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FOREWORD

Motorcycle crashes make up a disproportionately high number of crashes on the Nation’s
roadways. Highway signs designed for motorcyclists have the potential to reduce motorcycle
crashes by drawing the attention of road users to situations that may be particularly hazardous for
motorcyclists. This study examined the potential for novel signs to be used as motorcycle-crash
countermeasures. Based on research conducted as part of an earlier project entitled New/Novel
Highway Signs to Support Infrastructure-Based Motorcycle-Crash Countermeasures: Phase |
Project and a review of the relevant literature, the research team selected signs within four
categories to study: motorcycle awareness, advance curve warning, pavement change, and
limited sight distance."

The research team generated a preliminary set of novel signs designed specifically to target the
needs of motorcyclists. Feedback on this preliminary sign set was solicited from motorcyclists
via an online questionnaire. Results from the questionnaire were used to narrow and refine the
stimulus set. Finally, a human factor—based experimental assessment of novel sign
comprehension and legibility was conducted using both motorcyclists and nonmotorcyclists. The
result is a prioritized list of five novel signs that may serve as effective motorcycle-crash
countermeasures. This report may be of interest to engineers, academics, researchers, industry
partners, and motorcycle riders involved in the design, construction, installation, and testing of
infrastructure-based countermeasures to address motorcycle crashes.
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CHAPTER 1. INTRODUCTION

After reaching a modern-day low in the 1990s, motorcyclist fatalities have increased both in their
overall number and with respect to their proportion of all crash fatalities in the United States.
Since 1994, the number of motorcycle-related crash fatalities has more than doubled, rising from
2,320 to 5,286 in 2016, an increase of 127 percent.® This increase has occurred concurrently
with a generally consistent decline in fatalities among other (i.e., nonmotorcycle) crashes over
this same period. Motorcycle crashes account for more than 14 percent of all traffic fatalities in
the United States while only representing 0.6 percent of vehicle miles traveled nationally. There
is a clear need to develop effective countermeasures, policies, and programs to address the
increase in motorcycle-related crash fatalities.

Warning signs have the potential to reduce motorcycle crashes by drawing riders’ attention to
specific areas of the roadway, such as irregular surfaces that may reduce traction or horizontal
curves with high degrees of curvature. Signing is also a potential crash countermeasure for all
road users at locations with limited sight distance or intersections experiencing
higher-than-expected crash frequencies where vehicular movements may need to be prohibited,
both of which are concerns for motorcyclists. However, warning signs will only be effective
crash countermeasures if motorcyclists and other road users can see, understand, and respond to
them appropriately. Research conducted as part of a project entitled New/Novel Highway Signs
to Support Infrastructure-Based Motorcycle-Crash Countermeasures: Phase I Project identified
four types of signs with the potential to serve as effective motorcycle-crash countermeasures:
movement prohibition, advance curve warning, pavement condition, and limited sight distance."

The Manual on Uniform Traffic Control Devices for Streets and Highways (MUTCD) is the
national standard for all traffic control devices installed on any street, highway, bikeway, or
private road open to public travel.®) To become part of this national standard, new signs

(with the exception of signs with word-only messages not otherwise provided for in the manual)
must undergo experimentation in accordance with the provisions of the manual and must be
approved by the Federal Highway Administration (FHWA). This rigorous process promotes
roadway safety by helping to ensure that road users are able to understand signs on U.S.
roadways correctly and signs are both legible from an appropriate distance and standardized
across the country.

Movement-prohibition, pavement-surface-warning, advance curve-warning, and
limited-sight-distance signs already exist in the MUTCD. Design of these signs has typically
been motivated by their potential value to drivers of passenger vehicles and trucks. Do these
same signs serve as adequate warnings for motorcyclists, or would this population be better
served by novel sign designs, including signs that specifically target motorcycle operators? The
current study sought to address this important research question by determining and developing
various novel highway sign alternatives, conducting comprehension and legibility testing of
these highway signs, and developing a prioritized list of highway sign alternatives that may serve
as effective motorcycle-crash countermeasures. Prior to novel-sign development, the research
team conducted a review of the literature on the value of signs as motorcycle-crash
countermeasures. The literature review identified potential gaps that novel motorcycle signs
could help fill.



LITERATURE REVIEW

Motorcycle safety literature has identified a broad list of risk factors that are associated with
motorcycle-crash occurrence and crash severity.“~” Research has shown that crash risks vary
significantly across motorcyclists. Crash risk is influenced by age, marital status, riding
experience, history of motorcycle training, and proclivity for helmet use and alcohol
consumption.® Crash risk among motorcyclists is also related to the individual rider’s amount of
riding exposure (i.e., ride frequency) and whether the rider is appropriately licensed.®~'? Crash
risks tend to be exacerbated among a subset of higher-risk riders; research has shown that
unlicensed riders are both less likely to report using daytime headlights or wearing body
protection and more likely to report driving after consuming alcohol.!>!4

In addition to factors related to individual motorcyclists, crash risk is influenced by the
characteristics of the roadway or infrastructure.!>"!”) In an analysis of the causes of the crashes
documented in the Motorcycle Crash Causation Study, Bents et al. reported that infrastructure
countermeasures had the potential to prevent up to 66 percent of reported crashes.!!”)

Among the suggested infrastructure countermeasures were four types of warning signs:
movement-prohibition, advance curve-warning, pavement-condition, and limited-sight-distance
signs. The sections that follow provide a summary of research on each of these four types of
warning signs as they relate to motorcycle safety.(!

Movement-Prohibition Signs

A longstanding safety concern is the overrepresentation of motorcycle crashes involving moving
violations by drivers of other vehicles. Hurt et al. found that the primary cause of motorcycle
crashes was other vehicles, such as collisions into motorcycles due to right-of-way violations at
intersections.! Subsequent research in Australia, Europe, and the United States confirm the
ongoing and wide-reaching nature of these types of crashes.®!®

Multiple factors influence the occurrence of motorcycle crashes involving other vehicles.

de Craen et al. sought to determine whether the failure of cars to yield to motorcycles is simply a
product of the number of cars on the roadway."® The authors used police reports to gather data
on serious crashes involving two vehicles over a 9-yr period in the Netherlands. They found that
the most common cause of crashes was cars failing to give priority or a crash that occurs because
a car fails to yield to a vehicle traveling on an intersecting road. When the total number of
crashes was accounted for, the proportion of crashes in which a car failed to give priority to a
motorcycle (56 percent) was no greater than the proportion of crashes in which a car failed to
give priority to another car (56 percent), indicating that failing to give priority is not a
motorcycle-specific problem. In contrast, motorcyclists were found to be at greater risk for the
second most common crash type, failing to give way, or a crash that occurs because a car
attempting to make a left turn (or U-turn) fails to yield to a vehicle traveling toward them on the
same roadway. The proportion of crashes in which a vehicle failed to give way to a motorcycle
(32 percent) was over twice as high as the proportion of crashes in which a car failed to give way
to another car (13 percent). The results suggest that motorcyclists are at particular risk from
drivers who are attempting to make left turns and U-turns.



In many instances, when a vehicle collides with a motorcycle, the driver of the vehicle reports
failing to see the motorcycle despite looking in the motorcycle’s direction prior to the crash. This
phenomenon is known as the looked-but-failed-to-see error.!!>!® One potential source of this
error is the low conspicuity of motorcycles relative to other types of vehicles. Motorcycles are
smaller than passenger vehicles, and the front of a motorcycle is particularly small, frequently
with a visual footprint less than half the size of the front of a passenger vehicle. The small
physical size of the front of a motorcycle could explain why the looked-but-failed-to-see error is
more likely to occur for motorcycles headed directly toward a vehicle than for those traveling
perpendicular to the vehicle.'® Research on motorcycle conspicuity has found that helmet color,
reflective or fluorescent clothing, and daytime headlights can all significantly reduce motorcycle
crash risk.!”

In addition to the physical size of the motorcycle itself, the looked-but-failed-to-see error is
likely to be affected by drivers’ mental models, or their mental representation of traffic. For any
given roadway, the number of vehicles with four wheels will greatly outnumber those with two.
As a result, drivers scanning the roadway for other vehicles are more likely to look for
nonmotorcycle vehicles than to look specifically for motorcycles. A wealth of research indicates
that expectations and mental models have a significant influence on perception.**>3) People are
more likely to perceive and are able to respond more quickly to stimuli that they are expecting to
see, which explains why drivers who hold motorcycle licenses and drivers who regularly interact
with motorcyclists are less likely to commit looked-but-failed-to-see errors.?*? Drivers who
expect motorcyclists are more likely to see them, whereas those who do not have that expectation
are less likely to notice motorcycles on the roadway.

As research suggests that motorcycles are at particular risk from vehicles attempting to make left
turns and U-turns, one way to reduce this risk is to prohibit vehicles from making left turns and
U-turns on roadways where collisions with motorcycles occur. Eliminating these types of turns
can be accomplished by installing movement-prohibition signs (i.e., No Left Turn (R3-4) or

No U-Turn (R3-18)).!'” Movement-prohibition signs tend to be effective in reducing left-turn
crashes.®® The signs are quickly comprehended and driver compliance is high. However,
movement-prohibition signs are not viable options for most intersections. Brich et al. note that
No Left Turn signs should not be installed unless an alternate solution for drivers who wish to
turn left is available (i.e., a jug-handle turn or a left turn within one block of the sign).®
Otherwise navigational ability and roadway efficiency can be compromised. There is also a risk
that a No Left Turn sign at one intersection will simply move the problem downstream to the
next intersection. Additionally, excessive numbers of No Left Turn or No U-Turn signs result in
reduced sign compliance. A survey of transportation agencies in Virginia found that No Left
Turn signs are typically only installed at an intersection if an excessive number of crashes have
occurred at that intersection (three to five per year depending on the agency) or if the intersection
has high levels of traffic and there is no option for installing a left-turn lane on the roadway.?®
No U-Turn signs tend to be installed based on roadway geometry. In both cases, the decision
about whether a movement-prohibition sign should be installed at a particular intersection is
typically determined on a case-by-case basis, and motorcycle safety is only one of many factors
that would contribute to the decision.

When movement-prohibition signs are not a viable option, another potential way of reducing
motorcycle crashes at intersections is to try to update drivers’ mental models of traffic to include



motorcycles. Crundall found that simply having participants interact with images of motorcycles
increased their ability to detect motorcycles at T-junctions.?” The finding suggests that drivers’
expectations about motorcycles are malleable. Some agencies have attempted to capitalize on
this malleability by installing signs that remind drivers to look for motorcycles near potentially
dangerous intersections. For example, the sign shown in figure 1 has been installed in Australia
to increase motorcycle awareness.!>2%) In the United Sates, a warning sign with the phrase
Watch for Motorcycles has been installed near select intersections determined to be at high risk
for motorcycle crashes.?®

LOOK
FOR
BIKES

© 2020 Queensland Department of Transport and Main Roads.

Figure 1. Illustration. Sign designed to increase drivers’ awareness of motorcycles.*”
Advance Curve-Warning Signs

Motorcyclists are also more susceptible to crashes when riding on horizontal curves. Due to
reduced points of contact with the road surface resulting from having only two tires,
motorcyclists tend to lean and counter-steer when turning. Research indicates that this makes
motorcyclists particularly susceptible to two general types of crashes when navigating curves:
head-on and run-off-road collisions.!> When leaning into a turn, the head and upper torso of a
motorcyclist may cross into an adjacent lane, putting the rider at risk of a head-on collision. The
reduced friction and increased skill required to navigate curves when operating a motorcycle,
compared to that required when operating a passenger vehicle, also put motorcyclists at
increased risk of run-off-road crashes.(!> Suitable advance curve-warning signs that alert
motorcyclists to the presence and type of a curve can allow them to take appropriate action prior
to entering a curve, thereby reducing crash risk.

