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The author is grateful to the members of the pe@ew committee. Their
thorough review of this paper, during its initiahft stage and again when the dratft final
report was submitted to them, pointed out numeeostw's, weaknesses, and statements
in need of clarification or documentation.

We have tried to make all the suggested correctamd to incorporate all of the changes
recommended by the reviewers. Several commentiedfsuggestions that were
excellent and appropriate, but could not be accodateal in the body of the actual
paper. They are mentioned here, with our thankscandurrence.

It was proposed that FHWA offer a short coursetaific engineers to understand the
human factors issues associated with outdoor ddweytsignage, to assess the existing
roadway environment for safety issues, and howdrkwith local businesses to improve
signage and safety at the same time. We agreéhibas an excellent and timely
suggestion.

It was recommended that roadway signing and humetors (MUTCD) experts should
be collaborating with the advertising industry tompote signs and their placement with
appropriate lettering and symbol guidelines or dsads that will increase readability
while minimizing distraction. In a similar vein,tfure research should address DBB
design criteria that will provide travelers witheaked information while at the same time
minimizing driver distraction. We note that sucti@ooration has existed between
human factors experts and the on-premise sign indumsit we are not aware of any such
relationships in the billboard (off-premise) field.

Another reviewer proposed that TRB conduct a Welinethis topic in the future. This,
too, would provide an excellent forum for the diegeation of this, sometimes arcane,
information, in a manner that has practical appilice.

Reviewer #5 proposed an interesting thought exparirthat addressed the difference
between the question: “What is the statisticaltieteship between digital billboards and
traffic safety?” and the question: “Are accidentsre) less, or equally likely to occur
near digital billboards compared to conventionibbards?” The reviewer suggests that
these two questions are not necessarily incongrasmnwe stated in the report, and that
the second question is both technically correctq&ise first), and morasefulbecause it
addresses the safety issue in a manner closealtavegld driving; i.e. with the
recognition that conventional billboards are a gipart of the landscape. While we do
not disagree with the reviewer’s position, we guesthe underlying assumption that the
presence of conventional billboards is the accepteblacceptable norm. Most of the
research reviewed for this report studied drivstrdction and other safety-related
measures with real-world or simulated conventidmidhoards, and many of these studies
(as have studies going back decades) identifiegtysabncerns; the fact that control and
enforcement may be lax should not de facto mak@itbsence of these billboards the
accepted baseline. As well, there are several Statte local jurisdictions that ban all



billboards, so this baseline is not universal, ewvetiie US. But our greatest concern is
with the industry’s efforts to raise the bar thegearch must be meet before, in their
view, digital billboards could be found to have arbe traffic safety impacts. The study
by Lee, et al., discussed at length in our repantypared digital billboards, not only to
conventional billboards, but to “comparison” sitéghen the research demonstrated that
driver eye movements and vehicle control issue® winilar between the DBBs and
these comparison sites, the authors proclaimedigii@l signs “safety neutral” because,
as they defined them, the comparison sites cordditeams you might encounter in
everyday driving.” But a careful reading of the sgpshows that these sites included
digital on-premise signs, tri-vision signs and wdmards. In other words, they were
rather the same as DBBs, except that they inclodepremise signs. In our opinion, this
subtle “criterion creep” is unprofessional and ipEpriate.



EXECUTIVE SUMMARY

In July 2007, the Highways Subcommittee on Trafjmerations (SCOTE) of the
Association of State Highway and Transportationdidfs (AASHTO) issued a proposed
policy resolution on outdoor advertising. This domnt recognized that inattentive
driving was a major contributor to highway crastees] that new technologies were
enabling the outdoor advertising industry to digpfeore attention-getting messages that
were likely to cause drivers to be less attentvthe driving task. The document further
noted that national interest and concern abousalfiety implications of these advanced
outdoor advertising displays had been expressé¢eHWA and TRB as well as by State
and local government agencies. Because the subdteemecognized the potential
safety implications of such signs and the lacksafidstantiating evidence” for
determining appropriate guidelines for their coht8&COTE resolved to support the
undertaking of research as quickly as possibletimcsafety and operational effects of
these technologies and to forward its resolutioth@oAASHTO Standing Committee on
Highways to be considered a high priority projextdonsideration by the Standing
Committee on Research of the National Cooperatighway Research Program
(NCHRP). The SCOTE resolution became a ReseardbldpnaStatement [[NCHRP 20-7
(256)], which led to the undertaking of this workkebruary 2008.

The specific objective of the study was to devejamance for State Departments of
Transportation and other highway operating agengitsrespect to the safety
implications of digital display technology beingreasingly used for outdoor advertising
signs. The objective was to be achieved througltéineluct of a critical literature review
of existing guidelines and research results, inolyidseparately, research undertaken and
published by the outdoor advertising industry; @niification of the human factors
elements related to the operational characterisfissich signs; a review of the
experiences of other countries with this outdoareatising sign technology; and the
preparation of a final, peer reviewed, report doentimg the work conducted and
including recommended guidance related to the pafgtects of digital display
technology for outdoor advertising signs.

Earlier reports published by FHWA in 1980 and 20@#l extensively reviewed the
research literature in the field of outdoor adsenty, and an FHWA study that ran
concurrently with this project also included a eaviof the more recent research
literature. The goals of the FHWA study, howeveerevquite different than those of the
project reported here. Whereas this study hadsashjective the development of
guidelines that State and local government agemoiek adopt immediately, the FHWA
study sought to identify unmet research needs reiard to the potential impact of these
signs on driver attention and distraction, andrtgppse a research strategy to fill these
knowledge gaps. Thus, the two studies, conductadueently, were complementary -
this one seeking to develop readily useable guidslihat could be implemented at the
State and local level based on our existing knogéddshse, and the other seeking a more
comprehensive understanding of the safety impboatiof these signs that might lead to
guidance and/or regulation at the Federal level.



Because the technologies used in the signs ofesitar this report are relatively recent,
and because these technologies have advancedyguididy performance characteristics
(e.g. brightness, resolution, off-axis viewing) dra/e become much more affordable in
recent years, research, too, has increased drathasmce the 2001 FHWA report.
Indeed, of the 150 references cited in this repodre than 20 represent original,
empirical research, conducted roughly within thstpgkecade, that directly or indirectly
address the potential for driver distraction frontdmor advertising signs. Ironically, and
consistent with the research studies cited in ther FHWA reports, the technology
continues to lead both policy and research, ang @simall number of these studies
actually dealt with these advanced digital disgtshnologies. Such research was,
however, sponsored by government agencies as sviltlastry, in the laboratory and in
the field, using controlled experimental techniqassvell as statistical analysis of crash
summaries. In addition to research conducted itUtBgthe report reviews studies
performed in England, Scotland, Finland, Australlanada, South Africa, Brazil and
The Netherlands. Because of the complexity oighee, the number of variables present
in every real-world situation, and the difficultiesstatistical and methodological control
in the conduct of such research, we have atteniptathke our review of the literature
critical as well as comprehensive.

Several conclusions can be drawn from the exteris@rature on this topic. First, there
are strong theoretical underpinnings in the psyaimnbf cognition, perception,
psychophysics, and human factors, to suggest vitmpktsuch as roadside digital
billboards can capture and hold a person’s attepgeen at the expense of primary task
performance. Second, it is difficult to performtady in this domain that does not suffer,
at some level, from weaknesses that may affecéttieagth or generalizability of its
findings. Third, the research sponsored by theaartddvertising industry generally
concludes that there are no adverse impacts foaehside digital billboards, even when,
in one case, the actual findings of such researticate otherwise. Conversely, the
conclusions reached in research sponsored by goesrtragencies, insurance
companies, and auto safety organizations, espgaiathose studies performed in the
past decade, regularly demonstrate that the presdroadside advertising signs such as
digital billboards, contributes to driver distrawtiat levels that adversely affect safe
driving performance. Fourth, the recommendatioomfresearch, and the existence of
guidelines or regulations that stem from that redgaare quite consistent, although not
fully so, both in the areas in which digital bildrals are suggested for control (e.g.
brightness, message duration and message chaegelnand billboard location with
regard to official traffic control devices, roadwggometry, and vehicle maneuver
requirements at interchanges, lane drops, mergedigerges), and with regard to the
specific constraints that should be placed on sigins’ placement and operation. Several
countries have developed comprehensive, thoughtiidies for control of roadside
advertising, and their efforts can serve as moidelState and local governments within
the US. A number of US counties and cities, tooghdeveloped policies and regulations
for the control of digital outdoor advertising tremport with the research. In some
cases, such local regulations are forward lookim¢hat they address technologies, or
applications of technology, that are not yet inegpread use.



During the course of this project, we identifiede®l recent extensions of digital
advertising technologies that may add further &odistraction potential of these
displays. The growing use of LED technology for ediging in on-premise applications
is of concern because such signs may be largertthditional billboards, closer to the
right-of-way and to roadway sections with high tasknands, and may include
animation and full motion video. At least one Siateonsidering the use of its official
changeable message sign network for the displaygail advertising. And an unknown
number of private or toll-road operators are al@atemplating the sale of advertising
within their rights-of-way. In addition, we are sg&gthe deployment of LED displays,
often featuring video, on vehicles moving in theffic stream. Vehicles as diverse as
small trucks and vans, public transit buses, argklaover-the-road trailers, are now
being outfitted with LED advertising, and the pdtahfor driver distraction grows with
each such installation. Our review suggests thih, few exceptions, government
agencies have no regulations or guidelines in flaeeldress these new uses. The newest
digital billboards are also increasingly capabléinteracting” with approaching drivers.
In some cases, the Radio Frequency Identificatienié® (RFID) embedded in a
vehicle’s key or on-board computer system, camgéi@ personalized message on a
digital billboard; in other cases, the billboaraha@isplay a message tailored to the radio
frequency of passing vehicles. Still other billodgencourage drivers to interact with the
sign by texting a message or calling a number ajga on the billboard. A patent that
incorporates cameras mounted to billboards, togetitk eye-movement recording
devices, claims to be able to capture images w€dsj and their eye movements, as they
approach the billboard. Our review has not idestifany government agencies, in the US
or abroad, that have addressed these new techeslogtheir applications.

The report consists of ten parts. After an intrditucand background presentation in
Section 1, the literature in the field is comprediealy and critically reviewed. General
research is discussed in Section 2, and reseacocissped by the outdoor advertising
industry is presented in Section 3. The key hunaatofs issues that inform the potential
response of drivers to digital roadside billboaads summarized in Section 4. Section 5
of the report reviews a representative sample afglimes and regulations that currently
exist in a number of foreign countries as wellrasaveral jurisdictions within the US.
This is followed by a series of recommendationgpfatential regulations and guidance in
Section 6. These recommendations are those thaaya)worked elsewhere, and (b) are
based on sound research or science, and thereight lmave practical applications for
those jurisdictions seeking guidance to informrtlo&n decision-making. Section 7
addresses issues of digital advertising on-preamskon right-of-way. Section 8
discusses some of the newest roadway-related atiphs of computer-controlled LED
advertising that have begun to appear on and agjéeg@ublic roads in the US and
abroad, and for which little policy has yet beensidered. Section 9 summarizes the
report’s conclusions, and Section 10 presentsishefl references cited in the body of the
report.



