% 847 100%

Note: *Indicates the correct response.

39
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Figure13. Broken line pattern (Question 4).

clear consensus on the single solid line, which is not surpris-
ing, given that this marking pattern isnot used asacenterline
or laneline.

The second part of each question addressed the passing
restrictions implied by the various marking patterns. Again,
subjects associated a definite meaning to the patterns. The
two solid linesthat drivers normally see (double solid center-
line and passing prohibited in one direction) were associ-
ated with no-passing by over 90 percent of the subjects. No-
passing was also associated with the single solid line, but at
alower percentage (79 percent). Almost 95 percent indicated
that passing was permitted with the broken line.

Yellow—White Markings

In the next section of the survey, subjects were presented
with actual photographs of road scenes with various yellow—
white marking schemes. The intent of these questions wasto
assess driver understanding of the current yellow—white pave-
ment marking system. Aswith the marking pattern questions,

Figure 14. Passing prohibited in one-direction pattern
(Question 5).

Figure15. Snglesolid line pattern (Question 6).

two issueswere addressed for each question: direction of traf-
fic (one-way or two-way) and passing/lane changing restric-
tions. The graphic images presented with each question are
shown in Figures 17, 18, 19, and 20.

Thefirst part of each question addressed whether the traf-
fic flow on the road was one-way, two-way, or could be
either. Respondents were also allowed to indicate that they
didn’t know or were not sure. The results for the first part of
Questions 9-12 are presented in Table 25.

The second part of each question addressed whether the
marking presented arestriction on passing or changing lanes.
The results for the second part of Questions 9-12 are pre-
sented in Table 26.

The results for these questions again show that alarge per-
centage of driverstend to associate the presence of asolid line
with two-way traffic and with no passing. The double solid
line and the solid and broken line combination (passing pro-
hibited or permitted in one direction) al had correct response
rates between 86 and 88 percent for the directional message.
When only a broken line was shown, the correct response
rate for the directional message dropped to 74 percent, with
another 20 percent indicating the road could be either one-
way or two-way.

Figure16. Double solid line pattern (Question 7).
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TABLE 23 Resultsfor directional aspect of Questions 4-7

Question: Istraffic on thisroad two-way, one-way, or could it be either?
e | ezt | e
-way | 2-way Either | Don't Know | Not Sure | Responses
4A Single Broken 91 258 490* 5 4 3
(Figure 13) Line 10.7% | 30.4% | 57.8%* 0.6% 0.5%
5A No Passing in 54 698" 89 3 6 1
(Figure14) | OneDirection | 496 | 821%* | 105% 0.4% 0.7%
. 6A Singl e Solid 194 378 172 39 47 1
(Figure 15) Line 228% | 468% | 20.2% 4.6% 5.5%
7A Double Solid | 53 62+ o1 16 13
(Figure 16) Line 63% | 795% | 108% 1.9% 15% °

Note: *Indicates the correct response.

TABLE 24 Resultsfor passing aspects of Questions 4-7

Question: Can you crossthe centerlineto get into theleft lane or passusing the left lane?
Marking Response Number of Missing
Number
Pattern Yes No Don’t Know | Not Sure Responses
4B Single Broken | 794* 43 3 9 3
(Figure 13) Line 935% | 51% 0.4% 11%
5B No Passing in 48 793¢ 2 6 2
(Figure14) | One Direction 5.7% 93.4%* 0.2% 0.7%
6B Sinale Solid Li 153 660 17 10 1
) ngle Solid Line
(Figure 15) 182% | 78.6% 2.0% 1.2%
7B Double Solid 50 786" 6 3 6
(Figure 16) Line 59% | 93.0% 0.7% 0.4%

Note: *Indicates the correct response.

Figure17. Broken yellow centerline (Question 9). Figure 18. Double yellow centerline (Question 10).
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Figure19. Yellow passing prohibited in one direction Figure20. Yellow passing permitted in one direction
(Question 11). (Question 12).

TABLE 25 Resultsfor directional aspect of Questions 9-12

Question: Istraffic on thisroad two-way, one-way, or could it be either?

Response Number of
Number Marking - Missing
l-way | 2-way | Either | Don’t Know | Not Sure Responses
9A Single Yellow 57 626~ 159 4 3 2
(Figure17) | Brokenline | o200 | 73706 | 187% |  050% 0.4%
10A Double Yellow 41 746* 55 4 4 1
(Figure18) |  Solid Lines 48% | 87.8%* | 6.8% 0.5% 0.5%
11A Passing 45 736+ 62 5 3 o
(Figure 19) Prohibited 53% | 865%* | 7.3% 0.6% 0.4%
12A Passing 36 735¢ 71 3 6 .
(Figure20) | Permitted 42% | 86.4%* | 83% 0.4% 0.7%

Note: *Indicates the correct response.

TABLE 26 Resultsfor passing aspects of Questions 9-12

Question: Can you crossthe centerlineto get into theleft lane or passusing the left lane?
Number Marking Response Number of Missing
Yes No Don’'t Know | Not Sure Responses

9B Single Yellow 793* 55 2 0 1
(Figure 17) Broken Line 03.3%* 6.5% 0.2% 0%

108 Double Yellow 24 824* 2 0 1
(Figure 18) Solid Lines 2.8% 96.9%* 0.2% 0%

118 pawng 67 7T+ 3 2 5
(Figure 19) Prohibited 7.9% 91.5%* 0.4% 0.2%

12B ) ) 699* 139 4 5

(Figure20) | PO PEmed I L4 0.5% 0.6% ¢




Over 90 percent of the subjects responded that a solid line
in their lane indicated ano-passing zone. A broken line alone
was interpreted as permitting passing by over 90 percent.
However, abroken line with asolid linein the other direction
(passing permitted in onedirection) had acorrect responserate
of 83 percent. While till high, these results indicate that a
small percentage of drivers (9 percent) associate the solid line
with ano-passing message even though the passing restriction
appliesto traffic in the opposing direction.

All-White Markings

In the fourth section of the survey, subjectswere presented
with actual photographs of road sceneswith various all-white
marking schemes. Theintent of these questions was to assess
how well drivers might understand the directional and pass-
ing messages conveyed by various patterns of all-white mark-
ings. Aswith the previousyellow—white questions, two issues
were addressed for each question: direction of traffic (one-
way or two-way) and passing/lane changing restrictions. The
graphic images presented with each question are shown in
Figures 21, 22, 23, 24, and 25.

Table 27 presents information on the width and stripe and
gap lengths for the all-white markings used in Questions
13-17. The all-white marking scheme was created by plac-
ing aluminum covered with white marking tape on an exist-
ing roadway so that the white markings covered the existing
yellow markings.

Theresultsfor thefirst part (direction of traffic) of Ques-
tions 1317 are presented in Table 28. The results for the
second part (passing restrictions) of Questions 13-17 are pre-
sented in Table 29. As with the previous questions, respon-
dents were also allowed to indicate that they didn’t know or
were not sure.

Theresultsfor these questionsindicate that only the double-
line marking patterns with at least one solid line had com-
prehension levels where over three-fourths of the subjects

Figure21. Sngle broken whiteline (Question 13).

Figure22. Double white centerline (Question 14).

indicated it was atwo-way road. The double broken line had
64 percent indicating a two-way road. Only half of the sub-
jects interpreted the single broken line and the single solid
line as atwo-way road.

Theseresults show that the double-line markings did abet-
ter job of conveying the two-way message than the single
lines. Understanding of the double-broken line was at least
15 percent less than that of the double-line markings that
contained at least one solid line. Since the subjects did not
seem to attach an inherent meaning to these markings, it
appears that implementation of an all-white pavement mark-
ing system would require some form of campaign to teach
drivers the meaning of the lines.

Follow-Up Questions

Four follow-up questions at the end of the survey addressed
various issues associated with all-white pavement markings.

m!rm.,

Figure23. White passing permitted (Question 15).



Figure24. Double wide white line (Question 16).

Questions 18 and 19 presented supplemental marking sym-
bolsthat are widely used in countrieswith all-white pavement
marking systems to help drivers. Question 20 provided sub-
jectswith achance to comment on all-white markingsin gen-
eral and any other issues they wanted to note.

Question 18 presented a two-lane road with an arrow
located within the centerline as shown in Figure 26. Thistype

Figure25. Double broken white line (Question 17).

of marking is used in European countries to indicate the
beginning of a no-passing zone. The actual responses given
by subjects were divided into general categoriesfor analysis.
Table 30 presents the summary of responsesfor this question.

The responses to the no-passing arrow in the centerline
indicate that it has avery low inherent understanding among
the survey participants. The low comprehension level might

TABLE 27 Marking dimension for all-white markings

Question Line Pattern LineWidth (inches) | Stripe Length (feet) | Gap Length (feet)
13 (Figure 21) Broken Line 4 10 10
14 (Figure 22) Double Solid Lines 4 Not Applicable
15 (Figure 23) Pa’g:g Dpﬁgltg?]d in 4 20 20
16 (Figure 24) Single Solid Line 8 Not Applicable
17 (Figure 25) | Double Broken Lines 4 10 10

TABLE 28 Resultsfor directional aspect of Questions 13-17

Question: Istraffic on thisroad two-way, one-way, or could it be either?
R onse
Number Marking - & _ Number of
1-way | 2-way | Either | Don’t Know | Not Sure |Missing Responses

13A SingleBroken | 153 424 262 5 5 3
(Figure21) | WhiteLine | 10000 | 49.9% | 30.9% 0.6% 0.6%

14A Double Solid 59 667 111 4 6 4
(Figure22) | WhiteLines | 700, | 78.8% | 13.1% 0.5% 0.7%

15A Passing 47 692 101 5 4 )
(Figure 23) Permitted 55% | 815% | 11.9% 0.6% 0.5%

Single Solid 180 435 171 35 27

16A Wide White 3
(Figure 24) Line 21.2% | 51.3% | 20.2% 4.1% 3.2%

17A Double Broken 134 542 120 29 23 3
(Figure2s) | WhiteLines | 15000 | 63.9% | 14.2% 3.4% 2.7%




45

TABLE 29 Resultsfor passing aspects of Questions 13-17

Question: Can you crossthe centerlineto get into theleft lane or passusing the left lane?
Response issi
Number Marking €sp Number of Missing
Yes No Don’'t Know | Not Sure Responses
138 Single Broken 789 52 5 2 3
(Figure 21) WhiteLine 93.0% 6.1% 0.6% 0.2%
14B Double Solid 52 788 7 2 5
(FI gure 22) White Lines 6.12% 92.8% 0.8% 0.2%
158 . ) 703 140 5 1
) Passing Permitted 2
(Figure 23) 82.8% | 16.5% 0.6% 0.1%
168 Single Solid 137 674 21 5 14
(Figure 24) | Wide WhiteLine | 16.4% | 80.5% 2.5% 0.6%
17B Double Broken 701 107 15 17 11
(Figure 25) White Lines 835% | 12.7% 1.8% 2.0%

be attributable to the lack of contextual cueswhen asking the
question or may be dueto driver unfamiliarity with this mark-
ing. Theresultsindicate that the marking should not beimple-
mented without further evaluation. Use of this marking in
other countries indicates that it may have value as a marking
symbol and deserves future evaluation.

Question 19 presented directional arrows on a two-lane
road as shown in Figure 27. Thistype of marking isaso com-
monly used in Europe to indicate direction of travel on road-
ways, particularly at intersections. Responses were catego-
rized into correct and incorrect responses, where a correct
responsewas one where the subject indicated that they needed
to move from the left lane to the right lane or to stay in the
right lane.

The results of Question 19 indicate a very high level of
understanding associated with the directional arrows. Such
arrows might have significant value in locations where driv-

L L

Figure26. End passing zone arrow (Question 18).

ers may be confused as to the direction of traffic flow. (See
Table 31.)

Question 20 asked drivers what they thought of convert-
ing to an all-white pavement marking system. Responses
were categorized into those that support the idea, those that
do not, those that are undecided, and those that gave no
response. Table 32 presents the summary of responses for
this question. The results indicate a strong driver opposi-
tion to the concept of an all-white pavement marking sys-
tem, with only one-fifth of the drivers supporting the con-
cept. While this information may be useful in gauging
public responseto achangein marking color, the responses
should be carefully interpreted. It may not be appropriate
to ask random drivers about changing to an all-white pave-
ment marking system. Negative responses may be anormal
reaction to any change. Further, they are not likely to know
or appreciate the reasons why such a change would be
important.

TABLE 30 Summary of Question 18 responses

Question: If you aredriving in theleft lane, what doesthis
arrow tell you? (Figure 26)
Response Frequency Per cent
Merge 297 34.9%
Curveor Turn 142 16.7%
Can't Pass 135 15.9%
Other 129 15.2%
Not Sure 121 14.2%
Exit 24 2.8%
No Answer 3 0.4%
Total 851 100%
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Figure 27. Directional arrows (Question 19).

DETAILED ANALYSIS OF RESULTS

While the previous section presented the basic results for
the questions in the survey, this section presents a more
detailed analysis of the results.

Associations Between Driver Knowledge and
All-White Marking Interpretation

Drivers comprehension of an all-white pavement mark-
ing system may beinfluenced by their level of understanding
of the current yellow—white pavement marking system, inthe
sense that drivers having greater knowledge of the yellow—
white marking scheme may be able to use this knowledge to
their advantage when interpreting the meanings of all-white
markings. Two types of questionsin the survey, thefirst deal-
ing with black markings (Questions 2 through 8), and the sec-
ond dealing with the existing yellow—white scheme (Questions
9 though 12), provide a possible opportunity to distinguish
between respondent perceptions of marking patterns and
their perception of marking colors. The presentation of cer-
tain identical marking patterns across three general types of
survey questions (black markings, yellow—white markings,
and all-white markings) offersfurther information about the
respondent interpretations of the meaning of certain mark-
ing patterns.

TABLE 31 Summary of Question 19 responses

TABLE 32 Summary of Question 20 responses

Question: If you aredrivingin theright lane, what doesthisarrow
tell you? (Figure27)
Response Frequency Per cent
Correct 795 93.4%
Questionable 19 2.2%
Wrong 29 3.4%
No Answer 8 0.9%

Question: What do you think of theidea of the U.S. using only
whitelines on the pavement?

Response Frequency Per cent
Support 172 20.2%
Don’t support 487 57.2%
Undecided 186 21.9%
No Response 6 0.7%
Total 851 100%

Scoring Survey Responses

The tabulation of scored responses, or the total number of
responses corresponding to an identifiably “correct” choice,
isan aggregate measurethat ishel pful for more compact pre-
sentation of the data. This measure is especialy applicable
when one is interested in some general measure of knowl-
edge, as the number of correct answersis presumably corre-
lated with the level of a respondent’s knowledge. Nineteen
guestionsin the survey were judged to have identifiably cor-
rect or desired responses, based on the information contained
in the MUTCD or in the proposed all-white schemes devel-
oped by the researchers. These survey questions and their
corresponding “correct” responses are shown in Table 33.
The direction and passing color aspects were considered to
be separate questions for purpose of this analysis.

For the purposes of scoring, any response not correspond-
ing to the correct response was judged incorrect, including
missing values. The rationale behind the inclusion of miss-
ing values as incorrect responses is the assumed tendency of
subjectsto not answer questionsthey do not know the answer
to or the tendency of the interviewer to forgo a survey ques-
tion the respondent finds difficult in order to maintain the
flow of the interview and maintain respondent interest.

Three summary measures for each respondent were
tabul ated:

* SCRBLK, the total number of correct answers for
black-marking questions (Questions 2A, 3A, 4A, 4B,
5A, 5B, 7A, 7B, 8A, 8B, and 8C); and

* SCRYW, the total number of correct answers for the
yellow—white marking questions (Questions 9A, 9B,
10A, 10B, 11A, 11B, 12A, and 12B).

* SCRBYW, the total number of correct answers for each
respondent for the black-marking and yellow—white mark-
ing questions (does not include the al-white questions);

Likelihood-ratio chi-square tests were conducted to
determine associ ations between scores and the responses to
all-white marking guestions. Since the all-white marking
responsesare nominal categorical variables, and because some



TABLE 33 Questionswith an identifiably correct answer
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Question Issue Issue Correct Response| Count | Percent
2A Line color Two-way centerline Yellow 591 69.5%
3A Line color One-way laneline White 665 78.1%
4A Direction . . Either 490 | 57.5%

Black single broken line
4B Passing Yes 794 | 93.3%
5A Direction Black broken and solid 2-way 698 | 82.0%
5B Passing line - passing prohibited No 793 93.2%
7A Direction o 2-way 672 | 79.0%
Black double solid lines
7B Passing No 786 | 92.9%
8A Line color Left edgeline Yellow 331 | 38.9%
8B Line color Laneline White 642 75.4%
8C Line color Right edgeline White 555 65.2%
9A Direction . . 2-way 626 | 73.6%
Y ellow single broken line
9B Passing Yes 793 | 93.2%
10A Direction o 2-way 746 87.7%
Y ellow double solid lines
10B Passing No 824 | 96.8%
11A Direction Y ellow broken and solid 2-way 736 | 86.5%
11B Passing line - passing prohibited No 777 | 91.3%
128 Passng | !IN€-passing permitted Yes 699 | 821%

Note: Question 6 not included in thelist of questions with identifiably correct answers.

values of the scores occur relatively infrequently, the values of
the various score variables necessarily had to be grouped into
categories to accommodate subsequent chi-squared tests. For
black-marking scores (SCRBLK) and yellow—white marking
scores (SCRY W), thisresulted in the few lowest-valued and
highest-valued scores being aggregated. The total number of
black and yellow—white correct answers (SCRBYW) had a
larger number of values aswell as low frequencies of lower-
valued scores; these scores were therefore grouped into
approximate quintiles. Table 34 shows the distributions of
the categorized scores. For example, 176 subjects (21 percent
of the sample) answered 8 of the 11 black marking questions
correctly. These scoresthemselves are then used to assessthe
relationship between understanding of current marking pat-
ternsand colorsand understanding of potential al-white pave-
ment marking systems.

Chi-Sguare Tests for Association

Likelihood-ratio chi-square tests were conducted to ascer-
tain associ ations between the vari ous scores and the responses
to white-marking questions. For these tests, non-committal
responses to the all-white marking questions were excluded,
as these responses were sparsely occurring and hence could
compromise the tests. With few exceptions, the tests indi-

cated highly significant evidence (p-valueslessthan 0.01) for
association between scores on the black and yellow—white
guestions and the all-white marking questions. Table 35 pre-
sents the test results.

Association Between Demographic Variables
and Survey Responses

With the exception of driver experience, all demographic
variables had highly significant relationships with the num-
ber of black- and yellow—white markings correctly answered.
The likelihood-ratio chi-square test indicates that driver
experience was not judged to influence total scores. Nor was
age seen to influence scores except for respondents over
50 years of age. Respondents 50 years and older were less
likely to achieve the highest scores compared to younger
respondents, and were morelikely to have thelowest scores. In
particular, respondents ol der than 59 years had the greatest per-
centage of lower than average scores and the lowest percent-
age of higher than average scores.

Respondentswho have taken adriver education course were
less likely to have the lowest scores than those who have not
taken the course, while aso being morelikely to havethe high-
est scores. Increasing education level was clearly associated
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TABLE 34 Distributions of categorized scores

Number of Questions Answered
Score Correctly by a Subject Frequency | Percent
<7 122 14.3%
0,
Black Marking 7 137 16.1%
(SCRBLK) 8 176 20.7%
9 221 26.0%
100r 11 195 22.9%
<6 49 15.0%
Y ellow-White Marking 94 11.1%
(SCRYW) 180 21.2%
449 52.8%
<14 196 23.0%
14 0or 15 190 22.3%
Total for
Black and Y ellow-White Markings 16 146 17.2%
(SCRBYW)
17 163 19.2%
>17 156 18.3%

with increasing scores; better educated respondents were
more likely to have higher scores and less likely to have
lower scores.

Comparisons for Certainty

The second and third questions of the survey presented sub-
jectswith a photograph and graphic image of atwo-laneroad.
Theroad wasidentified asatwo-way or one-way road and the
subjects were asked to indicate the correct color of the line
between the lanes. They were then asked to indicate how con-
fident they were with their answer (aresponse of 5 indicating

that they were positive of their answer). Table 36 presents the
relationships between the yellow or white color choices and
the certainty of the answer. The certainty categories have been
aggregated into three new categories, with responses of 3 or 4
combined together and responses of 1 or 2 combined together.
This aggregation is motivated by the relative paucity of
responsesin the lower-rating categories. For the two-way and
one-way road scenarios, the percentages of subjectswho were
positive of their responses were 43 and 48 percent respec-
tively for the correct response. In comparison, the percentage
of subjectswho were positive of their response when, in fact,
it waswrong is 11 percent for the two-way road and 4 percent
for the one-way road. This indicates that about 10 percent of

TABLE 35 Testsfor association between scores and white-marking responses

Question | 1se Marking SCRBLK SCRYW SCRBYW
Statigtic | P-value | Statistic | P-value | Statistic | P-value

13A | Direction |  whitesingle | 17.5894 | 0.0245 | 66.7183 | <0.0001 | 35.0582 | <0.0001
138 Passing broken line 12.3390 | 0.0150 | 22.6249 | <0.0001 | 16.0271 | <0.0001
14A | Direction | White double solid | 504398 | <0.0001 | 102.8719 | <0.0001 | 97.7704 | <0.0001
148 Passing lines 33.1549 | <0.0001 | 25.4472 | <0.0001 | 36.1400 | <0.0001
15A | Direction | Whitebrokenand | 64.3913 | <0.0001 | 197.6098 | <0.0001 | 157.4057 | <0.0001
158 Passing Sondrj;ﬁi'tf;ss‘ M9 1 429155 | <0.0001 | 152.4541 | <0.0001 | 107.0930 | <0.0001
16A Direction | white double wide | 28-4341 | 0.0004 | 36.4174 | <0.0001 | 35.7738 | <0.0001
168 Passing solid line 54.0615 | <0.0001 | 20.6562 | 0.0001 | 50.5396 | <0.0001
17A | Direction | \hitedouble | 172313 | 0.0278 | 55.4064 | <0.0001 | 353270 | <0.0001
178 | Passing brokenlines | 535098 | 0.0001 | 43.1464 | <0.0001 | 45.4720 | <0.0001
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TABLE 36 Comparison of certainty
Color Question 2 (Yellow Centerline) Question 3 (White LaneLine)

Chosen Certainty* Freq. Per cent Certainty* Freq. Per cent
5 95 11.2% 5 405 48.2%

White 3or4d 95 11.2% 3ord 203 24.2%

lor2 24 2.8% lor2 54 6.4%

5 367 43.2% 5 30 3.6%

Yellow 3or4d 185 21.8% 3ord 48 5.7%

lor2 37 4.4% lor2 17 2.0%

Other? — 47 5.5% — 83 9.9%
Total — 850 100.0% — 840 100.0%

Note: For the level of certainty, 5 = certain and 1 = guessing.
2The other category includes color choices of either, other, not sure, or don’t know. It also includes
responses of white or yellow without an associated certainty.

the subjects are certain that a white line would divide oppos-
ing traffic on atwo-way road while 4 percent are certain that
ayellow linewould divide two lanes of traffic traveling in the
same direction. Another interesting interpretation of these
results is that the percentage choosing the correct response
increases as the certainty of the response increases.

Comparisons Across Questions

The researchers developed the survey so that comparisons
could be made between questionsthat addressed similar mark-
ing patterns or colors. Table 37 summarizes the questions that
addressed similar issues. Table 38 presents a comparison of
theresultsfor these questions. Thefollowing paragraphs com-
pare some of the differences between the various questions.

Directional Message

Six questions addressed broken lines. Five of them related
to a single broken line and one was a double broken line.
When the broken centerline was yellow, about 70 percent of
subjects correctly identified it as two-way. When asked the

TABLE 37 Questionson color and pattern

color of alane line on aone-way street, 79 percent correctly
picked white. But when shown atwo-lane road with awhite
lane line marking, only 18 percent identified it as a one-way
road, while 50 percent identified it as a two-way road. A
comparison of the direction message results for the single
broken line questions (Questions 4, 9, and 13) indicates varia-
tionsin the response patterns. Respondents are approximately
2.4 times more likely to interpret the markings asindicating a
two-way road if they are yellow-white as opposed to black
(74 percent vs. 30 percent), and nearly 1.5 times as likely if
they areyellow—white as opposed to all-white (74 percent vs.
50 percent). Likelihood-ratio chi-square tests bear out these
findings, with a highly significant difference (p < 0.0001) in
the pattern of responses acrossthese questions. The results of
these questions suggest that respondents rely upon color to
determinethe direction of traffic on atwo-laneroad. The dif-
ference in the pattern of responses between the black mark-
ing and all-white marking questions provokes a question as
to whether the type of image presented in the questions had
an effect on the response patterns.

Five questions addressed solid lines. About 50 percent iden-
tified a single solid line, irrespective of whether it was white

Questions Addressing Pattern Color
and Color Combinations vellow White Black
. Broken #2,#9 #3, #13 #4
Single
Solid #16 #6
Broken #17
Pattern
Passing Prohibited #11 #5
Double
Passing Per mitted #12 #15
Solid #10 #14 H#7

Note: The following questions were not comparable to any others: 1, 8.
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TABLE 38 Resultscomparison

Pattern Line Question |[Directional M essage Passing M essage
) 2 70% - yellow for color of centerline | N/A
Single Yellow
9 74% - two-way 93% - permitted
3 79% - white for color of laneline N/A
Single White 18% - one-way
13 50% - two-way* 93% - permitted
Broken 31% - either one- or two-way
11% - one-way
Single Black 4 30% - two-way 94% - permitted
58% - either one- or two-way*
16% - one-way
Double White 17 64% - two-way* 84% - permitted
14% - either one- or two-way
23% - one-way
Single Black 6 47% - two-way* 79% - prohibited
20% - either one- or two-way
21% - one-way
Solid Single Wide White 16 51% - two-way* 81% - prohibited
: 20% - either one- or two-way
Double Yellow 10 88% - two-way 97% - prohibited
Double White 14 79% - two-way 93% - prohibited
Double Black 7 80% - two-way 93% - prohibited
Y ellow Passing Prohibited 11 87% - two-way 92% - prohibited
Salid Black Passing Prohibited 5 82% - two-way 93% - prohibited
and
Broken | Yellow Passing Permitted 12 87% - two-way 83% - permitted
White Passing Permitted 15 82% - two-way 83% - permitted

*Indicates correct or desired correct response when more than response is given. If only one responseis listed, it isthe

correct response.