Multiple studies have linked curves—in particular those having small curve radii, or sharp
curves—to motorcycle crashes.(%3119 Motorcyclists are more likely to commit riding errors
when riding on curves that have a radius less than 296 ft. Higher approach speeds add to the risk
of run-off-road crashes.!"> When there is a series of curves with smaller radii, narrower lane
widths, or limited sight distance, this increases the risk of motorcycle crashes even further. It is
at these types of curves or curve combinations that advance curve-warning signs have the
greatest probability of increasing motorcyclists’ safety.



Advance curve-warning signs can help motorcyclists identify upcoming curves in a timely
manner and inform them of the speed at which it is safe to navigate the curve. The MUTCD
contains provisions for horizontal-curve-warning signs (W1-1 through W1-5, W1-11, W1-15)
that are based on the speed limit approaching the curve in combination with the sharpness of
the curve.®® Although these signs are intended for all road users, they are of value to
motorcyclists because they provide information about curve type. Figure 2 shows
horizontal-alignment-warning signs from the MUTCD, including warning signs for Curve
(W1-2), Combined Curve and Advisory Speed (W1-2a), Reverse Turn (W1-3), Hairpin Curve
(W1-11), 270-Degree Curve (W1-15), and Winding Road (W1-5).®) Except for the Winding
Road sign, these signs reflect the intended direction of the curve. The Winding Road sign is
intended to indicate that multiple curves will occur in the road ahead without indicating the
specific direction of those curves. When there is sufficient difference between the speed limit
and the advisory speed, chevron signs can be used to provide additional emphasis and guidance
for a change in horizontal alignment. In addition to static signing, dynamic curve-warning signs
or dynamic speed displays can be installed. Dynamic speed display signs have proven more
effective at reducing crashes than static signs in areas such as school zones, presumably because
they are better at catching road users’ attention.*? However, due to the cost of such systems,
they are typically only installed at locations where static signs have not proven sufficiently
effective at reducing crashes.

W1-11 Wi1-15

Source: FHWA; modified from the MUTCD.
Figure 2. Illustration. Horizontal alignment signs.®
It is important that curve-warning signs be easily comprehensible and clearly visible so that

motorcyclists have time to react appropriately. Curve-warning signs should provide sufficient
information about a curve’s presence, radius, and direction so that motorcyclists can adjust their



approach speed and select an appropriate riding path.!!> Considering these factors, the Australian
road transport and traffic agency, Austroads, published guidelines for the installation of
curve-warning signs designed specifically for motorcyclists. According to those guidelines, signs
should be as follows (p. 93):!9

e Conspicuous and clearly visible at a distance. A larger sign size or special curve-warning
sign may be advantageous in some situations.

e Placed far enough in advance of the curve for a motorcyclist to have adequate time to
react (consideration should be given to the effects of a combination of the current or
likely surface conditions after wear and tear and motorcycle braking on the coefficient of
deceleration).

e Accurate (i.e., reflect the curve type and radius).

o Installed clear of vegetation that is likely to grow over the sign face.

The Minnesota Department of Transportation (MnDOT) published a report to determine

the feasibility of in-vehicle dynamic curve-speed warnings as deployed on a smartphone
application.®? To gauge sign comprehension, participants were shown the
MUTCD-recommended curve-warning signs and asked to interpret their meaning. MnDOT
found that, although participants could interpret the Combined Curve and Advisory Speed sign
(W1-2a in figure 3) properly, they reported that it seemed too cluttered. Separate signs for speed
(w13-1p) and curve (w1-2), as shown in figure 3, were more understandable and more
authoritative.

Wi1-2

W1-2a

35

MPH

W13-1P

Source: FHWA; modified from the MUTCD.

Figure 3. Illustration. Curve-warning signs tested by MnDOT.®

For particularly high degrees of curvature, Australia offers the option of adding a supplementary
Curve Tightens plaque to standard curve-warning signs (figure 4).!°**) Although not currently
recommend in the MUTCD, similar Curve Sharpens signs are sometimes used in California
(figure 5). Such signs, when used in combination with Advisory Speed plaques, have the
potential to provide an additional warning to motorcyclists about particularly sharp curves.
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© 2020 Queensland Department of Transport and Main Roads.

Figure 4. Illustration. Advance curve-warning sign with supplementary Curve Tightens
plaque.®”

© 2013 Adam Fagen.

Figure 5. Photo. Advance curve and speed sign with Curve Sharpens text.®?

Pavement-Condition Signs

Motorcyclists are particularly susceptible to changes in the quality and condition of the roadway
surface in part due to the fact that motorcycle operation requires advanced motor skills and focus
in comparison with automobile operation. Motorcyclists must also use difficult and potentially
counterintuitive techniques, such as counter-steering and balancing the front and rear brakes.®
As aresult, it is imperative for riders to be able to identify and react to pavement quality issues.



To this end, pavement-condition signs represent a potentially important traffic control strategy
that can be used to reduce crash risk.

Several studies have considered how factors such as surface and weather conditions relate to the
severity of injuries sustained by motorcyclists who are involved in a crash. For example, research
has shown that crashes tend to be more severe when the road surface is characterized by rutting,
corrugations, and potholes.®# Interestingly, research has also shown that motorcycle crashes
tend to be more severe under dry conditions in Iowa, North Carolina, and California as well as in
other countries.®3”) Research to examine the effect of surface conditions on the likelihood of
severe crashes has been mixed, with some studies reporting a greater likelihood of severe crashes
on smooth pavements and others failing to find any substantive effects.?**® However, it is
important to note that motorcyclists are likely to adapt their behavior (e.g., decreasing speeds,
riding less aggressively) under adverse weather and pavement conditions.

In any case, with all other things being equal, the risk of crash involvement is heightened under
adverse pavement conditions due to reduced friction between the pavement surface and
motorcycle tires. Furthermore, in a survey of motorcyclists in the United States, a number of
respondents noted that motorcycle safety issues could be addressed by installing awareness signs
near locations where pavement conditions are a contributing factor to motorcycle crashes.®?

To this end, the use of targeted signs to alert motorcyclists of hazardous conditions represents a
promising measure to improve motorcycle safety. A review of some of the signs used to warn
motorcycle operators about potentially hazardous conditions follows. It is important to note that
most of these signs do not comply with the MUTCD and, if not under official experimentation
through FHWA, are noncompliant with national standards. Nonstandard MUTCD symbols and
standard symbols not used in accordance with the provisions of the manual must be approved by
the FHWA prior to use in the United States.®®)

Potential pavement-condition signs can include very general messages, such as an informational
sign with a message that reads “Motorcycle Safety Enforcement Area next 50 km,” which is used
in Australia, as shown in figure 6.¢?

The South Dakota Department of Transportation (DOT) experiences heavy motorcycle volumes,
particularly during the annual Sturgis Motorcycle Rally, and the agency has used signs such as
the general warning shown in figure 7 to alert motorcyclists of potentially high-risk areas.
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However, it is likely that signing would be more effective if targeted toward specific conditions.
For example, the Guidelines on Motorcycle and Bicycle Work Zone Safety identifies four general
categories of concern for motorcyclists in work zones.*?) Those categories are as follows:

e Degradations in roadway pavement surface quality (e.g., longitudinal grooves from
pavement milling, unpaved or gravel surfaces, rough and broken pavement sections,
longitudinal or lateral rumble strips).

e Degradations in pavement friction (e.g., loose gravel, sand, or soil; liquids on the
pavement surface; blackout tape within the travel path; large pavement markings; steel
plates).

e Pavement discontinuities and abrupt elevation changes (e.g., uneven lanes; loose or rough
bridge and pavement joints; steel plates; manholes, drainage appurtenances).

e Degradations in roadway geometrics (e.g., travel lane alignment shifts).

The MUTCD currently provides a limited number of sign alternatives related to motorcycles.
The most common application is the supplemental Motorcycle plaque (W8-15P), shown in
figure 8, which can be used in combination with warning signs such as Grooved Pavement and
Metal Bridge Deck.® Such signing is targeted toward locations where surface conditions may
affect motorcyclists’ ability to control the motorcycle under wet or dry conditions.

\\PAVEMENT /

Q BRIDGE )

Source: FHWA; modified from the MUTCD.

Figure 8. Illustration. Supplemental warning plaques for motorcyclists.®

Agencies generally use supplemental motorcycle plaques in combination with various
general-purpose signs that refer to site-specific pavement-related issues. For example,

Florida DOT (FDOT) suggests the use of the W8-15P plaque in combination with the following
sign types:

Bump (WS-1).

Loose Gravel (W8-7).
Uneven Lanes (W8-11).
Grooved Pavement (W8-15).
Metal Bridge Deck (W8-16).
Steel Plate Ahead (W8-24).
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FDOT uses a yellow warning sign for general conditions as well as an orange variant for work
zone environments.#

The British Columbia Ministry of Transportation and Highways includes a similar sign, denoted
as W-115, which can be used to warn motorcyclists of specific conditions.** The sign can be
complemented by sign W115-T, which is a Metal Bridge Deck sign, as shown in figure 9.

© VHB.
Figure 9. Photo. W-115 and W-115T motorcyclist warning signs.

Washington DOT has adopted an alternative to the W8-15P, which is a simple text-based sign
that reads Motorcycles Use Extreme Caution (figure 10).“> This sign is to be used in work zone
settings if the work includes grooved pavement, abrupt lane edges, steel plates, or gravel
surfaces.

© VHB.

Figure 10. Illustration. Text warning sign.
The Virginia DOT (VDOT) uses additional warning signs for expansion joints and open joints on

bridges, with examples shown in figure 11.% VDOT also uses the W8-15P in combination with
a general Rough Road sign, W8-8.47
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Figure 11. Illustration. Examples of joint signs used in Virginia.“®

Tennessee DOT has issued an instructional bulletin that suggests designers should include a
motorcycle-warning sign (figure 12) on interstate resurfacing projects that include grooved
pavement.“® The proliferation of different types of warning signs used by different
transportation agencies speaks to the potential value of motorcycle-specific pavement-condition
signs. However, without an empirical assessment of these signs, such as that required prior to
being included in the MUTCD, it is unclear which, if any, of these signs would be effective in
increasing motorcycle safety.

TN-64

© Tennessee DOT.

Figure 12. Illustration. Grooved-pavement-warning sign used in work zones in
Tennessee.*®

Limited-Sight-Distance Signs

Both vertical and horizontal curves can create situations that limit a driver’s view of the
roadway. Limited sight distance can be a particular challenge for motorcyclists since they need
to monitor the roadway closely for potential hazards, such as oncoming vehicles, debris, road
flooding, or potholes."® Signs can be used to warn motorcyclists about locations where sight
distance is limited and allow them to make appropriate changes to their behavior.

One of the first signs used to indicate limited sight distance is shown in figure 13. This
diamond-shaped warning sign (W14-4) was recommended in the 1978 version of the MUTCD to
warn drivers about reductions in sight distance caused by both vertical and horizontal curves.!”
However, the sign was not evaluated by FHWA for comprehension prior to being added to the
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MUTCD, and the sign did not prove to be effective.*”) Road users did not understand the
purpose of the sign, and it was not successful in changing drivers’ behaviors or reducing
crashes.®%3 Following a fatal crash that prompted an investigation of the effectiveness of the
sign, it was removed from the MUTCD in 1986.6%

LIMITED
SIGHT
DISTANCE

Source: FHWA.

Figure 13. Illustration. Limited-sight-distance sign no longer in use.

Freedman et al. conducted a series of studies in an attempt to determine an appropriate
alternative to the limited-sight-distance sign.®!" Twenty-two novel signs designed to warn drivers
about vertical curves with limited sight distance were generated. Twelve of the signs displayed
verbal messages and 10 displayed various types of symbols. The research used a series of
experiments to determine which design was most effective. First, a group of participants
completed a sorting task wherein they judged the perceived effectiveness of each novel sign.
Afterward, a new group of participants evaluated the comprehension and speed of detection for
the five signs with the highest rankings. These metrics were compared to those found for the
limited-sight-distance sign.