SECTION 1.
INTRODUCTION AND BACKGROUND

Nearly 30 years ago, the Federal Highway Adminigtra(FHWA) published the
first comprehensive review of the literature on shaéety impacts of electronic billboards.
FHWA, through the Highway Beautification Act, haohd still has, the authority to
regulate off- premise advertising signs (billboaraidjacent to Federal Aid Highways,
and these regulations prohibited, in part, anyssipat utilized “flashing, intermittent, or
moving lights” (Wachtel and Netherton, 1980, p.118- In the late 1970s, the sign
display technology in common use permitted littlerenthan digitally displayed time and
temperature information, although some signs cdidglay several lines of text and
crude, cartoon-like graphic images. Even then & p@ssible to change the displayed
sign messages simply and quickly in real time, iaméas possible for these signs to
display a number of different visual effects, sastfade, dissolve, flash, and others. The
billboard industry took the position that signsngsthis technology did not present any of
the visual characteristics prohibited in the FHW§ulations, and, therefore, should be
permitted under the existing regulations. Becaheartanufacturers of such signs and
their potential users saw a bright future for teishnology, and because of FHWA'’s
concern about their potential to distract drivéng, industry presented its case to the U.S.
Congress. As a result, the FHWA Office of Reseavah asked by the agency’s Office of
Right-of-Way to investigate what was known abouwthssignage when used for roadside
advertising, in anticipation of a possible updat¢hie agency’s regulations. The product
of this effort was a comprehensive and criticaleewvof all available literature in the
field, some dating back 30 years or more. WachtdIMetherton termed these new signs
“‘commercial electronic variable message signs,’'GEVMS.” Because this technology
was so new, the authors found little researchtibdtbeen done with such signs, and
therefore had to rely on research that had beeduoded with traditional, fixed,
billboards. As a result, although they were ablelemtify specific safety issues and
concerns raised by CEVMS, especially when combwi¢hl their review of accepted
psychological principles of attention, the autheuggested that additional research was
needed, and recommended a specific program to gutstnthis. Unfortunately, the
proposed research was not pursued.

In 2001, with outdoor advertising signs using newaore powerful technologies, and
capable of much higher fidelity displays with highgéminance levels and immediate
wireless display and message updates transmitteoted/, FHWA undertook a follow-

on project to bring its understanding of the sttéhe-art and —practice up to date, and
to again propose a direction for research. Althatinghstudy did not undertake a critical
review of the literature, it brought to bear recezgearch and psychological constructs on
inattention and distraction. The product of thatkud-arbry, et al., 2001), in conjunction
with the earlier document, became the basis faebnpinary, scoping, research study by
FHWA (Molino, et al., 2009), and a follow-on resgastudy that was recently initiated.



The 1980 project reported that several of the ifledtresearch studies had identified a
relationship (correlation) between the presendgllifoards and crashes, whereas several
other cited studies found no such relationship. Mé&and Netherton, with the assistance
of an FHWA statistician who reanalyzed the dataral in a number of these early
research studies (Weiner, 1979) concluded thatthesearch studies that had been more
rigorously designed, controlled, conducted, andyaed, seemed to suggest that a
relationship between roadside billboards and taféifety was present, and that safety
was adversely affected by such billboards. Theitfigsl pointed to an adverse effect when
billboards were bright, close to the roadway, aistble to approaching drivers for
considerable distances; and when they were loceadintersections, interchanges, or
horizontal curves. Further, when the driver’s tdsknands were elevated, as might be the
case in heavy traffic, adverse weather, or withlehging traffic movements (lane drops,
merges, etc.), the more robust research seeméadwothe potential for adverse safety
impacts from roadside billboards.

During the 20 year gap between the publicatiorheffirst two FHWA studies, as well as
more recently, a number of other researchers hewewed the same early studies (along
with more recent studies that have since becomiéable), and reached essentially the
same conclusions. (See, for example, Bergeron |]998allace [2003]). In fact, only

one researcher (Andreassen, 1984) is known to fean@wed this literature and reached
the conclusion that there is no linkage betweedsmuke billboards and traffic safety, and
his colleagues at the Australian Road ResearchdBoaw ARRB Transport Research)
(Cairney and Gunatillake, 2000) have expresseagtdisagreements with his
conclusions.

The latest LED technology enables roadside billd®#&and on-premise signs using the
same technology), to (a) present images, symbalsharacters that are extremely bright
(such that they can be easily viewed in full sumiig(b) with visual fidelity on a par with
broadcast video, (c) on displays that can be clanggantly and kept on the screen for
as long (or short) as desired, and (d) on sigrnscdrabe much larger than traditional 14
ft. by 48 ft. billboards. As a result, the question has again arisen ash&ther and how
these signs should be regulated in the US. Prgsémtl States are asking FHWA for
guidance. While it proceeds with its current reskearoject FHWA has issued interim
guidance that addresses characteristics of CEVMIBdimg: message duration, transition
time, brightness, spacing, and allowable locat{@repherd, 2007). Unfortunately, these
guidelines are based on little sound empirical ,datd, in several cases, are so subjective
as to be open to multiple interpretations.

As suggested above, the potential impact from thegest technologies goes far beyond a
simple replacement of traditional, static billbcar®n-premise advertising signs,
traditionally given much more freedom by FHWA anddl authorities, are increasingly
using the same LED technology now appearing obdmltids. Shopping centers, auto
malls, and many other local businesses are fintthagsuch signs are affordable, and that
the display capabilities they offer are unpreceeerm their attention-getting power. In

1 One on-premise sign in New York City measurest9Byf 65 ft. and is mounted 165 feet above grade
where it is visible for two miles from the adjacémterstate highway (Business Wire, 2002).



addition, these technologies are now beginningfear on moving vehicles, and some
LED billboards can tailor a “personalized” messagapproaching traffic by “reading”
the digital signal produced by in-vehicle ententaémnt systems, RFID keys, and other
devices. Our research suggests that such alteenatreasingly powerful and
compelling uses of the newest technologies for@utédvertising to the traveling public
will continue to evolve at a rapid pace, and tlegiutators must be prepared to deal with
these developments. This paper, however, is limdeddiscussion of traditional
billboards along the roadside, albeit those withltdtest technological capabilities.
Although some such signs use scrolling charactatsa a screen, and others use rotating
panels (called Tri-Vision or Roller-Bar signs)idtthe LED technology that has the
greatest potential for capturing attention, andefure, distracting the driver. Whether
such signs are called digital billboards (DBBsgatlonic billboards (EBBs) or CEVMS,
they refer to the same types of signs.

Because of the pressures being put on State aalGmvernments to issue permits for
DBBs, and because of the threat of litigation st@uich permits be denied or revoked,
the States have asked for an update about theo$tiatewledge that results from the
latest research. In addition, the States wouldtbkienow what guidelines and/or
regulations exist in other jurisdictions with regao DBBs, and have asked for
recommendations for appropriate, realistic, dabeedrguidelines that they might
consider adopting for their own streets and highsyand pending updated guidance
from FHWA.

The present report, therefore, represents a corapséfe, critical review of the most
recent research literature in this field. To a éaegtent, the research discussed herein has
been conducted since the most recent (2001) FHW@értevas published. Several earlier
studies are discussed, however, either becauseviéreynot captured in the two FHWA
reports, or because their methods and findingsliaeetly relevant to the questions now
being asked. A number of these studies have nat Wwakely reported or are controlled,
internal documents. We are grateful to their aughior making them available to us.

After the critical literature review in Section®jbsequent sections of this report address:
research performed on behalf of the outdoor adsiegiindustry, human factors
considerations relevant to driver response to thed®ologies, guidelines and
regulations in place or under consideration in opliesdictions, recommendations for
guidance that States and local governments mighytad the near term, and new
technologies and applications for outdoor advergsAfter a brief summary, the final
report section identifies the references citedis study.



SECTION 2.
REVIEW OF THE LITERATURE.

The review and critique of the studies below aesented in chronological order.
As requested in the Research Problem Statemeniethad this study, research
undertaken and published by the outdoor advertisidgstry is treated separately. These
studies are discussed in Section 3, Industry Sped¥®esearch.

Perception Research Services, 1983.
This paper is discussed in Section 3, “Industrgri$pred Research.”

Cole and Hughes, 1984

The authors conducted a series of experimentiohab0 participants drove a
vehicle along a predetermined route in Melbourngstfalia. Prior to the data collection,
the authors placed a series of 35 disc targetgdlmroute. These discs were of three
different sizes and three different reflectancdseylwere positioned where typical traffic
signs would be likely to occur. The participantgevdivided into two different groups at
random; each group was given slightly differentmnstions. Group A received
instructions oriented towaitention conspicuitywhereas Group B received instructions
oriented towardearch conspicuit§Results showed that the hit rate, the frequendly wit
which the disc targets were reported, was threegimgher in Group B than in Group A,
demonstrating the benefits of directed searchak also found, however, that directed
search produced its greatest benefits when thetsahgad low attention conspicuity, and
showed the least gains for targets with high atiartonspicuity. Although early efforts
to define conspicuity tended to consider it to toetly a quality of the object, more
recent work, such as this study, have demonsttatgdonspicuity cannot be measured
independently of the observer’s state of attention.

Several other findings from this study are relevardur present project. The first is that
the angle of eccentricity of the object to the ee\w line of sight is an important factor in
its conspicuity; more so than the object’s sizeedlectivity. Second, the authors found
that the visual environment in which the target Vegsited was an important contributor
to its conspicuity. They suggest a thought expeminb@ demonstrate that the
predominant location factor that affects conspicigtvisual clutter. In the case of
attention conspicuity, for an object in the perighef the visual field to command
attention, it will first provide a stimulus to tlege that is strong enough to arouse the
viewer’s attention and generate an eye movemerdribthe object to move the object
into central (or foveal) vision, where it is fixdteThis action, which the authors describe

“Cole and Hughes define attention conspicuity as#pacity of an object to attract attention whemn th
object is unexpected; and search conspicuity apritygerty of an object that enables it to be qyiekid
reliably located by search.
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as a quasi-reflex(ive) response, is known agmitally elicited eye movemenithe
authors argue that visual clutter adversely affboth search and attention conspicuity
equally, because the clutter causes a loss of peamoe of the target object, thereby
reducing both the attention-getting quality of tigect and its accessibility to visual
search.

What is the relevance of these findings to ourgmesoncern with DBBs? First, since
billboards are most likely identified through th@pess ohttentionalrather tharsearch
conspicuity, it suggests that it is this semi-refle behavior of the optically elicited eye
movement that first brings a billboard into a drigesisual attention, and that the owner
of a billboard would prefer to locate it in an atbat is otherwise low in visual clutter.
Second, it suggests that billboard designers ketylto design their messages in such a
way as to make them as conspicuous as possibletdsetand out from their competitors
and to successfully trigger this reflexive eye nmoeat to move the image or message on
the billboard into a driver’s foveal vision. Thindjs understood that billboards are, by
definition, contributors to visual clutter in thewdng environment, and, as such, they are
likely to contribute to a degradation of searchsmauity of official traffic signs, signals
and markings, as well as other traffic, obstades, hazards, which become conspicuous
to drivers as a result of such directed searchallyirthe reported finding that the degree
of eccentricity of an object to the driver’s linesight is an important contributor to its
conspicuity lead Cole and Hughes to suggest tiabrtler to achieve conspicuity, the
designer is better advised to locate the targetevihevill have a small eccentricity to the
observer’s line of sight....” Small angles of ecciitly are afforded by minimizing

lateral offset and by ensuring a long observatistadce” (p. 310). An understanding of
this concept may contribute, along with other fegtto the desire of the billboard owner
to locate such signs as close to the road edgessite, and along horizontal curves and
tangent sections that afford potentially longehsijstances for approaching drivers.