Black lines were intended to address message conveyed by pattern only.
All responses were provided if there was not a single response of 70 percent or more.
Table 27 indicates the stripe and gap lengths associated with the all-white marking questions.

or black, as atwo-way road, but about 22 percent identified it
as aone-way road. The double solid line was associated with
two-way traffic, with responses between 79 and 88 percent,
regardless of color. A comparison of the results for the solid
single black line and solid single wide white line (Questions 6
and 16, respectively) indicates no large differencesin the pat-
tern of responses and a likelihood ratio chi-square test indi-
cated no significance differencesin the responses. The pattern
of responses to the solid double line questions (Questions 7,
10, and 14) indicates that respondents’ interpretations differ,
depending on whether one-color markings (black or white,
Questions 7 and 14, respectively) or yellow—white markings
(Question 10) are used. The use of yellow in the double solid
line increases the correct response rate (88 percent for yellow,
compared to 79 and 80 percent for white and black, respec-
tively). A likelihood-ratio chi-squared test indicates thisis a
highly significant difference in the response patterns for the
directional aspect of the question.

Four questions addressed the solid and broken line where
passing ispermitted in onedirection and prohibited in the other.
These double line markings were associated with two-way
traffic, with response levels between 82 and 87 percent. The
relationship between the solid line and the direction of travel
did not appear toinfluencetheresults. Thelikelihood-ratio chi-
square tests of statistical significance indicate weak signifi-
cance or no significance in the direction aspects responses to
the various solid-broken combination lines. This would seem
to indicate that for this particular marking pattern, the choice
of color for the marking hasrelatively little effect on respon-
dents’ interpretation of that marking.

Table 39 presents sorted results for the directional mes-
sage of the markings evaluated in the survey. Overal, the
results indicate that double lines and solid lines had the
higher comprehension levels. All of the markings consisting
of two lines, with at least one of them being asolid line, had
comprehension levels of 79 percent or higher. When these
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TABLE 39 Sorted resultsfor directional message

Sorted by Direction, then Percent Sorted by Percent
Marking No. | % | Direction Marking No. | %z| Direction
Double Solid Yellow 10 | 88 | two-way Double Solid Yellow 10 | 88| two-way
Yellow Passing Prohibited | 11 | 87 | two-way || Yellow Passing Prohibited | 11 | 87 | two-way
Yellow Passing Permitted | 12 | 87 | two-way || Yellow Passing Permitted | 12 | 87 | two-way
Black Passing Prohibited 5 | 82| two-way Black Passing Prohibited 5 | 82| two-way
White Passing Permitted | 15 | 82 | two-way White Passing Permitted 15 | 82| two-way
Double Solid Black 7 | 80| two-way Double Solid Black 7 | 80| two-way
Double Solid White 14 | 79| two-way Single Broken White 3 | 79| oneway
Single Broken Y ellow 9 | 74| two-way Double Solid White 14 | 79 | two-way
Single Broken Y ellow 2 |70 | two-way Single Broken Y ellow 9 | 74| two-way
Double Broken White 17* | 64 | two-way Single Broken Y ellow 2 | 70 | two-way
Single Solid Wide White | 16* | 51 | two-way Double Broken White 17* | 64 | two-way
Single Broken White 13* | 50 | two-way Single Broken Black 4* | 58 either
Single Solid Black 6* | 47 | two-way Single Solid Wide White | 16* | 51 | two-way
Single Broken Black 4x | 30 | two-way Single Broken White 13* | 50 | two-way
Single Broken White 3 | 79| oneway Single Solid Black 6* | 47 | two-way
Single Solid Black 6x | 23| one-way Single Broken White 13x | 31 either
Single Solid Wide White | 16x | 21 | one-way Single Broken Black 4x | 30 | two-way
Single Broken White 13x | 18 | one-way Single Solid Black 6x | 23 | one-way
Double Broken White 17x | 16 | one-way Single Solid Wide White | 16x | 21 | one-way
Single Broken Black 4x | 11 | one-way Single Solid Black 6x | 20 either
Single Broken Black 4* | 58 either Single Solid Wide White | 16x | 20 either
Single Broken White 13x | 31 either Single Broken White 13x | 18 | one-way
Single Solid Black 6x | 20 either Double Broken White 17x | 16 | one-way
Single Solid Wide White | 16x | 20 either Double Broken White 17x | 14 either
Double Broken White 17x | 14 either Single Broken Black 4x | 11 | one-way
Notes:

* indicates correct or desired correct response when more than one response per question is presented.
x indicatesincorrect or desired incorrect response when more than one response per question is presented.

double lines were yellow, comprehension levels were over
87 percent. The double yellow markings had the highest
comprehension levels of any of those eval uated, with respect
to the directional message.

Theresultsfor the singlelinesindicate that yellow wasthe
only marking that indicated two-way traffic at a comprehen-
sion level of 70 percent or more. The one-way directional
message was not addressed in detail in the survey. The one
guestion that did assess the issue (Question 3) found that
79 percent were able to correctly identify the color of the
marking as white.

The survey included several questions on all-white pave-
ment markingsin order to assesswhether respondents attached
an inherent meaning to specific all-white marking patterns.
Five marking patterns were presented:

+ Single4-in. broken linewith a10-ft stripe and a10-ft gap,

+ Single 8-in. solid line,

* Double 4-in. solid lines,

» Double 4-in. broken lines, and

* Doublelineswith one 4-in. solid line and one 4-in. bro-
ken line with 20-ft stripe and 20-ft gap.

The highest comprehension level of these all-white mark-
ing patterns was the 82 percent associated with the double
solid and broken line (passing permitted). The double solid
line was correctly interpreted by 79 percent, and the double
broken line was correctly interpreted by 64 percent. The
double solid white interpretation was 8 percent lower than
the double solid yellow. The double solid broken line appears
to be a better all-white pattern for indicating two-way traffic
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TABLE 40 Sorted resultsfor passing message

Sorted by Action then Percent Sorted by Percent

Marking Q| % Action Marking Q| % Action
Double Solid Y ellow 10 | 97| prohibited Double Solid Yellow 10 | 97| prohibited
Double Solid White 14 | 93| prohibited Single Broken Black 4 | 94| permitted
Double Solid Black 7 | 93| prohibited Double Solid White 14 | 93| prohibited
Black Passing Prohibited | 5 | 93| prohibited Double Solid Black 7 | 93| prohibited
Yellow Passing Prohibited | 11 | 92| prohibited|| Black Passing Prohibited | 5 | 93| prohibited
Single Solid Wide White | 16 | 81| prohibited|| Single BrokenYellow 93| permitted
Single Solid Black 6 | 79| prohibited Single Broken White 13 | 93| permitted
Single Broken Black 94| permitted|| Yellow Passing Prohibited | 11 | 92| prohibited
Single Broken Y ellow 93| permitted Double Broken White 17 | 84| permitted
Single Broken White 13 | 93| permitted|[ Yellow Passing Permitted | 12 | 83| permitted
Double Broken White 17 | 84| permitted)| White Passing Permitted | 15| 83| permitted
Yellow Passing Permitted | 12 | 83| permitted|| Single Solid Wide White | 16 | 81| prohibited
White Passing Permitted | 15 | 83| permitted Single Solid Black 6 | 79| prohibited

Note: All responses are correct responses.

than a single broken line (64 percent vs. 50 percent, respec-
tively). Thisindicates that if an al-white pavement marking
system is implemented, a double line system might be the
most effective means of indicating opposing traffic.

These resultsindicate that yellow has an important rolein
conveying the directional message of pavement markings.
The results also indicate that there is no inherent benefit to
converting to an al-white marking system from the stand-
point of conveying the directional message of the road.

Passing Message

The other message evaluated in the survey was the ability
to pass a vehicle (on atwo-way road) or to change lanes (on
a one-way road). The results for the passing message indi-
cated a higher level of understanding compared to the direc-
tional message. As shown in Table 40, &l of the responses
varied between 79 and 97 percent.

For single broken lines, the correct response rate varied
between 93 and 94 percent (passing permitted for all lines).
Color seemed to havelittleimpact on theinterpretation of the
message. The double solid line pattern had correct response
rates (passing prohibited) of 93 and 97 percent. Again, color
had littleimpact in interpretation. Both solid and broken dou-
ble line combinations (passing permitted) had a correct
response rate of 83 percent. The solid and broken doubleline
combination (passing prohibited) had correct response rates
of 92 and 93 percent. Within a given message (prohibited or
permitted), color had little impact.

The white double broken line was correctly interpreted by
84 percent, indicating some inherent meaning to this all-
white marking. However, the single solid wide white line
was interpreted correctly by 81 percent, which is about the
same as the solid black line.

In general, the passing restriction message of these mark-
ings seems to be well understood by the survey subjects.
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CHAPTER 3
DRIVER UNDERSTANDING

Aswith any part of thetraffic control device system, there
are many factors that affect the effectiveness of a pavement
marking. Certainly, visibility of a pavement marking is one
of those factors. However, seeing a marking is only the first
step; drivers must also know the meaning of pavement mark-
ings or the meaning must be inherently understandable in
order to function at an optimal level. In fact, astudy of traffic
sign symbols suggested that comprehension, or understand-
ing, isthe most important criteriain the overall effectiveness
of atraffic sign (8). Therefore, acritical element in assessing
the potential impacts of implementing an all-white pavement
marking system is to determine driver comprehension of the
current yellow—white pavement marking systemin the United
States and compare that to potential driver understanding of
an al-white system.

Asoriginally proposed, thisresearch project intended torely
upon previous research to assess driver understanding of pave-
ment markings and the potential effectiveness of various all-
white pavement markings. However, although that review did
identify previous research on driver understanding of pave-
ment markings, much of it was too old or did not address the
specific issues of color understanding. Therefore, the research
was modified to conduct an extensive evaluation of driver
understanding of:

« the current yellow—white pavement marking system,
including:

» understanding of the direction message conveyed by
yellow and white and

» understanding of the passing restrictions conveyed by
marking patterns,

« the potential effectiveness of an all-white pavement
marking system, including:

» directional messages and
» passing restrictions,

* identification of potential enhancements that could be
implemented to improve yellow—white or all-white pave-
ment marking systems, and

« drivers opinionsof pavement marking issues, including
the potential conversion to an all-white pavement mark-
ing system.

This chapter summarizes the findings from the two efforts
in this area: (1) evaluation of previous research on under-

standing of pavement markings and (2) evaluation (through
a survey) of current drivers’ understanding of pavement
markings.

PREVIOUS RESEARCH

Early in this study, the researchers evaluated previous
research on driver understanding of pavement markings. The
researchers identified 10 major studies in the last 35 years
that evaluated various aspects of the extent to which drivers
understand pavement markings. The results of the analysis
were presented in the interim report and are included in this
report as Appendix B.

The effort identified a limited number of previous studies
on driver understanding of pavement markings, particularly
with respect to the system-type issues. The system perspec-
tive of comprehension information was needed for this study
in order to assess various elements of the yellow—white sys-
tem and the identification of potential alternativesfor an all-
white pavement marking system. Furthermore, many of the
studies that were identified were conducted in the 1970s,
when the exclusive use of yellow for separating opposing
traffic was relatively new. As such, data from those studies
could not be generalized to represent understanding of the
system today, which has been in use for 30 years. The ulti-
mate result of the review was the finding that there is not an
adequate body of recent information to determine the extent
to which drivers understand the yellow—white marking code.
Also, there was no information on the potential understand-
ing of various alterative schemes for an all-white pavement
marking system.

One of the most significant challenges of evaluating pre-
vious research efforts was the limited focus of many of these
studies. Typically, one or two questions might be asked about
pavement markings as part of alarger effort on traffic con-
trol devices or other issues. Most of the questions focused on
no-passing messages of markings and did not address the
meaning of pavement marking color. Another significant
challenge in using various studies to make pavement mark-
ing system comparisons were the differences in evaluation
techniques between studies. Differences in evaluation tech-
niques, subject samples, and the year of evaluation can lead
to differencesin evaluation results. For example, the studies



that used in-context or simulated real world images of the
pavement markings generally had higher levels of compre-
hension. The higher level swere attributed to contextual clues
found in the driving environment.

Table 13 presents a generalized summary of the findings
relative to understanding of abroken yellow centerlineand a
broken whitelaneline. Inthistable, the research studieshave
been arranged in chronological order. However, theseresults
should not be compared directly with one another. Many of
these research studies found that drivers who had attended
driver education classes had better overall comprehension of
pavement markings. Instead of directly comparing results,
these findings should be used to gain a general appreciation
of the extent to which drivers understand the pavement mark-
ing system.

In general, the previous research evaluated as part of the
all-white marking evaluation found that significant portions
of driversdo not have an inherent understanding of the color
meanings associ ated with the yellow—white pavement mark-
ing system. The following information presents some of the
researchers’ conclusions about the yellow marking color as
presented in eight of the 11 studies described in this chapter.
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« Evaluationsfor the 1971 MUTCD: “Respondents are

able to interpret the intended meanings of the form of
road markings, but, on the basis of the examples given
in this questionnaire at least, they do not apprehend the
proposed meanings for colors’ (10).

Evaluations of the marking code: “ The research find-
ings indicate that, in fact, color coding of traffic is not
“ getting across’ to the driver. Many respondents, in
defining the markings, thought that white lines are
intended to show counter traffic movement. Moreover,
most drivers did not even recognize that color does
communicate traffic movement. . . . Yellow should not
be universally used to mark the center of two-way roads.
White center markings are preferable. Yellow paint is
toxic, it represents a visibility handicap under adverse
weather conditions, and it is more expensive than white
paint. . . . Theresearch findings bring into question the
use of yellow markingsto show the separ ation of counter-
moving traffic” (11).

AAA 1979 Evaluation: “The greatest weakness in
motorists’ perception of traffic controlswasin the area
of pavement markings’ (12).

TABLE 13 Generalized summary of previousresear ch findings

Directional M essage Associated with Color
Correct Response Rate (per cent)
Study Year | First Author | Reference
Yellow White
Centerline LanelLine
Ohio 1967 Taylor 9 674897
Evaluations for .
1971 MUTCD 1972 Dietrich 10 29 6
Evaluations of
Marking Code 1976 Gordon 11 70 59
First AAA 1979 Hulbert 12 na
Second AAA | 1980 Hulbert 13 n/a
87 47°
Second TTI 1981 Womack 14
53* 45*
Wisconsin 1993 Palit 15 69 57
Kansas 1995 Stokes 16 88 52
e 50
Third TTI 1995 Hawkins 17
NE 79
72 52°
TTI Border 1999 Hawkins 18
83* 48°

Notes: 'Results from random-order presentation for complete marking system.
2Results from system-order presentation for complete marking system.

3Results for multiple-choice eval uation.
“Results rate for open-ended evaluation.
5Drivers from Mexico.

5Drivers from Texas border area.
NE=not evaluated.
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« Ohio Evaluation: “Sgnificant results were found in
many of the studies which indicated that pavement
marking systems could be devised to convey meaningful
information to the driver. ... Also, the use of color
appears to have greater potential in the long run than
the use of line shape” (9).

» Wisconsin Evaluation: “ Theseresults suggest the need
for an educational program for the general public on
the meaning of the pavement markings’ (15).

« TTI 1981 Evaluation: “In general, survey respondents
indicated a lack of understanding of the meaning of the
road marking code system. . . . Respondents showed lit-
tle understanding of the difference between yellow and
white in defining directions of travel. Additionally,
although a reasonably good under standing of markings
that do not permit passing was found, there was some
indication that the premise drivers use was the color
yellow, rather than solid versus dashed markings’ (14).

« TTI 1995 Evaluation: The researchers identified sev-
eral deviceswhereincreased emphasisin driver training
classes is needed. Among the recommendations was
one to “Emphasize the difference between yellow and
white markings and the restrictions indicated by differ-
ent marking patterns’ (17).

« TTI 1999 Border Area Evaluation: Researchers rec-
ommended several devicesfor emphasisin driver educa-
tion: Among the recommendationswas oneto emphasize
the* difference between yellow and white markings® (18).

Several magjor conclusions can be drawn from the find-
ings of the review of previous research. They include the
following:

* Thereis alack of thorough research on driver under-
standing of pavement markings.

+ Inthe 1970s, when exclusive use of yellow as a center-
line was relatively new, research indicated that signifi-
cant proportions of the driving population did not dis-
tinguish the different meaning between yellow and
white lines of the same shape.

» Thepreviousresearch supportsthe claim that the yellow—
white system could be changed because drivers do not
have a high degree of familiarity and understanding
with it.

+ Driversare not thoroughly familiar with the meaning of
yellow within the pavement marking system, but spe-
cific issues of understanding color are not adequately
addressed in previous research.

The information on previous comprehension research was
presented to the panel early in the research project. After
reviewing this and other information, the panel agreed that
the project should include an evaluation of current driver
understanding of the U.S. pavement marking system. There-
fore, the project was modified to devote asignificant effort to

this issue, including driver understanding of potentia all-
white pavement marking patterns. Driver understanding of
yellow—white and all-white markings were assessed through
adriver survey that was administered to 851 driversat 7 gen-
eral locations in the United States.

SURVEY DEVELOPMENT

The survey was devel oped over aseries of several months.
The researchers established theinitial content and format for
the survey, then proceeded to administer the survey in apilot
effort. Through pilot testing, the researchers found that the
format of theinitial survey had numerous shortcomings and
the content was too long. This led to an overhaul of the sur-
vey format and content. The survey was revised and evalu-
ated in asecond pilot effort, which determined that the revised
survey was effective.

Initial Survey Development

In developing theinitial survey, the researchers attempted
to address all of the understanding issues that needed to be
answered and to present the information to survey partici-
pants in a manner that represented a real-world condition to
the greatest extent possible.

Content

In developing the initial survey, the researchers identified
numerousitemsthat they felt should be addressed inthe eval-
uation. These included:

 Drivers ability to describe the pavement marking color
code,

* Drivers reliance on pavement marking color wheninter-
preting marking messages,

+ Drivers reliance on pavement marking patterns when
interpreting marking messages,

» Drivers ability to discern subtle differences in pave-
ment marking patterns,

+ Drivers understanding of the current yellow—white pave-
ment marking system,

 Drivers potential understanding of various alternatives
for an all-white pavement marking system,

+ The ability to increase understanding of yellow—white
or all-white markings through minor enhancements, and

* Drivers' opinion and input on pavement marking i ssues.

The initial survey consisted of 55 questions, which could
be divided into the following categories:

+ Basic understanding of the pavement marking code and
driver reliance on the code (5 questions),



+ Pavement marking patterns without color (10 questions
on 6 different marking patterns),

+ Current yellow—white pavement markings (8 questions
on 4 different marking patterns),

+ Potential aternatives for al-white pavement markings
(28 questions on 14 different marking patterns),

+ Enhancementsto the pavement marking system (2 ques-
tions), and

» General comments (2 questions).

Static graphic images were used for all questions except
those addressing the yellow—white and all-white markings.
Video clips were used for the 36 questions on yellow—white
and all-white markings. The video clips were deemed to be
necessary for two reasons: (1) the desire to present asredlis-
tic a scenario as possible and (2) the desire to evaluate dif-
ferent stripe and gap patternsfor the all-white markings. TTI
staff filmed the video clipson aloca highway. The all-white
markings were created by overlaying existing yellow mark-
ings with strips of white tape mounted on auminum panels.
These patterns were easily changed from one scenario to
another. Table 14 presents the different all-white pavement
marking patterns that were included in the initial survey as
video clips.

As shown in Table 14, a variety of width and stripe/gap
lengths for the all-white markings was included because of
the dependence on similar patterns in other countries with
all-white markings. The researchers wanted to determine if
wider markings or different stripe and gap lengths might
convey a sense of opposing traffic to drivers. Figure 7 illus-
tratesthe appearance of several different stripe/gap patterns.
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These images were taken from the video clips used in the
initial survey.

Format

The initial survey was envisioned as a self-administered
survey that would be presented on a laptop computer. The
intent wasto present aseries of photographs, graphic images,
and video clips to survey subjects, who would respond
through keystrokes on the computer. This survey format was
selected because (1) it presented a more realistic view of
roadway scenarios than a static image, (2) it allowed more
than one survey to be given concurrently by an administra-
tor, and (3) it allowed automated recording of data entries.

The initial survey was created in Visual Basic so that
answers would be automatically saved in a database on the
computers as respondents viewed the images and responded
to questions on the screen. As mentioned, thisformat allowed
for the use of video clips as a part of the survey. Each of the
video clipswas 310 4 slong. The use of video clips enabled
theresearchersto display varying patterns of linelengths and
spacings in a real-time view, simulating the actual driving
situation more realistically than with photographs.

Pilot Testing

Oncetheinitial survey had been prepared and approved by
the NCHRP panel, the researchers initiated a pilot test to
evaluate the effectiveness of the survey instrument. The ini-
tial survey was pilot tested with 15 subjects at two locations

TABLE 14 All-white pavement marking patternsincluded in initial survey

Line Type LineWidth LineLength | Gap Length | In Revised
(inches) (feet) (feet) Survey?
Single Broken 4 10 10 Yes
Single Broken 4 10 30 No
Single Broken 4 20 20 No
Single Broken 8 10 10 No
Single Broken 8 10 30 No
Single Broken 8 20 20 No
Single Solid 8 N/A N/A Yes
Double Broken 4 10 10 Yes
Double Broken 4 10 30 No
Double Broken 4 20 20 No
Double Combination (Passing Permitted) 4 10 10 No
Double Combination (Passing Permitted) 4 10 30 No
Double Combination (Passing Permitted) 4 20 20 Yes
Double Solid 4 N/A N/A Yes




a 4-inchline: 10-ft stripe, 10-ft gap b. 8-inch line: 10-ft stripe, 10-ft gap

¢. 4-inch line: 20-ft stripe, 20-ft gap d. 8-inch line: 20-ft stripe, 20-ft gap

e. 4-inch line: 10-ft stripe, 30-ft gap f. 8-inchline: 10-ft stripe, 30-ft gap
Figure7. Comparison of striping patterns.




in the College Station/Bryan area. During the pilot testing,
researchers noted that participants were not taking thetimeto
watch the 3- to 4-s video clips. In most cases, they answered
almost immediately upon seeing astill image on the screen. It
became apparent that participants could not tell the difference
between various stripe and gap lengthsin the video clips. Fig-
ure 7 provides several examples of striping patterns that driv-
erscould not distinguish from one another. Further, theinitial
pilot testsindicated that the survey wastoo long and too repet-
itive. Because participants did not distinguish between the
various scenarios, they thought they were being asked to
answer the same question repeatedly. The 55 questionsin the
initial survey took an average of 20 min to complete.

In addition to the problems with perceived repetition and
length, there were glitchesin the use of the Visual Basic ver-
sion of the survey. Although the survey worked well on the
laptop computer on which it was developed, it did not work
properly when installed on other laptop computers. Thispre-
vented the survey from being administered on multiple lap-
tops at the same time, reducing the efficiency of the survey
administration process. Asaresult of the negative experience
with the initial survey, the researchers determined that the
survey should be significantly revised.

Revised Survey Development

The revised survey was created from the initial survey by
eliminating some of the questions, converting the video clips
to photographs, and creating a paper-based survey format.

Content

In revising the content, the researchers eliminated 12 of
the marking scenarios and combined separate questions for
many of the other scenarios that were retained in the survey.
The result was a survey that consisted of 20 questions. In
genera, the questions that were eliminated addressed some
of the less common marking situations or the wide variety of
stripe and gap lengths in the all-white markings. Table 14
indicates which of the all-white markings were included in
the revised (and final) survey instrument. The researchers
also refined the introductory questions on the pavement mark-
ing code and simplified the presentation of multiple ques-
tions that were related to a specific scenario. The content of
the final survey instrument is presented in Appendix C.

Format

Once the video clips were eliminated and the number of
guestions was reduced, the researchers determined that a
paper-based survey format would be just as effective as the
computer-based format. Therefore, the survey was converted
to PowerPoint and printed for presentation from a binder.
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Each screen was printed in color, and each page was inserted
in aplastic sleeve. The sleeveswere placed in a hard binder,
and each surveyor had a copy of this notebook. This change
also allowed the surveyors to more easily approach potential
participants because the paper version was mobile: the
researcher and participant did not have to move to a specific
area where a laptop computer was located. Figure 8 illus-
trates one question from the survey binder as it was used to
collect data from the participants.

Therevised survey was organized into four general sections:

* Introduction and initial open-ended questions to deter-
mineif drivers mentioned pavement markings as some-

9 A s this road & one-way, Of two-way, o

could e sthaer type of rosd?

B Can you cross the centar line to get into
thin lane or pass using this lane?

Figure8. Survey binder.



thing they would look for when deciding which way to
go in an unfamiliar situation,

+ Scenarios where all pavement markings are shown in
black on a gray road to determine driver understanding
of patterns,

 Actual photos of road scenarios with pavement mark-
ings shown in yellow and white to determine driver
understanding of color, and

« Actual photos (originally videos) of all-white pavement
markings to determine interpretation of the markings.

These sections were followed by two questions about new
arrow patterns and an open-ended question asking for opin-
ions on converting to an all-white pavement system.

Pilot Testing

After developing a revised survey instrument, researchers
pilot tested the revised survey instrument. Two pil ot testswere
conducted in the College Station/Bryan area, with a total of
30 subjects participating in the survey. The experience gained
from thefirst pilot test found that the recorded responses indi-
cated answers to the questions, but not the respondents’ confi-
dence in the answer. In many cases, the respondent would
make statements such as“1’m not really sure, but | think itis
supposed to be yellow, so that’swhat I'll say.” In the survey
results, this would be recorded as a correct response even
though the respondent did not have any degree of confidence
inthe answer. Therefore, in the second pilot test, afollow-up

TABLE 15 Survey sites

question was added to the second and third questions in the
survey to assess subjects’ certainty of their answers.

The experiences gained from the pilot testing of the revised
survey indicated that the survey instrument was effective and
that the effort could move forward into the survey adminis-
tration stage.

SURVEY ADMINISTRATION

Thefirst surveyswere conducted in August 2001 in Hous-
ton, Texas. In all, surveys were administered in six metro-
politan areas in five states around the United States to atotal
of 851 subjects. Table 15 lists the survey locations and num-
ber of surveys completed at each location.