Generally, signs with verbal messages had better comprehension than symbol signs, but symbol
signs were more quickly detected. A composite score that accounted for both comprehension and
detection speed found that the text-based sign that read Slow, Hill Blocks View and the symbol
sign featuring two cars approaching each other from either side of a hill each scored significantly
higher than the limited-sight-distance sign. Based on this finding, a controlled field study was
conducted in which participants drove a prescribed route that included passing either one of these
two signs or the control limited-sight-distance sign. Responses to and memory for all signs were
recorded. High recall rates and increased slowing were found for both novel signs relative to the
control sign, but comprehension was highest for the verbal sign. A very similar sign, Hill Blocks
View (W7-6), is in the current MUTCD.®

A recent study conducted by Balk, Kissner, and Katz highlights the ability of the Hill Blocks
View sign to warn drivers about vertical curves that limit sight distance.®* The authors tested
this sign against three symbol signs as potential alternatives (figure 14). The Hill Blocks View
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sign was found to have the highest comprehension, the farthest legibility distance (i.e., could be
read and understood by road users at a greater distance) and the highest subjective rankings of all
the tested signs. The results support the MUTCD’s continued use of the sign.

Source: FHWA.

Figure 14. Illustration. Signs tested by Balk, Kissner, and Katz.¥

Past research suggests that the Hill Blocks View sign (W7-6) currently included in the MUTCD
has high rates of both comprehension and legibility and is therefore sufficient to warn drivers
about limited sight distance due to vertical curves. An equivalent sign to warn about limited sight
distance due to horizontal curves is not currently part of the MUTCD.

CONCLUSION

Trueblood et al. identified four types of signs with the potential to serve as effective
motorcycle-crash countermeasures: movement-prohibition, advance curve-warning,
pavement-condition, and limited-sight-distance signs.") The research team conducted a literature
review on the value of each sign type as a potential motorcycle-crash countermeasure. The
review identified potential gaps that novel motorcycle-oriented signs could be developed to fill.

Movement-prohibition signs, such as No Left Turn (R3-4) and No U-Turn (R3-18), have the
potential to reduce motorcycle crashes at intersections where drivers seeking to make a left turn
or U-turn may fail to yield to motorcycles. These existing movement-prohibition signs have high
comprehension rates and legibility distances, such that they are successful at reducing the
number of collisions that occur where they are installed.?® Nevertheless, not all intersections are
good candidates for movement-prohibition signs.?%!®) Further, these signs cannot prevent
collisions that occur at other locations where drivers fail to react appropriately to motorcyclists.
In locations where movement-prohibition signs cannot be installed, motorcycle-awareness signs
or signs that remind drivers to watch for motorcycles may have the potential to reduce crashes
between motorcycles and other vehicles.*+!?

Advance curve-warning-signs that alert motorcyclists about the presence of a curve can allow
them to take appropriate action prior to entering the curve, thereby reducing crash risk. Sharp
curves, or curves with small curve radii, are particularly hazardous to motorcyclists.®%*1"15 To
mitigate this threat, some transportation agencies use signs that specifically warn about sharp or
tightening curves.!'> Novel curve signs that are specifically designed to warn about sharp curves
or locations with multiple curves could help motorcyclists navigate such locations more safely.
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Pavement-condition signs represent a potentially important traffic control strategy for reducing
crash risk among motorcyclists. Pavement-condition signs can help riders identify and react to
pavement quality issues. Motorcyclists recognize the potential value of this sign type, and
several transportation agencies use pavement-condition signs that are customized with images of
motorcycles. (See references 34, 35, and 37—42.) Novel pavement-condition signs that
specifically target motorcyclists have the potential to serve as a useful countermeasure for
motorcycle crashes.

Limited-sight-distance signs have the potential to warn motorcyclists about situations where the
road ahead is not visible due to either vertical or horizontal curves. Since motorcyclists need to
monitor the roadway closely for hazards, such warnings have the potential to be particularly
valuable to this road-user group. The Hill Blocks View sign (W7-6) has high comprehension and
legibility rates among drivers. However, the potential for motorcyclists to benefit from signs that
specifically target motorcyclists approaching vertical curves have not been tested. There is also a
need for signs that warn drivers, and especially motorcyclists, of limited sight distance due to
horizontal curves.

Warning signs have the potential to reduce motorcycle crashes by drawing the attention of riders
and other road users to each other’s presence as well as to selected areas and features of the
roadway. Novel sign alternatives within the motorcycle-awareness, advance curve-warning,
pavement-condition, and limited-sight-distance categories could serve as motorcycle-crash
countermeasures provided these signs are shown to be effective through human factors studies of
components such as comprehension, legibility, and proven changes to behavior.
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CHAPTER 2. ONLINE QUESTIONNAIRE

The objectives of the current project were threefold: first, to develop novel highway sign
alternatives that have the potential to act as countermeasures against motorcycle crashes; second,
to conduct comprehension and legibility testing of these novel signs; and third, to develop a
prioritized list of highway sign alternatives that may serve as effective motorcycle-crash
countermeasures. The first step in this process was developing novel highway signs. To aid in
sign development, the research team conducted a review of existing literature (chapter 1). This
information was used to generate a preliminary set of signs that could act as potential crash
countermeasures.

After generating a set of preliminary signs, the research team sought to reduce and refine the
novel sign set based on the input and feedback of relevant stakeholders. To solicit this feedback,
the research team created and distributed a questionnaire to members of the motorcycle-riding
community. The questionnaire asked motorcyclists to rate the usefulness of each sign in the
preliminary stimulus set. After viewing all the novel signs, participants were asked to select the
three signs they felt were the most useful. Participants were then given the opportunity to provide
written feedback about the signs they had seen and about any additional signs they thought could
be used to increase motorcycle safety. This feedback was used to generate the final list of stimuli
that would be used during the comprehension and legibility experiment reported in chapter 3.

METHOD

This section explains the methodology used to obtain feedback from the motorcycle riding
community on the preliminary novel sign set.

Participants

Motorcyclists were recruited online via a weblink, which was emailed to the leaders of
motorcycle riding groups and motorcycle riding instructors. Recipients of the emails voluntarily
distributed the link to motorcyclists in their organization via email or social media. A total of
1,025 participants completed the questionnaire.

Stimuli

Stimuli included in the questionnaire consisted of a preliminary set of novel signs. The research
team generated the signs based on the literature review found in chapter 1 and an examination of
signs currently in use by local, State, and international transportation agencies. A selection of
signs that have already been approved by the MUTCD were also selected to serve as control
stimuli to which the novel signs could be compared. The full stimulus set is displayed in table 1.

17



Table 1. Stimuli for online questionnaire organized by sign type.
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Procedure

Potential participants were first presented with a participant information sheet, which provided a
description of the research being conducted. Consent was confirmed when the participant
checked a box indicating “I hereby voluntarily consent to participate in this study” after reading
the participant information sheet.

After consenting to participate and indicating that they were motorcyclists, participants answered
questions about the signs. Participants were asked to indicate whether each sign was very useful,
somewhat useful, not very useful, or not at all useful. Next, participants were shown a table
containing all the novel signs and asked to indicate which sign was the most useful, second most
useful, and third most useful. Participants were then provided space to type a written response to
the following two prompts: “Please provide any additional feedback you have on any of the signs
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displayed above” and “Are there any additional signs that you think should be used to increase
motorcycle safety? If yes, please describe.”

The final portion of the questionnaire solicited information about the participants. Participants
were asked how many years of experience they had riding a motorcycle and whether they had
ever been involved in a crash while riding. For those that answered in the affirmative to being
involved in a crash while riding a motorcycle, a followup question asked what factor(s)
contributed to, or could have helped prevent, their most recent motorcycle crash, and participants
were able to type an open-ended response. Participants were also asked their gender, age, and the
State in which they do most of their motorcycle riding.

RESULTS

This section describes the responses that participants provided when completing the
questionnaires, including demographic information, information about their most recent crash,
and their opinions about the usefulness of the signs in the preliminary stimulus set.

Demographic Information

Figure 15 shows a map of the United States. The number overlaid on each State represents the
total number of participants who indicated they did most of their motorcycle riding in that State.
Overall, participants rode motorcycles in 47 different States plus the District of Columbia. The
largest group of participants indicated they rode most in Wisconsin.

.. >

NA - 13
Source: FHWA.
NA = no answer.

Figure 15. Map. Map displaying the number of participants who indicated they did most of
their motorcycle riding in each State.
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Seventy-six percent of participants indicated they were male, 23 percent were female, and

1 percent preferred not to answer. The age makeup of participants is presented in figure 16. Ages
were relatively normally distributed, with the largest frequency of respondents between the ages
of 56 and 65 yr. The age and gender distribution within the current sample of participants is
similar to that found within the national population of motorcyclists. According to a 2018
Motorcycle Industry Council survey, 81 percent of riders in the United States are male, and the
median age of riders is 50.9 The skew toward older male riders within the current sample
suggests that the motorcyclists who volunteered to participate in the current questionnaire are
representative of the Nation’s larger motorcycle-riding community.
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Source: FHWA.
Figure 16. Graph. Distribution of participant ages.

Figure 17 shows the distribution of years of motorcycle riding experience among participants
who completed the questionnaire. Participants ranged from riders who had been riding for less
than 1 yr to riders who have been riding for 65 yr.

21



250

150
- I I
0 l

6-15  16-25 26-35 36-45 46-55 56-65

Years of Motorcycle Riding Experience

[
o
o

u
o

Response Frequency

Source: FHWA.

Figure 17. Graph. Distribution of years of motorcycle riding experience among
participants.

Motorcycle Crashes

Exactly half of participants indicated that they had been involved in a crash while riding their
motorcycle. A team member trained to code survey responses read the description of each
motorcycle crash and categorized the apparent cause. Categories that included less than 5 percent
of responses were combined into a single “other” category. The remaining crashes fell within
one of the seven categories displayed in figure 18. Over one-third of crashes (36 percent) were
attributed to the behavior of other drivers on the roadway. This result is consistent with previous
work noting that other drivers often fail to see and respond appropriately to motorcyclists.®!1-1®
The result also supports the use of motorcycle-awareness signs as a potential crash
countermeasure. Two of the other types of hazards explored in the current study, curves and
gravel (pavement conditions), also contributed to motorcycle crashes within the group of
participants.
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Figure 18. Graph. Percentage of respondents’ most recent motorcycle crashes that were
attributed to each causal factor.

Usefulness Ratings

Participants rated each sign as very useful, somewhat useful, not very useful, or not at all useful.
Responses were converted into numbers (i.e., very useful = 1, somewhat useful = 2, not very
useful = 3, or not at all useful = 4) and analyzed using a chi-squared (y°) test. An y? test is a
statistical test used to determine the probability (p value) that the responses obtained in the study
would be likely to have occurred at random. When the probability of obtaining a result at random
is less than 5 percent (i.e., p < 0.05), the result is considered statistically significant at a
95-percent confidence interval and assumed to be a result of the variable that was measured. The
study team conducted separate y? tests for each sign type to compare the usefulness ratings of
each sign (effect of sign) and examined how the perceived usefulness of the novel signs
compared to similar signs that are currently part of the MUTCD.