Young, E. 1984.
This paper is reviewed in Section 3, “Industry Sgmred Research.”

Pottier, A. 1988.

The impetus for this research study was a sefiBsdings from three prior
studies that demonstrated that the conspicuitpad signs depends on the visual
environment in which they are located. Pottier adkat road signs are frequently located
in settings that make them less conspicuous dagttaneous elements that she calls
“static visual noise.” She defines visual noiséamstant background noise derived
from a multitude of cues, interfering with or previeg the driver from processing the
information from the cue significant to him” (p. B8 She considers “billboard
advertisements” to be a type of visual noise.

Pottier evaluated the abilities of twelve particifgto detect the shape and location of a

number of official traffic signs, as quickly as pase, under four different test
conditions. These conditions included: (a) a singpleomplex visual environment; (b)
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different shapes (three) and sizes (three) ofitiress(c) different degrees (three) of
eccentricity from the central point of fixation;da(d) different time periods (three) in
which the signs were visible. Eye movements weternded as well. Some of the
findings of this study were as expected — spedificthat longer observation time
improves detection performance, larger signs aneraasily detected than smaller ones,
and certain shapes (circle and triangle) are maséyedetected than others (rectangle).

For our present purposes, the most relevant firsdimgye related to the visual angle from
which road signs were most easily detected. Pdtiierd that, when there was no visual
noise in the (simulated) environment, the optinetkedtion zone was located between
zero and ten degrees (0°- 10°) from the participaentral point of fixation; however, in
the presence of visual noise, this optimal detectimne shrunk to zero to four degrees (0°
- 4°) from the fixation point, regardless of thmei available for observation. A related
finding was that, when a road sign is “superimpdseda component of visual noise,
“the latter prevents the former from being detet{pd582), and the greater the distance
between the visual noise and the highway signgtbater the conspicuity of the sign.
The author’s conclusion is that “visual noise regiuthe functional field inducing a kind
of ‘tunnel vision’ for the driver” (p. 582). Pottie work foreshadows more recent
research in visual clutter (see, for example, Estg@009) which demonstrates that
relevant targets (such as official traffic conteVices) take longer to find, and that
responses to such signs are more error-prone, wheal clutter is high.

Transportation Environment Consultants (TEC), 1989

This “Review of Roadside Advertising Signs” wagared for the Roads and
Traffic Authority (RTA) of New South Wales, Austial At the time this project was
begun, the RTA did not “encourage” advertising sigithin the “road reserve” of
“classified roads.” The Authority had been repebtegpproached by the advertising
industry, which submitted proposals for “well dessd modern technology advertising
sign displays” on road reserve locations and buogjglion property owned by the
Authority. Because of the potential for such sigmgenerate revenue for RTA programs,
TEC was engaged to investigate the appropriatesfabe RTA allowing or supporting
such signs in the future. A multi-part study wasleniaken, which addressed many
aspects of outdoor advertising, including environtakdesign, aesthetics, town
planning, tourism, revenue potential, marketingoafd safety promotions, and others.
This review will address only the safety and hurfeators aspects of the project.

The authors briefly reviewed nine studies that tdedh the safety aspects of outdoor
advertising signs, and quoted extensively fromeiéwdy FHWA report on this subject
(Wachtel and Netherton, 1980). In addition, thegdiacted interviews with members of
the outdoor advertising industry and experts fromAustralian Road Research Board
(ARRB).

Their conclusions from these activities include fileowing:

- Research confirms the limited processor capacity driver.
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- Itis important that management of stimuli to thizer, both inherent to the
primary task of driving and external to it (distiiaa) must clearly aim not to
exceed the optimum rate for safe and efficientedrperformance.

- When these external stimuli fall significantly beleptimum, driver
performance may decrease (boredom), and additexteinal stimuli could
benefit driver response.

- Additional attentional loading by advertising signay impair driving
performance when high levels of attention and decisaking are required.

- Advertisements not associated with navigational serelices information
needs can, subject to relevant safety controlpehmitted at roadside
locations where the driving task does not heawafdlthe attentional capacity
of the driver.

Interestingly, they reported from their intervievitiwa Dr. S. Jenkins of the ARRB, his
recommendation that “changeable message signs beulded in roadside
advertisements providing each message is ‘statialfout 5 minutes’ (i.e. the message
on-time) and the changeover period between mes&mes not exceed about 2
seconds™ (p. 39).

In a later chapter of the report, the authors gtew series of “definitions and
technology” (p. 49) to describe the different typésdvertising signs that might be
considered, and how they might be used. In a seotid‘internally illuminated signs” the
authors provide a table showing what they condmlée the maximum luminance levels
of advertising signs of different sizes which maylbcated in different driving
environments. These data are based on recommemsi&toon the Public Lighting
Engineers in the U.K. With regard to “electroniciable-message signs” the authors
devote several pages to defining terminology aedtiflying “factors” that should be
taken into account when considering their impapt g6-60). This discussion is taken
directly from the Wachtel and Netherton (1980) meop. 68-74), and need not be
repeated here.

Brown, 1989

After a brief but useful review of the relevanetature, Brown describes the
purpose of his study as: “to assess the momentsinactive effects of electronic
billboards on driving performance” (p.3). He usddlzoratory setting in which the
driving task was represented by a tracking taskhicth the participant had to move a
joystick to track a target spot which moved in gikaandom fashion within a constrained
area on the screen. This task was superimposedontiauous video image of a moving
road scene. The distracters were a series of whitdack “advertising signs” presented
in the lower left area of the screen, overlapphgroad and shoulder, and directly
adjacent to the screen area used for the trackslg Bixty different signs were each
displayed for two seconds, at a rate of one sigmyesix seconds. Three different
experiments were conducted under the same basifitioms, in which a secondary task
(response to a red signal) was present or abgahipavhich the advertising signs
appeared in a fixed position or were “scrolled”atlte screen. The author found no
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effect of the presence of the advertising sign@lom tracking performance, but did
observe a negative effect on performance whenansecy task was required.

In discussing possible reasons why the advertisigigs alone did not distract the drivers
and impair their performance, Brown suggests @mtjemonstrated in prior research
(Gasson and Peters, 1965), concentration on aat¢ssk can lead to an effective
reduction in the size of the visual field. In otlesrds, because the principal tracking
task in this study required a higher level of carication than that of a normal driving
situation, it might have led to a reduction in gaticipants’ awareness of the images
presented in their peripheral vision (i.e. the dated digital billboard), leading to a
failure to notice them. This postulation is similarthe recent findings of Chan et al.
(2008), where the authors reported that objectsatteanot fixated or attended to receive
little cognitive processing, and that reduced atbento such objects impairs the speed of
identification.

Although this argument can be used to explain wihen a driver concentrates on the
driving task by attending to the forward roadwagwij he or she may not be distracted by
a billboard, the reverse may also be true. That léghly attention getting billboard, or
one conveying a message of high salience to argdnvay assume a degree of primacy
for that driver such that the billboard, and na& tbad and traffic ahead, becomes the
central focus. With a driver now attending to auaisobject in the periphery, the forward
view may temporarily assume the periphery positaomg attention to it may be delayed.

There were a number of limitations to this stuadyesal of which are identified by the
author. One stated weakness was that the motitheinideo scene and sign presentation
was not linked to the tracking task, and thus canédgnored by participants.
Additionally, we have concerns that the appearartle “electronic billboards” which
were represented in the simulation by simple whiitdolack text presentations is quite
different than the bright, dynamic properties irdrgrin real-world DBBs. Also, the
distracter signs were located in the participafitd of view directly adjacent to the
target tracking task and at the road edge, thuseopliring the driver to look away in
order to observe these signs. The fact that thiy starticipants could visually observe
the billboards and the forward view simultaneousiyld account for the negative
findings.

Rahimi, Briggs, and Thom, 1990

These authors were concerned primarily with ther awolvement of
motorcycles in fatal crashes with automobiles, aitt the results of prior research
showing that the predominant cause of such crashsghe car driver’s violation of the
motorcycle’s right-of-way. Further, one drivingustion accounts for the majority of
such crashes; that is, where the car driver exe@uteft turn directly across the path of
an oncoming motorcyclist. In many of these casesgcar driver claims not to have seen
the motorcycle. The authors wanted to investigagehtypothesis that left turns at “busy”
intersections would heighten the likelihood of secishes compared to left turns at
“quiet” intersections. In addition, they wantedést the viability of a new eye/head
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movement data collection system that they had deeel. A full explanation of this data
recording and analysis system is beyond the scbile @resent paper. In brief, however,
their approach involves the simultaneous recordmdjtime synchronization of drivers’
head and eye movements with the visual scene pgeesnthe driver, which is recorded
with a separate camera. In the laboratory, thehewel movement recordings are
embedded into the scene video, enabling the rdsaarto know with precision the
driver's head and eye position throughout the dii8ecause this was a pilot study, only
one test subject was used, and this male, 33 yeairiwer with 20/20 vision drove a
vehicle through a sequence of 40 left turns, adtieng between previously selected quiet
and busy intersections. The principal differencetsvieen the two intersections were in
the number of dynamic and static distracters. Tdteepn of head and eye movements
differed significantly at the two intersections. &t 20 trials at the busy intersection,
head movements were identified as “straight aheadrd left (SATL)” and at 17 of the
20 quiet intersections, head movements were cagegbas “left-right-left (LRL).”
Although the driver’s head position remained caesisacross intersection types, eye
movement frequency at the busy intersection wadyneeice as high (significant at the
.004 level) as at the quiet intersection. The astieconclude that the two different types
of intersections place different constraints oweiribehavior. At the quiet intersection,
the environment is searched systematically witbralnation of head and eye
movements. At the busy intersection, however, tostary head position occurs with
frequent and rapid eye movement activity to idgrtairgets and distracters. Their
analysis indicated that “the busy intersection aor potential for information overload”
(p- 273), and they imply, although do not stataf thusy” intersections, such as those
with environmental targets and distracters, maytriaute to a greater percentage of
automobile-motorcycle intersection crashes dueit@ddistraction than “quiet”
intersections. Although we can’t fault the studytihhoels used since this was a pilot study
to test a new data recording system, the findihgsed as they are on only one
participant, should not be generalized beyondnimeediate circumstances of this study.
Nonetheless, conclusions that demonstrate a coorlaetween numerous distracters at
intersections and poorer driver performance haes Isbown in several other studies
(see, for example, Holahan, et al., 1979).

Wisconsin Department of Transportation District 2, Freeway
Operations Unit (1994).

This study tabulated and analyzed crash ratesastbound and westbound
segments of 1-94 in the vicinity of County Stadiggmce demolished) near Milwaukee,
Wisconsin. An electronic billboard began operatonApril 13, 1984. Crash rate data
was collected for approximately three years posign operation (from 1/1/81) until
three years after operation began (12/31/87). Effeere broken down by type of crash
(side-swipe, rear-end). Data were analyzed footieyear after the sign became
operational, to analyze any novelty effect, as waslfor the three year periods before and
after the sign became operational. Crash rate alaslated as number of crashes per
million vehicle miles of travel (VMT).
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The sign is described as a variable message sagjclthnged images on average 12
frames per minute. This suggests that each imageadisplayed on the sign for five
seconds. No information is provided as to the sigisplay technology, brightness, or
method of change. It is not known, for example, thbemessage changes occurred
instantly, or whether some visual special effestish as wipe, dissolve, etc., were
employed. Neither the size of the sign nor its heabove grade is specified. The sign is
obviously two-sided since it is visible to both teagind and westbound traffic. It is
located adjacent to the westbound traffic lanes.