Site Selection

The survey was administered in public places where driv-
ers could be recruited and where a waiting period was typi-
cal. The researchers selected driver licensing offices, air-
ports, train stations, and bus stations for survey locations in
order to include a wide variety of drivers. The researchers
original planwasto collect survey datain airports. Some data
were collected at airports prior to September 11, 2001, but no
surveys were administered in airports after this date because
of security restrictions. Instead, the researchers used train
and bus stations as the primary locations for collecting sur-
vey data

City and State L ocation Number of Surveys Completed
Atlanta, GA Hartsfield Airport 5
Atlanta, GA Greyhound Station 70
Chicago, IL Amtrak Station 398
Dallas, TX Amtrak Station 47
Dallas, TX Greyhound Station 7
Emeryville, CA

Oakland, CA Amtrak Stations 65
San Francisco, CA

Houston, TX Amtrak Station 33
Houston, TX Driver License Station 69
Houston, TX George Bush Intercontinental Airport 50
Houston, TX Greyhound Station 75
Minneapolis, MN | Human Factors & Ergonomic Society Conference 10
Minneapolis, MN | Small Social Settings 14
St. Paul, MN Amtrak Station 8
Total Number of Surveys 851




The survey was conducted in five geographically diverse
areas of the United States: Texas, Illinois, Georgia, California,
and Minnesota. The intent wasto avoid limiting the results to
one region of the country. As the location selection expanded
to include morethan driver licensing offices, the net result was
that the sample included drivers from almost every state and
territory of the United States, with larger frequencies from the
survey state sites.

Administration

Potential participants were approached and asked if they
would be willing to complete a survey about driving that
would take approximately 10 min. If the potential participant
said no, surveyors thanked them and moved on. If the poten-
tial participant said yes, the surveyor positioned the notebook
so that the participant could clearly see the images and text
after first determining that the participant was a driver. The
surveyor began by assuring the respondent that the survey
was not atest and would in no way affect the participant’s
driver license.

The surveyor then read each question aloud, waited for the
participant’ sanswer, and recorded each answer on an answer
sheet. The surveyor gave the participant a squeezable stress
vehicle after they completed the survey in appreciation for
their participation.

SURVEY RESULTS

Data from the survey consist of the responses from 851
subjectsto various demographic and roadway marking ques-
tions. Theresults presented in this section simply addressthe
frequency and percent responses to each question. A more
detailed analysis of the results is presented at the end of this
chapter. Theanalysisis presented according to the major sec-
tions of the survey: demographics, basic marking color code,
marking patterns, yellow—white markings, al-white mark-
ings, and follow-up questions. The response percentages pre-
sented herein have a standard error of +3.5 percent for the
reported percentages, based on a sample size of 850 and a
95 percent confidence level.

Demographics

The first five questions in the survey asked the subject for
demographic information. In addition to thefive questions, the
survey administrator recorded the gender and apparent ethnic-
ity of the subject. While gender determination is straight-
forward, the values recorded for ethnicity may, by not being
self-reported, involve an unknown degree of ambiguity. Ta-
ble 16 presents the results of the demographic analysis. The
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851 subjects that participated in the survey represented
47 states, the District of Columbia, and Puerto Rico. Table 17
presentsthe geographic distribution of the survey respondents.

Basic Marking Color Code

The first three questions of the survey were intended to
identify driver understanding of the basic color code of the
current yellow—white pavement marking system. All three
guestions were open-ended and subjects were alowed to
give multiple responses. All subject responseswere recorded
in the order that they were given. All three questions pre-
sented the photograph shown in Figure 9. The second and
third questions presented the graphicsin Figures 10 and 11,
respectively, in addition to the graphic shown in Figure 9.

Responsesto Question 1 are shown in Table 18. The actual
responses to this question were open-ended, and multiple
responseswerealowed. Therewereatota of 2,041 responses
among the 851 subjects (an average of about 2.4 responses per
subject). In tabulating the responses, the individual responses
were grouped into eight distinct categories and one catch-all
category (Other). Subjects were asked to continue providing
answers until they could not think of any other cuesto traffic
direction. Therefore, Table 18 also indicates the frequency
and percentage that each of these responseswere given asthe
first, second, and third response from each subject. Present-
ing the results in this manner gives an indication of the pri-
mary tool that a driver would use to determine whether a
street is one-way or two-way.

Table 19 presents arank order of the responses as a func-
tion of several different considerations. This information
showsthat driverstend to use signs and other traffic to deter-
mine whether aroad is one-way or two-way. While drivers
rely upon markings in general, they tend to be a secondary
consideration if there are other cuesavailableto providedirec-
tional information. Only about 10 percent of all the responses
specifically mentioned looking at the color of the markings.
About one-fourth of the subjects mentioned markings as one
of their responses.

In Questions 2 and 3, a graphic was presented along with
the photograph (see Figures 10 and 11). The graphic had
arrows indicating one- or two-way traffic and black pave-
ment markings. Subjects were asked to indicate the color of
the broken line in the center of the street and the degree to
which they were certain of their answer. They were also
asked to indicate the certainty of their answer, with a5 indi-
cating they were positive and a 1 indicating they were guess-
ing. Table 20 presents the responses for a two-way street
(Question 2) and Table 21 presents the responses for a one-
way street (Question 3). A small nhumber of subjects gave a
fractional answer (e.g. 3.5, 4.5) as their response on the cer-
tainty question. In these cases, the response was rounded
down to the nearest integer.



TABLE 16 Demographic results

Survey Data us.
Question/Demogr aphic Categories Number | Percentagea Population®
Lessthan 1 year 21 247 N/A
How long have you been driving? | 1 —5 years 133 15.63 N/A
(851 responses) 610 years 115 1351 N/A
More than 10 years 582 68.39 N/A
_Did you take Driver’ S_Educati on |Yes 553 65.14 N/A
:i”cgrr](;g_,“(’gig E’;&ggg S No 296 34.86 N/A
16-19 72 8.47 7.5%”
20-29 218 25.65 17.7%°
What is your age group? (850 30-39 144 16.94 19.9%°
responses) 40-49 164 19.29 19.6%
50-59 149 17.53 14.3%
60 or above 103 12.12 21.1%°
Less than high school 55 6.48 24.8%°
What is the highest grade you High school or GED 180 21.20 30.0%°
completed in school? (849
responses) Some college or technical school 250 29.45 24.9%°
College graduate 364 42.87 20.3%°
City
Where do you live? State fc?fzi-ls—t??tlyﬁtilgn N/A
Zip Code
Observation of subject gender | Male 455 54.30 49.1%°
(838 responses) Female 383 45.70 50.9%°
Anglo 604 71.90 62.6%"
Observation of subject ethnicity Black 151 17.98 12.3%
(840 responses) Hispanic 55 6.55 12.5%"
Other 30 3.57 10.2%
Notes: 'Data based on the 2000 U.S. Census.

2Data based on percentage of total driving age population (16 and over).
3Data based on total U.S. population.
“4Census data includes Hispanic with White for reporting purposes. They have been separated in this table.

TABLE 17 Summary of sampledistribution by state

State | Number State | Number State | Number State Number
AK 2 1D 2 MT 11 Puerto Rico 2
AL 11 IL 150 NC 8 SC 5
AR 7 IN 19 ND 3 SD 2
AZ 8 KS 3 NH 2 TN 10
CA 95 KY 5 NJ 8 X 185
CO 18 LA 11 NM 1 uT 1
CT 3 MA 7 NV 2 VA 12
DC 1 MD 7 NY 16 VT 1
DE 3 ME 2 OH 18 WA 3
FL 31 MI 27 OK 3 Wi 29
GA 31 MN 26 OR 7 wv 1
HI 1 MO 16 PA 22
1A 7 MS 5




Figure9. Photo for Questions 1 through 3.

The results of these two questions show that a substantial
number of the subjects have an understanding of the use of
marking color to differentiate between one- and two-way
roads. About 70 percent of the subjects indicated yellow for
atwo-way street and about 80 percent indicated white for a
one-way street. When these responses are combined with
those of Question 1, it is apparent that this knowledge is not
the primary tool drivers use to distinguish direction of travel
on aroad.

One other question in the survey addressed the color of
pavement markings. Question 8 presented a graphic of a
divided highway and asked driversto indicate the color of the
markings for one direction of travel. Figure 12 presents the
graphic used for this question and the results are presented in
Table 22. The labels identifying the specific lines were not
part of the graphic image shown to survey participants. Inthe
actual survey, the administrator would point to the line that
the question was asking about.

Figure10. Graphic for Question 2.
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Figure11l. Graphic for Question 3.

While approximately three-fourths of the subjects cor-
rectly identified the color of the lane line, these results indi-
cate a significant lack of understanding of the color of edge
lines. Only 39 percent correctly identified the color of theleft
edge line and 66 percent correctly identified the color of the
right edge line.

Marking Patterns

Questions 4 through 7 presented graphic images of road
scenes where the pavement markings were black. The intent
of these questions was to determine if drivers associate spe-
cific messages with the marking pattern alone (sans color).
Two issues were addressed for each question: direction of
traffic (one-way or two-way) and passing/lane changing
restrictions. The graphic images presented with each ques-
tion are shown in Figures 13, 14, 15, and 16.

Thefirst part of each question addressed whether the traffic
flow on the road was one-way, two-way, or either. Respon-
dentswere also allowed to indicate that they did not know or
were not sure. The results for the first part of Questions 4-7
are presented in Table 23.

The second part of Questions 4—7 addressed whether the
marking presented arestriction on passing or changing lanes.
Respondents answered the questions based on driving the
vehicle shown in the graphic image. The results for the sec-
ond part of Questions 4—7 are presented in Table 24.

The resultsto the direction of traffic question indicate that
drivers tend to associate a solid line with two-way traffic.
The broken line question was correctly answered (could be
either two-way or one-way) by almost 60 percent of the sub-
jects. Another 30 percent provided the safer response of two-
way traffic. The passing prohibited in one direction and the
double solid line markingswere strongly associated with two-
way traffic (82 and 80 percent, respectively). There was no
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TABLE 18 Responsesto Question 1

Question: How would you know if thisis a one-way or atwo-way road? What would you look for that
would tell you? Isthereanything else you would look for? Isthat everything?

. Overall First Response | Second Response | Third Response

Response (open-ended)
Freq. | Percent | Freq. | Percent | Freq. | Percent | Freq. | Percent

Look for asign 545 26.7 310 36.4 180 234 51 135
Look for One-Way sign 187 9.2 99 11.6 68 8.8 20 53
Look for Do Not Enter sign 34 1.7 0.9 13 17 10 2.6
Look to seewhich way signsare| 17 0.8 5 0.6 6 0.8 3 0.8
facing
Look at direction trafficis 504 24.7 104 12.2 228 29.6 160 423
moving
Look at the markings 294 14.4 134 15.7 121 15.7 37 9.8
Look at the color of the 209 10.2 129 152 56 15.2 22 5.8
markings
Look for an arrow 89 4.4 17 20 39 51 29 7.7
Other 162 7.9 45 5.3 58 75 46 12.2
Total 2041 | 100% 851 100% 769 100% 378 100%

Note: *The response categories represent generalized aggregation of the specific responses provided by subjects.

TABLE 19 Rank order of Question 1 responses

Rank Rank Order By Types of Responses
Order All Responses (2041) | First Response (851) | Second Response (769) | Third Response (378)
First Sign Sign Direction of traffic Direction of traffic
Second Direction of traffic Markings Sign Sign
Third Markings Marking Color Markings Other
Fourth Marking Color Direction of traffic One-Way sign Markings
Fifth One-Way sign One-Way sign Other Arrow

TABLE 20 Responsesto Question 2 (two-way street)

Note: *Indicates the correct response.

Question: If thisisatwo-way street, Question: How sure you are of your
what color would this dashed line be? answer?
Responses Frequency | Percent Responses Freguency | Percent
White 214 25.2 1 (Guessing) 21 25
Y ellow* 501 69.5 2 50 6.0
Either 18 21 3 139 16.7
Other 12 14 4 152 18.2
Don’'t know 8 0.9 5 (Positive) 473 56.7
Not sure 7 0.8 Total 835 100%
Tota 850 100%




TABLE 21 Responsesto Question 3 (one-way str eet)

Question: If thisisa one-way street, Question: How sureyou are of your

what color would this dashed line be? answer?

Responses Frequency | Percent Responses Frequency | Percent
White* 665 79.2 1 (Guessing) 31 39
Yellow 95 11.3 2 47 59

Either 11 13 3 151 18.9
Other 24 29 4 117 14.6

Don't’ know 29 35 5 (Positive) 455 56.8

Not sure 16 19 Tota 801 100%
Tota 840 100%

Note: *Indicates the correct response.

Right Edge

Lane
Line

Left Edge
Line

Figure12. Divided road line color (Question 8).

TABLE 22 Question 8results

Question: Thisisa sketch of an inter state highway, showing both the northbound and
southbound sections. What color do you think the left edge line would be? What color do you
think thelaneline would be? What color do you think theright edge line would be?

Left EdgeLine LaneLine Right EdgeLine
Responses

Freg. Per cent Freqg. Per cent Freqg. Percent

Yellow 331 39.0%* 171 20.3% 228 26.9%
White 461 54.3% 642* 76.1%* 555* 65.5%*
Other 26 3.1% 20 2.4% 34 4.0%
Uncertain 31 3.7% 11 1.3% 30 3.5%
Total 849 100% 844 100% 847 100%

Note: *Indicates the correct response.

39
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Figure13. Broken line pattern (Question 4).

clear consensus on the single solid line, which is not surpris-
ing, given that this marking pattern isnot used asacenterline
or laneline.

The second part of each question addressed the passing
restrictions implied by the various marking patterns. Again,
subjects associated a definite meaning to the patterns. The
two solid linesthat drivers normally see (double solid center-
line and passing prohibited in one direction) were associ-
ated with no-passing by over 90 percent of the subjects. No-
passing was also associated with the single solid line, but at
alower percentage (79 percent). Almost 95 percent indicated
that passing was permitted with the broken line.

Yellow—White Markings

In the next section of the survey, subjects were presented
with actual photographs of road scenes with various yellow—
white marking schemes. The intent of these questions wasto
assess driver understanding of the current yellow—white pave-
ment marking system. Aswith the marking pattern questions,

Figure 14. Passing prohibited in one-direction pattern
(Question 5).

Figure15. Snglesolid line pattern (Question 6).

two issueswere addressed for each question: direction of traf-
fic (one-way or two-way) and passing/lane changing restric-
tions. The graphic images presented with each question are
shown in Figures 17, 18, 19, and 20.

Thefirst part of each question addressed whether the traf-
fic flow on the road was one-way, two-way, or could be
either. Respondents were also allowed to indicate that they
didn’t know or were not sure. The results for the first part of
Questions 9-12 are presented in Table 25.

The second part of each question addressed whether the
marking presented arestriction on passing or changing lanes.
The results for the second part of Questions 9-12 are pre-
sented in Table 26.

The results for these questions again show that alarge per-
centage of driverstend to associate the presence of asolid line
with two-way traffic and with no passing. The double solid
line and the solid and broken line combination (passing pro-
hibited or permitted in one direction) al had correct response
rates between 86 and 88 percent for the directional message.
When only a broken line was shown, the correct response
rate for the directional message dropped to 74 percent, with
another 20 percent indicating the road could be either one-
way or two-way.

Figure16. Double solid line pattern (Question 7).
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TABLE 23 Resultsfor directional aspect of Questions 4-7

Question: Istraffic on thisroad two-way, one-way, or could it be either?
e | ezt | e
-way | 2-way Either | Don't Know | Not Sure | Responses
4A Single Broken 91 258 490* 5 4 3
(Figure 13) Line 10.7% | 30.4% | 57.8%* 0.6% 0.5%
5A No Passing in 54 698" 89 3 6 1
(Figure14) | OneDirection | 496 | 821%* | 105% 0.4% 0.7%
. 6A Singl e Solid 194 378 172 39 47 1
(Figure 15) Line 228% | 468% | 20.2% 4.6% 5.5%
7A Double Solid | 53 62+ o1 16 13
(Figure 16) Line 63% | 795% | 108% 1.9% 15% °

Note: *Indicates the correct response.

TABLE 24 Resultsfor passing aspects of Questions 4-7

Question: Can you crossthe centerlineto get into theleft lane or passusing the left lane?
Marking Response Number of Missing
Number
Pattern Yes No Don’t Know | Not Sure Responses
4B Single Broken | 794* 43 3 9 3
(Figure 13) Line 935% | 51% 0.4% 11%
5B No Passing in 48 793¢ 2 6 2
(Figure14) | One Direction 5.7% 93.4%* 0.2% 0.7%
6B Sinale Solid Li 153 660 17 10 1
) ngle Solid Line
(Figure 15) 182% | 78.6% 2.0% 1.2%
7B Double Solid 50 786" 6 3 6
(Figure 16) Line 59% | 93.0% 0.7% 0.4%

Note: *Indicates the correct response.

Figure17. Broken yellow centerline (Question 9). Figure 18. Double yellow centerline (Question 10).
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Figure19. Yellow passing prohibited in one direction Figure20. Yellow passing permitted in one direction
(Question 11). (Question 12).

TABLE 25 Resultsfor directional aspect of Questions 9-12

Question: Istraffic on thisroad two-way, one-way, or could it be either?

Response Number of
Number Marking - Missing
l-way | 2-way | Either | Don’t Know | Not Sure Responses
9A Single Yellow 57 626~ 159 4 3 2
(Figure17) | Brokenline | o200 | 73706 | 187% |  050% 0.4%
10A Double Yellow 41 746* 55 4 4 1
(Figure18) |  Solid Lines 48% | 87.8%* | 6.8% 0.5% 0.5%
11A Passing 45 736+ 62 5 3 o
(Figure 19) Prohibited 53% | 865%* | 7.3% 0.6% 0.4%
12A Passing 36 735¢ 71 3 6 .
(Figure20) | Permitted 42% | 86.4%* | 83% 0.4% 0.7%

Note: *Indicates the correct response.

TABLE 26 Resultsfor passing aspects of Questions 9-12

Question: Can you crossthe centerlineto get into theleft lane or passusing the left lane?
Number Marking Response Number of Missing
Yes No Don’'t Know | Not Sure Responses

9B Single Yellow 793* 55 2 0 1
(Figure 17) Broken Line 03.3%* 6.5% 0.2% 0%

108 Double Yellow 24 824* 2 0 1
(Figure 18) Solid Lines 2.8% 96.9%* 0.2% 0%

118 pawng 67 7T+ 3 2 5
(Figure 19) Prohibited 7.9% 91.5%* 0.4% 0.2%

12B ) ) 699* 139 4 5

(Figure20) | PO PEmed I L4 0.5% 0.6% ¢




Over 90 percent of the subjects responded that a solid line
in their lane indicated ano-passing zone. A broken line alone
was interpreted as permitting passing by over 90 percent.
However, abroken line with asolid linein the other direction
(passing permitted in onedirection) had acorrect responserate
of 83 percent. While till high, these results indicate that a
small percentage of drivers (9 percent) associate the solid line
with ano-passing message even though the passing restriction
appliesto traffic in the opposing direction.

All-White Markings

In the fourth section of the survey, subjectswere presented
with actual photographs of road sceneswith various all-white
marking schemes. Theintent of these questions was to assess
how well drivers might understand the directional and pass-
ing messages conveyed by various patterns of all-white mark-
ings. Aswith the previousyellow—white questions, two issues
were addressed for each question: direction of traffic (one-
way or two-way) and passing/lane changing restrictions. The
graphic images presented with each question are shown in
Figures 21, 22, 23, 24, and 25.

Table 27 presents information on the width and stripe and
gap lengths for the all-white markings used in Questions
13-17. The all-white marking scheme was created by plac-
ing aluminum covered with white marking tape on an exist-
ing roadway so that the white markings covered the existing
yellow markings.

Theresultsfor thefirst part (direction of traffic) of Ques-
tions 1317 are presented in Table 28. The results for the
second part (passing restrictions) of Questions 13-17 are pre-
sented in Table 29. As with the previous questions, respon-
dents were also allowed to indicate that they didn’t know or
were not sure.

Theresultsfor these questionsindicate that only the double-
line marking patterns with at least one solid line had com-
prehension levels where over three-fourths of the subjects

Figure21. Sngle broken whiteline (Question 13).

Figure22. Double white centerline (Question 14).

indicated it was atwo-way road. The double broken line had
64 percent indicating a two-way road. Only half of the sub-
jects interpreted the single broken line and the single solid
line as atwo-way road.

Theseresults show that the double-line markings did abet-
ter job of conveying the two-way message than the single
lines. Understanding of the double-broken line was at least
15 percent less than that of the double-line markings that
contained at least one solid line. Since the subjects did not
seem to attach an inherent meaning to these markings, it
appears that implementation of an all-white pavement mark-
ing system would require some form of campaign to teach
drivers the meaning of the lines.

Follow-Up Questions

Four follow-up questions at the end of the survey addressed
various issues associated with all-white pavement markings.

m!rm.,

Figure23. White passing permitted (Question 15).



Figure24. Double wide white line (Question 16).

Questions 18 and 19 presented supplemental marking sym-
bolsthat are widely used in countrieswith all-white pavement
marking systems to help drivers. Question 20 provided sub-
jectswith achance to comment on all-white markingsin gen-
eral and any other issues they wanted to note.

Question 18 presented a two-lane road with an arrow
located within the centerline as shown in Figure 26. Thistype

Figure25. Double broken white line (Question 17).

of marking is used in European countries to indicate the
beginning of a no-passing zone. The actual responses given
by subjects were divided into general categoriesfor analysis.
Table 30 presents the summary of responsesfor this question.

The responses to the no-passing arrow in the centerline
indicate that it has avery low inherent understanding among
the survey participants. The low comprehension level might

TABLE 27 Marking dimension for all-white markings

Question Line Pattern LineWidth (inches) | Stripe Length (feet) | Gap Length (feet)
13 (Figure 21) Broken Line 4 10 10
14 (Figure 22) Double Solid Lines 4 Not Applicable
15 (Figure 23) Pa’g:g Dpﬁgltg?]d in 4 20 20
16 (Figure 24) Single Solid Line 8 Not Applicable
17 (Figure 25) | Double Broken Lines 4 10 10

TABLE 28 Resultsfor directional aspect of Questions 13-17

Question: Istraffic on thisroad two-way, one-way, or could it be either?
R onse
Number Marking - & _ Number of
1-way | 2-way | Either | Don’t Know | Not Sure |Missing Responses

13A SingleBroken | 153 424 262 5 5 3
(Figure21) | WhiteLine | 10000 | 49.9% | 30.9% 0.6% 0.6%

14A Double Solid 59 667 111 4 6 4
(Figure22) | WhiteLines | 700, | 78.8% | 13.1% 0.5% 0.7%

15A Passing 47 692 101 5 4 )
(Figure 23) Permitted 55% | 815% | 11.9% 0.6% 0.5%

Single Solid 180 435 171 35 27

16A Wide White 3
(Figure 24) Line 21.2% | 51.3% | 20.2% 4.1% 3.2%

17A Double Broken 134 542 120 29 23 3
(Figure2s) | WhiteLines | 15000 | 63.9% | 14.2% 3.4% 2.7%
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TABLE 29 Resultsfor passing aspects of Questions 13-17

Question: Can you crossthe centerlineto get into theleft lane or passusing the left lane?
Response issi
Number Marking €sp Number of Missing
Yes No Don’'t Know | Not Sure Responses
138 Single Broken 789 52 5 2 3
(Figure 21) WhiteLine 93.0% 6.1% 0.6% 0.2%
14B Double Solid 52 788 7 2 5
(FI gure 22) White Lines 6.12% 92.8% 0.8% 0.2%
158 . ) 703 140 5 1
) Passing Permitted 2
(Figure 23) 82.8% | 16.5% 0.6% 0.1%
168 Single Solid 137 674 21 5 14
(Figure 24) | Wide WhiteLine | 16.4% | 80.5% 2.5% 0.6%
17B Double Broken 701 107 15 17 11
(Figure 25) White Lines 835% | 12.7% 1.8% 2.0%

be attributable to the lack of contextual cueswhen asking the
question or may be dueto driver unfamiliarity with this mark-
ing. Theresultsindicate that the marking should not beimple-
mented without further evaluation. Use of this marking in
other countries indicates that it may have value as a marking
symbol and deserves future evaluation.

Question 19 presented directional arrows on a two-lane
road as shown in Figure 27. Thistype of marking isaso com-
monly used in Europe to indicate direction of travel on road-
ways, particularly at intersections. Responses were catego-
rized into correct and incorrect responses, where a correct
responsewas one where the subject indicated that they needed
to move from the left lane to the right lane or to stay in the
right lane.

The results of Question 19 indicate a very high level of
understanding associated with the directional arrows. Such
arrows might have significant value in locations where driv-
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Figure26. End passing zone arrow (Question 18).

ers may be confused as to the direction of traffic flow. (See
Table 31.)

Question 20 asked drivers what they thought of convert-
ing to an all-white pavement marking system. Responses
were categorized into those that support the idea, those that
do not, those that are undecided, and those that gave no
response. Table 32 presents the summary of responses for
this question. The results indicate a strong driver opposi-
tion to the concept of an all-white pavement marking sys-
tem, with only one-fifth of the drivers supporting the con-
cept. While this information may be useful in gauging
public responseto achangein marking color, the responses
should be carefully interpreted. It may not be appropriate
to ask random drivers about changing to an all-white pave-
ment marking system. Negative responses may be anormal
reaction to any change. Further, they are not likely to know
or appreciate the reasons why such a change would be
important.

TABLE 30 Summary of Question 18 responses

Question: If you aredriving in theleft lane, what doesthis
arrow tell you? (Figure 26)
Response Frequency Per cent
Merge 297 34.9%
Curveor Turn 142 16.7%
Can't Pass 135 15.9%
Other 129 15.2%
Not Sure 121 14.2%
Exit 24 2.8%
No Answer 3 0.4%
Total 851 100%
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Figure 27. Directional arrows (Question 19).

DETAILED ANALYSIS OF RESULTS

While the previous section presented the basic results for
the questions in the survey, this section presents a more
detailed analysis of the results.

Associations Between Driver Knowledge and
All-White Marking Interpretation

Drivers comprehension of an all-white pavement mark-
ing system may beinfluenced by their level of understanding
of the current yellow—white pavement marking system, inthe
sense that drivers having greater knowledge of the yellow—
white marking scheme may be able to use this knowledge to
their advantage when interpreting the meanings of all-white
markings. Two types of questionsin the survey, thefirst deal-
ing with black markings (Questions 2 through 8), and the sec-
ond dealing with the existing yellow—white scheme (Questions
9 though 12), provide a possible opportunity to distinguish
between respondent perceptions of marking patterns and
their perception of marking colors. The presentation of cer-
tain identical marking patterns across three general types of
survey questions (black markings, yellow—white markings,
and all-white markings) offersfurther information about the
respondent interpretations of the meaning of certain mark-
ing patterns.