Motorcycle Awareness

Usefulness ratings for motorcycle-awareness signs are displayed in figure 19. Both signs fell
within the somewhat useful range. There was a small but statistically significant difference in the
usefulness ratings of the two motorcycle-awareness signs, y*(1) = 4.89, p = 0.027. Sign a was
rated as more useful than sign b.
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Figure 19. Graph. Mean usefulness ratings of motorcycle-awareness signs.
Advance Curve-Warning Signs

As displayed in figure 20, mean usefulness ratings for advance curve-warning signs varied by
sign type, y*(8) = 1776.88, p < 0.001. Sign ¢ was rated as significantly more useful than either
signs d or e. The result suggests that sign c, which is already part of the MUTCD, may be more
suited for warning motorcyclists about a road with multiple curves than a sign containing text.
Usefulness ratings for sign f did not differ significantly from those found for sign g, which did
not differ significantly from those for sign h. The similarity in ratings for these signs suggest that
a curve-warning sign with a plaque may be a useful way of alerting drivers to a particularly sharp
curve. Sign 1 was rated as significantly more useful than sign j, which was rated as significantly
more useful than sign k. While not rated as useful as sign i, which served as the control Arrow
Curve sign, both signs j and k had usefulness ratings that fell within the very useful to somewhat
useful range, suggesting that both could potentially be beneficial to motorcyclists.
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Figure 20. Graph. Mean usefulness ratings for advance curve-warning signs.
Pavement-Condition Signs

Significant differences in usefulness ratings were also found among pavement-condition signs,
2A(8) =2483.60, p < 0.001. As displayed in figure 21, the control signs (marked with blue boxes)
tended to be rated as more useful than the novel pavement-condition signs. Surprisingly,
participants also rated signs 1 and q, which did not include Motorcycle plaques, as more useful
than signs n and s, which included the plaque. The results suggest that motorcyclists may prefer
pavement-condition signs that include only text to those signs that include either symbols only or
a combination of text and symbols. Of the novel signs tested, sign o was rated as more useful
than signs p and r, whose ratings were similar. Sign t was rated as least useful.
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Figure 21. Graph. Mean usefulness ratings of pavement-condition signs.
Limited-Sight-Distance Signs

Mean usefulness ratings for the limited-sight-distance signs corresponding to vertical curves are
displayed in figure 22. A significant effect of sign usefulness was found, y*(3) = 155.26,

p <0.001. Sign u had higher usefulness ratings than any of the novel signs. Usefulness ratings
for signs w and x did not differ from each other, and both had significantly higher ratings than
sign v. The results suggest that motorcyclists see sign u, which is currently part of the MUTCD,
as most useful for warning drivers about limited sight distance due to vertical curves.
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Figure 22. Graph. Mean usefulness ratings for signs depicting limited sight distance due to
vertical curves.

Figure 23 shows the mean usefulness ratings for signs depicting limited sight distance due to
horizontal curves. Usefulness ratings varied by sign, y?(6) = 2218.42, p < 0.001. Sign y had
higher usefulness ratings than any of the other signs warning of limited sight distances on
horizontal curves. Signs aa and ae received the next highest ratings, which did not differ
significantly. Sign ab had higher usefulness ratings than sign ac, both of which had higher
usefulness ratings than sign z. Ratings for sign z were lower than all other signs except for sign
ad, which had similar usefulness ratings. The low usefulness ratings for sign z, which is already
part of the MUTCD, suggests that motorcyclists see this sign as less useful than potential novel
signs intended to convey information about where a stop would be encountered at an
intersection.
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Figure 23. Graph. Mean usefulness ratings for signs depicting limited sight distance due to
horizontal curves.

Most Useful Signs

After rating the usefulness of each sign, participants were asked to indicate which of the novel
signs were the first, second, and third most useful. Responses were given weighted scores based
on the frequency with which they were chosen for each position, with signs chosen as more
useful receiving higher weights. The 10 signs with the highest scores, ordered by ranking, are
shown in figure 24. The two motorcycle-awareness signs (a and b) scored highest. The 10 most
useful signs also included 5 of the 6 novel signs designed to warn about curves (e, g, h, j, and k).
The remaining three signs (v, ae, and ac) warned about limited sight distance.
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Figure 24. Graph. Ten most useful signs ranked based on their total most useful
sign scores.

Comment Scores

Participants were encouraged to provide comments about the signs that were presented and about
additional signs that could be used to increase motorcycle safety. To quantify these comments a
trained coder classified each comment about a specific sign as either positive (e.g., “[Sign j]
actually might be the best. Riders get killed in curves, so those are important ones.”) or negative
(e.g., “[Sign m] resembles a mountain range ahead more than rough pavement.”). The research
team then calculated the total number of positive and negative comments about each sign. Signs
were assigned a comment score equal to the number of positive comments about that sign minus
the number of negative comments about that sign. Comment scores for all signs are displayed in
figure 25. Most comments about the novel signs were critical or provided suggestions for
improvement. Advance curve-warning signs j and h were the only signs to receive more positive
than negative comments. The most negative comments were made about the novel
pavement-condition signs.
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Figure 25. Graph. Comment score for each of the novel signs.
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SIGN SELECTION

The following section describes how the research team used the feedback received from
motorcyclists who completed the online questionnaire to narrow and refine the preliminary
stimulus set to create the final set of stimuli that were included in the comprehension and
legibility experiment described in chapter 3. Note that selection for inclusion in the study is not
equivalent to inclusion in the MUTCD.

Motorcycle Awareness

Literature on motorcycle crashes points to the potential value of motorcycle-awareness signs.
The failure of other road users to notice, yield, or respond appropriately to motorcyclists is a
common contributor to motorcycle crashes.!®!!® This finding, present in the larger motorcycle
safety literature, was reiterated in the current sample. More than one-third of the participants who
reported being in a motorcycle crash indicated that other drivers contributed to that crash. The
two novel motorcycle-awareness signs that were assessed in the questionnaire and had high
usefulness ratings were ranked as the first and second most useful signs. These results indicate
that motorcyclists see the potential value of signs a and b as motorcycle-crash countermeasures.
Thus, both were included in the comprehension and legibility experiment.

Although both received high usefulness ratings by the motorcyclists who completed the
questionnaire, sign b was rated as significantly less useful than sign a. A review of the comments
about sign b revealed two potential concerns with the sign. First, some riders expressed concern
that drivers who encounter the sign may misinterpret the sign as referencing motorcycles that
may be crossing the road or off-roading in the area, rather than understanding that the sign is
meant to raise awareness of motorcycles that share the road with drivers. This potential concern
is not unwarranted given sign b’s similarity to some of the vehicular traffic warning signs
currently included in the MUTCD. The MUTCD provides an option for the use of vehicular
traffic warning signs, such as those displayed in figure 26, to be used to alert drivers about the
unexpected entrance of vehicles onto the roadway. It is not unreasonable that drivers may view
sign b as an additional warning about unexpected traffic entrances. To mitigate this potential
confusion, a novel motorcycle-awareness sign (b-1) was created that combined sign b with a
plaque containing the phrase Share the Road (figure 27).
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Figure 26. Illustration. Examples of vehicular traffic warning signs included in the
MUTCD.®

Source: FHWA.

Figure 27. Illustration. Motorcycle-awareness signs included in the experiment.

A second concern about sign b related to the specific image used on the sign. The motorcycle
symbol that appeared on sign b was taken from the Motorcycle plaque (W8-15P) under the
assumption that the use of this symbol on existing signs would make it familiar to road users.
However, many participants commented that the image looked more like a dirt bike than the type
of motorcycle that would typically be interacting with traffic on a roadway. To address this
concern, the research team constructed a fourth novel motorcycle-awareness sign (b-2) that
replaced the motorcycle symbol on sign b with an alternative motorcycle symbol (figure 27). The
image chosen was based on the symbol that currently appears on motorcycle-awareness signs in
Australia." This novel sign, along with the other motorcycle-awareness signs chosen for
inclusion in the comprehension and legibility experiment, is displayed in figure 27.
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Advance Curve Warning

Curve-warning signs show high potential as motorcycle-crash countermeasures. When asked to
describe their most recent crash, 7 percent of participants who indicated they had been in a
motorcycle crash identified curves as a causal factor in their most recent crash. Advance
curve-warning signs tended to have high usefulness ratings, were among the 10 most useful
signs, and were the only signs to receive more positive comments than negative comments. Of
the six novel advance curve-warning signs tested, sign d, a text-based sign with the words
“Winding Road,” had the lowest usefulness rating (figure 20). It was also the only curve-warning
sign that was not among the top 10 most useful signs. For this reason, sign d was not included in
the comprehension and legibility experiment.

This set of novel curve-warning signs included two very similar signs: sign g, an arrow curve
sign with a Curve Sharpens plaque, and sign h, a Curve sign with a Curve Tightens plaque. Due
to the similarity between these two signs, only one of these signs was included in the experiment.
The group of four novel curve-warning signs that were included in the comprehension and
legibility experiment are presented in figure 28.
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Figure 28. Illustration. Advance curve-warning signs included in the experiment.
Pavement Condition

Changes in pavement condition are known to contribute to motorcycle crashes.®” However,
participants did not have a positive reaction to the set of five novel pavement-condition signs
included in the current questionnaire. Of all the sign types tested, the novel pavement-condition
signs had the lowest usefulness ratings and the highest number of negative comments.
Nevertheless, the participant comments provided several suggestions on how to create
pavement-condition signs that may be more effective as motorcycle-crash countermeasures.
First, many respondents noted that they needed context to correctly recognize the hazards being
depicted on the pavement-condition sign. For example, participants indicated that it was difficult
to determine whether the symbol used to depict a hazard on sign m was meant to represent
grooves in the roadway, bumps in the path, or mountains in the distance. Based on these
comments it was determined that signs m and r, which did not include a motorcyclist for context,
should not be included in the stimulus set that would be used for the comprehension and
legibility experiment. Since sign o received significantly higher usefulness ratings than sign p,
the motorcyclist symbol in sign o was chosen to provide context in the novel pavement-condition
signs. Regarding sign o, participants commented that the sign was difficult to understand because
it was too cluttered and the hazard in the sign was too small. This feedback was used to create a
new version of sign 0. To create a less cluttered sign, the movement lines surrounding the
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motorcyclist symbol were removed. The size of the hazard was also increased and moved to a
more central location on the sign. The result was the novel Rough Road sign (0-1) shown in
figure 29.

Source: FHWA.

Figure 29. Illustration. Pavement-condition signs included in the experiment.

When asked about their most recent crash, 5 percent of respondents cited gravel as a causal
factor. Gravel was the most frequently reported pavement-condition hazard among participants
who reported being involved in a crash while riding their motorcycles. For this reason, the
research team decided to replace the novel Pavement Ends sign with a sign depicting loose
gravel (0-2). The revised pavement-condition signs used in the comprehension and legibility
experiment are displayed in figure 29.

Limited Sight Distance

The questionnaire included two groups of limited-sight-distance signs: those that depicted
limited sight due to vertical curves and those that depicted limited sight due to horizontal curves.
Usefulness ratings for the control vertical-curve sign, sign u, were higher than for any of the
novel signs tested. The results are similar to those found by Balk et al., who also found high
levels of both comprehension and legibility for sign u.®® Given the apparent robustness of this
sign in both the current questionnaire and the larger literature, the research team decided that the
comprehension and legibility experiment would focus on signs that warn about limited sight
distance due to horizontal curves.

The research team tested four novel signs that depicted limited sight due to horizontal curves.
Signs ac and ae, which depicted the need to stop while rounding a curve, were among the top 10
most useful signs. For this reason, it was decided to include both signs in the comprehension and
legibility experiment (figure 30).

aCc ae

Source: FHWA.

Figure 30. Illustration. Limited-sight-distance signs included in the experiment.
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CONCLUSION

This chapter described feedback received from motorcyclists about the potential usefulness of a
preliminary set of novel motorcycle-awareness, advance curve-warning, pavement-condition,
and limited-sight-distance signs. A large group of motorcyclists volunteered to provide feedback
using an online questionnaire. The research team used their responses to narrow and refine the
preliminary stimulus set and create the final set of 12 novel stimuli that were included in the
comprehension and legibility experiment described in chapter 3. The results provide insight into
the potential value that motorcyclists place on signs as crash countermeasures. The responses
also provide information about the source of crashes motorcyclists experience. Finally, the large
group of participants that volunteered to complete this questionnaire is indicative of the
eagerness of motorcyclists to have their voices heard in matters that affect motorcycle safety.
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CHAPTER 3. COMPREHENSION AND LEGIBILITY EXPERIMENT

The current study used comprehension testing to compare participants’ responses to novel and
existing signs. The research team also tested the legibility of the novel signs to determine
whether the designs could be perceived at sight distances that are comparable to those of existing
signs recommended by the MUTCD. Since the novel signs would be installed on roadways used
by both motorcyclists and drivers of passenger vehicles, the current study assesses sign
comprehension and legibility among both motorcyclists and nonmotorcyclists.