The study used the crash rate in the three yeamstprthe sign’s operational date as the
baseline. Findings showed that for eastbound trafftal crashes increased by 43% in
the first year, and 36% over the three year postatpnal period when compared to the
baseline condition. In the same periods, side-swetipshes increased 80% and 8%, and
rear-end crashes increased 60% and 21%. For westhiaific, total crashes decreased
by 12% in the first year, but increased by 21% dkierthree year post-operational
period. Sideswipe crashes increased 123% in tbieyiar, and 35% over the three year
interval, whereas rear-end crashes decreased 28% first year, and then increased by
35% over three years.

The author posits two reasons why westbound craséesgenerally lower than those
for eastbound motorists. First he describes a manege for westbound drivers caused by
northbound and southbound traffic on US-41 merginigp westbound 1-94, and states
that the roadway configuration causes this traffislow as it enters the area, thus
reducing congestion through what he describes aeiimg.” Second, the author
indicates that the sign was more readable to eastbthan to westbound traffic.

The author concludes that “it is obvious that tagable message sign has had an effect
on traffic, most notably in the increase of theestvipe rate,” and suggests that “it may

be beneficial to introduce traffic responsible aate message signs into the area. Signs
could function at rates proportional to trafficil@and density in the viewing area.”

This study has the strengths of a typical crashaatlysis. Although it cannot address
guestions of crash causation, the study can betosdetermine that there were
correlations between the operation of the advedisign and the increase in crash rates
in areas where the sign was visible.

Apparently five types of crashes were coded froenatcident reports: rear-end,
sideswipe, fixed object, other, and unknown. Thmorereviews only the data for the first
two crash types, and this is appropriate. Both-sidipe and rear-end crashes are
indicative of driver inattention or distractionflaugh this roadway section includes a
complex interchange where merges and lane chamgdi&ely. Poor signhage and
markings, difficult geometry, lane drops and otfeaxdway characteristics could have
been present (these roadway and traffic charattsrere not described) which might
suggest elevated crash rates of these types.
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When the goal is to determine whether a partiocoibgect or feature (in this case an
electronic changeable message sign) caused cri@sbesur, or caused the overall crash
rate to increase, a study that is limited to aryamaof crash rates cannot answer this
guestion. This is because the study is limitedast{moc statistical tabulations. The study
does not address, and clearly did not controlthe possibility that other changes took
place in the roadway section studied in additiotheooperation of the billboard. For
example, changes to speed limits, police enforcémeivities, reporting methods, use
patterns, construction, development adjacent tedhdway, and many other factors,
might have been present, and might have contribiotelanges in crash rates. There was
apparently no attempt made to identify whether sugh factors may have occurred
during the study period. In addition, the studyaeptly did not utilize a control section
of roadway that might have overcome some of thesenpial weaknesses. Had the
authors chosen a similar section of 1-94 in theesgeneral vicinity as the study section,
but in which no advertising sign was introduceaytimight have been able to compare
before-and-after crash rates for the same perigidytthout the presence of the sign.
This would have strengthened their ability to desiate that it was the presence of the
sign, rather than some other factor, that reladetie elevated crash rates.

The author states that the study areas includéglades where the variable message
sign can be viewed by a motorist....” Since the @@dillboard location is not identified
on the site maps included with the report, it is pmssible to determine whether all
crashes occurred at locations where drivers woale had a clear view of the billboard
prior to the crash.

Although the study evaluated crash rates beforeafted the introduction of an electronic
variable message billboard with a message change/al of approximately every five
seconds, no additional information is providedralde the reviewer to determine the
type of sign, the display technology, or the operetl characteristics. As stated above,
although crash rate data can supply valuable irdtion relative to overall traffic safety
in an area, it is not possible to identify a caaise effect relationship without far greater
control of other, possibly relevant, variables msthing that is quite difficult to do in a
real world environment and with a post-hoc analgs$igolice accident reports.

Akagi, Seo, Motoda, 1996

These authors believe that, because of a combmatilimited land, intense land
use, and weak regulations, billboards are moregbeev along roadsides in Japan than
they are in Europe and the U.S. They set out ysihether official road signs are more
difficult to recognize when they are “hidden” amargmnmercial signs and other roadside
clutter such as buildings, utility poles, etc. Texfprm their analysis, they developed a
visual noise ratio, defined as the ratio of theaarknoise in a visual environment to a
driver’s field of view. They determined field ofexv from prevailing driving speed, e.g.
75° at 65 km/h, the speed limit on the road thaglistl. Their target sign was a typical
national highway route marker, and they instru¢hegr nine subjects (5 male, 4 female,
and age range 21-66) merely to report as sooregsatére able to confirm the route
number. Eye movements were recorded from a poidtdéters upstream of each of six
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signs that appeared along the route, within preddfsections. The visual noise ratio was
measured at intervals of 20 m throughout each@ectihe authors found a statistically
significant decrease in the detection distancéefign as the visual noise level
increased along the 400m approach to that sigry fiurther found that older drivers

were significantly more adversely affected by tisual noise, and that males were more
adversely affected than females. The authors cdedhat visual noise along highways
can be dangerous because it reduces the deteitanae of important roadside
information. While this study provides a unique E@eh to assessing the impact on
driver performance of roadside distracters, andalislutter, it suffers from several
limitations. First, the number of subjects was gsitnall, and the distinction between
older drivers and others is not defined. (Thereawmly two subjects above the age of
60, for example). The definition of visual noisessmewhat vague, and the
methodology used for measuring eye glances wagandlonetheless, this is a novel,
real-world approach to measuring the impact of sa#lvisual clutter, with a dependent
measure (identifying the route number as earlyossiple) that is natural and reasonable.

Bergeron, J. 1996a

Bergeron undertook this study at the request®f3bvernment of Quebec, which
was considering whether to grant a permit for @ctebnic advertising sign adjacent to
an expressway in Montreal. This project was nasgarch study; rather it reviewed the
published literature in the field and applied thithar’'s understanding of accepted
theories and principles of psychology to addressds of driver visual perception and
attention, and their role in traffic safety.

The majority of the studies reported on were thwseiously reviewed by Wachtel and
Netherton (1980), and many of Bergeron’s statemamtisconclusions parallel those of
the earlier study. However, Bergeron (reporting/éérs after the Wachtel and Netherton
study was published) also cites a small numbekeuwfen studies, and includes reviews of
one study published in France that was not includdkde earlier report. Further,
Bergeron discusses some of the published literatuttee field of driver performance in
general, and with regard to official highway sigm&l other traffic control devices, and
he applies the understanding gleaned from theskestto his interpretations about the
role of advertising signs. The author reexaminesatbplicability to this issue of some of
the key theories of attention and perception agipusly discussed by Wachtel and
Netherton, and expands upon this discussion. Iitiaddhe cites the work of Wickens
and others, and explains clearly the applicabdftthese theoretical constructs to issues
of driver attention and distraction.

Although the report title suggests that the fosusn advertising signs in general, the
principal interest is electronic signs, which Beagecalls variable message signs, or
VMS.

Bergeron’s findings largely reflect those of otpsychologists, cognitive scientists and
traffic engineers who have addressed these isBlieprimary conclusions are:
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- Attentional resources needed for the driving t@skdiverted by the irrelevant
information presented on advertising signs. Thensmpact attributable to the
“nature of the information” that is conveyed onlssgyns. This distraction leads
to degradation in oculomotor performance that agblgraffects reaction time and
vehicle control capability.

- When the driving task imposes substantial ateati demands such as might
occur on a heavily traveled, high speed urban fegeWwillboards can create an
attentional overload that can have an impact omon&nd macro-performance
requirements of the driving task. In other wordi®, impact of the distraction
varies according to the complexity of the driviagk. The greater the driving task
demands, the more obvious are the adverse effettie distraction on driving
performance.

- The difficulty of the driving task can vary invaal ways. Those that relate to
the physical environment (e.g. weather, roadwayrggtny, road conditions) are
unavoidable, and drivers must adjust to them (grtlesy take an alternate route
or wait for better conditions). Necessary senspfgrmation adds to the workload
of the driving task, but is, of course, neededddgrm safely. In addition, road
signs and signals that communicate complex butssecg information contribute
to the overall workload of driving. In this casewever, years of study have been
directed toward making this information as cleadl as easily accessible as
possible.

- To some extent, the level of mental workload thggacts driving occurs at a
pre-processing level. Bergeron cites, as an exgragdemplex or cluttered visual
environment. In this case, the attentional effoat rivers expend in searching
for target objects (e.g. signs and signals) wilhire laborious, demand more
resources, and lead to declines in performancdseve

- The presence of a billboard increases the comfusi the visual (back)ground
and may lead to conflict with road signs and signal

- Situational factors that are likely to createeavy mental workload include:
complex geometry, heavy traffic, high speeds, aotaserging and diverging
traffic, areas with road signs where drivers muakendecisions, roadways in
poor repair, areas of reduced visibility, and adeexeather conditions.

- The very characteristics of billboards that tltksigners employ to enable them
to draw attention are those that have the gremgstct on what Bergeron calls
attentional diversion.

- Drivers must constantly carry out the work ofaguizing stimuli that may not

be immediately meaningful to them. This task regmirme and mental resources,
both of which are in limited supply.
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- Attention directs perception, and vice versaotimer words, when we are
looking for something, our sensory system placefiait the service of our
attention. But it is also possible for a sensat@attract the attention of drivers
because it may represent something that is of gatemportance. For example,
authorities put flashing lights on emergency vetgdbecause they want drivers to
attend to them.

At some levels, this paper seems simply to restatey of the points already raised in
other review articles on this topic. But Bergeraeg to greater lengths than several other
authors to apply the theoretical underpinningstifgion, sensation, perception, and
distraction, to the conclusions, however flawednainy of the statistical, on-road, or
laboratory studies undertaken over the past 50sy@athe impacts on traffic safety of
roadside advertising. These analyses are usefuhjgmepriate, and provide a fuller
picture of the concerns with traffic safety frone ttoadside use of DBBs than other
studies. On the other hand, his writing suggestsar bias against roadside advertising,
and it appears that his dismissal of certain studie his complementary reviews of
others are affected by this bias. One minor contsetimat he sometimes shifts his focus
from billboards to official VMSs without affordiniipe reader a clear understanding of
this shift, thus leading to some confusion in iptetation. Bergeron provides no
photographs or detailed descriptions of the tygd3BBs that he studied. Thus, we do
not know how similar the signs that he addressescathose that are of principal interest
in the present report. At one point, he describBESY as: “attractive, colourful, dynamic,
sequential, and (able) to meet the needs of senealhants at the same time” (p.19).
Clearly, these sign characteristics seem to fisehaf digital billboards, but further
comparisons are not possible. Despite these smonigs, this thought paper is a useful
contribution to our knowledge in this field.

Bergeron, 1996b

Whereas the Bergeron paper discussed above (189%%#&)ought paper that
applies relevant psychological theories and corscpthe findings of research about the
relationship of outdoor advertising to road saféitys paper reports on the author’s
analysis of two DBBs proposed for a specific lomatin Montreal, Quebec, Canada.