TABLE 31 Summary of Question 19 responses

TABLE 32 Summary of Question 20 responses

Question: If you aredrivingin theright lane, what doesthisarrow
tell you? (Figure27)
Response Frequency Per cent
Correct 795 93.4%
Questionable 19 2.2%
Wrong 29 3.4%
No Answer 8 0.9%

Question: What do you think of theidea of the U.S. using only
whitelines on the pavement?

Response Frequency Per cent
Support 172 20.2%
Don’t support 487 57.2%
Undecided 186 21.9%
No Response 6 0.7%
Total 851 100%

Scoring Survey Responses

The tabulation of scored responses, or the total number of
responses corresponding to an identifiably “correct” choice,
isan aggregate measurethat ishel pful for more compact pre-
sentation of the data. This measure is especialy applicable
when one is interested in some general measure of knowl-
edge, as the number of correct answersis presumably corre-
lated with the level of a respondent’s knowledge. Nineteen
guestionsin the survey were judged to have identifiably cor-
rect or desired responses, based on the information contained
in the MUTCD or in the proposed all-white schemes devel-
oped by the researchers. These survey questions and their
corresponding “correct” responses are shown in Table 33.
The direction and passing color aspects were considered to
be separate questions for purpose of this analysis.

For the purposes of scoring, any response not correspond-
ing to the correct response was judged incorrect, including
missing values. The rationale behind the inclusion of miss-
ing values as incorrect responses is the assumed tendency of
subjectsto not answer questionsthey do not know the answer
to or the tendency of the interviewer to forgo a survey ques-
tion the respondent finds difficult in order to maintain the
flow of the interview and maintain respondent interest.

Three summary measures for each respondent were
tabul ated:

* SCRBLK, the total number of correct answers for
black-marking questions (Questions 2A, 3A, 4A, 4B,
5A, 5B, 7A, 7B, 8A, 8B, and 8C); and

* SCRYW, the total number of correct answers for the
yellow—white marking questions (Questions 9A, 9B,
10A, 10B, 11A, 11B, 12A, and 12B).

* SCRBYW, the total number of correct answers for each
respondent for the black-marking and yellow—white mark-
ing questions (does not include the al-white questions);

Likelihood-ratio chi-square tests were conducted to
determine associ ations between scores and the responses to
all-white marking guestions. Since the all-white marking
responsesare nominal categorical variables, and because some



TABLE 33 Questionswith an identifiably correct answer
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Question Issue Issue Correct Response| Count | Percent
2A Line color Two-way centerline Yellow 591 69.5%
3A Line color One-way laneline White 665 78.1%
4A Direction . . Either 490 | 57.5%

Black single broken line
4B Passing Yes 794 | 93.3%
5A Direction Black broken and solid 2-way 698 | 82.0%
5B Passing line - passing prohibited No 793 93.2%
7A Direction o 2-way 672 | 79.0%
Black double solid lines
7B Passing No 786 | 92.9%
8A Line color Left edgeline Yellow 331 | 38.9%
8B Line color Laneline White 642 75.4%
8C Line color Right edgeline White 555 65.2%
9A Direction . . 2-way 626 | 73.6%
Y ellow single broken line
9B Passing Yes 793 | 93.2%
10A Direction o 2-way 746 87.7%
Y ellow double solid lines
10B Passing No 824 | 96.8%
11A Direction Y ellow broken and solid 2-way 736 | 86.5%
11B Passing line - passing prohibited No 777 | 91.3%
128 Passng | !IN€-passing permitted Yes 699 | 821%

Note: Question 6 not included in thelist of questions with identifiably correct answers.

values of the scores occur relatively infrequently, the values of
the various score variables necessarily had to be grouped into
categories to accommodate subsequent chi-squared tests. For
black-marking scores (SCRBLK) and yellow—white marking
scores (SCRY W), thisresulted in the few lowest-valued and
highest-valued scores being aggregated. The total number of
black and yellow—white correct answers (SCRBYW) had a
larger number of values aswell as low frequencies of lower-
valued scores; these scores were therefore grouped into
approximate quintiles. Table 34 shows the distributions of
the categorized scores. For example, 176 subjects (21 percent
of the sample) answered 8 of the 11 black marking questions
correctly. These scoresthemselves are then used to assessthe
relationship between understanding of current marking pat-
ternsand colorsand understanding of potential al-white pave-
ment marking systems.

Chi-Sguare Tests for Association

Likelihood-ratio chi-square tests were conducted to ascer-
tain associ ations between the vari ous scores and the responses
to white-marking questions. For these tests, non-committal
responses to the all-white marking questions were excluded,
as these responses were sparsely occurring and hence could
compromise the tests. With few exceptions, the tests indi-

cated highly significant evidence (p-valueslessthan 0.01) for
association between scores on the black and yellow—white
guestions and the all-white marking questions. Table 35 pre-
sents the test results.

Association Between Demographic Variables
and Survey Responses

With the exception of driver experience, all demographic
variables had highly significant relationships with the num-
ber of black- and yellow—white markings correctly answered.
The likelihood-ratio chi-square test indicates that driver
experience was not judged to influence total scores. Nor was
age seen to influence scores except for respondents over
50 years of age. Respondents 50 years and older were less
likely to achieve the highest scores compared to younger
respondents, and were morelikely to have thelowest scores. In
particular, respondents ol der than 59 years had the greatest per-
centage of lower than average scores and the lowest percent-
age of higher than average scores.

Respondentswho have taken adriver education course were
less likely to have the lowest scores than those who have not
taken the course, while aso being morelikely to havethe high-
est scores. Increasing education level was clearly associated
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TABLE 34 Distributions of categorized scores

Number of Questions Answered
Score Correctly by a Subject Frequency | Percent
<7 122 14.3%
0,
Black Marking 7 137 16.1%
(SCRBLK) 8 176 20.7%
9 221 26.0%
100r 11 195 22.9%
<6 49 15.0%
Y ellow-White Marking 94 11.1%
(SCRYW) 180 21.2%
449 52.8%
<14 196 23.0%
14 0or 15 190 22.3%
Total for
Black and Y ellow-White Markings 16 146 17.2%
(SCRBYW)
17 163 19.2%
>17 156 18.3%

with increasing scores; better educated respondents were
more likely to have higher scores and less likely to have
lower scores.

Comparisons for Certainty

The second and third questions of the survey presented sub-
jectswith a photograph and graphic image of atwo-laneroad.
Theroad wasidentified asatwo-way or one-way road and the
subjects were asked to indicate the correct color of the line
between the lanes. They were then asked to indicate how con-
fident they were with their answer (aresponse of 5 indicating

that they were positive of their answer). Table 36 presents the
relationships between the yellow or white color choices and
the certainty of the answer. The certainty categories have been
aggregated into three new categories, with responses of 3 or 4
combined together and responses of 1 or 2 combined together.
This aggregation is motivated by the relative paucity of
responsesin the lower-rating categories. For the two-way and
one-way road scenarios, the percentages of subjectswho were
positive of their responses were 43 and 48 percent respec-
tively for the correct response. In comparison, the percentage
of subjectswho were positive of their response when, in fact,
it waswrong is 11 percent for the two-way road and 4 percent
for the one-way road. This indicates that about 10 percent of

TABLE 35 Testsfor association between scores and white-marking responses

Question | 1se Marking SCRBLK SCRYW SCRBYW
Statigtic | P-value | Statistic | P-value | Statistic | P-value

13A | Direction |  whitesingle | 17.5894 | 0.0245 | 66.7183 | <0.0001 | 35.0582 | <0.0001
138 Passing broken line 12.3390 | 0.0150 | 22.6249 | <0.0001 | 16.0271 | <0.0001
14A | Direction | White double solid | 504398 | <0.0001 | 102.8719 | <0.0001 | 97.7704 | <0.0001
148 Passing lines 33.1549 | <0.0001 | 25.4472 | <0.0001 | 36.1400 | <0.0001
15A | Direction | Whitebrokenand | 64.3913 | <0.0001 | 197.6098 | <0.0001 | 157.4057 | <0.0001
158 Passing Sondrj;ﬁi'tf;ss‘ M9 1 429155 | <0.0001 | 152.4541 | <0.0001 | 107.0930 | <0.0001
16A Direction | white double wide | 28-4341 | 0.0004 | 36.4174 | <0.0001 | 35.7738 | <0.0001
168 Passing solid line 54.0615 | <0.0001 | 20.6562 | 0.0001 | 50.5396 | <0.0001
17A | Direction | \hitedouble | 172313 | 0.0278 | 55.4064 | <0.0001 | 353270 | <0.0001
178 | Passing brokenlines | 535098 | 0.0001 | 43.1464 | <0.0001 | 45.4720 | <0.0001
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TABLE 36 Comparison of certainty
Color Question 2 (Yellow Centerline) Question 3 (White LaneLine)

Chosen Certainty* Freq. Per cent Certainty* Freq. Per cent
5 95 11.2% 5 405 48.2%

White 3or4d 95 11.2% 3ord 203 24.2%

lor2 24 2.8% lor2 54 6.4%

5 367 43.2% 5 30 3.6%

Yellow 3or4d 185 21.8% 3ord 48 5.7%

lor2 37 4.4% lor2 17 2.0%

Other? — 47 5.5% — 83 9.9%
Total — 850 100.0% — 840 100.0%

Note: For the level of certainty, 5 = certain and 1 = guessing.
2The other category includes color choices of either, other, not sure, or don’t know. It also includes
responses of white or yellow without an associated certainty.

the subjects are certain that a white line would divide oppos-
ing traffic on atwo-way road while 4 percent are certain that
ayellow linewould divide two lanes of traffic traveling in the
same direction. Another interesting interpretation of these
results is that the percentage choosing the correct response
increases as the certainty of the response increases.

Comparisons Across Questions

The researchers developed the survey so that comparisons
could be made between questionsthat addressed similar mark-
ing patterns or colors. Table 37 summarizes the questions that
addressed similar issues. Table 38 presents a comparison of
theresultsfor these questions. Thefollowing paragraphs com-
pare some of the differences between the various questions.

Directional Message

Six questions addressed broken lines. Five of them related
to a single broken line and one was a double broken line.
When the broken centerline was yellow, about 70 percent of
subjects correctly identified it as two-way. When asked the

TABLE 37 Questionson color and pattern

color of alane line on aone-way street, 79 percent correctly
picked white. But when shown atwo-lane road with awhite
lane line marking, only 18 percent identified it as a one-way
road, while 50 percent identified it as a two-way road. A
comparison of the direction message results for the single
broken line questions (Questions 4, 9, and 13) indicates varia-
tionsin the response patterns. Respondents are approximately
2.4 times more likely to interpret the markings asindicating a
two-way road if they are yellow-white as opposed to black
(74 percent vs. 30 percent), and nearly 1.5 times as likely if
they areyellow—white as opposed to all-white (74 percent vs.
50 percent). Likelihood-ratio chi-square tests bear out these
findings, with a highly significant difference (p < 0.0001) in
the pattern of responses acrossthese questions. The results of
these questions suggest that respondents rely upon color to
determinethe direction of traffic on atwo-laneroad. The dif-
ference in the pattern of responses between the black mark-
ing and all-white marking questions provokes a question as
to whether the type of image presented in the questions had
an effect on the response patterns.

Five questions addressed solid lines. About 50 percent iden-
tified a single solid line, irrespective of whether it was white

Questions Addressing Pattern Color
and Color Combinations vellow White Black
. Broken #2,#9 #3, #13 #4
Single
Solid #16 #6
Broken #17
Pattern
Passing Prohibited #11 #5
Double
Passing Per mitted #12 #15
Solid #10 #14 H#7

Note: The following questions were not comparable to any others: 1, 8.
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TABLE 38 Resultscomparison

Pattern Line Question |[Directional M essage Passing M essage
) 2 70% - yellow for color of centerline | N/A
Single Yellow
9 74% - two-way 93% - permitted
3 79% - white for color of laneline N/A
Single White 18% - one-way
13 50% - two-way* 93% - permitted
Broken 31% - either one- or two-way
11% - one-way
Single Black 4 30% - two-way 94% - permitted
58% - either one- or two-way*
16% - one-way
Double White 17 64% - two-way* 84% - permitted
14% - either one- or two-way
23% - one-way
Single Black 6 47% - two-way* 79% - prohibited
20% - either one- or two-way
21% - one-way
Solid Single Wide White 16 51% - two-way* 81% - prohibited
: 20% - either one- or two-way
Double Yellow 10 88% - two-way 97% - prohibited
Double White 14 79% - two-way 93% - prohibited
Double Black 7 80% - two-way 93% - prohibited
Y ellow Passing Prohibited 11 87% - two-way 92% - prohibited
Salid Black Passing Prohibited 5 82% - two-way 93% - prohibited
and
Broken | Yellow Passing Permitted 12 87% - two-way 83% - permitted
White Passing Permitted 15 82% - two-way 83% - permitted

*Indicates correct or desired correct response when more than response is given. If only one responseis listed, it isthe

correct response.

Black lines were intended to address message conveyed by pattern only.
All responses were provided if there was not a single response of 70 percent or more.
Table 27 indicates the stripe and gap lengths associated with the all-white marking questions.

or black, as atwo-way road, but about 22 percent identified it
as aone-way road. The double solid line was associated with
two-way traffic, with responses between 79 and 88 percent,
regardless of color. A comparison of the results for the solid
single black line and solid single wide white line (Questions 6
and 16, respectively) indicates no large differencesin the pat-
tern of responses and a likelihood ratio chi-square test indi-
cated no significance differencesin the responses. The pattern
of responses to the solid double line questions (Questions 7,
10, and 14) indicates that respondents’ interpretations differ,
depending on whether one-color markings (black or white,
Questions 7 and 14, respectively) or yellow—white markings
(Question 10) are used. The use of yellow in the double solid
line increases the correct response rate (88 percent for yellow,
compared to 79 and 80 percent for white and black, respec-
tively). A likelihood-ratio chi-squared test indicates thisis a
highly significant difference in the response patterns for the
directional aspect of the question.

Four questions addressed the solid and broken line where
passing ispermitted in onedirection and prohibited in the other.
These double line markings were associated with two-way
traffic, with response levels between 82 and 87 percent. The
relationship between the solid line and the direction of travel
did not appear toinfluencetheresults. Thelikelihood-ratio chi-
square tests of statistical significance indicate weak signifi-
cance or no significance in the direction aspects responses to
the various solid-broken combination lines. This would seem
to indicate that for this particular marking pattern, the choice
of color for the marking hasrelatively little effect on respon-
dents’ interpretation of that marking.

Table 39 presents sorted results for the directional mes-
sage of the markings evaluated in the survey. Overal, the
results indicate that double lines and solid lines had the
higher comprehension levels. All of the markings consisting
of two lines, with at least one of them being asolid line, had
comprehension levels of 79 percent or higher. When these
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TABLE 39 Sorted resultsfor directional message

Sorted by Direction, then Percent Sorted by Percent
Marking No. | % | Direction Marking No. | %z| Direction
Double Solid Yellow 10 | 88 | two-way Double Solid Yellow 10 | 88| two-way
Yellow Passing Prohibited | 11 | 87 | two-way || Yellow Passing Prohibited | 11 | 87 | two-way
Yellow Passing Permitted | 12 | 87 | two-way || Yellow Passing Permitted | 12 | 87 | two-way
Black Passing Prohibited 5 | 82| two-way Black Passing Prohibited 5 | 82| two-way
White Passing Permitted | 15 | 82 | two-way White Passing Permitted 15 | 82| two-way
Double Solid Black 7 | 80| two-way Double Solid Black 7 | 80| two-way
Double Solid White 14 | 79| two-way Single Broken White 3 | 79| oneway
Single Broken Y ellow 9 | 74| two-way Double Solid White 14 | 79 | two-way
Single Broken Y ellow 2 |70 | two-way Single Broken Y ellow 9 | 74| two-way
Double Broken White 17* | 64 | two-way Single Broken Y ellow 2 | 70 | two-way
Single Solid Wide White | 16* | 51 | two-way Double Broken White 17* | 64 | two-way
Single Broken White 13* | 50 | two-way Single Broken Black 4* | 58 either
Single Solid Black 6* | 47 | two-way Single Solid Wide White | 16* | 51 | two-way
Single Broken Black 4x | 30 | two-way Single Broken White 13* | 50 | two-way
Single Broken White 3 | 79| oneway Single Solid Black 6* | 47 | two-way
Single Solid Black 6x | 23| one-way Single Broken White 13x | 31 either
Single Solid Wide White | 16x | 21 | one-way Single Broken Black 4x | 30 | two-way
Single Broken White 13x | 18 | one-way Single Solid Black 6x | 23 | one-way
Double Broken White 17x | 16 | one-way Single Solid Wide White | 16x | 21 | one-way
Single Broken Black 4x | 11 | one-way Single Solid Black 6x | 20 either
Single Broken Black 4* | 58 either Single Solid Wide White | 16x | 20 either
Single Broken White 13x | 31 either Single Broken White 13x | 18 | one-way
Single Solid Black 6x | 20 either Double Broken White 17x | 16 | one-way
Single Solid Wide White | 16x | 20 either Double Broken White 17x | 14 either
Double Broken White 17x | 14 either Single Broken Black 4x | 11 | one-way
Notes:

* indicates correct or desired correct response when more than one response per question is presented.
x indicatesincorrect or desired incorrect response when more than one response per question is presented.

double lines were yellow, comprehension levels were over
87 percent. The double yellow markings had the highest
comprehension levels of any of those eval uated, with respect
to the directional message.

Theresultsfor the singlelinesindicate that yellow wasthe
only marking that indicated two-way traffic at a comprehen-
sion level of 70 percent or more. The one-way directional
message was not addressed in detail in the survey. The one
guestion that did assess the issue (Question 3) found that
79 percent were able to correctly identify the color of the
marking as white.

The survey included several questions on all-white pave-
ment markingsin order to assesswhether respondents attached
an inherent meaning to specific all-white marking patterns.
Five marking patterns were presented:

+ Single4-in. broken linewith a10-ft stripe and a10-ft gap,

+ Single 8-in. solid line,

* Double 4-in. solid lines,

» Double 4-in. broken lines, and

* Doublelineswith one 4-in. solid line and one 4-in. bro-
ken line with 20-ft stripe and 20-ft gap.

The highest comprehension level of these all-white mark-
ing patterns was the 82 percent associated with the double
solid and broken line (passing permitted). The double solid
line was correctly interpreted by 79 percent, and the double
broken line was correctly interpreted by 64 percent. The
double solid white interpretation was 8 percent lower than
the double solid yellow. The double solid broken line appears
to be a better all-white pattern for indicating two-way traffic
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TABLE 40 Sorted resultsfor passing message

Sorted by Action then Percent Sorted by Percent

Marking Q| % Action Marking Q| % Action
Double Solid Y ellow 10 | 97| prohibited Double Solid Yellow 10 | 97| prohibited
Double Solid White 14 | 93| prohibited Single Broken Black 4 | 94| permitted
Double Solid Black 7 | 93| prohibited Double Solid White 14 | 93| prohibited
Black Passing Prohibited | 5 | 93| prohibited Double Solid Black 7 | 93| prohibited
Yellow Passing Prohibited | 11 | 92| prohibited|| Black Passing Prohibited | 5 | 93| prohibited
Single Solid Wide White | 16 | 81| prohibited|| Single BrokenYellow 93| permitted
Single Solid Black 6 | 79| prohibited Single Broken White 13 | 93| permitted
Single Broken Black 94| permitted|| Yellow Passing Prohibited | 11 | 92| prohibited
Single Broken Y ellow 93| permitted Double Broken White 17 | 84| permitted
Single Broken White 13 | 93| permitted|[ Yellow Passing Permitted | 12 | 83| permitted
Double Broken White 17 | 84| permitted)| White Passing Permitted | 15| 83| permitted
Yellow Passing Permitted | 12 | 83| permitted|| Single Solid Wide White | 16 | 81| prohibited
White Passing Permitted | 15 | 83| permitted Single Solid Black 6 | 79| prohibited

Note: All responses are correct responses.

than a single broken line (64 percent vs. 50 percent, respec-
tively). Thisindicates that if an al-white pavement marking
system is implemented, a double line system might be the
most effective means of indicating opposing traffic.

These resultsindicate that yellow has an important rolein
conveying the directional message of pavement markings.
The results also indicate that there is no inherent benefit to
converting to an al-white marking system from the stand-
point of conveying the directional message of the road.

Passing Message

The other message evaluated in the survey was the ability
to pass a vehicle (on atwo-way road) or to change lanes (on
a one-way road). The results for the passing message indi-
cated a higher level of understanding compared to the direc-
tional message. As shown in Table 40, &l of the responses
varied between 79 and 97 percent.

For single broken lines, the correct response rate varied
between 93 and 94 percent (passing permitted for all lines).
Color seemed to havelittleimpact on theinterpretation of the
message. The double solid line pattern had correct response
rates (passing prohibited) of 93 and 97 percent. Again, color
had littleimpact in interpretation. Both solid and broken dou-
ble line combinations (passing permitted) had a correct
response rate of 83 percent. The solid and broken doubleline
combination (passing prohibited) had correct response rates
of 92 and 93 percent. Within a given message (prohibited or
permitted), color had little impact.

The white double broken line was correctly interpreted by
84 percent, indicating some inherent meaning to this all-
white marking. However, the single solid wide white line
was interpreted correctly by 81 percent, which is about the
same as the solid black line.

In general, the passing restriction message of these mark-
ings seems to be well understood by the survey subjects.




CHAPTER 4
FINDINGS AND RECOMMENDATIONS

During the 1990s, numerous transportation professionals
began to suggest that there may be benefits to converting the
U.S. pavement marking system from ayellow—white system
to an all-white one. There have been several major eventsthat
have helped to foster discussion of thisidea:

* A 1994 survey distributed by the Markings Technical
Committee of the National Committee on Uniform Traf-
fic Control Devices to gather input on the level of sup-
port for an all-white pavement marking system,

« An al-white pavement marking session at the 1996
TRB Annual Meeting,

+ A 1998 scan trip on innovative traffic control practices
in Europe which recommended an eval uation of the fea-
sibility of an al-white pavement marking system in the
United States, and

+ EPA activities throughout the 1990s to develop and
refine regulations for reducing the VOC and lead con-
tent of pavement marking materials.

There are several general reasons that have traditionally
been mentioned as the primary reasons why the United
States would benefit from implementing an all-white pave-
ment marking system. Those reasons include (in no partic-
ular order):

« Drivers do not have an inherent understanding of the
meaning of yellow markings.

+ All other factorsbeing equal (binder, beads, application,
etc.), white markings have higher retroreflectivity than
yellow markings. This is compounded by the fact that
yellow markings receive less illumination than white
markings (headlamps are oriented to the right).

* Most of theindustrialized countries of theworld use all-
white pavement markings.

+ Some of the pigments used in yellow markings are dif-
ficult to recognize as yellow in nighttime conditions.

» White markings are less expensive than yellow mark-
ings and having only one color to apply would reduce
the application and supply costs.

+ Anall-white pavement marking system would eliminate
environmental concerns related to the use of lead chro-
mate as ayellow pigment.
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The NCHRP sponsored Project 4-28, “Feasibility Study
for an All-White Pavement Marking System,” to look at the
various factors associated with the potential implementation
of an al-white pavement marking system and determine if
such a system is feasible in the United States. The overall
objective of this research project, as described in the pro-
posal, was to “ conduct a feasibility study that quantifies
and/or identifies the advantages, benefits, costs, drawbacks,
disadvantages, risks, and implementation issues associated
with converting the United Sates from the present yellow
and white system of pavement markings to an all-white sys-
tem.” A number of research activities were undertaken in
assessing thefeasibility of all-white pavement markings. The
previous chapters describe those activities and the related
results. This chapter summarizes the results of those evalua-
tions and presents the recommendations evolving from those
findings.

FINDINGS

As mentioned previously, numerous issues impact the fea
sibility of implementing an all-white pavement marking sys-
tem in the United States. Portions of the previous chapters
address several key aspects on severa issues. This section
summarizesthe key issues associated with all-white markings
and thefindings of the research activitiesrelated to each issue.

Factors Affecting All-White Marking Feasibility

The research team evaluated numerous issues related to
converting the current yellow—white pavement marking sys-
tem to an all-white pavement marking system. The most sig-
nification of these evaluation activitiesincluded: (1) conduct-
ing a survey on driver understanding of pavement marking
patternsand colorsand (2) identifying pavement marking sys-
tems used in other countries, soliciting comments and prac-
tices of agencies and industry through surveys and a stake-
holders workshop, and evaluating various factors that affect
the feasibility of either all-white markings or yellow—white
markings. The results of these evaluations are presented in
the following paragraphs as they relate to each of the major
issues.
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Driver Understanding

Virtually everyone who has provided input on this project
hasidentified driver understanding of the current system and
of a potential all-white system as one of the most critical
issuesthat must be addressed. The ability of driversto under-
stand the yellow—white and all-white marking systems have
been presented as reasons supporting the change to all-white
markings or to stay with yellow—white markings. Those that
believe that drivers have a basic understanding of the exist-
ing yellow—white system do not believe it should be aban-
doned for an all-white system, while others believe that dri-
versdo not understand the basi c message conveyed by yellow
markings and the overall system would benefit from using
all-white markings.

As described previoudly in this report, there has not been a
comprehensive evaluation of driver understanding of the
yellow—white marking code in the last 20 or more years.
Therefore, this research project was modified to include a
major assessment of driver understanding of the yellow—white
marking code and their inherent understanding of potential
all-white marking schemes. The researchers surveyed 851
subjects at locationsin 5 states. The subject sample includes
drivers from 47 states, plus Puerto Rico and Washington,
D.C. Thefocus of the evaluation was to determine how well
driversinterpret the directional message and passing restric-
tion message of markings.

Asaresult of reviewing the results of previous evaluations
and conducting a new evaluation, the researchers identified
the following issues related to driver understanding of both
yellow—white markings and all-white markings:

* The current yellow—white system has been in place
since the early 1970s.

» Implementation of an all-white pavement marking
system should be considered asanew systemfor U.S.
drivers and not a return to a previously used system
that some portion of the driving population is famil-
iar with.