METHOD

This section describes the method used to collect data in the comprehension and legibility
experiment, including information about the participants who completed the study, the apparatus
used to collect data, the stimuli that were tested, and the study procedure.

Participants

Fifty licensed drivers participated in the study. A power analysis was not conducted to determine
sample size due to an absence of effect-size reporting in the literature. Instead, sample size was
selected based on similar, previously conducted work on sign comprehension.®”-*® All
participants were at least 18 yr of age and were recruited from the Washington, DC, metropolitan
area. Participants were recruited to represent the gender distribution of motorcyclists in the
United States (i.e., 81 percent male and 19 percent female). The number, mean and standard
deviation age, and drive frequency of male and female motorcyclists and nonmotorcyclists that
participated in the study is displayed in table 2. Participants were compensated at a rate of

$40 per h for their participation, which lasted for approximately 1 h.

Table 2. Number of participants, age, and hours driven per week by male and female
motorcyclists and nonmotorcyclists.

Number of Mean Hours Driven
Participant Group Participants Mean Age (SD) per Week (SD)
Male motorcyclists 21 48.4 (16.9) 11.3 (13.6)
Female motorcyclists 4 43.8 (10.7) 12.3(11.9)
Male nonmotorcyclists 19 51.0 (22.1) 13.6 (11.1)
Female nonmotorcyclists 6 47.5(19.2) 17.5 (15.8)

SD = standard deviation.

Apparatus

Testing was conducted at the Turner-Fairbank Highway Research Center in the Highway Sign
Design and Research Facility in McLean, VA. Signs were displayed on a 60-inch diagonal,
light-emitting diode/liquid-crystal display monitor. Participants responded using a standard
QWERTY keyboard and mouse. For some portions of the experiment, participants had the
option to respond verbally and allow the researcher administering the experiment to enter their
responses using a separate mouse and keyboard.
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Stimuli

Signs were selected as stimuli based on feedback from stakeholders and the motorcycle riding
community. As shown in table 3, stimuli consisted of novel signs and signs already approved in
the MUTCD. The approved signs (i.e., signs labeled “existing” in table 3) served as control
stimuli to which the novel signs were compared.

Table 3. Stimuli organized by sign type.
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Procedure

Each session began with participants reviewing and signing an informed consent form.
Participants were then asked to show a valid driver’s license. Each participant’s vision was
assessed to confirm a minimum acuity of 20/40 (with correction), which is the minimum acuity
required to obtain a driver’s license in most States.

Comprehension Testing

Each participant took part in comprehension and legibility testing. During each trial, participants
were shown an image of a sign positioned on the edge of a roadway (figure 31). Participants
from the motorcycle riding community were asked to imagine they encountered the sign while
riding their motorcycle. Participants who were not motorcyclists were asked to imagine they
encountered the sign while driving. All participants were asked to describe the meaning of the
sign, and open-ended responses were recorded. Next, participants were asked to indicate the
intended audience for each sign to assess whether signs designed for motorcyclists are still seen
as relevant to other drivers. Finally, participants were given a description of the intended
meaning of the sign (figure 31) and were asked to rate how effectively the sign conveyed that
message on a scale of 1 to 4, where 1 indicated very effective, 2 indicated somewhat effective,
3 indicated somewhat ineffective, and 4 indicated not at all effective. Participants answered this
question for each sign. The experimental design randomized the order in which the signs were
presented.

Next, the research team obtained rankings for the motorcycle-awareness signs. The four signs

were presented on the screen at the same time and participants ranked the signs from most
effective to least effective.
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Figure 31. Screenshot. Example of a sign used for comprehension testing.
Legibility Testing

To assess legibility, each sign was shown one at a time on a black background. Sign presentation
began at a simulated distance of 1,000 ft. The signs then expanded in size to simulate an
approach speed of 45 mi/h. Participants were instructed to keep their eyes on the sign and to
press the space bar as soon as the sign became legible (i.e., as soon as they could identify the
elements of the sign). When the participant pressed the button, the sign disappeared, and the
participant described the sign aloud. The researcher then determined whether the description was
correct or incorrect. Any response that confirmed that the sign was legible to the participant was
considered correct. If the participant was correct, the legibility distance was recorded, and the
participant proceeded to a new trial. If the participant’s response was incorrect, the same sign
reappeared and continued to increase in size, so the participant had another opportunity to press
the button when the sign became legible. Allowing the participant a second chance to view the
sign enabled the research team to measure the legibility distance for each sign.

Demographic Data

As crash risks have been shown to vary significantly based on factors such as age and riding
experience, the team also collected demographic data from participants to assess potential
relationships between sign comprehension and rider characteristics. Specifically, all participants
were asked to indicate their age, gender, and how frequently they drive. Participants who were
members of the motorcycle riding community were also asked how frequently they ride their
motorcycle and how long they have been riding.
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RESULTS
Sign Comprehension

Sign comprehension was assessed using a series of questions. To gauge initial understanding of each
sign, participants first answered the open-ended question “What does this sign mean?”” A second
open-ended question “Who is this sign for?”” assessed whether participants felt there was a specific
intended audience for each sign. Afterwards, participants were given a description of the intended
meaning of each sign and asked to rate how effective the sign was at conveying that meaning.
Participants also took part in a task in which they ranked motorcycle-awareness signs from most
effective to least effective.

Sign Meaning

The open-ended question “What does this sign mean?” was used to evaluate participants’ initial
comprehension of each sign. Responses were coded as correct, partially correct, or incorrect by a
trained coder. The coder was blind to all demographic information about the participant,
including whether each participant was a motorcyclist. The research team then analyzed the
responses using y” tests. As discussed in chapter 2, this test is used to determine the probability
(p value) that the responses obtained in the study occurred at random. When the probability of
obtaining a result at random is less than 5 percent (i.e., p < 0.05), the result is considered
statistically significant and assumed to be a result of the variable that was measured (rather than
due to random chance).

For each of the sign types, the research team used j” tests to assess the potential influence of the
specific sign being tested (i.e., effect of sign), the potential influence of being a motorcyclist
(i.e., effect of participant group), and the potential that the results depended on a combination of
both the sign that was being tested and participant group (i.e., interaction of sign and participant
group). Only those effects that were statistically significant at a 95-percent confidence interval
are reported. In the current set of meaning analyses for signs, the potential influence of
participant age was also assessed. However, age did not significantly affect sign meaning
responses for any of the sign types and is therefore not reported. When a variable with more than
two values (such as sign) was found to be significant, post hoc tests were conducted to determine
the specific source of the effect. When conducting these pairwise followup tests, a
Tukey—Kramer multiple comparison correction was applied. Conducting multiple post hoc tests
can artificially inflate the probability that a result will be found to be significant. The
Tukey—Kramer correction prevents this by ensuring that a post hoc test is not considered
statistically significant unless the combined probability of all post hoc tests conducted for a
specific variable remains less than 5 percent regardless of the number of tests conducted.

Motorcycle Awareness

Figure 32 displays the percentage of correct, partially correct, and incorrect descriptions of
motorcycle-awareness signs for motorcyclists (figure 32-A) and nonmotorcyclists (figure 32-B).
Percentage of correct descriptions varied by sign type, y*(3) = 33.07, p < 0.001, indicating that
whether a participant was able to correctly describe the sign depended on the specific sign being
tested. Followup tests indicated that sign m2 was correctly described by a higher percentage of
participants (94 percent) than sign m4 (58.3 percent). Across all signs, the percentage of correct
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descriptions was higher for nonmotorcyclists (90.1 percent) than for motorcyclists (68.7 percent),
2A(1)=19.11, p <0.001. However, this difference between participant groups was not present for
sign m2, as indicated by a significant sign by participant group interaction, y %(3) = 8.42,

p = 0.038. When asked the meaning of sign m2, a high proportion of participants were able to
describe the sign correctly. For the other motorcycle-awareness signs, the percentage of correct
descriptions was higher for nonmotorcycle riders than for motorcyclists.
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A. Percentage of correct, partially correct, and incorrect descriptions for motorcycle-awareness
signs among motorcyclists.
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B. Percentage of correct, partially correct, and incorrect descriptions for motorcycle-awareness
signs among nonmotorcyclists.

Figure 32. Graphs. Percentage of correct, partially correct, and incorrect descriptions for
motorcycle-awareness signs as a function of sign and participant group.

Advance Curve Warning

For advance curve-warning signs, the percentage of correct descriptions varied by sign,
22(5)=18.47, p = 0.002, and participant group, y*(1) = 10.20, p = 0.001. A significant sign by
participant group interaction was also found, x*(5) = 13.34, p = 0.020, indicating that message
comprehension depended both on the sign being tested and on whether or not the participant was
a motorcyclist or a nonmotorcyclist. The following figure displays the percentage of correct,
partially correct, and incorrect descriptions for each sign among motorcyclists (figure 33-A) and
nonmotorcyclists (figure 33-B). Among motorcyclists, a greater percentage of participants
correctly described signs ¢3 and c12 than sign c4. No statistically significant differences between
signs were found for nonmotorcyclists. The results indicate that while nonmotorcyclists were
able to comprehend all signs, initial comprehension among motorcyclists was greater for signs
c12 and ¢3 than for sign c4.

Advance curve-warning signs can be supplemented with speed-advisory plaques; however, the
current study did not evaluate the potential effects that such plaques may have on
comprehension. Thus, the current findings are based only on comprehension of the signs
themselves.
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B. Percentage of correct, partially correct, and incorrect descriptions for advance curve-warning
signs among nonmotorcyclists.

Figure 33. Graphs. Percentage of correct, partially correct, and incorrect descriptions for
advance curve-warning signs as a function of sign and participant group.

44



Pavement Condition

For pavement-condition signs, only a main effect of sign was significant, y*(3) = 12.89,

p = 0.004, indicating that the percentage of correct descriptions varied by the sign being tested,
but was not influenced by participant group. As displayed in figure 34, participants correctly
described sign p1 less often than any of the other pavement-condition signs. Participants found
sign pl more difficult to comprehend than other such signs, which they were almost always able
to describe correctly.
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Note: Signs that are already included in the MUTCD are marked with blue boxes.

Figure 34. Graph. Percentage of correct, partially correct, and incorrect descriptions for
pavement-condition signs.

Limited Sight Distance

Figure 35 displays the percentage of correct, partially correct, and incorrect descriptions for
limited-sight-distance signs. A main effect of sign was found, }*(3) = 10.25, p = 0.017; however,
none of the differences between the signs remained significant after correction for multiple
comparisons. All signs were described correctly by the large majority of participants.
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Figure 35. Graph. Percentage of correct, partially correct, and incorrect descriptions for
limited-sight-distance signs.

Intended Audience

After describing the meaning of a sign, participants were asked who the sign was for and
open-ended responses were recorded. A trained coder classified the responses. Categories that
included less than 1 percent of responses were combined into one “other responses” category.
Four response categories were found: “all road users,” which made up 74.5 percent of responses;
“motorcyclists,” which made up 4.5 percent of responses; “car and/or truck drivers,” which made
up 19 percent of responses, and “other responses,” which made up 2 percent of responses.

The research team analyzed the data for significant differences using a multinomial logistic
regression with a generalized logit link function to account for the nominal categorical responses.
This statistical test is used to analyze nominal data, or data that fit into categories, as opposed to
numerical data. The potential influence of the sign being tested, participant group, and age were
explored for each sign type.

Motorcycle Awareness

Table 4 shows the number of responses that fell into each of the four response categories

for each of the motorcycle-awareness signs. Most participants reported that the
motorcycle-awareness signs applied to all road users. Almost one-fifth of participants reported
that these signs applied to car and truck drivers. There was not a significant difference in
response categorization for the four different signs. Responses were also not influenced by
participant group or age.
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Table 4. Percentage of intended audience responses that fell into each response category for
each motorcycle-awareness sign.