After a first-hand review of the site, the adjacexpressway, and architectural and
engineering drawings for the proposed signs, Bergegcommends that permits not be
issued. He describes the site as possessing mahg ofiaracteristics that he, and others,
have suggested would be inadvisable for the planeofebillboard:

...complex geometry of the road environment, heaaffit, high speed of traffic,
merging and diverging traffic, areas with road signd signals where vehicle
operators are required to make decisions. Givesetsguational factors, we must
avoid creating confusion in the visual field. Ire¢ie conditions, road signs and
signals must be clear and the nature of the infaam&@ommunicated must only
serve to assist drivers in their task of drivinglike conditions, outdoor
advertising signs can represent a threat to tretysaf road users.
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Bergeron suggests that billboards at this locatebmhave adverse impacts on driving
safety from several standpoints.

- At a perceptual level, they can make the resptmséficial traffic control
devices more difficult by adding to visual complgxi

- At an attentional level, they can lead to driglestraction; in a road situation
such as that present at this site, the level oftahéwading is already substantial,
and the billboards would generate an unnecessangmie on a driver’s limited
attentional resources.

- The billboards could add to the drivers’ mentakkioad, which, in turn, can
lead to declines in selective, shared, and sustaitiention, decision-making, and
motor activities.

- Drivers who are unfamiliar with this location magve the added burden of time
sensitive decisions that may be necessary to nmwdhe appropriate lane for
exiting or merging.

- Because this expressway section is elevatedighmands on the driver are
further increased because there is little or neespa pull over in the event of
mechanical or other failure, and because bridgetstres are known to contribute
to feelings of insecurity among drivers.

Schieber and Goodspeed IV, 1997

This study addressed the nighttime conspicuigy etection) of official highway
signs under two different conditions of sign brigids. Although concerned only with
official, not commercial, signage, there are valagiwints made by these authors that are
relevant to the discussion of DBBs. Using a sp&d| in-house apparatus that was
capable of reproducing most of the dynamic rangeadiside environment visual
stimulus luminance values, the authors comparedtitrand “ultrabright” signs under
three different conditions of environmental (baakgrd) complexity: low
(representative of a 2-lane rural highway); mode(depicting a typical commercial
street in a small city); and high (simulating a eddewvn street in an urban area with many
businesses and illuminated commercial signs). Timeipal hypotheses were confirmed.
That is, although enhanced sign brightness offaceddvantage either for response time
or accuracy in the low complexity background, isveggnificantly better than the lower
brightness sign in both categories under moderabéggh complexity environments. The
results also confirmed that older drivers may beevsnsceptible to the interfering effects
of higher levels of background complexity when tlaeg looking for information on
highway signs. The results suggest two concernstdbBBs. First, these signs tend to
be located in complex visual environments, and ipiddmplaints have suggested they
are often too bright. Second, in an effort to stantlfrom this complex background, i.e.
make them more conspicuous; DBB operators oftae\eethat, the brighter the sign, the
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better. Our concern is that an excessively brigBBDn a visually complex, typically
urban environment will succeed in drawing attentmitself and away from other signs
in the environment, including official signs. Thiras this study, and others, have
demonstrated, older drivers have a particularlfialift time detecting official highway
signs in complex environments. Unfortunately, tiead in the U.S. is to increasingly
more complex environments, which does not augurfarebur aging society.

Theeuwes, et al., 1998, 1999

In a series of related laboratory studies, Thesuavel his colleagues have
demonstrated behaviors that may help to explaintibyhuman eye may be drawn to a
DBB at the expense of the driving task even whdn\eer has no intention, or desire to
look at the billboard, and how this unintentioredponse can delay one’s reaction time to
time-critical on-road events. Their experiment®aked light on the finding that their
participants were unaware that their eyes had Hesemn to the distracter at the expense
of the object that was their task.

In summarizing the relevant literature, the redaans describe findings that show that
the human visual system is sensitive to eventseiabit sudden change; that a visual
object presented with a transient luminance chaagéures attention automatically and
reflexively. Even when observers have no intentmlook for what Theeuwes call an
onset, such an abrupt onset, when visible amorgy otbual elements in the scene is
processed first. Thus, it has been argued, suddheimdnce changes (and this
characterizes all DBBs at the point of message gdacapture attention in what is
known as a “stimulus-driven” manner, as opposedakiag attentionally driven.

The studies reported here were conducted to deterwinether such an abrupt-onset
object that was irrelevant to the task being pent, would also capture the eye
movement of the participant.

The experiment required participants to view aldigjgontaining six gray circles. After a
set time, five of the circles changed to red (®@meained gray), and all six
simultaneously displayed a letter in their cerRarticipants were instructed that, as soon
as the colors of the circles changed, they werkrext their gaze as quickly and
accurately as they could toward the one circle whador did not change, and push a
button to identify the letter that appeared in tatle. (The five other circles displayed
randomly chosen distracter letters which were néwesame as the letter in the “target”
circle). Eight participants performed 64 practioel 256 experimental trials. In half of
the trials, a new red circle was added to the dispt the same moment that the others
changed and the letters were revealed. This nale@ould appear at one of four
possible locations within the display. This newcl@rwas the “onset” or distracter.

The results showed that, when no new object wasdtilthe display (the control
condition), the participants were able to movertbges directly to the target; however,
in those trials where the new object was introdutieel experimental condition),
participants’ eyes often went toward the new objsttipped briefly, and then went on to
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the target. In other words, with the new targespng, two different eye movements were
made, the first to the new, irrelevant target, en@second to the target that was the
object of the task. Reaction time to the task (deatification of the letter inside the gray
circle) was significantly slowed when the new, lekant target was present. The authors
note that the task irrelevant stimulus attracteslithtial eye glance even when it
appeared in the direction opposite the targethAtend of the experiment, the researchers
explicitly asked the participants whether they weenare that the new object affected
their eye movements. The answers were that theg stee that their eye movements
were not affected by the onset object. Their caiolufrom this first experiment was:
“Both the goal directed allocation of attention ahd movement of the eyes to a clearly
defined target can be disrupted by the appeardre@ew but task-irrelevant object in
the visual field, even when this object appearseqiistant from the target” (Theeuwes,
et al., 1998, p. 381).

In a second study using a similar paradigm, thearehers found that the attentional
capture effects by the appearance of the taslewragit onset could be overcome when
observers had sufficient time in advance to atemdiprogram an eye movement to the
location of a subsequent target stimulus. In ottands, the distracting effect of the
novel, task-irrelevant object can be offset whgeeson can, in advance of that
distraction, focus on and attend to the principegét.

Cairney and Gunatillake, 2000

On behalf of the Royal Automobile Club of Victo(RACYV - the approximate
equivalent of the AAA in the U.S.), Cairney and @tilhake of ARRB Transport
Research (formerly the Australian Road ResearclidBasdertook a review of the
literature with the goal of generating recommeratifor guidelines for the control of
outdoor advertising in the Australian state of @ica and its local jurisdictions.

The authors cited two prior, comprehensive reviewg, by Wachtel and Netherton
(1980) in the U.S. and one in Australia on behathe ARRB by Andreassen (1984).
Their search of three databases (INROADS in AusairdRRD in Europe, and TRIS in
the U.S.) uncovered no new studies in this fielthai\had changed since the two cited
reviews, however, was the technology used for thglay of roadside advertising, as
well as the presence of more potential distractétsin the vehicle itself. In addition, the
authors report that some jurisdictions have madgress in the development of
regulations “which are acceptable to advertisersendvoiding obvious distraction
problems for drivers...” (p.2). They explain thathalugh these guidelines are not
generally based on empirical evidence, they aredas solid human factors data and
practical experience.

The authors identify, and briefly describe, siXeliént types of signs, and suggest that
different guidance or regulation is needed for e@ufly two of the sign-types, the
variable message and tri-vision signs, are relet@aur current study. They further
discuss illuminated signs, and the types of matioapparent motion that can be
achieved by such signs, including: flashing, chgsseintillating, etc., and they discuss

23



the appropriateness of restrictions on dazzlinglare impacts on motorists, and on
maximum luminance (brightness) levels that shoeldjppropriate for the ambient
roadside environment. Finally, they suggest thatlitthting color displayed on such
signs should never mimic that of official traffiorttrol devices, although they say
nothing about the shape of images displayed. Fsigas, Cairney and Gunatillake
concluded that the common concern is the effed¢talsdggn may have on a driver’s
visibility of other road users, the roadway, araiftc control devices, and that
appropriate regulations generally prohibit signegareas near where the demand for
driver concentration is high, “such as intersedjonterchanges, and level crossings”

(p.3).

Although this report is not primarily concerned lviecommendations of research
methodology that might be used to study the effécvadside advertising signs on traffic
flow and safety, they mention three different typésvestigative approaches that might
be followed, and point out certain difficulties atidadvantages of each.

The case-study approach involves the review anlysinaf accident
investigation reports. The lack of results fromtsstudies does not, they believe,
demonstrate that distraction from roadside advegis not an issue, because
drivers may be reluctant to admit that they westrdcted or may not have been
aware of being distracted. Further, distractionr@graditionally been an issue
that accident investigators have drawn attentioand thus it is likely that it is
underreported.

The site investigation approach involves the exation of crash rates;
particularly crash rates of the types of crashastriight be expected to be related
to distraction such as rear-end crashes, alongrdiit road sections distinguished
by advertising sign presence or density. The asthomt out that the major
difficulty with this approach is that high adveitig density tends to be correlated
with other factors that might contribute to a hagitident rate — i.e. a more
demanding driving environment. Not stated is thahsstudies are typically
unable to identify or control for variables tha¢ autside the scope of the actual
study, such as police enforcement, road constmyctioweather conditions.

The laboratory simulation approach enjoys the benef complete control over
the experimental design, but presents the difficoftgeneralizing from the
simulated, artificial task in the laboratory to fgemance in the real world. In
addition, although not discussed in this reposrehs the difficulty of recreating
the legibility, brightness and contrast of todagtphisticated advertising signs in
simulation.

Other research approaches, such as naturalistiesficontrolled-course studies,
and unobtrusive observation, among others, areneationed.

The authors state that the majority of their revadwhe literature is based heavily on the
Wachtel and Netherton (1980) study. Indeed, ofithstudies reviewed by Cairney and

24



Gunatillake, all had been previously analyzed byckital and Netherton. Accordingly,
these re-reviews will not be discussed here. Tinelasions of Cairney and Gunatillake,
having re-reviewed these studies with the bené®0oyears of hindsight, is that the
conclusions reached by Wachtel and Netherton waveogriate, and still relevant to the
development of guidelines in Australia in 2000. @ayg their specific conclusions are
these:

The best of the studies reviewed to date (Weir@f9ldemonstrates that, when
all confounding variables are controlled statislgaites with advertising signs
have higher crash rates than sites without. Indisedpumber of billboards did
have a significant effect, and the number of crashereased in proportion to the
number of billboards. The effect size, howevemadest.

Because the effect size is small, this suggestdatge, well-controlled studies
will be required to detect significant effects. ‘@rk is a risk that small studies
will not produce sufficient effects and be misipi@ted as showing that there is
no significant effect when the proper conclusiothet there is insufficient data to
reach a conclusion” (p.9).

Changeable message signs may have a more direttden crash rate than
static signs.

The outcome of the laboratory studies complemdraset of the (on-road)
correlational studies. Although drivers are resista distraction, simulated
advertising has a small but consistent, and adyeffeet on performance,
particularly where task demands are high, and oiplperal tasks. Further,
advertising material that is similar in appearatacgaffic control devices, or that
is proximal to such TCDs in the driver’s visuallfiemay be particularly
troubling.