» Over 55 percent of current U.S. drivershave never dri-
ven on aroad in the United States where the centerline
of atwo-way road could be white. For the remaining
portion of the U.S. driving population, it has been 30
yearssince they might have driven on atwo-way road
with white centerline markings.

+ The survey results found that

» Driverstend to use signs and other traffic as the pri-
mary cue to determine whether aroad is one-way or
two-way.

» Driversusetheyellow color of centerlinesasatool in
determining the direction of traffic flow on aroad.

» Approximately 75 percent of the surveyed drivers
understand the basic concept that a single broken yel-
low line separates opposing traffic on atwo-laneroad.

» Thepresenceof asolid line (either doublesolid or solid
and broken) in the centerline increases comprehension
of directional flow to approximately 85 percent.

» Over 90 percent of the surveyed drivers understand
that a solid line (either double solid or solid and bro-
ken) prohibits passing.

» Drivers do not have a better understanding of any of
the potential all-white marking alternatives presented
in the survey, indicating that thereis no inherent ben-
efit to converting to an all-white marking system from
the standpoint of conveying the directional message
of the road.

» Theaddition of direction arrowssignificantly improves
understanding of atwo-way road situation.

» Drivers are not inclined to recognize the differences
between various stripe and gap lengths as a means of
conveying information about the direction of traffic
flow.

» The driver survey focused only on driver interpreta
tion of pavement markings in daytime conditions.
Driver use and interpretation of pavement markings
in nighttime conditions may be different from day-
time conditions, but it was not feasible to evaluate
nighttime use and interpretation within the scope of
this effort.

» Wider lines may not be a practical means of indicating
opposing traffic. When retracing lines, they often become
wider. In addition, many agencies are now beginning
to implement wider longitudinal markings on a regu-
lar basis.

» Themost effective system for all-white markings appears
to be one where the centerline is a double line, which
would be solid where passing is prohibited and broken
where passing is permitted. There are four possible cen-
terline combinations for the double line:

» Double solid line for passing prohibited in both
directions.

» A solidlinewith abroken linefor passing prohibited in
one direction (there are two versions of this pattern,
depending upon which direction passing is prohibited).

» Double broken line for passing permitted in both
directions.

Driver Education

Given that the alternative all-white marking schemes pre-
sented in the survey did not have inherently higher levels of
understanding than the current yellow—white system, the
implementation of an all-white pavement marking system
would require a significant driver education commitment.
Implementation of an all-white system would require a
nationwide driver education media campaign and arevision
of al current driver education and driver-training materials.



In comparison, asmaller effort could focus on the current
yellow—white system and increase driver understanding to a
greater level than the al-white system with fewer resources.
There is much that could be done to improve driver under-
standing of the current system, and it can be done at less cost
than an effort to educate drivers on an all-white pavement
marking system.

Visibility

Increases in pavement marking visibility may be the most
commonly cited reason for converting to an all-white pave-
ment marking system. This reason is based on the belief that
white markings are more visible than yellow markings. The
researchers identified the following issues related to the vis-
ibility of pavement markings:

+ Nighttime visibility of pavement markings is based on
the distribution of illumination from the headlamp, the
retroreflectivity of the marking, and the contrast with
the pavement surface. For most pavement surfaces, the
retroreflectivity of the marking is the most significant
factor in the nighttime visibility of the marking.

» Theretroreflectivity of ayellow marking is typically
about 65 percent of an identical white marking fabri-
cated from the same binder and beads and applied at
the same thickness.

» Given equa illumination, white and yellow markings
with the same retroreflectivity have the same level of
nighttime visibility.

» Yellow lines on the left side of avehicle receive less
illumination than white lines on the right side of the
vehicle. For markings with the same retroreflectivity
values, amarking ontheleft side of avehiclewill have
alower luminance than a marking on theright side.

» At night, driversfocustheir attention on theright side
of the field-of-view and tend to rely upon the right
lane line or edge line for positional guidance.

» At typical marking retroreflectivity levels, it is possi-
ble to place yellow markings that have the same or
higher retroreflectivity value as white markings. This
can be achieved by improving the marking material,
beads, or application process. Placing yellow mark-
ingsthat have the same or higher retroreflectivity val-
ues as white markings will increase the costs of the
yellow markings.

» While all-white pavement markings can improve the
nighttime visibility of the overall system, the night-
timevisibility of the current yellow—white system can
also be improved by increasing the performance of
yellow markings.

» Changes in headlamps indicate that newer headlamp
designs place more illumination on the pavement sur-
face. A comparison of UMTRI 1997 and 2000 50th
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percentile headlamps indicates that at distances from
300to 1,000 ft in front of the vehicle, the newer head-
lamps place approximately 15 and 20 percent greater
illumination on the centerline and right edge line,
respectively.

« Daytimevisibility of pavement markingsisbased onthe
contrast of the marking with the pavement surface.

» White markings have lower contrast and are lessvis-
ible on concrete and faded asphalt pavement surfaces.
« Vigbility of white markings on these surfaces can be

improved through the use of black contrast mark-
ings. This will increase the costs of using an all-
white pavement marking system.

» An advantage attributed to yellow markingsisthat they
may be more visible on a snow-covered road or road
with blowing snow conditions.

» The FHWA isexpected to initiate rulemaking for pave-
ment marking in-service retroreflectivity and color
requirements for pavement markings.

» Minimum retroreflectivity requirements would lead
many agencies to place more emphasis on providing
pavement markingswith higher retroreflectivity. This
wouldimprovetheoverall nighttimevisibility of mark-
ings in many jurisdictions.

» Establishing federal regulations for the daytime and
nighttime color of pavement markings may |ead many
agencies to improve the color of yellow markings so
that there isless confusion between the color of white
and yellow markings.

International Harmony

Another commonly cited reason for converting to an all-
white pavement marking system in the United States is that
it would bring the country into greater conformity with inter-
national pavement marking practices. The researchers iden-
tified markings systemsused in 22 countries, 17 of which use
an all-white system. The evaluation of other countries’ mark-
ing systems identified the following issues related to achiev-
ing international harmony in pavement marking patterns:

* The majority of countries contacted as part of this
research effort use an all-white pavement marking sys-
tem. Officials representing the countries contacted did
not express any concerns about the effectiveness of their
all-white pavement marking systems.

« A review of the actua all-white pavement marking sys-
tems used in individual countries revealed that there are
important differences between countries. Countries use a
variety of stripe lengths, gap lengths, and line widths to
convey various messages with pavement markings with
important differences from one country to another. Asa
result, thereisno consistent system of all-white pavement
markings, even within the European continent.
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* Whileit is possible for the United States to implement

an al-white pavement marking system that could be
consistent with that used in one or two countries, itisnot
possible to achieve consistency with alarge number of
countries because of the variations in all-white pave-
ment marking systems used in different countries.

* There are severa aspects of the European system of

traffic control devices that are different from the U.S.
system. These differences make comparisons between
the two systems difficult:

» European headlamps emphasize glare reduction. As
aresult, less light reaches signs, requiring a greater
reliance on pavement markings.

» European countriesgenerally place more emphasison
pavement markings and horizontal signing. They use
more markings and appear to devote more resources
to maintaining pavement markings.

Costs

an

Even if al other factors were to favor implementation of
all-white pavement marking system, agency personnel

have indicated that they would not favor implementation if
thereis a cost increase associated with the all-white system.
The researchers have not conducted a detailed economic
assessment of the cost impacts of implementing an al-white
pavement marking system. However, the researchers have
been able to identify the following economic issues related

to

all-white pavement markings:

» Thecostsof pavement markingsishighly variable across
the country, depending on the marking material, whether
it is applied by agency or contractor personnel, agency
to agency variations, and other factors.

» Common pavement marking costs can range from as
little as $0.02/ft for paint to $0.85/ft for thermoplastic.
Specialized markings such as tape and profile mark-
ings are more expensive.

» A detailed national cost analysis would be difficult to
conduct without determining miles of markings on all
roads in the United States, types of marking materials
used on those roads, and the costs of applying markings
on those roads.

+ Implementation of an all-white pavement marking sys-
tem in the United States would require al current yel-
low centerlines to be removed and/or restriped.

» There are 160,462 mi of road on the Nationa High-
way System. At a weighted average of $0.17/ft, it
would cost over $144 million to restripe the center-
linesand |eft edge lines of the National Highway Sys-
tem. The National Highway System represents about
20 percent of the total federal-aid highway system.

» The survey results indicate that a double line center-
lineislikely to have the best understanding of thetraf-

fic direction message. Additional evaluations should
be conducted to confirm this conclusion. If a double
line were to be implemented, not only would all yel-
low lines need to be covered with white lines, but a
second line would need to be added at all locations
that currently have asingle yellow linefor the center-
line. This would further increase the costs of imple-
menting an al-white system.

In addition to the cost of white markings, implementa-

tion of all-white markings may require black contrast

markings on many pavement surfaces.

The contracting community may not have the capacity

to restripethe entire country to all-white markingswithin

al-year period. The manufacturing community (binder
and beads) would need significant lead timeto build suf-
ficient reservesto prepare for such an effort.

Implementing all-white markings may lead to a short-

termincrease in the cost of white marking materials for

one or more of the following reasons:

» Increased demand for raw materias, particularly TiO,,

» Increased demand for a large quantity of white
markings.

Two recent FHWA activities have the potential to signif-

icantly increase pavement marking costs for agencies.

» FHWA is in the process of moving toward imple-
mentation of in-service retroreflectivity and color
requirements. Theserequirements, if implemented, may
require agenciesto replace markings on amorefregquent
basisand/or to use higher quality (and more expensive)
markings, thereby increasing the costs to agencies for
installing and maintaining pavement markings.

» The2000 MUTCD containsvolumewarrantsfor edge
linesand centerlines. These warrants may increasethe
miles of roadway requiring edge line or centerline
markings for some agencies, primarily for local agen-
cies, thereby increasing the pavement marking costs.
This action does not have a significant effect upon
most state transportation agencies.

The implementation of an all-white marking system is

likely to impose a significantly greater pavement mark-

ing expense on state and local agencies beyond the costs
associated with the activities just mentioned.

» If the FHWA moves forward with an all-white pave-
ment marking system within the next 10 or so years,
the FHWA should consider providing funding to state
and local agencies for the initial costs of implement-
ing an all-white pavement marking system.

There are productivity benefits to implementing all-
white markings. These cost reductions result from not
having to provide two-color systems on installation
equipment. The increased productivity benefits are not
likely to offset the additional costs of implementing all-
white markings.



Safety

Safety is a factor in any potential improvement to the
transportation system. At thistime, it isnot possibleto assess
the possible reductions (or increases) in crashes that would
be associated with implementing an all-white pavement mark-
ing system. Previous research has attempted to document the
benefit associated with incremental improvements in pave-
ment markings (use of wider markings, increasesin marking
retroreflectivity), but has been unable to do so. The crash-
reduction benefits of all-white pavement markings can only
be addressed through afield trial of all-white markings.

Material and Environmental 1ssues

The chemical properties of yellow binders and the associ-
ated environmental changes are sometimes cited as reasons
to eliminate yellow asamarking color. The following issues
are associated with the material and environmental aspects of
yellow markings:

» EPA regulations require that pavement marking paints
meet stringent requirements for lower levels of VOCs.
» Theserequirementshavevirtually eliminated thewide-

spread use of solvent-based pavement marking paint.

« Agencies concernsrelated to worker exposure and dis-
posal issues have lead agencies to reduce the amount of
lead chromate used as a pigment in yellow pavement
markings.

» Organic yellow pigments have led to color fastness
difficultiesin yellow markings. Some organic yellow
markings appear white or pale yellow at night.

* Removal of yellow pavement markings containing lead
chromate may require special handling. Thisis largely
an issue only with older yellow markings.

* Industry and agencies appear to havelargely adjusted to
the environmental demands associated with pavement
markings.

» Some agencies are not satisfied with the color of yel-
low markings.

« Implementing an all-white pavement marking system
would eliminate the environmental issues associated
with yellow pavement markings.

* NCHRP hasfunded anew research project to evaluate the
color and specifications for yellow pavement markings
(Project 5-18). This project, expected to begin in late
2002, will evduatedrivers ahility to distinguish between
yellow and white markings, devel op color specifications
for markings, and assess the extent to which existing
markings provide drivers with adequate yellow color.
The results of this research, when combined with the
establishment of in-service color requirementsfor mark-
ings, should improve the quality of yellow pavement
marking color.
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Implementation Issues

There are many practical issues associated with the poten-
tial implementation of an all-white pavement marking sys-
tem. Many were identified in the background information
chapter, and an implementation plan that addresses many
issues is provided at the end of this chapter. The following
implementation issues are among the most significant asso-
ciated with an all-white pavement marking system.

+ Implementation of an all-white pavement marking sys-
tem would requirethat statelaws be changed in many or
most states.

» Thereare 43 state |egidlaturesthat meet once or twice
ayear.

» Thereare7 statelegidaturesthat meet every other year
(Arkansas, Ddlaware, Montana, Nevada, North Dakota,
Oregon, and Texas).

« These states might require asignificant lead time to
make the necessary changes in state laws.

» No state legislatures meet less frequently than every
other year.

+ Inaddition to state laws, the federal government would
have to change the MUTCD.

» Changestothe MUTCD must go through arulemaking
process. This process includes an opportunity for the
public to comment on the proposed change. Giventhe
lack of support for the concept as presented in the sur-
vey, the public comment would likely be opposed to
the change.

» Thewiderangein pavement marking durability will pose
challengesto converting to an all-white pavement mark-
ing system. If a short implementation period is used,
then some yellow durable pavement markings will be
replaced with white markings before the end of their
servicelife.

Forced Implementation Considerations

At the present time, the decision to implement an all-white
pavement marking system is a voluntary decision which is
based on an evaluation of the feasibility and benefits of such
a system. However, there are circumstances that could force
the United States to implement an all-white system, even if
the actual feasibility of an all-white pavement marking sys-
tem is questionable. The researchers have identified four
potential circumstances that could lead to forced implemen-
tation of all-white markings. They include (1) environmental
constraints, (2) color specifications for pavement markings,
(3) minimum levels of retroreflectivity, and (4) wet marking
retroreflectivity. The following paragraphs describe each of
these circumstances and the potential for each tolead to forced
implementation. The researchers have determined that the
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likelihood of any of these scenarios leading to forced imple-
mentation of an all-white pavement marking system is small.

Environmental Constraints

In the most likely occurrence of this scenario, a federa
agency establishes an environmental regulation that would
eliminate the ability to use yellow markings. Such aregula
tion would most likely address the pigments that are used to
provide the yellow color of the marking. While the regula-
tion might not prevent the use of yellow, it may make such
use so expensive that it is no longer feasible. However, as
mentioned previously, industry can now provide effective
and environmentally friendly yellow marking materials. This
makes the probability of this scenario favoring all-white
markings small.

Color Secifications for Pavement Markings

In summer 2002, the FHWA was expected to establish in-
service specifications for the daytime and nighttime color of
pavement markings. There are several aspects of in-service
color requirements that could limit the continued use of yel-
low as a marking color. One is the ability to measure pave-
ment marking color. Currently, there is only one commer-
cialy availableinstrument for measuring marking color. And
it isahandheld instrument, which limits the number of loca-
tions that can be measured in a day and requires the use of
traffic control to protect the worker measuring color. The
ASTM specification (6) recognizes the practical limitations
of measuring pavement marking color with the following
Statement:

“ The referenced nighttime color test method is primarily a
laboratory procedure, and may not be convenient for usein
the field for the measurement of material in service. More
convenient field test instruments complying with this test
method are expected to be available in the near future.”

Furthermore, athough the challenges for marking color
are greater with yellow than with white, white markings will
not be exempt from meeting the color specifications. For this
scenario to lead to all-white markings, the color specifica-
tionswould have to be such that there are no yellow marking
materials that can meet the specifications with sufficient
durability to provide areasonablelife at reasonable cost. The
researchers estimate that probability of the expected color
specifications leading to a forced implementation of all-
white pavement markingsis small.

The NCHRP has funded aresearch project to evaluate the
color of yellow pavement markings (Project 5-18). This
project, which is expected to begin in late 2002, will evalu-
ate driver needs for recognition of marking color, develop

revised color specifications (if necessary), and evaluate the
extent to which existing markingsin the field meet the color
specifications.

Minimum Levels of In-Service Retroreflectivity

Congress has mandated the FHWA to change the MUTCD
to include a standard for aminimum level of retroreflectivity
for signsand pavement markings. The minimum valueswould
define the end-of-service life for pavement markings in the
field. The FHWA has developed some initial research rec-
ommendations for minimum levels of marking retroreflec-
tivity and is continuing research to refine the values. Other
related questions are also being considered such as whether
yellow retroreflectivity requirements should be higher when
there are no edge lines or whether innovative centerline treat-
ments offer improved visibility of the yellow lines at night. It
isconceivable, athough unlikely, that the minimum valuesfor
yellow could be high enough that it would be cost-prohibitive
to provideyellow markingsthat would meet the end-of -service
life minimum values.

Wet Retroreflectivity

The presence of water on the surface of a pavement mark-
ing can significantly reduce the retroreflectivity of the mark-
ing. Data presented in an NCHRP synthesis report indicates
that wet retroreflectivity of measured samplesis42to 52 per-
cent the retroreflectivity of a dry marking (4). At present,
there are no requirements for wet retroreflectivity of pave-
ment markings. However, ASTM recently added two new
specifications for measuring the wet retrorefl ectivity of pave-
ment markings (19, 20). If the minimum retroreflectivity val-
ues are determined to apply to wet retroreflectivity values,
or if the wet methods for measuring retroreflectivity are
established as the standard methods for pavement marking
retroreflectivity, then agencies might have to use higher
retroreflectivity markings to meet the retroreflectivity require-
ments. There are yellow marking materialsthat will meet the
minimum retroreflectivity requirements, even when using
wet marking measurement methods. However, these materials
are more expensive than typical pavement markings. While
this scenario is the most likely of the four to lead to forced
implementation of all-whitemarkings, the researchersbelieve
that the probability of such an occurrenceis small.

RECOMMENDATIONS

Using the findings described in the preceding section, the
researchers developed recommendations in three areas. The
primary recommendation indicateswhether an all-white mark-
ing system should be implemented. The section following the



primary recommendation presents the various reasons that
support the primary recommendation. The researchers also
devel oped aseries of secondary recommendationsthat address
improvements that are beyond the immediate question of
implementing an al-white system. Findly, theresearchersrec-
ognized that there are factors that may, at some time in the
future, force the implementation of an all-white pavement
marking system. Therefore, the researchersdevel oped aseries
of implementation guidelines to help agencies address the
challenges associated with implementation.

Primary Recommendation

On the basis of the findings of the research activities, the
researchers recommend that an all-white pavement marking
system not be implemented in the United States at the pres-
ent time.

Justifications for the Primary Recommendation

Thereisno single factor that led the researchers to recom-
mend the continued use of the existing yellow—white marking
system. Instead, it was the combination of numerous factors
that together limit the feasibility of an al-white pavement
marking system. The following paragraphs describe these
factors and their impact upon the recommendation to keep
the yellow—white marking code. These factors are not listed
in any particular order.

There are many reasonswhy it isnot feasible to implement
an al-white pavement marking system in the United States at
the current time. The mgjor reasons are described in the find-
ings portion of this chapter and briefly summarized below:

» Driver Understanding—The survey results indicate
that the yellow—white pavement marking system is bet-
ter understood than previously believed and that the
potentia all-white pavement markings presented in the
survey do not have higher levels of understanding than
the current yellow—white markings. Furthermore, the
survey results indicate that driver understanding of the
directional message of pavement markings could be sig-
nificantly improved through the use of directional arrows
in the lanes. The survey results also indicate that, while
drivers have abasic level of understanding of the direc-
tional message of yellow markings, they tend to use
signs and other traffic as the primary cue to determine
whether aroad is one-way or two-way.

» Driver Education—The survey results indicated that
drivershave abetter understanding of the current yellow—
white pavement marking system than any of the poten-
tial al-white pavement marking systems evaluated in
thesurvey. Therefore, asignificant driver education and
training effort would be required to implement an all-
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white marking system that would be understood as well
as the current system. The researchers recommend that
greater improvements could be achieved with fewer
resourcesif the meaning of current marking colorswere
emphasized morein driver education and driver training
programs.

Nighttime Visibility—The higher nighttime visibility
of white markings (compared to yellow) is attributed to
thefact that white markings have higher retroreflectivity
than yellow markings made in the same manner. While
improved nighttime visibility is often cited as justifi-
cation for an all-white pavement marking system, the
researchers found that the nighttime visibility of yellow
markings can be increased by using marking materials
with higher retroreflectivity. However, increasing the
retroreflectivity of yellow markings will aso increase
the costs of the markings.

I nternational Har mony—OQOne of the reasons support-
ing the implementation of an all-white pavement mark-
ing system is that it would bring the United States in
agreement with the marking systems used in most indus-
trialized countries, especially in Europe. Theresearchers
evaluated the use of color in pavement marking systems
in other countries. Whilethey found that many countries
use an all-white system, thereis significant variability in
the all-white marking codesfrom one country to another.
Because there is no single al-white pavement marking
system used throughout the world, or even throughout a
continent, thereislittle advantagein promotingaU.S. all-
white pavement marking system as a means of improv-
ing international harmony.

Costs—Thewiderangein the costs of markings makesit
difficult to perform a comprehensive benefit/cost assess-
ment of implementing an all-white pavement marking
system. However, the researchers identified numerous
instances of increased costs associated with all-white
markings. These costs include the following: over $144
million to restripe the centerlines and left edge lines on
the National Highway System—this cost would increase
if a double line all-white marking system were used;
black contrast markings that may be necessary for all
centerlines on concrete pavements; the demand for white
marking materials that may increase the costs for white
materials, and an extensive driver education/mediacam-
paign that would be needed. The magnitude of these
costswill not be offset by the production benefits gained
by using only one color.

Safety—The safety benefits of implementing an all-
white pavement marking system cannot be established
without afield trial of such markings.

M aterials—There are numerous material and environ-
mental challenges associated with yellow markings.
However, industry is overcoming these challenges and
can provide effective and environmentally friendly yel-
low pavement marking materials.
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* Implementation—The potential implementation of
an all-white pavement marking system would involve
changing laws, ordinances, and regulations in a large
number of jurisdictions at all levels of government.
These changes would need to be in place beforeimple-
mentation could proceed.

Secondary Recommendations

In determining that an all-white pavement marking system
is not feasible, the researchers identified several actions that
should be taken to improve the current yellow—white pave-
ment marking system. These recommendationsare asfollows:

* Implement Directional Pavement Marking Arrows—
The survey results indicate that the addition of arrows
indicating the direction of traffic flow increase compre-
hension of that message to over 90 percent. Section
3B.19 of the MUTCD should be revised to provide
agencies greater flexibility and guidance on the use of
directional pavement marking arrowsto reducetravel in
the wrong direction.

* Increase Emphasis on Marking Color in Driver
Training—The survey resultsfound that approximately
75 percent of the drivers understand the directional mes-
sage of asingle broken yellow line. While thisvalueis
higher than some thought it would be, it also indicatesa
need to increase understanding of the meaning of mark-
ing colors. Driver education and driver training materi-
asand curriculums should increase the emphasis on the
meaning of pavement marking color. Increasing the
emphasis in current programs would be less expensive
and have greater benefits than establishing a new pro-
gram to educate drivers on the meaning of all-white
markings.

* Increase Retroreflectivity of Yellow Markings—The
reduced nighttime visibility of yellow markings (as
compared to white markings) was cited as a mgjor rea-
son to implement all-white markings. Agencies should
consider using yellow marking materials that have
retroreflectivity values that are similar to those of white
markings on the same road. This would entail using
higher quality materialsfor the yellow markings, result-
ing in an increasein costs.

* Improve Color of Yellow Markings—The reduced
use of lead chromate as a pigment in yellow markings
has resulted in some yellow markings with less intense
yellow color, leading to potential confusion with white
markings. A new NCHRP will evaluate col or aspects of
yellow markings and the results should be used to
improve yellow markings.

» Provide Funding for Potential |mplementation—
Asmentioned previously, there are potential pavement
marking changes on the horizon that may increase pave-

ment marking costs for transportation agencies (in-
service minimum retroreflectivity and color specifica-
tions). The next section of this chapter presents cir-
cumstances that may lead to forced implementation of
all-white markings. If minimum retroreflectivity guide-
lines, color specifications, and forced implementation
occur in the same time frame, the federal government
should provide state and local agencies with financial
support for implementing the all-white pavement mark-
ing system.

Contingency Implementation
Recommendations

Asindicated inthe primary recommendation, theresearchers
do not recommend implementation of an all-white pavement
marking system in the United States. However, as indicated
in the findings portion of this chapter, there are circum-
stances that could lead to forced implementation of an all-
white pavement marking system. Although the researchers
do not believe that there is a significant potential for forced
implementation of all-white pavement markings, they have
developed a preliminary implementation plan for such a
contingency. These contingency recommendations provide
implementation guidance to initiate the process of imple-
menting an all-white system should it be necessary to do so.
Table 41 presents a proposed time line for conducting these
implementation activities. As can be seen from this table,
implementation extends over a period of 9 years. It is possi-
ble that the actual implementation may take longer than indi-
cated. The implementation activities described below repre-
sent those that would be part of a thorough and deliberate
implementation effort that attempts to provide maximum
input from affected agencies and citizens. The specific cir-
cumstances associated with the impetus for the implementa-
tion may limit the ability to perform al of the activities.

* The FHWA should consider publishing an advance
notice of proposed rulemaking in the Federal Register
indicating the intent to eliminate yellow as a color for
pavement markings. The notice should explain the rea-
son(s) for eliminating yellow and identify that research
is planned to determine the most effective all-white
marking code. It should also identify potential imple-
mentation timelines.

» The advance notice should be prominently publi-
cized by all organizations that are involved with
pavement markings. At a minimum, these organiza-
tion should include: American Association of Motor
Vehicle Administrators (AAMVA), American Asso-
ciation of State Highway and Transportation Offi-
cials (AASHTO), American Public Works Associa
tion (APWA), American Road and Transportation
Builders Association (ARUBA), American Traffic



TABLE 41 Timeline of implementation activities
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Activity

Y ear

Advance Notice of Proposed Rulemaking — Comment Period

Advance Notice of Proposed Rulemaking — Comment Analysis

Go or No Go Decision

Additional Research

Driver Education Plan

Field Trials

Proposed Rule — Comment Period

Proposed Rule — Analysis of Comments

Go or No Go Decision

Fina Rule

Changes to Laws and Regulations

Media and Driver Education Campaigns

All-white Marking Installation

Safety Services Association (ATSSA), Institute of
Transportation Engineers (ITE), National Association
of County Engineers (NACE), National Association
of Governor’'s Highway Safety Reps. (NAGHSR),
National Committee on Uniform Traffic Control
Devices(NCUTCD), and National Committee on Uni-
form Traffic Lawsand Ordinances (NCUTLO). Desir-
ably, all transportation-related organizations should
be involved in publicizing the notice.