Response Category ml m2 m3 m4
All road users 78 74 76 70
Motorcyclists 4 0 0 14
Car/truck drivers 18 24 22 12
Other responses 0 2 2 4

Advance Curve Warning

There were no significant differences in responses to advance curve-warning signs. Neither sign

type nor participant group nor participant age had an effect. As displayed in table 5, almost all
participants reported that the advance curve-warning signs were meant for all road users.

Table 5. Percentage of intended audience responses that fell into each response category for

each advance curve-warning sign.

Response Category cll cl2 cl c2 c3 c4
All road users 96 96 98 98 92 96
Motorcyclists 2 0 0 0 2 2
Car/truck drivers 0 4 0 2 2 0
Other 2 0 2 0 4 2

Pavement Condition

Table 6 shows the number of responses that fell into each of the four response categories for
each of the pavement-condition signs. A main effect of sign was found, F(9,182) =5.72,

p <0.001. Participants tended to report that signs p11 and p12, the text-based signs that are
already part of the MUTCD, were meant for all road users. In contrast, signs p1l and p2, which
contained images of motorcycles, were significantly more likely to be described as intended for
motorcyclists. This categorization was consistent across motorcyclists and nonmotorcyclists and
did not vary by age.

Table 6. Percentage of intended audience responses that fell into each response category for
each pavement-condition sign.

Response Category pll pl2 pl p2

All road users 98 86 32 24

Motorcyclists 2 12 64 72

Car/truck drivers 0 0 2 0

Other 0 2 2 4
Limited Sight Distance

As displayed in table 7, almost all participants reported that limited-sight-distance signs were
intended for all road users. Responses did not vary as a function of sign, participant group, or
age.
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Table 7. Percentage of intended audience responses that fell into each response category for
each limited-sight-distance sign.

Response Category sl1 s12 sl s2
All road users 98 98 92 92
Motorcyclists 0 0 6 6
Car/truck drivers 0 0 0 0
Other 2 2 2 2

Sign Effectiveness Ratings

Participants were also asked to rate the effectiveness of each sign at conveying its intended
meaning on a scale from 1 to 4, where 1 indicated very effective, 2 indicated somewhat effective,
3 indicated somewhat ineffective, and 4 indicated not at all effective. The research team used

2 tests to assess the potential influence of the specific sign being tested (i.e., effect of sign), the
potential influence of being a motorcyclist (i.e., effect of participant group), and the potential
influence of age (i.e., effect of age), as well as the potential that the results depended on a
combination of these factors (i.e., interactions). Only those effects that were statistically
significant are reported. When a significant effect was found, pairwise followup tests were
conducted using Tukey—Kramer corrections for multiple comparisons. Note that the graphs in
this portion of the report have inverted axes, such that larger bars correspond to increased ratings
of effectiveness.

To foreshadow the following results, none of the main effects of the participant group were
significant, indicating that effectiveness ratings were similar for both motorcyclists and
nonmotorcyclists. However, there was a statistically significant interaction between the
participant group and the sign for pavement-condition signs. In other words, ratings of the
effectiveness of specific pavement-condition signs were different for participants who were
motorcyclists than for participants who were not part of the motorcycle riding group. The details
of this interaction are described in the section on pavement condition. For all sign types, a small
but significant effect of age was found. Older participants tended to rate all signs as more
effective than younger participants, likely a result of the older participants’ increased experience
responding to signs while driving.

Motorcycle Awareness

Mean effectiveness ratings for the four signs designed to increase motorcycle awareness are
displayed in figure 36. Significant differences in effectiveness were found as an effect of sign,
(3)=69.52, p < 0.001. Sign m3, which included a plaque, was rated as significantly more
effective than signs m1 or m4. Sign m2 was rated as significantly more effective than sign m4.
Ratings for signs m1 and m4 were not significantly different from each other. There was also a
positive relationship between age and effectiveness ratings, y*(1) = 4.15, p = 0.040. Older
participants tended to rate all the motorcycle-awareness signs as more effective than younger
participants.
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Figure 36. Mean effectiveness ratings for motorcycle-awareness signs.

Advance Curve Warning

There was a significant difference in effectiveness ratings found among the different advance
curve-warning signs, y*(5) = 24.43, p = 0.001 (figure 37). Sign c11 was rated as more effective
than any of the novel advance curve-warning signs (c3, cl, c2, or c4). Effectiveness ratings for
all the other advance curve-warning signs did not differ significantly from one another. There
was also a positive relationship between age and effectiveness ratings, y*(1) = 13.37, p = 0.001.
Effectiveness ratings for all advance curve-warning signs tended to increase with participant age.
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Figure 37. Graph. Mean effectiveness ratings for advance curve-warning signs.
Pavement Condition

Effectiveness ratings for pavement-condition signs varied as an effect of sign, y*(3) = 41.46,

p <0.001. This effect was qualified by a sign by participant group interaction, y*(3) = 104.04,
p = 0.018, meaning the effectiveness ratings varied depending on whether the participant was a
motorcyclist or a nonmotorcyclist. Figure 38 displays the effectiveness of pavement-condition
signs as a function of both sign and participant group. Motorcyclists rated signs p12 and p11, the
two signs that are already part of the MUTCD, as significantly more effective than signs p2 and
pl. Nonmotorcyclists rated sign p12 as significantly more effective than p1 but indicated that
sign pl1 and p2 had similar levels of effectiveness. Once again, there was also a significant
positive relationship between age and effectiveness ratings, y*(1) = 4.96, p = 0.026, such that
older participants tended to rate all pavement-condition signs as more effective than younger
participants.

50



@1

.= =

o

4]

o

9 2

Q

o=

g .

E 3 B Motorcyclists

= O Non-Motorcyclists
4

Source: FHWA.
Notes: Signs that are already included in the MUTCD are marked with blue boxes. Error bars represent
standard errors.

Figure 38. Graph. Mean effectiveness ratings for pavement-condition signs.
Limited Sight Distance

The effectiveness ratings of the limited-sight-distance signs were influenced by the specific
sign being tested, ¥*(3) = 85.01, p <0.001. As shown in figure 39, sign s11 (Stop Ahead) was
rated as significantly more effective at conveying its intended meaning than any of the other
limited-sight-distance signs (s2, s12, s1). Sign s2, which included text, was rated as being more
effective than sign s1, which did not include text. Effectiveness ratings for sign s12
(Combination Horizontal Alignment and Intersection sign) did not differ from the ratings for
signs s2 or s1. There was also a positive relationship between age and effectiveness ratings,
(1) =6.62, p=0.010, such that effectiveness ratings for all limited-sight-distance signs
increased with age.
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Figure 39. Graph. Mean effectiveness ratings for limited-sight-distance signs.
Sign Rankings

Sign rankings provided an additional assessment of the effectiveness of the
motorcycle-awareness signs. Participants were asked to rank each sign from most to

least effective. Mean values were calculated to compare rankings. Since messages were ranked
from first to last in effectiveness, lower mean values indicate that the message was more
effective. To determine if the rankings were significantly different from each other, Friedman
rank tests were calculated. The Friedman rank test is a nonparametric analysis of variance
appropriate for ranking data. It is used to determine whether there are statistically significant
differences between data when data are not normally distributed.

Mean rankings of the motorcycle-awareness signs are displayed in figure 40. Signs m3 and m1
were ranked as more effective than signs m2 and m4, y*(3) = 69.52, p < 0.001. Participant group
did not influence sign rankings.
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Figure 40. Graph. Mean sign rankings.
Legibility Distance

Signs with greater legibility distance have a better chance of being seen and obtaining a
response. The research team used y? tests to analyze legibility distances for each sign type. The
potential influence of the specific sign being tested (i.e., effect of sign), the potential influence of
being a motorcyclist (i.e., effect of group), and the potential influence of age (i.e., effect of age)
were explored. The potential for legibility distance to be influenced by a combination of these
variables was also explored (i.e., interactions). Significant effects were explored using a
Tukey—Kramer multiple comparison correction, and only significant effects are reported.

To foreshadow the results reported in this section, none of the effects of participant group were
significant within the current study. That is, both motorcyclists and nonmotorcyclists were able
to identify the signs at similar distances. As is typical in studies of legibility, legibility distance
had a negative association with age, such that younger participants were able to see signs at
greater distances than older participants. In addition, signs that featured symbols tended to be
legible from farther away than signs that included text.

Motorcycle Awareness

Mean legibility distances for the four signs designed to increase motorcycle awareness are
displayed in figure 41. Significant differences in legibility distance were found for the different
signs, ¥*(3) = 55.70, p < 0.001. Signs m2 and m4, the two symbol signs, were legible at a
significantly farther distance than signs m3 and m1, the two signs that contained words. Of the
signs containing words, m3, which combined a symbol and a word plaque, was able to be seen
from farther away than sign m1. There was also a negative relationship between age and
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legibility distance, y*(1) = 20.44, p < 0.001. Older participants had reduced legibility distances
for all motorcycle-awareness signs compared to younger participants.
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Source: FHWA.
Note: Error bars represent standard errors.

Figure 41. Graph. Mean legibility distances for motorcycle-awareness signs.

Advance Curve Warning

Significant differences in legibility distances were found among advance curve-warning signs,
22(5)=91.58, p < 0.001 (figure 42). Symbol signs c12, c11, and c3 had significantly greater
legibility distances than all other signs. Signs c1 and c4, which were made up of text, were
legible at a farther distance than sign c¢2, which included a text-based plaque. As expected, there
was also a negative relationship between age and legibility distance, y*(1) = 26.15, p < 0.001,
such that as participant age increased, the distance at which the advance curve-warning sign was
legible decreased.
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Figure 42. Graph. Mean legibility distance for advance curve-warning signs.

Pavement Condition

Legibility distances for pavement-condition signs are displayed in figure 43. The effect of sign
was significant, y*(3) = 28.61, p = 0.001. The legibility distance of sign p2 was significantly less
than that found for other pavement-condition signs, which did not differ from each other. There
was also a negative relationship between age and legibility distance, y*(1) = 20.44, p < 0.001.
Older participants had reduced legibility distances for all pavement-condition signs relative to
younger participants.
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Figure 43. Graph. Mean legibility distance for pavement-condition signs.

Limited Sight Distance

Significant differences in legibility distances were also found among the limited-sight-distance
signs, ¥*(3) =2173.84, p < 0.001. As shown in figure 44, sign s11 (Stop Ahead) was legible at a
farther distance than any of the other signs. Sign s1 had a legibility distance that did not differ
significantly from that found for sign s12 (Combination Horizontal Alignment and Intersection
sign). However, sign s2, which included text, had a significantly smaller legibility distance than
any of the other limited-sight-distance signs. The effect of age was once again significant,
2*(1)=27.37, p < 0.001. The older the participant, the smaller the legibility distance for the

signs.
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Figure 44. Graph. Mean legibility distance for limited-sight-distance signs.

Motorcyclist Demographics

A range of motorcyclists participated in the study. When asked how long they had been riding,
participants responded with a range of 2 to 56 yr. The average ride time was 24.1 yr

(standard deviation = 16.6 yr). Participants were also asked how frequently they currently ride
their motorcycle. The frequency that each response option was selected is displayed in figure 45.
Almost half of all participants indicated that they rode their motorcycle several times a week.
Another third of participants indicated that they rode only a couple of times per year or less.
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Figure 45. Graph. Percentage of motorcyclists indicating how frequently they currently
ride their motorcycle.

DISCUSSION

The current experiment examined comprehension and legibility rates for a set of novel signs
designed as motorcycle-crash countermeasures. The results provide important insights as to the
potential use of various novel motorcycle sign alternatives for the four areas of interest:
motorcycle awareness, advance curve warning, pavement condition, and limited sight distance.
This section of the report synthesizes the results of the sign comprehension and legibility
assessments that were conducted within each of these areas.