In summary Cairney and Gunatillake believe thatdibed findings suggest that
unregulated roadside advertising has the capaxityeate a significant safety problem.
Interestingly, they state that their results “rurectly counter to Andreassen’s (1984)
conclusion that ‘There is no current evidence totkat advertising signs, in general, are
causing accidents™ (p.9).

The remainder of this study addresses the existeingeidelines and regulations, and
puts forward recommendations for future controlsiswill be addressed in Section 5 of
the present report.

Farbry, et al., 2001

This report, by the Federal Highway Administratso(FHWA'’s) Human
Centered Systems Team, reviewed the literaturéeckta the safety implications of
electronic billboards (EBBs), presented findings] &commended a research plan to
address knowledge gaps. It was a follow-up to aleed&HWA report (Wachtel and
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Netherton, 1980), and it complemented contempom@nddver distraction studies that
addressed in-vehicle displays. The project includgiedsion signs within the broader
category of EBBs.

The literature review included: an assessmentabé diillboard regulations and policies
relevant to EBBs and tri-vision signs; billboardated crash analyses and potential
safety factors such as distraction, conspicuity, lagibility; and driver and roadway
characteristics. Because there was a limited amafustailable research on external (to
the vehicle) distraction, the review included asessment of studies of in-vehicle
distracters as a surrogate to understand how palteligtraction may affect the driver.

The knowledge gaps were categorized into threesareadway geometry, sign
characteristics, and driver characteristics. Eddhese areas was reviewed and
preliminary research plans were proposed, includmagjs and research questions. The
roadway characteristics identified for future reshancluded horizontal and vertical
curves, intersections, work zones, and EBB andigien sign spacing. Sign
characteristics for needed study included contedtcmprehensibility, exposure time,
motion, and sign maintenance. Driver charactessttated to age and route familiarity.

The authors describe the capabilities of EBBs, lsothplex and simple, and state that
the simpler technologies used in some EBBs ardagita those employed in changeable
message signs (CMS) used by roadway authoritibstim permanent and portable
installations to communicate official traffic infoation to motorists. The report notes
that such signs may also be called variable messggs (VMS) or dynamic message
signs (DMS). Tri-vision signs are described as niionéed in capability, but of interest
because of: (a) the rotation (movement) of thelindgrs to present three different
messages, (b) the presentation of two partial ngesssimultaneously (during the change
interval), and (c) potential variations in lighflexted back to the driver as the panels
rotate.

A review of State practices concerning regulatibBEBBs demonstrates that, unlike with
static (fixed) billboards, there is little consistg from one jurisdiction to the next.

The literature review, while updating that in FHVWAI980 study, differed from the
earlier study in three ways. First, the newer stdidynot review the literature critically as
did the previous study; and second, the newer stendgwed a subset of the literature
whereas the earlier study attempted a comprehersi@wv of the extant literature. On
the other hand, the newer study synthesized tloe @search in a manner that the
analytical and chronological approach of the easgiady did not. The 2001 study
grouped the reviewed work into common topics argeasnitting the reader to more
easily grasp the multifaceted nature of DBB issaes, to better appreciate the existing
knowledge gaps with regard to the safety implicgagiof these devices.

The authors identified relevant research in otlspeats of road safety that might not, at

first, seem to relate to the possible safety ingpions of roadside electronic billboards.
Areas of research interest such as older and youwnyers, distraction due to in-vehicle
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technology, and display and lighting charactersstitchangeable message signs used for
official purposes, are all discussed. Clearly, ¢ha®as of researelne relevant to DBBs,
as will be discussed below.

Specific attention is given to other technolog®sch as in-vehicle distracters) as they
may be relevant to the potential threat of distoectrom electronic billboards. For
example, the study summarizes work by Wierwille &ndrina (1998) that calculated the
total number and average duration of eye glanapsined to operate specific in-vehicle
devices (such as climate controls, HVAC, mirrorg] athers). “Exposure” was defined
as the number of glances multiplied by the timegtence, and the researchers found that
there was a linear relationship between exposutenamber of crashes. The FHWA
authors suggest that a similar approach might lbemizken to assess the maximum
amount of time that a driver could attend to ardidton source outside the vehicle.
Similarly, the authors review several studies thamined the relationship between
cellular telephone use and crashes, and they dsuidie phone-related distraction into
three categories: manual manipulation of the phglagicing at the phone (which
requires looking away from the roadway), and engg@ga conversation (which may
disrupt concentration on the driving task). Thegauade that the latter two contributors
to distraction due to the use of cell phones maselparallels with distraction from
roadside electronic billboards.

They also identify research methodologies usedheraapplications that may be
applicable to studying the impacts of EBBs. Fomepke Olsson and Burns (2000)
developed a “peripheral detection task” designemiéasure visual distraction and mental
workload; with appropriate modifications this apgech might be useful for the study of
distraction and workload effects of roadside etautr billboards, along with classical
driver performance measures of lane deviation peéd maintenance.

A number of the conclusions reached, while higkehgvant, might be seen even more
strongly in light of the observations made by otfesearchers. For example, the authors
appropriately suggest that there may be lessons $tadies into the legibility and
conspicuity of official changeable message sigas ¢buld be applied to DBBs. They
further discuss the fact that low levels of illuration on official signs could lead to
reduced conspicuity and, hence, reduced legibilibys difficulty might be exacerbated
because DBBs typically have very high luminancelgvoften leading to complaints by
the traveling public as well as regulators. Thagé luminance levels may increase the
conspicuity of the DBBs at the expense of offisigins. Similarly, the authors discuss
differences in response to signs by familiar véammliar drivers, since it is understood
that motorists who pass the same signs reguladgrbe acclimated to their presence and
may ignore them. Of course, one of the definingatizristics of DBBs is their ability to
display a new message every few seconds, thuffgict,epresenting displays that are
always new and therefore unfamiliar to all drivers.

One of the principal purposes of this project waglentify needed research and propose

approaches to conduct such studies. The authocsiloeshe goal of such research as
determining whether there are conditions under WEBBs are a safety concern as
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demonstrated by crashes or other types of degidalest performance. They identify
research findingsinformation that is available in an area that rhayelevant to studies
of EBB safety, andesearch questiongjoals of research still needed. They appropriately
note that, because findings from some otherwissvagit prior research studies did not
directly address EBBs, it may still be necessamgficate some of the earlier work with
these newer billboards. The authors identify rel¢eharacteristics of the roadway
environment, sign design and operation, and drekated issues, and identify the
research needs in each area. This section of ploetrends with a brief overview of four
research methods that the authors suggest migiprepriate for future research. These
include: documentation analysis (accident analgé&BB locations with controls); field
studies (data collection by observers in the figiel§t track studies; and simulation.
Because this was intended only as an overvieweofdar methods, they are not
described in sufficient detail for the reader taerstand the advantages and limitations
of each method for studies of this complex realldv@sue.

Beijer, 2002

Beijer undertook a comprehensive, on-road invasitg with 25 participants who
had their eye movements recorded while driving @lameavily traveled expressway in
Toronto, Ontario, Canada. Advertising signs vistiolerivers were evaluated for the
number and duration of eye glances made to ea@hsighs varied in size, distance from
road, and side of road. Signs using four diffedigplay technologies were included:
conventional billboard, scroller, roller-bar, andeo. There were apparently no signs
studied featuring the technology of most intereshe present report, DBBs or CEVMS.
Because much has been written about the likelilodatifferent driver response to
outdoor advertisements based on temporal drivimgaahels, Beijer operationally defined
demand in a simple, effective, and naturalistittjyalgh somewhat limited, manner.
Specifically, he identified the distance betwegragicipant’s car and the vehicle
immediately ahead of it in its lane. If that distarcovered one skip line and space, he
considered the task demand on the participant tudye two skip lines and spaces was
called medium; three skip lines and spaces was eeédémw; and anything beyond three
skip lines and spaces was defined as no demarttbuijh Beijer recorded this data for
all three lanes of traffic moving in the same dil@t as the participant, he analyzed only
the same-lane data. As stated above, while thisatpeal definition is somewhat crude
and doesn’t account, for example, for the demamg®sed by traffic immediately
behind and/or adjacent to the participant’s cafpodemands created by changing traffic
speeds or roadway geometry, it has the advantalgeimg easily measured and
naturalistic.

As background for his study, the author reviewetlexaeye-movement research that
addressed visual demand on drivers. He cites wpiRdzkwell (1988) and Wikman et

al. (1998) each of whom suggested that, when drikkave spare visual capacity, one
second was about the maximum for safe non-drivétefed glances. Separately, he cites
work by Zwahlen (1988) and the same paper by Roltkinet suggest that two seconds
is a practical maximum, because glances longertthiarare associated with lane-
keeping errors. Since the presence of other vehioléne traffic stream increases
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demand, Beijer suggests that, in heavy trafficafigkes at (advertising) signs may be
inappropriate (p.3), and the measurement of sumcgs was one of the key objectives
of this project.

One concern with Beijer’s adoption of the “two-sedaule” (p. 14) is his reliance on the
Rockwell study that suggested that drivers’ vigslahces are affected by four factors,
one of which is the sampling of in-car electrongvides. Beijer’s assumption that
glances at roadside advertising is similar, andefloee should produce quite comparable
results to, the in-car displays studied by Rockwelbverly simplistic, given that the eye
and head movements required may be quite diffetieat in-vehicle displays can be
viewed at any time, whereas a compelling roadsiderising sign can be viewed only
while the sign is being approached, and given tigerstanding, as expressed by Chan et
al. (2008) that drivers looking down at in-vehidisplays know that they cannot see the
road ahead and thus may be motivated to returndlee to the forward roadway view
as quickly as possible, whereas drivers lookingatiside advertising signs, particularly
signs close to their line of sight, are likely tdl fiave the forward roadway view in their
peripheral vision, and thus may feel less neeeétarmn their gaze quickly to the foveal
view.

Again citing Rockwell (1988) Beijer distinguishestlveen two measures of eye gaze.
The mean number of glances (MNG) is sensitive toated, and increases with the
complexity of the task, whereas the average gldncation (AGD), in Rockwell's work,
was relatively insensitive to changes in demanakiRell reported that, as traffic
conditions become more demanding, drivers incréeas®& NG while shortening the
AGD, although the total off-road viewing time remsinearly the same. This suggests
that drivers are able to modulate their glancessisdemands build, so as to better
“time-share” these off-road glances with attentionhe forward visual field as
necessary. Conversely, one might expect that driwio engage in long AGD behavior
even when confronted with high task demands asvidéng or able to devote the
appropriate visual resources to the driving task.

Beijer tested two basic hypotheses:

1. The most distracting signs will be those thatlarger, active rather than
passive, closer to central vision, and on the rgiti¢ of the roadway.

2. Signs located in an area with a low densitytbéosigns, and with less
demanding traffic, would receive more attentione @tiates: “Signs that receive
attention despite a heavy traffic density or a datinay route are referred to as
receiving ‘inappropriate attention’ [p. 28]).