» The comment period for the advance notice should
provide adequate time for organizations to distribute
the notice to their members and for members to
develop a response. At a minimum, the comment
period should extend for 6 to 9 months.

» Within 6 months of the end of the comment period,
the FHWA should consider identifying whether it is
practical to move forward with implementation of the
all-white pavement marking system.

If the decision isto continue moving forward withimple-

mentation of an all-white pavement marking system, the

NCHRP or the FHWA should consider sponsoring addi-

tional research to determine the most appropriate code

for al-white markings. Consideration should be givento
the all-white code recommended in the current research,
but other systems should aso be considered.

» On the basis of the findings of the current study, a
doublelinefor al centerlinesis recommended. How-
ever, this system and other systems should be studied
further.

» The research should include simulator studies with
subjects from at |least three regional areas.

» Theresearch effort should include the devel opment of
aplan for amedia and driver education campaigns to

inform the public of the change to an all-white pave-

ment marking system.

Field trials of an al-white pavement marking system

should be conducted.

» Thefieldtrials could be part of the established research
effort or anew project.

» The field trials should be conducted in no less than
three areas of the country.

» The field trials should be areawide and represent a
range of road types. The field trials should also eval-
uate potential schemes for installing the all-white
marking system.

» Extensive media and driver education campaigns
should accompany thefield trialsin the affected areas.

» Appropriate signing should be installed in the field
trial areas to inform road users that may not have
been reached by the media and/or driver education
campaigns.

» Upon completion of the field trials, the markings
should be restored to the yellow—white system.

» Thecost of installing the all-white pavement markings
and restoring the markings to yellow-white should be
included as part of the research effort.

» The results of the field trial should be evaluated to
determine if implementation of all-white pavement
markings should continue.

« The field trial evaluation should address driver
understanding, driver behavior, safety, costs, and
implementation effectiveness.

If the decision is to continue moving forward with

implementation of an all-white pavement marking sys-

tem, the FHWA should consider publishing a proposed
rule in the Federal Register for implementing an all-
white pavement marking system.
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» The proposed rule should describe the changes to the
MUTCD needed toimplement the all-white pavement
marking system.

» The proposed rule should include a time line for
implementing the all-white pavement marking sys-
tem. The time line should include specific deadlines
for the following:

« Deadlines for changing all applicable federal laws,
regulations, and policies.

« Deadlines for changing all applicable state laws,
regulations, and policies.

« Deadlines for changing al applicable local ordi-
nances, regulations, and policies.

« Earliest date for installation of all-white pavement
markings.

« Latest date for installation of al-white pavement
markings.

» The comment period for the proposed rule should be
6 to 9 months.

» Within 6 months of the end of the comment period,
the FHWA should consider determining if there is
sufficient justification to move forward with imple-
mentation of an al-white pavement marking system.

If the decision is to continue moving forward with

implementation of an all-white pavement marking sys-

tem, the FHWA should consider publishing aFina Rule
containing the MUTCD language, atimetable that iden-
tifieswhen agencies are required to take specific action.

During the 2-year period following the publication of

the Final Rule, all government agenciesat all levelswill

be required to revise all relevant laws, regulations and

policies to convert from ayellow—white to an al-white

pavement marking system.

» All laws, ordinances, and regulations should all
become effective on the same date.

» Pertinent elements of driver education and driver
training materials will be identified and revised as
appropriate.

» At the end of this implementation phase, the FHWA
should review federal, state, and local activities to
ensurethat all the necessary steps have been taken to
establish the necessary administrative structure to
implement an all-white pavement marking system.

Once dl necessary laws, ordinances, and regulations

have been changed, adriver education campaign should

beinitiated. The campaign should have anational focus.

» The campaign should include the popular media.

» The campaign should include al driver education and
driver training materials and programs.

Installation of the all-white pavement marking system

should begin no less than 6 months after the driver edu-

cation begins.

» The initial installation of all-white marking should
take place while the driver education campaign is
underway.

» Thetransition period should be limited to 1 year if at
all possible.

» The FHWA should consider providing funding to state
and local agencies for the costs of the initial applica-
tion of all-white markings.
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EVOLUTION OF U.S. PAVEMENT MARKING SYSTEM

One of the earliest known applications of road markings
can be traced back to ancient Mexico on aroad near Mexico
City (21) sometime about 1600 A.D. The centerline was
placed to separate opposing traffic and was created using
lighter-colored stones in the pavement. In more modern
times, other road markings may have been used in isolated
instances in the late nineteenth century on bridges. Painted
road markingsin the early twentieth century appeared in var-
ious cities at various times, but there is no consensus on
where the first pavement markings appeared in the United
States. One publication indicates that the first painted lines
were Stop lines painted on roadsin Portsmouth, Virginia, in
1907. New Y ork City appearsto havefirst used markingsfor
crosswalks in 1911. Similar lines were used in Providence,
Rhodeldand, and Minneapolis, Minnesota, in 1913 and 1914,
respectively (22).

It is not possible to ascertain where the first longitudinal
pavement marking was first used in the United States. One
publication indicates that in 1911 or 1912, the first lane mark-
ing was made just inside a park entrance in Cincinnati, where
the most-used roadway was narrow and many collisions had
occurred (23). However, it appearsthat Wayne County, Michi-
gan (Detroit ared), was one of thefirst areasto use centerlines
on awidespread basis. These early centerlines may have been
used asearly as1911, but were certainly in place by 1922 (2).
Indio, California, also makesaclaimto the earliest centerline,
with the first use dating back to 1924 (2). At thistime, there
werefew, if any, standards or guiding principasfor markings.
Where those standards or guiding principles did exist, they
were on alocal level and there was no coordination between
local agencies.

DEVELOPMENT OF NATIONAL MANUALS

During the twentieth century, there has been a continuous
evolution in the national standard for traffic control devices.
Since 1935, this document has been known asthe Manual on
Uniform Traffic Control Devices (MUTCD). Prior toitsini-
tial publicationin 1935, there were two different predecessor
documents. Table A-1 summarizes the evolution of these
documents. A series of articles on the history of the MUTCD
provides a more complete description of the evolution of
these documents (24, 25, 26).

Early Manuals

The American Association of State Highway Officials
(AASHO) Manual and Specifications for the Manufacture,

Display, and Erection of U.S. Standard Road Markers and
Sgnswas published in January 1927 (27). This manua was
the first national manual on traffic control devices, but it
addressed only signsin rural areas, setting forth the design
and use for each type of sign. Despite its name, pavement
markings were not addressed in the document. In the earliest
days of traffic control devices, some types of signs were
referred to as road markers and this creates confusion with
pavement markings.

During the time that AASHO was developing its rural
signing manual, the National Conference on Street and High-
way Safety (NCSHS) was devel oping amanual for the use of
traffic control devices in urban areas. They published the
Manual on Street Traffic Sgns, Sgnals and Markings in
1930 (28). The urban manual conformed with the AASHO
rural manual in virtually all respects, except that material
addressing traffic signals, pavement markings, and safety
zones was added. Among other applications, the urban man-
ual indicated that markings could be used (1) for the center-
line of a street, (2) for the centerline on a curve having a
radius|essthan 600 ft, (3) for the centerline at and approach-
ing hill crests, (4) for traffic lanes on streets wide enough for
three or more lanes, (5) at all signalized intersections (espe-
cialy opposite safety zones), and (6) for traffic lanesfor turn-
ing at street intersections.

1935 MUTCD

Theinherent conflicts created by the existence of two man-
uals were quickly recognized and efforts were initiated to
develop asingle manual for both rural and urban conditions.
AASHO and NCSHS formed the Joint Committee on Uni-
form Traffic Control Devices (JC) in 1932 and published the
original edition of the MUTCD in November 1935. Each part
(signs, markings, signals, and islands) was subdivided into
articlesand sections addressing specific traffic control device
aspects such as legal authority, application and location,
design, and maintenance. The markings portion was further
divided into divisions addressing regulatory and guidance
markings and warning markings on hazardous objects. This
format required the user to look at several different sectionsto
obtain all theinformation about a particular type of marking.

The 1935 MUTCD defined markingsfor pavements, curbs,
and objects. Lines could be marked with construction joints,
paint, or pavement inserts. White, yellow, or black could be
used, depending on which color would provide the greatest
contrast. Lines could be between 4 and 8 in. wide. Stripes
and gaps were supposed to be equal in length and between
5and 75 ft.
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TABLE A-1 Evolution of U.S. traffic control device standards

Year | Name Month/Y ear Revised
1927 | Manua and Specifications for the Manufacture, Display, |4/29, 12/31

and Erection of U.S. Standard Road Markers and Signs
1930 | Manua on Street Traffic Signs, Signals, and Markings No revisions

and Highways (MUTCD)

1935 | Manua on Uniform Traffic Control Devices for Streets 2/39

1942 | MUTCD - War Emergency Edition No revisions

1948 | MUTCD 9/54

1961 | MUTCD No revisions

1971 |MUTCD 1171, 4172, 3/73, 10/73, 6/74, 6/75, 9/76,
12/77

1978 |[MUTCD 12/79, 12/83, 9/84, 3/86

1988 | MUTCD 1/90, 3/92, 12/93, 2/98, 12/96, 6/98, 1/00

Centerlineswererequired only on approachesto hillcrests,
short radius curves, curves with a restricted view, or pave-
ments wider than 40 ft. When the centerline was used every-
where, adistinctive line was required at al points of hazard.
The 1935 MUTCD was revised in 1939, and the revision
included numerous refinements to the pavement marking
guidelines.

1942 MUTCD

The onset of World War I placed many demands on high-
way travel and traffic control in the United States and the JC
determined that a War Emergency Edition of the MUTCD
was needed to addressthese conditions. To alarge extent, the
1942 edition avoided changes in standards other than those
needed for the prosecution of thewar, recognizing that numer-
ous changes would be desirable when peace was restored.
The most significant elements of the 1942 MUTCD were
changes in the standards to conserve materials for the war
effort and the addition of material on traffic control in black-
out conditions.

The 1942 War Emergency MUTCD continued to allow the
use of white, yellow, or black markings. However, the mate-
rial indicated that white paint was rapidly replacing black
paint for centerline applications. This was particularly sig-
nificant for blackout conditions, under which black markings
were not visible. Yellow was reserved for barrier lines and
curb markings. This MUTCD described the need for alter-
native yellow pigments so that chromium could be used to
support the war effort. Included was a statement that earth
pigments should be used for yellow instead of converting
barrier lines to white.

1948 MUTCD

As World War |l neared an end, traffic engineers began
gearing up for along-needed revision to the manual. Higher

vehicle speeds had created many pressing needsfor advances
in size, illumination, retroreflectorization, use of symbols,
and pavement markings. The 1948 MUTCD wasthefirst real
opportunity to widely implement the lessons learned from
the experience gained from thefirst MUTCD. Unfortunately,
there continued to be alack of reliable research data and the
1948 edition was based largely on the experience and opin-
ions of expertsrather than on scientific engineering or factual
data. There were many changes in content and organization
inthe 1948 MUTCD. Each of thefour parts (signs, markings,
signals, and islands) was reorganized so that every device
was compl etely addressed in one location.

The changes in pavement markings were few, but evoked
considerable discussion and debate. New specificationswere
established for centerlines and no-passing zones. White was
specified for al applications (including as a broken center-
line) except for double centerlines on multilane highways
and no-passing zone barrier lines, where yellow was recom-
mended (29). Thiswasthe most controversial question faced
by the committee, and afinal decision wasreached only after
much discussion and two special polls of the state highway
departments (30). However, white continued to be permissi-
ble for use in these applications. The manua recommended
against the use of pavement edge lines. White and yellow
weretheonly colors permitted for markings. Figure A-1indi-
cates how color was specified for pavement markings. Longi-
tudinal lines were 4 to 6 in. wide. Broken lines used a 15-ft
stripe with a 25-ft gap.

Pavement markings and patterns were a controversia issue
just after World War Il because there was no national consen-
sus in use. The variability in states’ practicesisillustrated in
Figure A-1, which is a summary of the various methods used
by statesto mark centerline and no-passing areas on two-lane
pavements in the United States in 1949.

The 1948 MUTCD was revised in 1954. While this revi-
sion is best known for changing the color of the Stop sign
fromyellow tored, it included asignificant marking revision.
Therevision wasthe first MUTCD language to require retro-
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Reference Notes

Thirty States (shaded) are using the geometry or pattern
described in the new Manual on Uniform Traffic Control Devices in
making bituminous pavements, but five of these use a solid black line
for center line on concrete pavements. Twenty-five use the standard
pattern on all types of pavements.
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Figure A-1. Summary of pavement marking patternsin the United Statesin 1949 (31).

reflectorization of pavement markings, for all rural markings
that had application at night.

1961 MUTCD

The 1961 MUTCD was the first to be organized in parts,
chapters, and sections as used in the modern MUTCD. New
material was added to address traffic controls for construc-
tion and maintenance operations, signing for civil defense,
and freeway signing. Theimportance of the manual wasindi-
cated by afederal requirement that all traffic control devices
used on federal-aid highways conform to the standardsin the
1961 edition. The new edition tried to avoid departure from
the basic standards of previous editions, but provided for
much greater uniformity in traffic control devices. Many of
the alternatives previously permitted for a given device were

eliminated and a single standard was substituted. The value
of symbols continued to be recognized, but few symbols
were introduced.

In the markings part of the manual, conflicts over the
color of no-passing zone markings were eliminated by spec-
ifying yellow for centerlines and eliminating the use of
white, as permitted in earlier editions. Table A-2 presents
the possible uses of white and yellow markings as specified
in the 1961 MUTCD. That manual presented the following
reasons for using yellow for the specified pavement mark-
ing applications:

(1) It contrasts with the normal white center or lane lines
and thus gives emphasis to the hazard;

(2) Yellow has been accepted as a symbolic warning color
in signs and signals; and

(3) It is consistent with the standard for no-passing-zone
mar kings approved by the American Association of Sate
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TABLE A-2 Meaning of pavement marking color in the 1961 MUTCD

Y ellow markings shall be used for:

White markings shall be used for:

1.Double centerlines on multilane pavements.
2.No-passing barrier lines at:
a. No-passing zones on two- and three-lane
roads.
b. Pavement-width transitions.
¢. Approaches to obstructions which must be
passed on the right.
d. Approaches to railroad crossings.
3.Curb markings:
a To show parking prohibitions covered by
signs or ordinance.
b.Onidlandsin the line of traffic.

1.

oA wWN

7.
8.

9

16. Parking space limit lines.
11. Word and symbol markings.

Centerlines on two-lane rural roads and city
Streets.

Lanelines.

Pavement edge lines.

Paved-shoulder markings.

Channelizing lines.

Approaches to obstructions which may be
passed on either side.

Turn markings.

Stop lines.

Crosswalk lines.

Highway Officials and isin use in more than two-thirds
of the Sates for barrier lines.

Centerlines, lane lines, and barrier lines were specified to
be 4 to 6 in. wide, while edge lines were specified to be 2 to
4 in. wide. Thelength of stripes and gaps remained at 15 and
25 ft, respectively. The permissive use of awhite edge line
was added and the 1948 MUTCD recommendation against
edge lines was eliminated. The 1961 MUTCD is the only
peacetime manual that was never revised.

1971 MUTCD

The 1971 MUTCD is a very close relative of the current
MUTCD. Theobjectivesof the 1971 edition wereto updatethe
1961 edition, provide more flexibility in application, and to
eliminate contradictions. It was the first MUTCD to become
the responsibility of the FHWA who assumed responsibility
for the MUTCD shortly after the 1971 edition was published.
It was aso the MUTCD that introduced the large number of
symbol signsin an attempt to promoteinternationa uniformity
of signing. Theincreased significance of legal definitionswere
indicated by the fact that this edition was the first to include
definitionsfor “should,” “shall,” and “may” requirements.

The most significant markings changein the 1971 MUTCD
was establishing yellow asthe color used to separate opposing
traffic when used asa centerline. With thischange, white could
no longer be used for acenterline. The 1971 edition a so intro-
duced the use of red markings. The various uses of pavement
marking colorsindicated by the 1971 MUTCD were:

* Yellow lines delineate the separation of traffic flowsin
opposing directions or mark the left boundary of the
travel path at locations of particular hazard.

* White lines delineate the separation of traffic flowsin
the same direction. White continued to be used for the
left edge line on divided roads.

* Red markings delineate roadways that shall not be
entered or used by the viewer of those markings.

The width of all long lines was specified to be 4 to 6 in.
and the recommended stripe and gap length of broken lines
continued to be 15 and 25 ft. Edge line markings in the 1971
MUTCD are the only practice that varies from current mark-
ing practices. Left edge lines were specified to be white,
except where obstructions exist to restrict the areabeyond the
edge linefrom use as an emergency refuge, in which casethe
left edge lines were yellow.

The 1971 MUTCD was the first MUTCD to be revised on
aregular basis, with eight volumes of rulings on requests for
interpretations, changes, and experiments. Unfortunately,
few of theserevisionswere actually distributed to all manual
ownerson awidespread basis. A few key revisions addressed
the use and color of pavement markings.

The most significant of these revisions occurred in Octo-
ber 1973 when yellow was established asthe color for all | eft
edge lines on divided highways. The revision was based on
the opinions of several state transportation agencies that dif-
ferences between the use of aleft yellow and aleft white edge
line, depending on the median design, was too subtle to be
understood by the motorists.

1978 MUTCD

By 1978, there were over 500 rulings involving changes
and interpretations to the 1971 MUTCD, and over 100
approved changes affecting nearly every page. Unfortunately,
it was estimated that only 20 percent of MUTCD owners had
received all eight volumes of the rulings. Therefore, the 1978
edition of the MUTCD was published in order to provide an
up-to-date manual. The format of the manual was changed to
abinder with loose-leaf pages.

Most of the changesto the markings section were intended
to further clarify the meaning and application of some mark-
ings. The most significant marking change in the 1978
MUTCD was adoption of the current practice for the use of
yellow pavement markings—as a centerline on two-way road-
ways and as the left edge line on one-way (divided) roadways
(incorporating the 1973 revision of the 1971 MUTCD). The



stripe/gap ratio was aso changed in the 1978 MUTCD, with
the length of the stripe changing to 10 ft and the gap length
changing to 30 ft.

The 1978 MUTCD was revised four times. Marking
changes within these revisions included a requirement that
edgelinesbeused on all rural multilane highwaysand the low-
ering of the driver eye height for marking no-passing zones.

1988 MUTCD

By 1988, FHWA had officially adopted over 130 changes
to the 1978 MUTCD. Most of the changes were distributed
inthefour revisionsto the 1978 edition. However, over one-
half of them had not been distributed. Additionally, the con-
cept behind the loose-leaf format had not worked well. Asa
result of these two factors, FHWA decided to publish a new
edition of the MUTCD in 1988 to provide an up-to-date man-
ual. The 1988 edition included all changes made to the 1978
edition in Revisions 1 through 4, plus anumber of additional
changes that were added as Revision 5. The changes to per-
manent markings in Revision 5 were generally minor.

The 1988 MUTCD has been revised seven times. The most
significant change affecting markingsisthelast revision that
established mandatory (shall) and recommended (should)
use of centerline and edge line markings based on ADT and
road width.

2000 MUTCD

In December 2000, the FHWA published the Millennium
MUTCD. This amost 1,000-page manua contained a large
number of changes to standards and guidelines for traffic
control devices. Most of the changes to pavement markings
do not affect the use of white and yellow colors. The 2000
MUTCD did revise the centerline and edge line warrants
originally published as arevision of the 1988 MUTCD. Fig-
ure A-2 presentsthe centerline and edge line warrants as con-
tained in Revision 1 of the 2000 MUTCD (1).

OTHER EVOLUTIONARY ISSUES

In addition to the evolution of MUTCD principles for
markings patterns and the use of color, thereisan evolution-
ary history behind other important marking issues that could
affect the conversion from a yellow—white to all-white sys-
tem. These include retroreflectivity requirements, color def-
initions, and marking materials.

Retroreflectivity

Nighttime visibility of pavement markings has been
addressed in some fashion in every edition of the MUTCD,
although it was not until the 1954 MUTCD revision that there
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was a requirement for retroreflective markings. The 1935
MUTCD contained an appendix that provided a standard
specification for white pavement paint. Although retroreflec-
tive markings were not used at this time, a portion of this
specification addressed nighttime visibility of the marking
materials, stating:

“The night visibility of the reflected paint as measured by an
I1luminometer in photometric apparatus at an angle of inci-
dence of 88E20" with an angle of reflection of 87E8’, shall
be at |east ten foot-candles when compared to a ground stan-
dard milk glass plate having an angle of diffuse reflection of
approximately 77 percent and furnishing an Illuminometer
reading of three foot-candles.”

The 1942 MUTCD was the first to describe the practice of
using glass beads on the paint to provide retroreflectivity.
The 1948 MUTCD also described the use of glass beads to
provide retroreflective markings and provided the following
regarding the use of retroreflective markings:

“ Reflectorization for better night visibility is desirable for
almost all markings, but it is neither practical nor necessary
requirement in all cases. Reflectorization is of doubtful value
on well-lighted city streets, for example, and it is not ordi-
narily essential for center or lane lines where there are no
special hazards. At least the following markings should nor-
mally be reflectorized:

1. Centerlines on multilaned pavements.
2. No-passing barrier lines at:
(a) No-passing zones on two- and three-lane roads.
(b) Pavement-width transitions.
(c) Approachesto obstructions in the roadway.
(d) Approachesto railroad crossings.
3. Striping on vertical surfaces of objects in and adjacent to
the roadway.”

As mentioned previously, there was no requirement (shall
condition) for pavement marking retroreflectivity until the
1954 revision of the 1948 MUTCD. This revision required
that all rural markings that had application at night be retro-
reflectorized. In the 1961 MUTCD, requirements for mark-
ing retroreflectivity were expanded so that all pavement
markings having application at night wererequired to beretro-
reflectorized. Language in the 1961 MUTCD indicated that
retrorefl ectorization was desirable even on streets with illu-
mination. However, the 1971 MUTCD softened the retro-
reflectivity language somewhat and stated that markings hav-
ing application at night be retroreflectorized, unless ambient
illuminated assured adequate visibility. The following state-
ment has remained the same in the 1971, 1978, and 1988
MUTCDs.

“ Markings which must be visible at night shall be reflector-
ized unless ambient illumination assures adequate visibility.
All markings on Interstate highways shall be reflectorized.”
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Section 3B.01 Yellow Centerline and L eft Edge L ine Pavement M arkings and Warrants

Standard:

Guidance:

engineering study indicates such a need.

Option:
width.
engineering judgment.

Section 3B.07 Warrantsfor Use of EdgeLines

Standard:

A. Freeways,
B. Expressways; and

vehicles per day or greater.
Guidance:
of 3,000 vehicles per day or greater.
markings.

that providing them would decrease safety.
Option:

[Note, only the portion of the section addressing centerline warrants is presented.]

Centerline markings shall be placed on all paved urban arterials and collectorsthat have a traveled
width of 6.1 m (20 ft) or moreand an ADT of 6,000 vehicles per day or greater. Centerlinemarkings shall
also be placed on all paved two-way streetsor highwaysthat have three or moretraffic lanes.

Centerline markings should be placed on paved urban arterials and collectors that have a traveled width of
6.1 m (20 ft) or more and an ADT of 4,000 vehicles per day or greater. Centerline markings should also be
placed on all rural arterials and collectors that have a traveled width of 5.5 m (18 ft) or more and an ADT of
3,000 vehicles per day or greater. Centerline markings should also be placed on other traveled ways where an

Engineering judgment should be used in determining whether to place centerline markings on traveled
ways that are less than 4.9 m (16 ft) wide because of the potential for traffic encroaching on the pavement edges,
traffic being affected by parked vehicles, and traffic encroaching into the opposing traffic lane.

Centerline markings may be placed on other paved two-way traveled ways that are 4.9 m (16 ft) or morein

If atraffic count is not available, the ADTs described in this Section may be estimates that are based on

Edge line markings shall be placed on paved streetsor highways with the following characteristics:

C. Rural arterialswith atraveled way of 6.1 m (20 ft) or morein width and an ADT of 6,000

Edge line markings should be placed on paved streets or highways with the following characteristics:

A. Rural arterialsand collectorswith a traveled way of 6.1 m (20 ft) or morein width and an ADT

B. At other paved streets and highways where an engineering study indicates a need for edgeline

Edge line markings should not be placed where an engineering study or engineering judgment indicates

Edge line markings may be placed on streets and highways that do not have centerline markings.

Edge line markings may be excluded, based on engineering judgment, for reasons such as if the traveled
way edges are delineated by curbs, parking, bicycle lanes, or other markings.

Edge line markings may be used where edge delineation is desirable to minimize unnecessary driving on
paved shoulders or on refuge areas that have lesser structural pavement strength than the adjacent roadway.

Figure A-2. 1988 MUTCD revision on centerline and edge line warrants.

Although there has been a requirement for retroreflector-
ized pavement markingsin the MUTCD for almost 40 years,
this requirement has no specific values of retroreflectivity. In
1985, the Center for Auto Safety (CAS) petitioned the FHWA
to initiate rulemaking on the issue of minimum standards of
retroreflectivity for traffic control devices. That petition con-
tended that the range of driverswas not being accommodated
by the traffic control devices alowed in the MUTCD with
respect to nighttime conspicuity dependent upon retroreflec-
tive illumination. In April 1985, the FHWA published a
request for comments and a notice of proposed amendment
to the MUTCD in the Federal Register. The Federal Regis-
ter notice summarized the problem and asked 10 questions
regarding retroreflectivity of signs and markings.

Several years later, Congress included the following
requirement in the 1993 Department of Transportation Appro-
priations Act:

“ The Secretary of Transportation shall revise the MUTCD
toinclude a standard for a minimum|evel of retroreflectivity
that must be maintained for traffic signsand pavement mark-
ings which apply to all roads open to public travel.”