In addition to the area-specific discussion, a few other general trends emerged as a part of the
evaluations. Overall, the signs tended to perform equally well across motorcyclists and
nonmotorcyclists, with a few exceptions. Differences did tend to emerge, however, with respect
to the age of the participants. In general, older participants tended to assess the signs as more
effective compared to younger participants. This result is likely to reflect the increased
experience that older participants have using signs while driving. Older participants also showed
reduced legibility distances compared to younger participants, a finding that is reflective of
physiological differences associated with aging.
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Motorcycle Awareness

The intent of motorcycle-awareness signs, illustrated in figure 46, is to increase awareness
among the broader driving population (i.e., both motorcyclists and nonmotorcyclists) of the
presence of motorcycles on the roadway. The goal is to change road users’ mental models of
vehicles on the roadway to include motorcycles and thus reduce the potential that drivers will act
in ways that may be dangerous to motorcyclists. To this end, it is interesting to note that this
series of signs were correctly described at a higher rate among nonmotorcyclists (90.1 percent)
than motorcyclists (68.7 percent), except for sign m2. The nature of this result is unclear and
may reflect the sample of motorcyclists who participated in this study as similar results were
shown for several of the sign comparisons.

ml m?2 m3 md

Gy (b @

Source: FHWA.

Figure 46. Illustration. Motorcycle-awareness sign alternatives.

Sign m2, which included the image of the motorcycle from Motorcycle plaque W8-15P was
correctly described by the highest percentage of respondents, while sign m4 showed the lowest
comprehension. The latter sign illustrates a sports bike, which shows less clearly defined features
than signs m2 and m3, both of which show a cruiser-style motorcycle. Sign m3 includes a
supplementary plaque (reading Share the Road), which appeared to aid in comprehension. Sign
m3 had the highest comprehension ratings. When asked to rank the effectiveness of the group of
novel motorcycle signs, the signs that included text, m3 and m1, were rated more positively than
those signs that included only images. However, these same signs had reduced legibility
compared to the symbol-based signs. Ultimately, these results demonstrate important differences
in sign efficacy. The symbol-based signs are generally recognizable at greater distances, but they
tend to be less well understood. Among the candidate signs, m4 appears to be the least effective,
while the other signs present more promising alternatives for field deployment.

One potential concern noted by motorcyclists who completed the online questionnaire was that
motorcycle-awareness signs may be confused with vehicular-traffic-warning signs, which are
designed to warn drivers about locations where unexpected, slow-moving vehicles, such as
tractors or bicycles, may enter or cross the roadway. The novel motorcycle-awareness signs
tested in this study are intended to provide awareness to a specific vehicle type (motorcycles)
that are traveling on the roadway with other road users. Concern that drivers may misinterpret
these signs based on their similarity to vehicular-traffic-warning signs that are part of the
MUTCD led to the creation of sign m3, which includes a Share the Road plaque. However, the
results of the comprehension testing conducted as part of this study suggest that this concern may
have been unwarranted. The meaning of sign m2, the sign that was most similar to the vehicular
traffic-warning signs, was correctly described by 94 percent of participants, a percentage that
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was higher than all of the other motorcycle-awareness signs, including sign m3. The results
suggest that drivers are correctly able to interpret motorcycle-awareness signs.

Motorcycle-awareness signs show potential to increase motorcycle safety. However, it is
important to note that the use and placement of these types of signs are likely to present some
practical challenges. Motorcycle-awareness signs are likely to be most effective in locations that
are prone to high volumes of motorcycle traffic and activity. Similar Share the Road signs are
frequently used to alert road users of locations that are subject to high levels of bicycle traffic. In
general, such locations are relatively straightforward to identify as bicycle-involved trips tend to
be of shorter length and generally occur in either urban areas with well-established bicycle
networks or along recreational bike routes. In contrast, motorcycle traffic tends to be
significantly more dispersed across the road network, and it will likely be challenging to identify
candidate locations for motorcycle-awareness signs.

Advance Curve Warning

Advance curve-warning signs, shown in table 8, are of particular interest since prior research has
consistently shown that crash risks among motorcyclists are very pronounced at sharp curves.!>
These signs also introduce benefits for other (nonmotorcycle) vehicles as the crash risks for all
vehicles tend to be greater on curves.

Table 8. Advance curve-warning signs.

MUTCD Advance
Curve-Warning Signs Novel Advance Curve-Warning Signs

cll cl2

cl c2 c3 cd
CURVE

CURVE
SHARPENS

Source: FHWA.

The largest percentage of respondents correctly described novel sign ¢3 and existing sign c12.
Both signs are reflective of very tight curves, with sign c¢3 showing a slightly more exaggerated,
sharper curve. The results suggest that symbol-based signs that indicate sharper curvature are
easy to understand. In contrast, sign ¢4 (Blind Curve) was the least well understood. Since this
sign is text based, this could suggest a comprehension issue where respondents are not familiar
with the terminology (i.e., what a blind curve is). Similarly, the inability of drivers to understand
terminology is the reason the limited-sight-distance sign shown in figure 13 was removed from
the MUTCD.®? In assessing comprehension ratings, the Winding Road sign (c11) was rated
highest among the six alternatives.

Legibility distance for advance curve-warning signs followed the same general trends as those

for motorcycle-awareness signs. The symbol-based signs (c12, c11, and ¢3) showed greater
legibility distances than the signs that included only text (c1 and c4). The Curve sign with a
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Curve Sharpens plaque (c2) had the shortest legibility distance. Collectively, the results in this
area tend to suggest that signs with symbols may be most effective for both comprehension and
legibility. However, it is not necessarily advisable to use a symbol that overstates the sharpness
of the upcoming curve. Thus, while sign ¢3 shows high potential value as an advance
curve-warning sign, installation of the sign would need to be carefully considered to ensure that
the tightness of the curve in the warning sign is an accurate representation of the curve on the
roadway.

Pavement Condition

Pavement-condition signs, shown in table 9, include two traditional text-based signs (p11, Rough
Road, and p12, Loose Gravel) as well as two symbol-based signs (pl and p2) that are similar to
those used in some other countries.*? Comprehension was very high and similar for all except
for sign p1, which shows a motorcyclist riding over a rough road. It appears respondents had
difficulty identifying the specific hazard being featured in sign p1. In contrast, sign p2 shows a
depiction of loose gravel that was more easily discernible to the study participants. Signs p1 and
p2 were the only signs participants described as specifically intended for motorcyclists more
frequently than being intended for all road users, a finding resulting from the use of motorcycle
images on the sign. Although the motorcyclist image on the sign allowed the sign to target
motorcyclists, it did not increase the comprehension ratings among that group. Motorcyclists
rated the traditional text-based signs (p12 and p11) as more effective at conveying their intended
meanings than the novel signs (p1 and p2). These differences were less pronounced among
nonmotorcyclists. For the novel signs, pl was rated as more effective by motorcyclists and p2
was rated as more effective by nonmotorcyclists, although these differences were not statistically
significant. Sign p2, where the gravel appears to be somewhat inconspicuous, showed reduced
legibility distance relative to the other signs.

Table 9. Pavement-condition signs.

MUTCD Pavement-Condition Signs Novel Pavement-Condition Signs

pll pl2
LOOSE

Based on the current results, it is unlikely that the novel signs would be more effective crash
countermeasures than the existing text-based signs. However, sign pl may be a candidate for
installation in situations where a text-based sign would not be appropriate, such as on a roadway
where English is not the native language for many motorcyclists. In such situations sign p1 could
be used to warn riders about the presence of transverse rumble strips (e.g., upstream of
stop-controlled intersections or work zones), which represent a particular safety challenge for
motorcyclists. Other locations of interest include bridge decks or locations where pavement
conditions have been shown to be a contributing factor to motorcycle crashes.®?

Source: FHWA.

61




Limited Sight Distance

Four signs that focused on alerting drivers to locations where sight-distance limitations exist
were evaluated (table 10). The limited-sight-distance signs included two traditional
symbol-based options: a Stop Ahead sign (s11) and a sign indicating the presence of an
intersection along a horizontal curve (s12). The novel signs both included a horizontal curve
symbol paired with either a text-based Stop Ahead message (s2) or the combination of
symbol-based intersection and stop-sign messages (s1).

Table 10. Limited-sight-distance signs.

MUTCD Limited-Sight-Distance Signs Novel Limited-Sight-Distance Signs
sll s12 sl 52

&

When asked to describe the meaning of each sign, participants were able to describe all four
signs with almost perfect accuracy. The results of the effectiveness ratings indicated that the
Stop Ahead sign (s11) was significantly more effective than the other three signs. This sign was
also identified at greater distances as compared to the three alternatives. Sign s2 had greater
comprehension ratings than sign s1, but smaller legibility distances. These results are consistent
with the findings for the other sign types. The text featured in sign s2 made this sign easier to
comprehend than the symbols in sign s1, but the small text also made it more difficult to identify
from a distance.

Source: FHWA.

It is important to note that sign s11, which was tested as part of the limited-sight-distance signs,
is intended to be used in different context than the other signs that were tested. Although sign s11
tended to show the best performance among the four alternatives, from a safety perspective, this
type of sign would appear to have the least utility for motorcyclists. Sign s11 is indicative of a
circumstance where a stop sign is ahead on the approach along which the driver is traveling.

In contrast, signs s12, s1, and s2 reference a situation where a curve in the roads limits the road
user’s ability to see a cross street. In the case of sign s1 and s2, the road user will be required to
stop at that cross street. Using the signs that are included in the most current version of the
MUTCD, warning road users about this situation would require multiple signs. For example, sign
s11 would be used in sequence with an additional curve-warning sign. Given the success of the
current comprehension study, additional assessments of how behavior in response to these novel
signs compare to the current two-sign approach is warranted. The novel signs have the potential
to alert motorcyclists and other road users to vehicles who may pull out in front of them while
rounding a curve. Prior research, including the Motorcycle Crash Causation Study, has shown
that drivers failing to identify an approaching motorcyclist tend to be of particular concern.!”

In contrast, sign s11 is appropriate for locations where the ability to detect a Stop sign ahead is
challenging. Given the superior braking capability of motorcycles as compared to other vehicle
types, this sign may provide less value to the motorcycle riding community.
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CHAPTER 4. CONCLUSIONS AND RECOMMENDATIONS

The current study examined the potential for novel signs to be used as motorcycle-crash
countermeasures. First, the research team conducted a literature review of warning signs
(chapter 1). During the literature review, the research team identified potential needs for new
signs that specifically target motorcyclists (chapter 1). Based on these needs, the team generated
a preliminary set of novel signs. Feedback on this preliminary sign set was solicited from
motorcyclists via an online questionnaire. Results from the questionnaire were then used to
narrow and refine the stimulus set (chapter 2). An experimental assessment of sign
comprehension and legibility was then conducted using both motorcyclists and nonmotorcyclists
(chapter 3). This chapter highlights the findings of this research project and provides
recommendations based on those findings.

This study assessed four specific sign types: motorcycle-awareness, advance curve-warning,
pavement-condition, and limited-sight-distance signs. The goal was to create a list of novel signs
with the potential to serve as motorcycle-crash countermeasures. Descriptions of the specific
signs included in this list are provided in the sections that follow.

MOTORCYCLE-AWARENESS SIGNS

The motivation to develop and test motorcycle-awareness signs was based on the
overrepresentation of motorcycle crashes involving moving violations by drivers of other
vehicles.®!8!D Drivers often report failing to see a motorcycle despite looking in the
motorcycle’s direction.(!>!®) One potential method for reducing these errors is to use
motorcycle-awareness signs to remind drivers to watch for motorcycles.>?® While this type of
sign has been used in other countries, motorcycle-awareness signs are not currently part of the
MUTCD.®®

When questioned about the potential usefulness of motorcycle-awareness signs, members of the
motorcycle-riding community who completed the online questionnaire tended to indicate they
believed the signs would be useful. Motorcyclists who completed the online questionnaire
selected the two motorcycle-awareness signs (a and b) as the signs they thought would be the
most useful of all the novel signs they were presented with (table 11). The motorcyclists also
made suggestions for how the signs could be made even more effective. Motorcyclists suggested
including an alternative image of a motorcycle to decrease the possibility that the
motorcycle-awareness signs would be confused with vehicular traffic—warning signs. The study
team used these suggestions to create the two additional signs that were included in the
comprehension and legibility experiment conducted in a laboratory.