The 25 participants in this study drove a 6 kmiseabdf the Gardiner Expressway, and
passed a total of 61 commercial signs. These ied@d small and 18 large billboards
(sizes were not specified), 5 video, 12 scrolliexttand 2 roller bar signs. The signs
were equally divided (30 left and 31 right) on betties of the highway.
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Based upon the related work of Smiley and her aglies (Smiley, Smahel & Eizenman,
2004; Beijer, Smiley & Eizenman, 2004) Beijer defirlong glances” as any glances of
duration greater than 0.75 second. Overall, heddbat 22 (88%) of his participants
made long glances at one or more signs; and f@&J2nade glances of longer than two
seconds to one or more of the advertising signs.ldihgest recorded glance was 2.07
seconds. As expected, the “active” signs commanua@, and longer glances per sign
than did the “passive” signs (large and small cotie@al billboards). Scrolling text
signs amounted to 20% of the total, but comman@éd df all glances, and 40% of all
long glances. Roller-bar signs represented onlyo8%e total, but captured 6% of all
glances and 6% of long glances. Video signs reptede8% of the total, and captured
19% of all glances, and 31% of long glances. Saradl large (static) billboards
combined represented 69% of the total, but captonégd32% of all glances and 23% of
long glances. In essence, these findings demoestrat static signs captured a
percentage of glances and of long glances amoutdiagout half of their representation
on the road, whereas all three types of activessajtracted a percentage of glances and
of long glances approximately equal to at leastévtheir representation on the road.

In terms of statistical significance, the rollerlaad video signs received significantly
more long glances per sign than did the billboardonolling text signs. Beijer expresses
some surprise that the roller-bar signs would agptis many glances (and long glances)
as the video signs because, “unless a subjectligotatches the Roller Bar sign during a
change, it could very well be mistaken for a Billbd” (p. 71). He suggests, however,
that “anecdotal evidence points to some peoplar{(gayhey anticipate and watch (the
Roller-Bar sign) for the change to a new messagefidement” (p. 71).

When task demands increased, the author foundh@atumber of glances made per sign
decreased significantly; average and maximum gldncations appeared to decrease,
but not significantly.

Beijer finds that his results differ from earli¢udies, particularly those of Andreassen
(1984) and Hughes and Cole (1986), and attribliiega the differences in sign
technology. He states: “Certain signs are much rdsteacting than those studied in
previous experiments” (p. 68).

One of Beijer's main hypotheses — that signs orritite side of the road would receive
more glances than those on the left — was not coati. In fact, the two signs (of 61 in
the study) that were the most frequently viewedewsath on the left side of the road.
The author believes that this may have been at#iidel to sign placement — both of these
signs were positioned close to the drivers’ linsight. Conversely, the signs on the right
side of the road, particularly the active signstemvaot typically placed as close to the
road as those on the left, and were farther fragrdtivers’ central line of sight. This
finding of more views for signs on the left is motly counter to what the author expected
at the start of the study, it is contrary to datanfd in previous studies (e.g. Mourant and
Rockwell, 1970), that found that drivers tend to@entrate their glances on the right
portion of the road. Beijer suggests that this sehat surprising finding may be because
modern day drivers are more used to looking atadfsigns that are mounted overhead
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above the travel lanes vs. older signs that werieafly mounted on the right. Of course,
it is also possible that the signs on the left vaengply more distracting, and more
capable of attracting the drivers’ attention thiaose on the right.

A finding of safety concern is that, although higlevels of task demand were associated
with a reduction in theaumberof glances made to the signs, the average and maxim
durationof these glances was not reduced as task demardased. As the author
states: “This would seem to indicate that drivees@mfortable turning their attention
away from the road for a set period of time, refgmsl of the demands of the driving task
(i.e. traffic conditions)” (p. 76).

Of the 926 total glances made by the 25 particganthis study, 198 of them (21.4%)
were 0.75 seconds or longer, and 10 were longerttha seconds. Since these very long
glances were made by five different participantgl #the long glances were made by 22
out of 25 of the participants, the author concludes distraction (from advertising

signs) is not just an isolated incidence by ongvor participants” (p. 77).

When only long glances were considered, the difiees between sign types became
highly significant. The video signs received mdrart five times as many long glances as
the large static billboards. In fact, one of theefvideo signs received the majority of the
long glances. This sign was positioned close taltheers’ field of view, where it could

be seen for a considerable distance, and where Wes very little visual clutter,

enabling the sign to dominate the visual space.atileor concludes that sign placement
within an approaching driver’s field of view may tm®re important than the sign’s
lateral distance from the road edge. Signs in émter of the field of view tend to receive
more glances, regardless of distance, than thofefan the periphery. Beijer notes that
current policies regarding the distance of comnaéignage from the road does not
distinguish between straight sections and curvesdaes not account for the sign’s
location within the line of sight. He suggests gdine of sight, or angle from the center
of the lane.

Young and Regan, 2003

Although this paper is concerned only with in-widistraction, it is addressed
briefly here because of its clear explanation ofairdistraction and inattention, and its
potential consequences. The authors cite Stu#ts €001) who define distraction as
occurring “when a driver is delayed in the recoigmitof information needed to safely
accomplish the driving task because some evemtjtgcbbject or person within or
outside the vehicle compelled or tended to indaeedriver’s shifting attention away
from the driving task.” It is the required presem¢ehis triggering event or activity that
distinguishes distraction from the broader categdmyriver inattention. There are
generally four types of driver distraction that aomsidered: visual, auditory,
biomechanical, and cognitive. When consideringpibiential distraction due to roadside
billboards, we are talking about visual distractibhe authors summarize their short
paper by recognizing that converging evidence sstggbat driver distraction contributes
to crashes, and that the prevalence of distraetsom risk factor is likely to increase as
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new technologies are brought to market. Althougy thre addressing in-vehicle
distractions, their statements can apply to extatiséraction, including DBBs, as well.

Wallace, B., 2003a, b

Wallace describes this paper as a literature wegigd meta-analysis, based on
research that he carried out for the Scottish Bxexa Central Research Unit. The goal
of this study was to answer the question: Is tlheserious risk to safe driving caused by
features in the external environment (focusing illbdards) and, if so, what can be done
about it?

The author states that this subject has been uedearched, but that there is evidence
that, in certain cases, “over complex visual fiedda distract drivers” and that it is
unlikely that current guidelines or regulations adequate to deal with this concern.

Wallace cites a number of the early U.S. accideatyges, most performed in the 1950s
and 1960s, which generally showed that higher omaaplexity, especially that related to
intersections, curves, and roadside developmerstassociated (correlated) with higher
accident rates. He interprets and groups the ceiueis of several of these studies to
suggest that the presence of billboards adjacesudb roads, especially when the
billboards were located at or near curves or ietdisns, contributed to these higher
accident rates.

After reviewing seven on-road and statistical stsdind two laboratory studies, the
author concludes that, despite certain weaknessesch study, they “start to tell a
story,” which is, as Wallace puts it, that whervdrs are looking for something (i.e. a
traffic sign or signal) their reaction times wik Islowed by the presence of distracting
advertisements.” This conclusion is supported leyntiore recent work of Crundall and
his colleagues (2006), discussed later in the ptesport.

After summarizing his conclusions from these stsidied experiments, Wallace turns to
theories that might help explain these findings idterpretation is that theories of
attention and perception suggest that drivers neagulsceptible to distraction from their
driving task at any time, but that this is moselkto occur when such drivers are
searching for something, and especially when tleegat know what they are searching
for and when there is a great deal of clutter airthisual field. He interprets the Holahan
(1978) and Johnston and Cole (1976) laboratoryiesuas demonstrating this effect, and
the field studies as further supporting these ptaas by finding higher correlations
between billboards and accidents at intersectiagher, he cites the Ady (1967) study
for actually demonstrating that an advertising sigti bright lights, positioned at a
curve in the road, was shown to have caused adsidda believes that this finding
supports Berlyne’s theories of the orientation tieac where the human brain functions
in a manner to modulate arousal levels. In the cashe one billboard (out of three)
found by Ady to have caused accidents, Wallacerdescthe situation as being a stretch
of road where drivers were operating in conditiohbow arousal, where they might have
succumbed to “highway hypnosis.” The sign, accaydmWallace’s interpretation,
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might have caused these drivers to experience fEhasqalso called the “fascination
phenomenon”) in which the large, bright billboaaptured their attention to such an
extent after a long, monotonous stretch of roaat, dinvers became “absorbed” in the
sign, and simply failed to notice or respond to¢heve in the road where the sign was
located.

Wallace’s review of early accident studies is ofmenhallenge for several reasons. He
finds fault with the fact that these studies denvaed only correlations between
advertising and accidents, rather than provinguseand-effect relationship. While it is
true that correlation cannot prove causation,wrsng to think of this as a weakness in
the research. The flaw, if any, is in the misintetation or misuse of this data. Further,
Wallace seems to attribute certain methodologiedkmesses in some of these studies
(e.g. not controlling for traffic flow or roadsidevelopment) to the fact that these studies
were correlational by design. In truth, becauseidysundertakes a correlational rather
than causation analysis is independent of whethenéthodology is flawed. The types of
statistical oversights that Wallace attributeshiese studies are real, but they are not a
result of the researchers’ choice to undertakestatronal analyses only.

It is of further concern that Wallace’s review bése earlier studies, and his critique of
previous reviews of them, seems intent on demamsgrais main point, which is that
outdoor advertising signs at intersections areollpm that warrants attention. If a study,
or a critique of a study, did not support this angumt, then Wallace tends to be
dismissive of it. This is not to say that his pagwwrong; it is simply to suggest that his
reviews seem colored by an effort to reinforcedaisclusion, and his critiques are
selective as a result.

Wallace dismisses correlational studies, appard@btause he believes that only studies
that can prove causation have merit. By extensgierdismisses on-road studies because
it is difficult, if not impossible, to undertake®ua study with the degree of experimental
control that might support findings of causatiamthis same vein, he praises
“experiments” (i.e. controlled laboratory studiés) their ability to demonstrate
causation. He does, however, recognize that, Wweh aibstraction from reality, it may be
difficult to generalize findings from such experimte to the real world. As Wallace states
it, such experiments lack ecological validity, tlee degree to which they reflect real
world driver behavior.

Despite these criticisms, Wallace does a reasonaiblef bringing together the
predictions that come from theory, and the findiofgboratory studies and accident
analyses to support his major thesis; that roadsitleards can be a major threat to road
safety under certain, situationally specific, coiudis.

In summary, his major conclusions are:

a. The adverse effect of billboards is real, buutagion specific.
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b. Too much visual clutter at or near intersecticas interfere with drivers’
visual search and lead to accidents.

c. Itis “probable” that isolated, illuminated Ibidards in an otherwise boring
section of highway can create distraction throulgbtptaxis.

The principal points made by Wallace, both in isimaries of past research and in his
interpretation of psychological theories of attentand distraction, are that outdoor
advertising signs are likely to create dangerousl$eof distraction for drivers when they
are placed at complex or challenging road locatguth as intersections or curves, or
when they exist in the midst of otherwise understating sections of roadway.

While there has been little research into the bssble of phototaxis on driver
performance, there is broad agreement by researttegtrbillboards, in general, can
create inappropriate levels of distraction wherc@thain areas of high driver task
demands. Wallace identifies two such areas — ietticns and curves. Other conditions
and circumstances, such as merges, lane dropsieargion points, have been cited by
others.

Although this study was silent on billboard tectogiés, the text suggests that Wallace
was principally concerned with traditional fixedllboards (with the exception of his
citations of prior research). And, while digitallboards are not explicitly discussed, it is
reasonable to assume that the situation specifiditons addressed in this study would
apply equally, if not more strongly, to these neteehnologies.