The FHWA research program on the nighttime visibility
of traffic control devices preceded the CAS petition for min-
imum levels of retroreflectivity for signs and markings. This
research program continued through the 1980s and into the
1990s. Thisresearchincluded several different research stud-
ies, which are described in adraft FHWA report that presents
research recommendations for minimum levels of in-service
retroreflectivity for pavement markings (7). These valuesare
presented in Table A-3.

At the present time, the FHWA is awaiting recommenda-
tions from an AASHTO retroreflectivity task force before
proceeding with development of a proposed rule on pave-



TABLE A-3 FHWA research recommendations for minimum retror eflectivity values

Option 1 Non-Freeway, < 40 mph | Non-Freeway, = 45 mph Freeway, = 55 mph
Option 2 <40 mph = 45 mph = 60 mph, > 10,000 ADT
Option 3 <40 mph 45-55 mph = 60 mph
With White 30 35 70
RRPMS | v eflow 30 35 70
Without White 85 100 150
RRPMS | vellow 55 65 100

Source: Reference (7).

Note: Retroreflectivity values are mcd/m2/lux and measured at 30 meter geometry.

RRPMs — Retroreflective Raised Pavement Markers.

TABLE A-4 Pavement marking color in the MUTCD since 1948

MUTCD |Color Language
1948 The correct color for yellow traffic paint is the same as that specified for highway signs. Color
cards showing this “highway yellow” may be obtained from the Public Roads Administration.
The correct color for yellow traffic paint is the same as that specified for highway signs. Color
1961 cards showing this “highway yellow” may be obtained from the Public Roads Administration on
request.
125(11,11998788, The colors for pavement markings shall conform to the standard highway colors.

ment marking retroreflectivity. The FHWA hasindicated that
aproposed rule on pavement marking retroreflectivity is not
to be expected before 2003 at the earliest.

Color Definitions

At various times during the evolution of the MUTCD,
white, yellow, red, and black have been used as pavement
marking colors. Throughout their evolution, the various edi-
tions of the MUTCD have indicated that pavement marking
colors should correspond to the color requirementsfor signs.
Table A-4 summarizes the language regarding marking color
in the various editions.

On December 21, 1999, the FHWA issued a proposed rule
to change the specification for the color of signsand pavement
markings. The proposed rule provides specifications for both
daytime color of yellow, white, blue, and red pavement mark-
ings and nighttime color of yellow and white pavement mark-
ings. Although not specifically indicated in the proposed rule,
FHWA staff have indicated that these color specificationsare
intended to represent end-of-service life values for pavement
marking color. In other words, markings that are not within
the defined 1931 International Commission on Illumination
chromaticity coordinates, or within the daytime luminance
factors limits, should be replaced. There are severa contro-
versial aspects associated with this proposed rule, one of
which isthat thereis currently no instrument capable of mea
suring nighttime pavement marking color in thefield.
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PREVIOUS RESEARCH ON DRIVER UNDERSTANDING

Pavement markings are unlike the other types of traffic con-
trol devices(signsand signals) asthereislittle inherent mean-
ing in the colors and patterns of pavement marking lines. A
wider lineis more significant than anarrow one, asolid lineis
more significant than a broken line, and a yellow line can be
more closely associated with a potential hazard than a white
line. Themainissueiswhether driverscan recognizethesedis-
tinctions. Unfortunately, comprehension of pavement mark-
ings has not been addressed to the same extent that it has
for signs. One FHWA -sponsored study evaluated the tech-
nical support for various standards in the MUTCD (32). The
research identified 17 standards as having a significant need
for additional research. Centerline markingswere among those
believed in need of additional research. Theresearch indicated
that there are “serious concerns about the driving public's
understanding of lane markings.” The research also indicated
a need for better visibility for pavement markings, particu-
larly in relation to wet—night driving.

The research team was able to identify 11 research efforts
that included assessments of driver understanding or compre-
hension of pavement markings. Much of the pavement mark-
ing research was performed as part of larger studies on traffic
control devicesin general. Very few sourcesexist that address
only pavement markings and driver comprehension. This
appendix summarizes the pertinent findings from the studies
that can offer some insight into comprehension of the current
U.S. pavement marking system and how comprehension
might affect implementation of an all-white marking system.
Table B-1 presents a summary of the previous research on
driver understanding of pavement markings that were evalu-
ated for this research effort.

A critical review of these previous evaluations reveals
that it can be very difficult to quantify how well drivers
understand a particular marking. In many instances, differ-
ent studies determined different levels of comprehension
for the same marking. When evaluating comprehension of
a marking, the outcome of the evaluation is dependent on
the research method, the specific wording of the evaluation
question, the format of the answer(s), the survey procedure,
the sampling process, and the year in which the study was
performed.

NATIONAL STUDIES OF PAVEMENT MARKING
COMPREHENSION

There have been few national evaluations of driver under-
standing of traffic control devices that included pavement
markings in the evaluations. The research team was able to

identify four studies that had information pertinent to mark-
ing comprehension. The earliest of these was done to support
the development of the 1971 MUTCD, with the most recent
being conducted in 1980.

FHWA Evaluation for the 1971 MUTCD

In 1972, the FHWA published a two-volume report that
described research conducted to investigate new traffic signs,
markings, and signals proposed for inclusion in the 1971
MUTCD (10). The devices were evaluated in the laboratory
and on the road. The pavement marking issues evaluated in
the research addressed the marking color code proposed for
the new MUTCD. In the proposed scheme, yellow was used
to separate opposing traffic (all centerlines) and white for
separating traffic moving in the same direction.

There were two partsto the evaluations. a multiple-choice
questionnaire about specific roadway situations (23 questions)
and an open-ended questionnaire on the meaning of specific
pavement markings (nine questions). The same 63 subjects
participated in both parts. Inthefirst part, subjectswere shown
four typical road diagrams that represented a variety of road
geometries and use of yellow and white solid and broken
lines (as proposed for the 1971 MUTCD). Figure B-1 pre-
sentsthe four diagrams. Cars making specific maneuverswere
shown on the diagrams and researchers asked if the maneu-
verswere permitted by the markings. Subjects choose one of
the following responses: clearly permitted, permitted with
caution, discouraged, or prohibited. The results of the ques-
tions are presented in Tables B-2 to B-5.

In the second part of the evaluation, respondents were pre-
sented with nine questions that asked them to generalize the
meanings of various markings and their colors (in an open-
ended format). The same 63 drivers participated in the eval-
uation. The questions are listed below. The responses were
categorized and are summarized in Table B-6.

1. Intheroad diagramsthat you havejust seen, what does
adouble solid line tell you?

2. Intheroad diagramsthat you have just seen, what does
asingle solid linetell you?

3. Intheroad diagramsthat you have just seen, what does
asingle broken line tell you?

4. Intheroad diagramsthat you have just seen, what does
adoublelinetell youwhen abrokenlineisinyour lane?

5. Intheroad diagramsthat you have just seen, what does
adoublelinetell you when asolid lineisin your lane?
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TABLE B-1 Summary of previous research evaluation procedures

- Refer- No. of No. of Presentation Testing
Type Description Year ence | Questions Subjects Format Form of Response Area
Evaluations for L multiple-choice
1971 MUTCD 1972 10 31 63 graphic image open-ended One state
Evaluations of graphic image open-ended 104 from FHWA
. : 1976 11 7 254
National |Marking Code ) 150 from USCG and FAA
film yes'no
First AAA 1979 12 8 3,164 film multiple-choice Nationwide
Second AAA 1980 13 6 1,748 film multiple-choice Nationwide
Ohio 1967 9 36 unclear photograph yesno Seven states
State Wisconsin 1993 15 4 195 telephone survey open-ended Wisconsin
Kansas 1995 16 5 502 graphic image multiple-choice Kansas cities
First TTI 1978 33 3 422 color photo multiple-choice Texas cities
8 94 color photo and film open-ended Texas cities
Second TTI 1981 14
8 375 color photo multiple-choice Texas cities
Texas ) 7 1,745 color phc_)to and multiple-choice Texascities
Third TTI 1995 17 grephic image
1 322 graphic image open-ended Houston
5 490-593 Texas drivers raphic image open-ended Texas-Mexico border
TTI Border 1999 18 oo X pen
5 236-417 Mexico drivers graphic image open-ended Texas-Mexico border

Notes: *Number of questions related to pavement markings.

Two-lane road

Three-lane road

Four-lane road

Note: black lines indicate yellow markings

Four-lane road with intersection

FigureB-1. Graphicsfrom FHWA evaluation for 1971 MUTCD.




TABLE B-2 Two-lane road results

Percent Response
Car |Maneuver
CP | PwC | Dis | Pro | NA

A | Crossing single broken yellow 11 48 2 10 -
B |Inright lane 100 - - - -
C | Crossing double broken-solid yellow 16 70 5 11 2
D | Crossing double solid-solid yellow 2 - - 98 -
E | Crossing double solid-broken yellow - 2 3 9 2
= Crossing single brc_)ken yellow, right to left just before double solid- 10 5 20 | 33 2

broken yellow begins

Notes: CP=clearly permitted, PwC=permitted with caution, Dis=discouraged, Pro=prohibited, NA=not ascertained.
TABLE B-3 Three-lane road results
Percent Response
Car |Maneuver
CP PwC | Dis | Pro | NA

G In left-hand lane (wrong way) to right of solid white (edge marker) ) } 2 08 :

and to left of double solid-broken yellow. Passing carsH and 1.
H Inmiddle Ilane to ri‘ght of double solid-broken yellow, to left of 70 o5 2 3 :

broken white, passing car |.

I |Inright hand lane 95 2 3 - -

Crossing double broken-solid yellow 12 39 5 14 -

K | Inright hand lane 100 - - - -

Notes: CP=clearly permitted, PwC=permitted with caution, Dis=discouraged, Pro=prohibited, NA=not ascertained.

TABLE B-4 Four-lane road results

Percent Response
Car | Maneuver
CP | PwC | Dis | Pro | NA

L [Inright-hand lane 97 - - 2 2
M | Crossing broken white line 52 a4 - - 3
N | Crossing double solid-solid yellow - - 2 97 2
O |Inright-hand lane 98 - - - 2

In center (wrong way) lane to right of broken white, to left of double
P : . 2 2 - 95 2

solid-solid yellow

Notes: CP=clearly permitted, PwC=permitted with caution, Dis=discouraged, Pro=prohibited, NA=not ascertained.
TABLE B-5 Four-lane roadway with intersection results
Percent Response
Car |Maneuver
CP PwC | Dis | Pro | NA

Q | Crossing broken white line 54 33 11 - 2
R | Crossing solid whiteline 3 13 37 | 48 -
S |Inright-hand lane 98 - - 2 -
T |Crossing solid whiteline 6 16 32 44 2
U | Crossing double solid-solid yellow 2 - 2 97 -
V |Inright lane 100 - - - -
W In second I_ane_, to right of double solid-solid yellow line, to left of 81 17 } 1 )

broken white line

Notes: CP=clearly permitted, PwC=permitted with caution, Dis=discouraged, Pro=prohibited, NA=not ascertained.
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TABLE B-6 Driver interpretation results

Question | Response Percent || Question |Response Percent
Crossing prohibited, do not Separate(s)opposite traffic
94 A : 29
pass lanes, divided traffic
1: Double
Solid Line Dangerous area 2 Do not cross, pass 33
Four-lane highway Color not afactor 10
NA 3 Caution 8
U_se extra caution, passing 79 State road 5
discouraged
2: Single : 6: Yellow
Solid Line Stay to right, one-way 13 Line Center of road 2
Oncoming traffic 5 Restriction in effect 2
NA 3 Regulates traffic lanes 2
3 Sinl Cross with caution, etc. 62 Whether | may pass or not 2
: Single - -
Broken Line | O-K. to pass, etc. 35 No parking or stopping 2
NA 3 I amin Vermont 2
Cross with caution, etc. 60 NR 2
May pass, etc. 16 NA 8
4: Double | Pass with caution, etc. 14 Outer marking, marks road 24
Line, May not be crossed 3 Do not pass 21
Broken in Turn out here 2 Color not afactor 13
your Lane - -
NR 2 Pass with caution 10
NA 3 Traffic going same way in 6
next lane
Do not coss, stay in lane, etc. 92 7: White | Center of two-way road 5
5: Double [ s
Line, Solid Discourage to cross 2 Line V\{hfether I‘ may pass or not 2
inyour Lane|NR Divided highway 2
NA How many lanes 2
Caution 2
Do not have to be cautious 2
NR 3
NA 11

Note: Sample sizeis 63. NR=no response, NA=not ascertained.

6. Intheroad diagramsthat you have just seen, what does
ayellow linetell you?

7. Intheroad diagramsthat you have just seen, what does
awhite linetell you?

Based on the evaluation results, the researchers concluded
that driverswere able to understand and interpret the intended
meanings of the linetype (solid or broken) of road markings,
but not the proposed meanings for colors. The researchers
also found that driverstend to consider driving maneuversas
being clearly permitted or clearly prohibited. The permitted
with caution and discouraged categories were not distin-
guished. While the information reported in this research was
useful at that time, it cannot be considered to represent the
knowledge of current drivers. The 63 driversthat participated
inthis study were accustomed to white being used asthe cen-
terline in some roadway situations. Therefore, it is not sur-
prising that comprehension of yellow as separating opposing
traffic was low.

FHWA Evaluation of the Road Marking Code

In the mid-1970s, the FHWA conducted its own research
on the effectiveness of the pavement marking system (11).
Two evaluations were conducted. In thefirst, aquestionnaire
using graphic images of a road scene was used to test how
well 254 drivers understood various markings. I n the second
evaluation, subjects were shown a film and asked severa
yes/no questions about each film clip.

In the static comprehension eval uation, driverswere asked
the meanings of several pavement markings. Figure B-2
illustrates the diagrams presented to the subjects. For each
marking, subjects were asked “What do these road markings
mean?” Responses were open-ended and categorized by the
researchers as correct or incorrect. A correct answer was
defined as one containing no incorrect statements, even though
the answer is not necessarily complete. A wrong answer was
one that was at least partially contradicted by the MUTCD
interpretation. An answer of “to separate lanes,” by itself was



&

Double Broken Yellow Double Broken Yellow

Figure B-2. Diagrams used in the evaluation of the road
marking code.

considered incorrect asthisisafunction of many typesof road
markings. Table B-7 presents the results of this evaluation.

The FHWA researchers concluded that thefirst evaluation
results indicated that the markings were not well understood,
with the possible exception of the double solid yellow line.
Comprehension of the broken yellow centerline was particu-
larly low. While 70 percent of the sample gave a correct
interpretation, only 11 percent indicated both of the correct
meanings. separating opposing traffic and passing permitted
in both directions.

The second evaluation was concerned with identifying
the most logical and understandable system of markings to
address common highway situations. The researchers evalu-
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ated driver understanding of common roadway markings
through the use of film representations of roadway scenes.
Seven scenes were shown to 96 drivers and they were asked
one to five questions about each scene. The questions all
required yes, no, or don’t know responses. The results show
that drivers understood the broken yellow line allows cross-
ing. Driversalso understood the passing prohibition meaning
of the double solid yellow and double broken yellow mark-
ings. They also were able to differentiate this meaning with
crossing the line to enter driveways or cross the street. Driv-
ers did not fully understand the meaning of the solid white
line. Approximately 60 percent of driversbelieved they could
cross the solid white line at an intersection, and only 31 per-
cent believed they could cross the solid white marking at a
diverge area. The data aso indicated that drivers are not
aware that passing on the shoulder is not allowed.

Overall, the researchers concluded that drivers did not
show an adequate understanding of road markings: many
mi sconceptions were shown in the driver explanations of the
markings. However, drivers did understand the meaning of
the double yellow and one-direction no-passing markings.
On the basis of the two evaluations, the researchers recom-
mended that the pavement marking system be revised, but
did not offer specific recommendations for changes. But the
researchers did conclude that “the research findings bring
into question the use of yellow markings to show the separa-
tion of counter-moving traffic.” They further concluded that
the research data “advance no convincing evidence that the
yellow—white dimension of coding is associated by the driver
with the direction of traffic movement.”

AAA 1979 Evaluation

In the late 1970s, the American Automobile Association
(AAA) Foundation for Traffic Safety sponsored the first of
two evaluations of driver understanding of traffic control
devices (12). This study used film of actual roadway scenes
with a multiple-choice questionnaire to assess driver under-

TABLE B-7 Results of FHWA static evaluation of comprehension

Marking Percent | Percent | Percent
Correct | Incorrect | Wrong 2
Single broken yellow (centerline, passing permitted) 70 30 18
Double solid yellow markings (centerline, passing prohibited) 93 7 7
Double broken yellow (reversible lane) 55 45 36
Single broken white (lane line) 59 41 17
Single solid white (edge line) 28 72 58
Single wide white (lane line, passing discouraged) 19 81 61

Notes: *The percent incorrect column represents the sum of wrong answers and non-defined separate lanes

answers.

2The percent wrong column represents the percentage of responses that contradict the MUTCD.
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standing of various traffic control devices. This survey had a
sample size of 3,164 subjects and was administered nation-
wide through AAA Club offices. The recruiting method used
inthe evaluation isnot described. In order to determine under-
standing, the questionsin this survey asked about legal driving
maneuvers in a given scenario. The survey consisted of
23 questionson 16 different traffic control devices. Eight ques-
tions covered pavement markings. The eight markings are
listed below. However, it should be noted that the marking
referred to asthe “ old two-way |eft turn lane” was established
asthemarking for areversiblelane by the 1971 MUTCD. This
reduces the value of the results for these questions because
the focus of the survey questions was on an application for
which the markings should not have been used at thetimethe
survey was administered. A similar dilemmaexisted with the
single solid yellow line centerling, as that marking was not
specified by the MUTCD. While some jurisdictions used the
singlesolid yellow line centerlinein specific applications (typ-
ically mountain roads), the use of the line is not consistent
nationwide. In fact, an interpretation of the 1971 MUTCD has
specifically indicated that the single solid yellow line should
not be used for a centerline. This limits the value of the three
questions on this marking to the all-white study. Asaresult of
these limitations, the only pavement marking questions that
have value are those that relate to the two-way left turn lane.
The results for these questions are shown in Table B-8.

» Two-way left turn—moving into the lane

* Two-way left turn—maneuvers that can be made from
thelane

+ Oldtwo-way left-turn lane (new reverse lane) moveinto

+ Oldtwo-way left-turn lane (new reverselane) move out of

+ Old two-way left-turn lane (new reverse lane) use

+ Single solid yellow stripe (mountain road)

+ Single solid yellow stripe (urban)

+ Single solid yellow stripe (construction area)

While the results shown in Table B-8 have some value for
indicating driver understanding of the left turn lane mark-
ings, they have little application in evaluating the potential
impacts of converting to an all-white marking system. Color
comparisons cannot be made because no white pavement
markingswereincluded in the survey. Theresultsof the eval-

uation are also questionabl e because the survey sample does
not appear to be random, limiting its representativeness. The
one potentially useful bit of information from this evaluation
is that drivers appear to be more willing to cross a broken
marking than they are a solid marking. The study did report
that, among all the devices evaluated, the area of greatest
weaknessin driver understanding isfound in pavement mark-
ings. Motorists misunderstand or are uncertain of what isper-
mitted by markings.

AAA 1980 Evaluation

In 1980, the AAA Foundation for Traffic Safety sponsored
a second evaluation of traffic control device understanding
(13). The survey included three devices from the previous
evaluation (to alow comparisons between the two) and
16 new traffic control devices. The survey had six pavement
marking questions, including three from the previous survey.
Except for the changein devices, the evaluation procedurewas
identical to the first evaluation. The markings included in the
second survey are listed below. Table B-9 presents the results
for the two-way left turn lane questions and the double-wide
short broken white line. The results for the single solid yel-
low centerline are not presented because that marking did not
comply with the 1971 MUTCD. The results for the diamond
markings and double-wide short broken white line are also
not presented because they are not pertinent to the all-white
evaluation.

» Two-way left turn—moving into the lane

+ Two-way |eft turn—maneuvers that can be made from
thelane

+ Single solid yellow stripe (mountain road)

+ Diamond marking (restricted lane—buses and right turns
only)—illegal maneuver

 Diamond marking (restricted lane—buses and right turns
only)—Ilegal maneuver

* Double-wide short broken white lane ends marking

The results presented in Table B-9 indicate that in 1980,
motorists did not understand the meaning of the two-way
left-turn lane markings.

TABLE B-8 Two-way left turn lane results from 1979 AAA evaluation

Marking Focus of Question Responses CorrecEpF:?s;e)ggse Rate

Isit legal to move into the lane? Lega 18

(Sample size = 3,126) Not legal 82

Two-way left turn lane Left turn 69
(broken and solid yellow

line on each side of lane) | What maneuver islegal fromthelane? |Right turn 9

(Sample size = 3,094) Passing 21

Backing up 1
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TABLE B-9 Two-way left turn lane results from 1980 AAA evaluation

Marking Focus of Question Responses | Correct Response Rate (percent
Isit legal to moveinto the lane? |Legal 26
(Sample size = 1,735) Not legal 74
I(glyglge\;vgynéegltltggggsv What maneuver islegal fromthe Léﬂ - o
ine on each side of lane) lane? Right turn 11
(Sample size = 3,094) Passing 1
Backing up <1

STATE STUDIES OF PAVEMENT MARKING
COMPREHENSION

State transportation agencies are responsible for conduct-
ing much of thetraffic operationsresearch in the United States.
However, with respect to the meaning of pavement mark-
ings, the states (other than Texas, which is addressed later)
have conducted little research. Three evaluations sponsored
by state transportation agencies were identified, including
one each in Ohio, Kansas, and Wisconsin. The Ohio evalua-
tion was conducted to evaluate the effectiveness of systems
being considered for the 1971 MUTCD, while the Kansas
and Ohio evaluations were both conducted after the publica-
tion of the 1988 MUTCD.

Ohio Evaluation

In the mid-1960s, the Ohio Department of Highways con-
ducted research to compare the effectiveness of various pave-
ment markings (9). At the time of the research, the white
centerline was still a standard treatment. There were five
phases in the research: slide presentation, lateral placement,
passing study, lane usage, and driver interview.

Thefirst phase of the research used a dlide presentation to
evaluate the then-current pavement marking system (estab-
lished by the 1961 MUTCD) and alternative systems being
considered by the National Joint Committee on Uniform Traf-
fic Control Devices. These alternate systems were being con-
sidered for inclusion in the 1971 MUTCD. The first aterna-
tive system used color to define direction of travel and shape
to define degree of safety. This is the system that was ulti-
mately implemented in the 1971 MUTCD. The second alter-

native system used line shapeto designatetravel direction and
color to designate degree of safety. Table B-10 describes the
meanings of the various markings that composed the two
alternative systems.

The sampling procedurefor thisevaluation is not described
in the report other than stating that responses came from
seven states, making it impossible to critically evaluate the
validity of the results. Nor does the report present the graph-
icsthat were used in the evaluation, making it impossible to
assess what the drivers were actually responding to. Slides
were used to present images representing all three systems.
Subjectswere asked to provide ayes or no answer to the two
questions shown below. In the first presentation, slides from
the three systems were presented in random order with very
little explanation. Then subjects were told the rationale for
each of the three marking systems. The slides were then
grouped according to the marking system and drivers were
asked to respond to them, answering the same two questions.

* Isthelaneimmediately to your left for vehicles moving
the same direction?
* |spassing permitted at this location?

Table B-11 indicates the results of the random presentation
for theindividual types of lines. According to the researchers,
thedatain Table B-11 indicate that line shape and color con-
vey a meaning to drivers. However, because over one-third
of the driversinterpreted the broken white line as an indica
tor of opposing flow, the data may al so suggest that line shape
is a more important factor in determining meaning. Table
B-12 indicates the results of both the random and ordered
presentations according to theindividual s systems presented.

TABLE B-10 Meanings of markings in alternative systems

Line Meaning in Color Based System Meaning in Line Shape Based System
Yellow | Separatestraffic flowing in the opposite direction Passing or lane changing not permitted
White Separates traffic flowing in the same direction Passing and lane changing permitted

Solid Passing or lane changing not permitted Separates traffic flowing in the opposite direction
Broken Passing and lane changing permitted Separates traffic flowing in the same direction




TABLE B-11 Results of random presentation by type of line

Line Type
Response
Solid Yellow | Broken Yellow | Solid White | Broken White
Indicates Opposite Direction 90% 7% 79% 34%
Indicates Unsafe to Pass 88% 37% 66% 9%
TABLE B-12 Results for individual marking systems
Sample Random Ordered
System Size
Travel Direction | Passing Safety| Travel Direction | Passing Safety|

Then current 3,376 87% 89% 96% 70%
Color-Based 9,035 67 70 89 64
Line Shape-Based 6,822 81 84 92 47

The line-shape system was the most easily understood of the
two aternatives. It was also more closely related to the then-
current system than the color system (which was eventually
adopted in the 1971 MUTCD). The dataindicate that drivers
can adapt to new systems. Overall, the researchers indicate
that color alone does not convey a consistent message.

Wisconsin Evaluation

The focus of this study was to determine the opinions of
Wisconsin drivers on the state' s pavement markings, specif-
ically those on the state's rural highway system (15). Over-
all, there were four phases in the evaluation:; personal and
focus group interviews, telephone survey, mail survey, and
highway marking inspections. The telephone survey wasthe
only phase that addressed driver understanding of the mean-
ing of pavement markings.

In the telephone survey, 195 licensed driverswere asked to
describe the meaning of four pavement markings. Answers
were given in the respondents own words, then classified by
the researchers as correct, incorrect, or don't know. The

results are presented in Table B-13. The report does not indi-
cate whether the solid white line is intended to represent an
edge line or a solid white lane line.

The results indicate that the solid white line was the least
understood marking while the solid yellow line was the best
understood marking. Overall understanding waslow. With the
exception of the dashed yellow line, gender differences were
significant. One of the unique characteristics of the telephone
survey evaluation is that respondents were not viewing a dia-
gram when they responded to the questions. While this could
lead errors by the respondents misinterpreting the intent of the
questions, it also has the advantage of eiminating bias intro-
duced through the diagram. The report of the telephone survey
results did not provide specific data beyond that shown in the
preceding table, making it difficult to interpret the results.

Kansas Evaluation

A Kansas study used two self-administered questionnaire
type surveys to determine driver understanding of various

TABLE B-13 Result from Wisconsin telephone survey

. . Correct | Don’t Know | Incorrect
Marking Question (percent) (percent) (percent)
Double Solid When you see solid yellow lines between lanes, 80 13 4
Yellow Centerline | what do these indicate?