The comprehension and legibility experiment assessed which of the four, novel
motorcycle-awareness signs may have the most utility (table 11). Of the signs tested, sign m2,
which featured an image of a motorcycle, was described accurately most often during the
open-ended response portion of the comprehension testing and had the greatest legibility
distance. Sign m3 used the same image of a motorcycle and included a Share the Road plaque to
help decrease the possibility that the sign would be confused with vehicular traffic—warning
signs. Sign m3 had the highest ratings of effectiveness and was ranked as most effective at
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raising motorcycle awareness during the ranking task. Overall, the results speak to the potential
for signs m2 and m3 to serve as motorcycle-crash countermeasures. However, determining
locations where these signs would be most useful may be difficult. As noted previously, similar
Share the Road signs are frequently used to alert road users of locations that are subject to high
levels of bicycle traffic. These locations are generally straightforward to identify as bicycle trips
tend to be of shorter length and generally occur either in urban areas with well-established
bicycle networks or along recreational bicycle routes. In contrast, motorcycle traffic tends to be
significantly more dispersed across the road network. As a result, it will likely be challenging to
identify candidate locations for motorcycle-awareness signs.

Table 11. Motorcycle-awareness signs assessed in the online questionnaire and the
comprehension and legibility experiment.

Motorcycle-Awareness Signs Assessed Motorcycle-Awareness Signs Assessed in the
in the Online Questionnaire Comprehension and Legibility Experiment

m1 m2 m3 m4
488

Advancements in wireless communication, particularly vehicle-to-vehicle (V2V)
communication, could help increase other motorists’ awareness of motorcyclists. V2V
technologies could detect motorcyclists on the roadway and communicate that information to the
motorist using in-vehicle alerts with messages similar to those tested in the current study.

Source: FHWA.

ADVANCE CURVE-WARNING SIGNS

A wealth of literature links curves, especially sharp curves, to motorcycle crashes.(%31!'> The
reduced friction and increased skill required to navigate curves when operating a motorcycle
compared to that required when operating a passenger vehicle put motorcyclists at increased risk.
Advance curve-warning signs have the potential to serve as a motorcycle-crash countermeasure
by assisting riders in identifying upcoming curves, giving them adequate time to react, and
helping them anticipate the direction and degree of a curve.!> Arrow signs that accurately reflect
the curve type and radius may be particularly useful in this regard.

When asked to assess the potential usefulness of novel advance curve-warning signs,
motorcyclists who volunteered to complete the online questionnaire asserted the potential value
of novel curve signs that warn about particularly tight or sharp curves (table 12). Signs g, h, and
1, which warned about sharp curves and received high usefulness ratings, comprise 3 of the 10
most useful novel signs. They were also the only signs to receive more positive than negative
comments in the online questionnaire.

During the comprehension and legibility study, sign c3, which depicted a particularly sharp
curve, had high potential utility as a crash countermeasure (table 12). The sign had
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comprehension rates that were both higher than other novel signs tested and similar to the
comprehension rates for signs c11 (W1-5) and c12 (W1-11), which are Winding Road and Curve
signs, respectively, already contained in the MUTCD and labeled “Existing” in table 12.
Similarly, legibility distances for sign c3 were greater than for the other novel signs tested and
were not significantly different from those for existing signs c11 or c12. The findings suggest
that sign c¢3 may have value as a crash countermeasure for motorcycles, provided it is installed in
locations where the curve depicted in the sign can serve as an accurate representation of the
curve it is installed to warn about. Further, consideration also needs to be given to the potential
overuse of curve-warning signs, as overuse of any type of sign has the potential to diminish its
effectiveness and create visual clutter on the roadway.

Table 12. Advance curve-warning signs assessed in the online questionnaire and the
comprehension and legibility experiment.

Advance Advance Curve-Warning Signs Advance Curve-Warning Signs
Curve-Warning Assessed in the Online Assessed in the Comprehension
Sign Type Questionnaire and Legibility Experiment
Existing c f 1 cll cl2
Novel cl c2

Loe @&

PAVEMENT-CONDITION SIGNS

Source: FHWA.

Adverse pavement conditions and sudden changes in pavement increase the risk that a
motorcycle will be involved in a crash. For example, the presence of transverse rumble strips
(e.g., upstream of stop-controlled intersections or work zones) represents a particular safety
challenge for motorcyclists and are an area where advance signage is warranted. Other locations
of interest include bridge decks or locations where pavement conditions have been shown to be a
contributing factor to motorcycle crashes.®® Pavement-condition signs have the potential to help
motorcyclists identify and react to pavement quality issues. In fact, signs that indicate changes in
pavement conditions are the only signs in the MUTCD that can be customized for motorcyclists
by adding supplemental plaque W8-15P.® In addition, a number of transportation agencies have
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created customized signs that include images of a motorcycle to warn motorcyclists about
changes in pavement both on the roadway and within work zones. (See references 34, 35, and
37-42.)

Results from the online questionnaire seem to question the usefulness of this practice. In the
online questionnaire, motorcyclists were asked to rate the usefulness of pavement-condition
signs | and q, which included only text; pavement-condition signs n and s, which included the
supplemental Motorcycle plaque; and novel pavement-condition signs o, p, and t, which
included images of motorcyclists (table 13). Surprisingly, motorcycle operators preferred
pavement-condition signs that were not customized for motorcyclists. Participants rated
text-based signs | and q as more useful than signs n and s, which included the Motorcycle plaque.
They also rated signs that included the plaque as more useful than signs o, p, and t, which
included an image of a motorcycle within the sign itself. Of all the novel signs tested, novel
pavement-condition signs (both with and without images of a motorcycle) received the most
negative comments.

Table 13. Pavement-condition signs assessed in the online questionnaire and the
comprehension and legibility experiment.

Pavement-Condition Signs Pavement-Condition Signs
Pavement-Condition Assessed in the Online Assessed in the Comprehension
Sign Type Questionnaire and Legibility Experiment
Existing pll pl2
LOOSE
Novel pl pl

Source: FHWA.
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During the comprehension and legibility experiment, novel pavement-condition sign p1, which
depicts a motorcycle on a rough road, and sign p2, which depicts a motorcycle on loose gravel,
were rated as less effective at conveying their intended meaning than the existing text-based
signs pl1 (Rough Road (W8-8)) and p12 (Loose Gravel (W8-7)). The legibility distance for sign
pl was similar to that found for sign p11, while the legibility distance for sign p2 was smaller
relative to sign p12. Based on these results, it can be concluded that the existing text-based
pavement-conditions signs (p11, p12) have high legibility distances and comprehension rates and
are considered useful to motorcyclists. The novel pavement-condition signs tested in the current
study are not likely to be as effective as these existing signs in preventing motorcycle crashes.

LIMITED-SIGHT-DISTANCE SIGNS

Limited sight distance can be a particular challenge for motorcyclists since they need to monitor
the roadway closely for potential hazards, such as debris, road flooding, or potholes.!>
Limited-sight-distance signs that warn a motorcyclist about locations where vertical or horizontal
curves limit sight can allow motorcyclists to make appropriate changes in operating their
motorcycle.

The research team asked motorcyclists to rate the usefulness of novel limited-sight-distance signs
that warned about horizontal and vertical curves in the online questionnaire (table 14). Three of
the limited-sight-distance signs were rated among the top 10 most useful novel signs: 1 that
warned about limited sight distance due to a vertical curve (v) and 2 that warned about limited
sight due to a horizontal curve (ac and ae). However, the vertical-curve sign was rated as
significantly less useful than control sign u (i.e., W7-6, Hill Blocks View, in the MUTCD). For
that reason, only signs that indicated limited sight distance due to horizontal curves were tested
in the comprehension and legibility experiment.

When participants in the comprehension and legibility experiment were asked the meaning of the
novel limited-sight-distance signs (i.e., s1 and s2), both signs were described with nearly perfect
accuracy (table 14). Additional ratings of comprehension and legibility revealed that sign s1,
which uses symbols, had higher legibility distances but lower comprehension ratings than sign
s2, which included text. Both signs depict a situation that is not addressed by any single sign that
is currently part of the MUTCD. If field testing indicates that these signs increase road safety
relative to the sequence of stop-ahead and advance curve-warning signs that would be used to
warn motorists about this situation using signs currently included in the MUTCD, then the novel
signs offer potential as a motorcycle-crash countermeasure.
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Table 14. Limited-sight-distance signs assessed in the online questionnaire and the
comprehension and legibility experiment.

Limited-Sight-
Distance Sign

Limited-Sight-Distance
Signs Assessed in the
Online Questionnaire:

Limited-Sight-Distance
Signs Assessed in the
Online Questionnaire:

Limited-Sight-Distance
Signs Assessed in the
Comprehension and

@0

Type Vertical Curves Horizontal Curves Legibility Experiment
Existing u ) s11 512
HILL
BLOCKS
VIEW @ @
aa
Novel v W sl 52
X

Source: FHWA.

RECOMMENDATIONS AND CONCLUSIONS

In consideration of the results of the human-factors evaluation, including both comprehension
and legibility, as well as the practical applicability of the various sign alternatives, a list of the
novel signs that have the potential to serve as motorcycle-crash countermeasures is displayed in

table 15.
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Table 15. List of sign alternatives.

Advance Curve-Warning
Sign Alternatives

Limited-Sight-Distance Sign
Alternatives

Motorcycle-Awareness Sign
Alternatives

c3

82

&

sl

m2

CL

m3

o
=5

Source: FHWA.

Advance curve-warning and limited-sight-distance signs may be easier to implement than
motorcycle-awareness signs because candidate locations for these signs are likely to be easier to
identify than those for motorcycle-awareness signs. The following list provides
recommendations for potential MUTCD experimentation for on-road use. Conclusions regarding
the use of these potential sign alternatives follows:

e (Consistent with the broad human-factors research, text-based signs are generally easier to
understand than symbols (at least among literate and/or native-language-speaking adults),
though symbols are easier to see from a distance. Combining text with symbols does not
necessarily address these concerns, in part because the font size is smaller when included
jointly with a symbol or as a plaque.

e From a practical standpoint, the sign types that are likely to produce the most
tangible impacts on driver reactions are likely to be advance curve-warning and
limited-sight-distance signs, in that order. In each case, candidate locations for the
available sign alternatives are likely to be straightforward to identify as they are based
upon crash data, roadway inventory data, or local knowledge of the roadway network. In
contrast, motorcycle-awareness signs will be more challenging to deploy, an issue that is
exacerbated by the fact that detailed motorcycle-specific volume data continues to be a
long-term research need. This is particularly true for the rural, two-lane highways where
much of the motorcycle traffic tends to occur.

e Advance curve-warning signs are likely to present the most potential for safety
improvement. To this end, the existing Winding Road sign (c11) showed the strongest
performance but is generally reserved for use in specific cases where a series of reverse
curves appear in sequence. However, this traditional sign shows better performance than
the Curves Ahead sign (c1), which is somewhat ambiguous. Other signs identify
individual curves of concern. Among these, sign c3 appears to have the greatest impact
due to how pronounced the curve symbol is on this sign. However, as noted previously,
this sign should not necessarily be installed at all types of curves as the sign impacts may
degrade if installed at gradual (i.e., large radius) curves where the symbol tends to
overstate the actual sharpness of the curve. In addition, consideration should be given to
the comprehension of the sign when combined with an Advisory Speed plaque, and the
effect that this combination would have on motorcyclists and other road users’ behavior.
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Limited-sight-distance signs include two novel signs in the evaluation. These signs

(sl and s2) are similar in nature to sign s12, except that they provide additional
information to indicate that the approaching intersection is stop-controlled. Research has
shown that sight distance is more of a concern on horizontal curves that have a hidden
intersection or driveway; this scenario is where such signage is likely to have the greatest
impact.
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