Dashed Yellow When you see dashed yellow linesin the middle 69 10 8
Centerline of the highway, what do these indicate?
Broken White Lane | When you see broken white lines between lanes, 57 20 5
Line what do these indicate?

. o When you see solid white lines on the highway,
Solid White Line what do these indicate? 38 23 31




traffic control devices (16). The first study was a multiple-
choice evaluation of 43 devices, five of which were pave-
ment markings. The pavement markingsin this survey were
represented by color plan views of the pavement markings
(Figure B-3). The possible responses include one correct
response, two incorrect responses, and a response of “not
sure.” An additional answer line was included for any com-
ments provided by the respondent. The survey questions
were designed to test understanding of specific safety-related
messages given by the markings. The second survey was an
“open ended” questionnaire that required respondents to
record their own explanation of the meaning of each traffic
control device. This survey contained 10 questions, al of
which were related to signs. The open-ended format was
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used to provide an indication of how much respondents had
guessed the correct answer from the first survey.

The primary evaluation technique was a self-administered
survey completed by 502 drivers in seven Kansas counties.
Evaluations were conducted at various locations, including
courthouses, city halls, places of employment, and selected
civic and social functions. Asaresult of the sampling proce-
dure, the survey sample was not random. The survey results
for the five pavement marking questions are provided in
Table B-14.

Three markings stood out as being poorly understood: the
solid white edge line, the single broken white lane line, and
the two-way left-turn lane marking. The single broken yel-
low centerline and the single solid yellow no-passing line

TABLE B-14 Markingresults of Kansas evaluation

Marking .

(sample size) Question Responses Per cent
The center laneisto be used for left turns only by vehicles 62.8
going in the same direction asyou are, and also by
oncoming traffic.

Two-Way Left ’ . .
Turn Lane Wheat isthe purpose | The center lane is for emergency vehicle use only. No other 117
(n = 494) of the Center Lane | vehicles are allowed to use this lane.
see Figure B-3a of this roadway?
The center laneisto be used to make left turns or to pass 3.0
other vehicles.
Not sure. 22.5
If you aretraveling | Thisisa two-way road whereyou are not allowed to pass. 96.2
No passing zone |in the direction of .
markingsin the |the arrow, what is Thisis atwo-way road where you are allowed to pass. 2.0
direction of travel | the meaning of the | Thisis a one-way road where you are allowed to change 0.4
(n =500) Solid Yellow Line  |anes.
see Figure B-3b | in the center of the
highway? Not sure. 14
If you aretraveling | To let you know where the edge of your driving laneis. 48.1
Two-laneroad |in the direction of e
with no passing | the arrow, what is To let you know that you should not cross thisline for any 34.2
zone markings | the meaning of the | F€8S0N:
(n=497) Solid White Line on | 14 gt you know there is no curb on this road. 32
see Figure B-3b | theright side of the
highway? Not sure. 145
Thisis atwo-way road whereyou are allowed to pass. 87.8
Two-lane, two- | What isthe meaning . .
way road with no | of the Dashed T_hls is aone-way road where you are alowed to drivein 6.4
edge lines Yellow Lineinthe | Sither lane.
(n499) center of this Thisis atwo-way road where you are not allowed to pass. 36
see Figure B-3c | highway?
Not sure. 2.2
Thisisa, one-way road where you are allowed to change 52.4
lanes.
Two-lane, : ’ .
WOIANE, ONE" |\t s the meaning | Thisis atwo-way road where you are allowed to change 38.0
way road with no )
. of the Dashed White | |anes.
edge lines inein th ‘
(n = 500) Ll_ne |_nt e center of —
) this highway? Thisis aone-way road where you are not allowed to change 34
see Figure B-3d lanes
Not sure. 6.2
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a
b c d

Note: Black lines indicate yellow markings.

Figure B-3. Graphics used in Kansas evaluation.

werethe most understood markingsin the study. The correct,
incorrect, and not sure response rates for these markings can
be seen in Table B-14.

Aswith all evaluations, there were several limitations that
must be considered when interpreting the evaluation results.
As proven in this research, the multiple-choice format tends
to overestimate actual comprehension of a traffic control
device. Theuse of self-administered survey instrumentsfavors
responses from driverswith higher education levels. Drivers
that cannot read would not be ableto participatein thissurvey.
Because of the locations where the surveys were administered
(not arandom sample), the results may not be representative
of the general population. Finaly, the images used to repre-
sent the markings removed many of the environmental clues
that drivers often use to determine the meaning of a traffic
control device.

TEXAS STUDIES OF PAVEMENT MARKING
COMPREHENSION

Perhaps the most extensive evaluations of driver compre-
hension of traffic control devices has been conducted by the

Texas Transportation Institute (TTI) over the course of sev-
eral studies for the Texas DOT. Four evaluations have been
conducted since the 1971 MUTCD was published. Whilethe
bulk of each of these evaluations focused on traffic signs,
each of the four included some questions on driver under-
standing of pavement markings.

TTI 1978 Evaluation

Theearliest of TTI' straffic control device comprehension
evaluations was conducted in the late 1970s (33). Two efforts
wereundertakenin thisresearch effort. In thefirst, researchers
solicited comments from driver training professional regard-
ing commonly misunderstood devices. With respect to mark-
ings, thedriver training professional s offered more comments
than for any other devices. Thefollowing representsthe find-
ings from the report on this effort:

The broad area of markings has received more comments
than the other areas. On centerline pavement markings,
45 percent of the respondents had specific comments. Both
color and continuousor broken stripesare not always under -
stood, i.e., all-white lines are not interpreted as used in one-
way lanes. Solid stripes are disregarded asrestrictive cross-
ing areas. Such questions arise as. “Do double solid
centerlines prohibit left turns into driveways or entrance to
businesses?” “ Does the slightly raised median painted yel-
low have the same meaning as the double solid yellow?”

“ On the continuous left turn lane, where is the centerline?”

The results of the driver training professional input infor-
mation were used to design a survey that was administered
to 422 driversin 10 Texas cities. There were three pavement
marking questionsin the survey. The markings were the dou-
ble yellow line, the pedestrian crosswalk, and the solid white
line. Thefirst and third of these are of interest to the all-white
research effort. The resultsfor these two pavement markings
are shown in Table B-15.

The double yellow line was understood by the majority of
the drivers; however, the marking was shown in combination
with a sign that read “Do Not Cross Double Yellow Line to
Pass’. Drivers were able to recognize the “do not cross’
restriction of the marking but were unable to distinguish why.

The solid white line was the least understood marking. A
little over one-third of the drivers answered correctly. This
particular question is interesting because the two incorrect
responses were complimentary in nature. This meant that if
adriver choseone, he or she should logically have chosen the
other. This did not happen and indicates that drivers have
some confusion about the ability to change lanes.

The results of this research have little application to the
evaluation of all-white markings. The image for the question
on the double solid yellow centerline presented a scene with
afour-lane roadway, and the question focused on the passing
issues, not the directional movement of traffic. The question
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TABLE B-15 Markingresultsof 1978 TTI study
Marking Question Answer Choices Responses Per cent
Yellow Y ou notice a double solid Do not passthe vehiclein 43 9
Double yellow line down the center |your lane.
Centerline of theroad and a sign on the
(on 4-lane right shoulder. What do the (l:je?ltne(rjlti ﬁ:eotsssggg:/eehicle 348 76
roadwi linesand sign tell you? .
) gniely (CORRECT)
Look out for oncoming traffic 2 <1
if you pass.
Do not cross the centerline 66 14
for any reason (such as
turning into a driveway).
Not sure. 0 0
Totals 459 100
White You enter theleft turnlane | Thelineisadivider line 165 35
Right Lane and notice asolid whiteline | marking lanes. Drivers may
Linefor on your right. What doesthe | crossit if they want.
Left Turn white line tell you? (CORRECT)
Lane .
If you arein Lane A you 99 21
cannot cross thelineinto the
left turn lane.
If you are in the left turn lane 173 37
you can not cross the line into
LaneA.
Not sure. 28 6
Totals 465 1

Note: Drivers were permitted to choose more than one response.

for theright lanelinefor aleft turn lane haslittle significance
in the overall scheme of pavement markings.

TTI 1981 Evaluation

The second TTI study used four different evaluation meth-
ods (three laboratory and one field) to measure driver under-
standing of 63 traffic control devices(14). Thefour evaluation
methods included:

+ Laboratory evaluations conducted only in the Bryan-
College Station area of Texas. Three different proce-
dures were used in the laboratory evaluations:

» In-depth interview in which static images (slides) of
40 traffic control devices were presented to ascertain
the ability of drivers to name and provide the mean-
ing of the devices. The sample size was 94 drivers.

» Shape and color identification for 25 traffic signs (no
markings were included in this evaluation).

» Film presentation of 32 driving situationswith asam-
ple size of 91 drivers.

+ Field evaluation of 46 traffic control devicesinwhich 375
driverswere asked to sdlect the meaning of the devicesin
amultiple-choiceformat. The survey wasadministered at
nine driver license stationsin six Texas cities.

Eight of the 63 devices studied in this project were pave-
ment markings. Three of the four evaluation methods were
used (shape and color evaluation was not used). Five of the
markings are pertinent to the evaluation of all-white pave-
ment markings. Unfortunately, this report does not provide a
detailed description of the results of the various evaluations
(images, specific questions, and response choices). It only
summarizes key aspects of the findings for each of the
devicesevaluated in narrative fashion. Thismakesit difficult
to interpret the actual responses from drivers. Table B-16
presentsasummary of the key findingsfor the five pavement
markings pertinent to the all-white evaluation.

The results of the research were used to identify the
19 devicesthat the researchers considered as the most critical
from alack of comprehension. Three of these were pave-
ment markings: double solid yellow centerline, broken yel-
low centerline, and two-way left-turn lane. The researchers
determined that drivers did not have an adequate under-
standing of the message conveyed by yellow markings. The
researchers further stated that “Respondents showed little
understanding of the difference between yellow and whitein
defining directionsof travel.” Theresearchersalso found that
drivers tended to associate yellow markings with passing
prohibitionsrather than using the broken/solid pattern of yel-
low lines. The researchers indicated that the driver group
with the best understanding of pavement markings included
driversthat had taken adriver education course, or primarily
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TABLE B-16 Summary of key findingsfrom 1981 TTI evaluation

. 1 Response Rate
Marking M ethod Issue (percent)
Two-way traffic 87
Structured
Passing permitted 87
Broken yellow centerline . ! )
on two-lane road Both two-way traffic and passing permitted 53
Unstructured | Either two-way traffic or passing permitted 20
Incorrect response 28
Two-way traffic 92
Structured - -
Double solid yellow Passing not permitted 94
centerline on two-lane road No passing for either direction 43
Unstructured
Two-way traffic 43
. o Two-way traffic 93
No passing marking in one ructur . N .
direction on two-lane road Passing permitted in one direction only 69
Unstructured | Recognition of passing restriction 99
One-way traffic 47
Structured
Passing permitted 92
Broken white lane line on .
two-lane road One-way traffic 45
Unstructured | Both one-way traffic and passing permitted 19
Two-way traffic 23
One-way traffic 58
Structured
Solid white, double-wide Passing not permitted 40
line on two-lane road Lane divided that should not be crossed 65
Unstructured
Incorrect response 11

Notes: Structured method represents multiple-choice responses to a graphic image with a sample size of 469. It includes
both the in-depth interview and the statewide survey. The unstructured method represents open-ended responses to

afilm with a sample size of 91.

theyounger drivers. But the researchers also pointed out that,
at the time the evaluations were conducted (around 1980),
any driver over age 40 had been exposed to four major alter-
ations in centerline delineation, which may account for the
results that favored younger drivers.

TTI 1995 Evaluation

The most extensive of the TTI comprehension studieswas
conducted in the early 1990s (17). This project included
five different evaluations of driver comprehension of 52
traffic control devices. A total of 2,414 were surveyed in the
five evaluations. Of the 52 devices, seven were pavement
markings.

The first of the five evaluations was a statewide compre-
hension survey of 1,745 driversat driver license stationsin 12
Texas cities. The survey consisted of a 17-min video presen-

tation with questions on 46 traffic control devices. The video
consisted of pictures of each device or marking and voice-over
narration. The question and multiple-choice answerswereread
aloud to the respondent. Each device or marking was presented
to therespondent in two ways: in-context and close-up. Thein-
context picture is a still photo taken of a device or marking
in use. The close-up is a computer-generated image. The
answerswere presented in amultiple-choice format with one
correct answer, two answers containing sometruth or acom-
mon misunderstanding about the device or marking, and an
answer of “not sure.” The seven pavement marking questions
arelisted below. Of these, only five are pertinent to the eval-
uation of all-white markings. Thetwo-way left-turn lane ques-
tion addressed the proper use of the lane rather than the mean-
ing of the markings. The preferential lane marking addressed
themeaning of thediamond symbol, whichisnot related to the
all-white evaluation. The questions, responses, and response
rates for these five markings are shown in Table B-17.
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Marking |Question Response Per cent
Which one of the Thisis a two-way road whereyou are allowed to pass. 76.8
Single ;
Broken | following statements | This s atwo-way road where you are not allowed to pass. 12.2
velow is true about the
Centerline dashed yellow Thisis aone-way road where you are allowed to change lanes. 8.2
centerline?
Not sure. 2.8
If you are traveling in | Thisis atwo-way road where you are allowed to pass. 5.8
No-Passing ”;et;i glt]tlllane" which | This s a two-way road whereyou are not allowed to pass. 88.0
of thefollowing is
Zone | e about the Thisis a one-way road where you are allowed to change |anes. 32
centerline? Not sure. 30
) . Thisis a one-way road where you are allowed to change lanes. 50.3
Single | Which one of the
Broken |following statements | Thisis aone-way road where you are not allowed to change lanes. 4.2
White Lane | istrue about the Thisis atwo-way road where you are allowed to pass. 422
Line dashed white line?
Not sure. 33
) To let you know thereis no curb on this road. 9.6
Solid What is the purpose T
Whit lEd of the solid white line | TO let you know that you should not cross this line for any reason. 10.4
ite Edge ; .
Line |ontherightsideof |14 et you know where the edge of your driving path is. 74.7
the roadway?
Not sure. 53
Itisillegal to change lanes across theselines. 61.0
Which one of the . . Lo
DOlfb(;e following statements | Y 0U may change lanes across these lines with caution, if necessary.|  22.1
Soli .
White Lane | 'S true abo_ut the Y ou may change lanes across these lines from left to right, but not
: double white lines on : 6.9
Line fromright to left.
the pavement?
Not sure. 10.0

Notes: Correct responses shown in bold italics.

Survey administered to 1,745 drivers, sample size for each question varied, but was close to the total number of

drivers participating in the survey.

+ Single Broken Yellow Centerline

* No-Passing Zone

+ Single Broken White LaneLine

+ Solid White Edge Line

» Two-Way Left-Turn Lane (not pertinent)

+ Double Solid White Lane Line

» Preferential Lane (diamond) (not pertinent)

Theresultsof the statewide survey are among the most per-
tinent to the issue of pavement marking color. In the survey,
two of the questions showed identical road scenes except for
the color of the pavement markings. When the road was
marked for two-way operation, only 8 percent thought it was

aone-way road. When the roadway was marked for one-way
operation, 42 percent thought it was a two-way road. These
results seem to suggest that when exposed to yellow mark-
ings, driver recognize that they separate opposing traffic.
However, in the absence of yellow markings, they have dif-
ficulty discerning the difference between aone-way and two-
way roadway. The statewide survey findings relative to the
broken white markings led the researchers to include the
marking in one of the follow-up evaluations.

In the follow-up evaluation, researchers designed an open-
ended question to address driver understanding of pavement
marking color. Thisfollow-up evaluation was conducted at a
Houston Auto Show and included 322 subjects. Table B-18

TABLE B-18 Resultsfrom 1995 TTI follow-up evaluation

Stimuli Question Responses Per cent
White 79.4
. You havejust turned onto aroad with
OneEFVQ\gi/)sugn thissign. What color would the center Yellow 127
dashed line on the pavement be? Some other color 29
Not sure. 4.9

Notes: Correct response indicated by bold italics. Response format was open-ended.



TABLE B-19 First-year Mexican driver survey resultsfor pavement markings (per cent)

- : Correct Response Partially Correct Partially Not Sample
Device Question Concept Response Concept Correct Correct Incorrect Sure Unknown Size
) » Two-way b(r)or?;i or cars -
Isthis aone-way road | going in botl No acceptable
or atwo-way road?  |opposing/different response 722 NIA 3 15 10 593
Broken Yellow Centerline directions
Pavement Marking
L~ ]
) ’ Y es without
Isthe blue car allowed | Yes, if thereis enough | . e
) to passthered car? | room to pass safely gﬂyﬁ;ﬂ]g‘f 368 38.0 228 |05 19 589
Broken Yellow Centerline
Pavement Marking
o=
Isthe blue car allowed No acceptable
= o passthered car? | NO responso 841 | NA 122 |19 18 573
No Passing Zone
Pavement Markings
Isthis aone-way road | One-way or cars going | No acceptable
or atwo-way road? in same direction response 515 N/A 45.2 26 08 505
Broken White Lane Line
Pavement Marking
L
Is the blue car allowed No acceptable
= | passtheredcar? | Y response 818 N/A 143 | 14 24 490
Broken White Lane Line
Pavement Marking
TABLE B-20 Second-year Texasdriver survey resultsfor pavement markings (per cent)
. . Correct Response Partially Correct Partially Not Sample
Device Question Concept Response Concept Correct Correct Incorrect Sure Unknown Size
Isthis aone-way Two-way road or cars No accentable
road or atwo-way | going in both/opposing/ en! 83.2 N/A 16.3 0.5 0.0 417
; A response
Broken Yellow Centerline | "0ad? different directions
Pavement Marking
= Isthe blue car . . Y es, without
Yes, if thereis enough
T .:ielé)\évaelzg topassthe | pass safely gfegtt)l/fg 221 tel;f 30.3 48.1 209 |05 0.2 416
Broken Yellow Centerline !
Pavement Marking
A=)
Isthe blue car
S |dlowedtopassthe |No No acceptable 890 | N/A 96 |10| 05 408
red car? response
No Passing Zone !
Pavement Markings
Isthis aone-way ;
road or atwo-way | ONE W& Or carsgoing | No acceptable 83 | NA | 487 |21] o8 236
road? in same direction response
Broken White Lane Line !
Pavement Marking
% Isthe blue car No accentable
&, |dlowedto passthe |Yes r&spon;f’ 92.9 N/A 5.6 1.2 0.2 410

Broken White Lane Line
Pavement Marking

red car?




presents the question, responses, and response rates. The
results showed that 79 percent of the drivers were able to
indicate that a one-way road uses white markings. The data
summarized in Table B-18 suggest that Texas drivers under-
stand that broken white lanes lines are associated with one-
way operation. Thisfinding is understandable when one con-
siders that Texas uses multilane one-way frontage roads
more than any other state. Consequently, Texas drivers seem
to be more familiar with the meaning of broken white line
markings than driversin other states.

There are three factors that can be attributed to these vast
differences in driver understanding of broken white mark-
ings between the two evaluations. First, and probably the
most influential, isthe biasintroduced through the evaluation
diagrams. Thefirst survey showed aroadway scenewith lane
and edge markings. The follow-up survey used a diagram
that showed only aONE-WAY sign (W1-6). The second fac-
tor isthe difference between the response formats (multiple-
choice versus open-ended). Multiple-choice surveys typi-
cally have higher correct responses because subjects tend to
guess at aresponse rather than select a “not sure” response.
The third factor is the difference in the sample of each sur-
vey. The statewide survey represented a random, and repre-
sentative, sample of alarge number of Texasdrivers because
it was administered at driver license stations. Its size pro-
vides a small margin of error. However, the sample repre-
sents only Texas drivers and has limited national implica-
tions. The follow-up survey sample is of limited value for
two reasons: (a) the sample represents only Houston drivers
and (b) the survey was administered at an auto show, where
drivers may have greater understanding of the meaning of
traffic control devices.

TTI1 1999 Border Area Evaluation

In the most recent TTI evaluation of driver understanding
of traffic control devices, researchers surveyed drivers from
Texas and Mexico on 33 different devices (18). Five of the
devices were pavement markings. All of the surveys were
conducted on bridges at the Texas-Mexico border. Drivers
were shown aflashcard image containing an enlarged version
of atraffic control device and asked to indicate its meaning.
The questions to be asked by the surveyor were printed on
the back of the flashcard in both Spanish and English. Dri-
vers had a choice of responding in Spanish or English.
Responses were recorded on tape and analyzed later. Answers
were coded ascorrect, partially correct, incorrect, not sure, and
unknown. The unknown category represented responses that
could not be understood. In the first evaluation, researchers
surveyed drivers of vehicles with license plates from Mex-
ico. Sample sizes for any particular question varied between
490 and 593 drivers. In the second evaluation, drivers of
vehicles with Texas license plates were surveyed. Samples
sizes varied from 236 to 417 drivers.
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Itisworth noting that although Mexico formally usesan all-
white pavement marking system, the researchers learned that
many of the border areas on the Mexico side of the border use
ayellow—white marking system. Two reasonswere offered by
Mexican officias for the use of yellow—white: @) the frequent
cross-border traffic of citizensfrom both the United Statesand
Mexico, and b) the availability of yellow pavement materials.

Tables B-19 and B-20 present the images, questions,
response concepts, and response rates for the drivers from

Broken Y ellow Centerline

Broken Yellow Centerline

No Passing Zone

Broken White Lane Line

Broken White Lane Line

FigureB-4. Graphicsfrom TTI border
evaluations.
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TABLE B-21 Comparison of understanding between border area driver samples

Driver Correct Understanding (per cent)
Sample ] ]
Two-lane, two-way Two-lane, one-way Passing on two-way Passing on two-way
road with yellow road with white lane road with broken road with barrier line
centerline line centerline
Mexican 72 52 37 84
Texan 83 48 30 89

Mexico and Texas, respectively. Figure B-4 displays the
graphics from these tables in a larger size. Table B-21 pro-
vides a comparison of the comprehension between the two
driver groups. Based on the results of this evaluation, the
researchers recommended that pavement markings receive
greater emphasisin driver education/training programs.

The results of this research are of particular value to the
all-white issue because the questions are the closest to truly
addressing how well drivers understand the color of pavement
markings. However, because the survey was administered
only at Texas border areas, the results cannot be generalized
to the rest of Texas or any other part of the United States.




c1
APPENDIX C
COMPREHENSION SURVEY

This appendix presents the questions and the graphic images shown to participants in the comprehension survey. The
guestions and images presented herein are the same as those presented in the survey, but the format/appearance has been
condensed for inclusion in this appendix. Figure 8 presents a photo of the survey format.
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No.

Question

I mage

SECTION 1 -OPEN ENDED QUESTIONS RELATED TO DIRECTION OF TRAVEL ON

A TWO-LANE ROADWAY

Y ou have arrived by plane in acity
where you have never been before.
Y ou pick up your rental car and
drive out of the airport parking lot,
and you come to this intersection.
Y ou want to go East (West) as you
leave the airport, so you want to
make a Left (Right) turn.

How would you know if thisisa
one-way or atwo-way road?
What would you look for
that would tell you?

Is there anything else you would
look for?

Isthat everything?

If thisisatwo-way street, what
color would this dashed line
be?

Using a scale of 1-5, tell me how
sure you are of your answer,
with 5 being positiveand 1 is
you' re guessing.




No.

Question

Image

If thisis aone-way street, what
color would this dashed line
be?

Using a scale of 1-5, tell me how
sure you are of your answer,
with 5 being positiveand 1 is
you' re guessing.

SECTION 2 -DRIVER INTERPRETATION OF MARKING PATTERN

Would the traffic on this road be
two-way (going in both
directions), or one-way traffic
(al going in the same
direction), or either (could be
one-way or two-way)?

Can you cross the centerline to get
into this lane or pass using the
left lane?

Isthisaroad for two-way, one-
way or either type of traffic?

Can you cross the centerline to get
into thislane or pass using the
left lane?
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No.

Question

Image

Isthisaroad for two-way, one-
way, or either type of traffic?

Can you cross the centerline to get
into thislane or pass using the
left lane?

Isthisaroad for two-way, one-
way, or either type of traffic?

Can you cross the centerline to get
into thislane or pass using the
left lane?

Thisis asketch of an interstate
highway, showing both the
northbound and southbound
sections.

What color do you think the
left edge line would be?

What color do you think the
lane line would be?

What color do you think the
right edge line would be?

SECTION 3 -UNDERSTANDING OF YELLOW-WHITE MARKINGS

Isthis road a one-way, or two-way,
or could be either type of
road?

Can you cross the centerline to get
into thislane or pass using the
left lane




No.

Question

I mage

10

Isthis road a one-way, or two-way,
or could be either type of
road?

Can you cross the centerline to get
into thislane or pass using the
left lane?

11

Isthisroad a one-way, or two-way,
or could be either type of
road?

Can you cross the centerline to get
into thislane or pass using the
left lane?

12

Isthisroad a one-way, or two-way,
or could be either type of
road?

Can you cross the centerline to get
into thislane or pass using the
left lane?
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No.

Question

Image

SECTION 4 — POTENTIAL UNDERSTANDING OF ALL-WHITE MARKINGS

13

Would you think thiswould be a
one-way or atwo-way street,
or either, if there were only
white lines?

Would you be alowed to cross the
centerline to get into this lane
or pass using the | eft lane?

14

Would you think thiswould be a
one- way or atwo-way or
either type of street?

Would you be alowed to cross the
centerline to get into this lane
or pass using the | eft lane?

15

Would you think thiswould be a
one- way or atwo-way or
either type of street?

Would you be alowed to cross the
centerline to get into this lane
or pass using the | eft lane?




No.

Question

Image

16

Would you think thiswould be a
one- way or atwo-way or
either type of street?

Would you be allowed to cross the
centerline to get into this lane
or pass using the | eft lane?

17

Would you think thiswould be a
one- way or atwo-way or
either type of street?

Would you be alowed to cross the
centerline to get into thislane
or pass using the | eft lane?

SECTION 5 -MARKING ENHANCEMENTS AND GENERAL COMMENTS

18

If you'redriving in Lane B, what
doesthis arrow tell you?
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No. | Question Image
19 | What do these arrowsttell you?
> 2 \\ ~
\
20 What would you think of theidea | No Graphic Image

of the U.S. using only white
lines on the pavement?
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American Society of Mechanical Engineers

American Society for Testing and Materials
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