CTC & Associates, 2003

Prepared at the request of the Wisconsin Departoféfransportation
(WisDOT), Transportation Synthesis Reports (TSRsYes as brief summaries of
currently available information on topics of intstréo the WisDOT technical staff. The
reports are compiled from sources such as NCHRB, FRSHTO, other state DOTSs,
and related academic and industry research. Thetusfor this particular report was a
concern raised about the predicted safety impdastdoor electronic advertising signs,
called electronic billboards (EBBS) in this repas, well as tri-vision signs.

The report summarizes a highly selective set afistuin several areas. These are
identified as: Overview, State and Local Studiesy& Distraction, and Avenues for
Research. In addition, a brief summary is providegertinent Wisconsin regulations
that address two types of electronic outdoor adieg, “multiple message signs” (tri-
vision) and “variable message signs” (electroniibbards or EBBS).

In the Overview section, the report referencedbderal Highway Administration’s
(FHWA) Office of Real Estate Services (ORES) web§ir a detailed history of the
federal outdoor advertising control program, arel@RES 1996 and 1998 policy
statements on changeable message signs.
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Summaries are also provided of the FHWA 2001 rejiitetl “Research Review of
Potential Safety Effects of Electronic Billboards Briver Attention and Distraction”
(Farbry et al., 2001). Among the key findings astreport were that: (a) determining the
effect of roadside billboards on safety is difficdue to both theoretical and
methodological reasons; (b) there does not sedya tm effective method appropriate for
evaluating the safety effects of EBBs on driveemtibn or distraction; (c) the legibility
requirements used for official changeable messages snay be relevant to the design of
EBBs; (d) there is potential in the use of methimdassess distraction from in-vehicle
information systems for EBBs; (e) although the #2es surveyed have generally
consistent regulations for traditional (static)timards, there are no common guidelines
governing EBBs and tri-vision signs across stadas; (f) few states even define the term
“electronic billboard.”

Based on the FHWA survey of states, the reporttifies issues that may pertain to
EBBs. These include: red, flashing, intermittentrmving lights; glare; use of traffic
control device symbols or words; illumination agrsiplacement that might interfere with
a traffic control device; spacing and timing.

The report summarizes a study performed for thelSAfrican National Roads Agency
Limited (SANRAL) (Coetzee, Undated) that lookedtst content of outdoor advertising
“based on driver characteristics,” and it discussasmber of the articles previously
reviewed in the FHWA report of 1980. In additiohe treport discusses a 1999 survey
conducted by the National Alliance of Highway Befcdtion Agencies (NAHBA),
which reviewed state regulations regarding trieuissigns, and which included a
discussion of the Minimum Exposure Dwell Time ahd Maximum Transition Twirl
Time boundaries contained within the policies ofesal of these states.

In the section on Driver Distraction, the authoustg from the 2001 FHWA study and
the website of the Outdoor Advertising Associatidmerica (OAAA), both of which
describe the intention of outdoor advertising ttclodhe eye and draw attention. The
guotations from OAAA go further, and describe neteehnologies that permit such
signs to “talk to you,” and include other interaetfeatures.

The report then reviews several studies of drivatraction, some of which employed
accident analyses from Federal databases and others employed actual on-road
research using a variety of methods to measureadigin. The American Association of
Automotive Medicine (AAAM, 2001) analyzed crashaé&tom the national
Crashworthiness Data System (CDS) from 1995-99 datermined that 12.9 percent of
drivers were distracted at the time of their crastd that 29.4 percent of those drivers
cited “persons, objects or events outside the \&has the source. Other studies are
cited, with differing results reported.

Other studies were reviewed that analyzed driveraayd head movements, and showed
that greater visual complexity associated withghhiolume intersection required drivers
to search the environment more than at lower volumegsections. The authors, citing
the 2001 FHWA study, state: “it can be conjectutet additional visual stimuli such as
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billboards, may add additional demand to driverkiaad in high-volume intersections”
(p.6).”

Although still in the section on Driver Distractiaime authors next discuss several
studies that dealt with information processing dedsafor reading dynamic message
signs with unfamiliar messages. Human factors rebezarried out by FHWA is cited
that found that the 85percentile driver on a low-volume highway coulddesigns with
word messages at the rate of one major word pensgednterpretations are made (it is
unclear whether these belong to CTC or to the maigstudy authors) to suggest how
many words or symbols could be read by drivers @ggring signs under different
conditions (e.g. day vs. night; 100 vs. 80 km/hesheerfect vs. degraded vision; 14 vs.
6 inch letter height). The authors list other fastéancluding driver workload, message
familiarity, and message format, that can affeetttme needed to read a sign message,
and conclude this discussion by citing anotherystudhich states: “it is important that
the message must be legible at a distance thatsaiafficient exposure time for drivers
to attend to the complex driving situation and gkaat the sign a sufficient number of
times to read and comprehend the message” (p.6).

Brief mention is made of a number of states thaelatempted to identify a relationship
between EBBs and safety using traffic conditiors dasurrogate measure” (although it is
not clear what this means in the context of thporg. States variously reported no
evidence of increased traffic problems, or an iliigiio identify a relationship between
crashes and EBBs. However, no information is predids to how this information was
obtained, or whether any actual research or arsalyas conducted to address these
guestions. Again, it is not clear whether thestestants are those of the authors of this
report or the cited study.

Finally, in a section titled “Avenues for Reseatdhe authors return to the 2001 FHWA
study, which suggests several needed studies.dy standucted in 2000, using a
methodology called a peripheral detection task éasare visual distraction and mental
workload is cited as a promising approach. The@stbBuggest that this approach might
be useful in addressing distraction due to in-Mehsgstems and, if so, “it may also be
applicable to stimuli external to the vehicle sashEBB and tri-vision signs” ( p.7).

The authors note that research is needed aboeffdets of EBBs in highway work
zones. Since work zones are known to be high actldeations due to many factors, it
is reasonable to assume that these are very highgldemand environments where
safety challenges could be exacerbated by additemaces of visual distraction. But the
report merges a discussion of work zone demandsttiise of other complex highway
environments including horizontal and vertical @gyand interchanges and
intersections. Thus, the focus of the suggestezhreh is unclear. “Changeable message
signs” (CMSs) are discussed next, and althouglstaded, it seems clear from the
context that these are official highway signs rathan billboards. A number of research
studies are cited that address the legibility nexyuents of such signs, including issues
such as character font, number of characters peioli text, number of lines, luminous
contrast, positive contrast orientation, etc.
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Because this paper does not represent originamesethere is no criticism of the
methods used or the assumptions made. It is umiatéthat the authors seem to use
multiple terms when referring to the same technplegerms including electronic
billboards (EBBs), variable message signs (VMShaigic message signs (DMS), and
CMS (which, although not defined, presumably retershangeable message signs).
Another source of some confusion for the read#rasit is often not possible to know
whether statements made in the report are thogeafuthors of the studies under
review, or those of the reviewers who preparedréport.

Lansdown, 2004

Following a similar thread to the earlier work @gle and Hughes (1984),
Lansdown suggests that the significance of infoilongbresented by roadway signage
should be explicitly linked to a hierarchy of pitaes. Safety information should have the
highest priority for signage, followed closely gulatory information and then travel
efficiency. Sign design should meet the conspicnégds of the driver, as, by example,
safety and warning signs possessing high attertemmspicuity (i.e. they are
conspicuous to all drivers whether or not theyesgected, and whether or not the driver
is looking for them), whereas signs conveying natianal information need only meet
the lower standard of search conspicuity, in thaytcontain information that is only
relevant to the subset of drivers that is lookiogif. Lansdown suggests that irrelevant
information such as advertising signs should batéie as low-priority information and
“constrained in its attention-demanding capacity” (6).

Finnish Road Administration, 2004

This two-part study was conducted on behalf offilmmish Road Administration
(VTT) to provide background material for policidsoait roadside advertisements. The
goal of the project was to conduct a general ass&ssof prior studies on the effects of
roadside advertisements on safety, and to deterwtie¢her advertisements are the cause
of fatal accidents.

The first part of the study was performed by DocRrita Luoma of VTT Building and
Transport, and consisted of a critical summaryxasteng research, an assessment of the
need for policies, and a discussion of the problestaged to studying the safety effects
of roadside advertisements. The second part ghribject was an extract of a previous
project performed for VTT by the Helsinki Univessiaf Technology. This earlier work
reviewed the accident investigation committee regpof fatal accidents that occurred in
2000-01, the objective of which was to determinthére was evidence that
advertisements were partial causes of the inveastigaccidents.

The effects of roadside advertisements (billboandske been previously studied in

Finland in the 1970s by Lehtimaki and in the 1984 uoma. In a 1984 article, Luoma
summarized the findings as follows:
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- In general, the number of accidents near roadsidertisements has not been
observed to be higher than at reference sitesgtiwithout advertisements).

- The negative effects of advertisements are \@sibblaccident statistics if they
are focused on intersections.

- The effects of advertisements are apparent wredbehavior, but the effects
measured under normal traffic conditions are small.

- Advertisements distract the detection of tradiigns and possibly also other
objects relevant to the driver’s task.

The last conclusion above was based on similaftsesbtained from both real world
observation (under normal traffic conditions) arglraulation study (under high
workload conditions). The authors surmise that ‘ieféects visible in a normal

situation may in exceptional situations becomeifgant from the standpoint of safety
(p-11), but Luoma predicted that the similar outesrfrom these two studies would not
be accepted as sufficiently conclusive that it wWildebd to clear-cut measures of control.

In a later study, Luoma (1988) studied drivers’ ey@&ements and responses to a survey
in the vicinity of different kinds of observed obfs. The results indicated that “drivers
looked at roadside advertisements for a long tiomegared to traffic signs” (p.10). These
results suggested that the information presentéoeimdvertisements could not be
perceived quickly or easily.

The authors reviewed a small number of other sgydied summarized them as follows:

- The Federal Highway Administration study of 200H{¥A, 2001) “did not
include clear conclusions on the effects of roaglsidvertisements on road
safety” (p. 11).

- A study by Boersema et al. (1989) found that, i#ilavay station, “object
recognition slowed as the number of advertisemiacteased” (p. 11).

- Astudy by Lee et al. (2003) concluded that roaglsidvertisements do not
change driver behavior. “However, their conclus®nontradictory to the
results, since there were differences betweena$dts near the
advertisements and the reference sites.” In aaditibe test setup apparently
was unsuitable and insensitive... and the analyseyeimovements
compared average focusing of vision to the righihtie and left, which hardly
indicates the effects of advertisements situateditberent sides of the road”

(p-11).
From their review of earlier work in this field tla@ithors suggest research strategies that

might be most successful in the future. They belignat accident studies, driver
interviews and questionnaires are not sufficieatigsitive to measure the possible effects
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of billboards on road safety. They also dismis®fatory tests and simulator studies
because they doubt that such studies will prodtroager evidence than those that have
been previously undertaken. Another approach, irglexperimental field research
with test drivers is not recommended, in part beealata collection is time-consuming
and expensive. Instead, these authors believehtahost promising research
methodology for studying the potential impact cddside advertising on traffic safety is
by measuring the behavior of normal traffic withaterfering with the traffic in any
way. (This is what we would call unobtrusive obsgian). They believe that the most
difficult challenge will be to find appropriate nsaes of driver behavior.

The second phase of this project analyzed fatatlents at intersections. We will address
this only briefly. Apparently, the research teawieeved the reports of the “accident
investigation committee” of fatal accidents thatweed in 2000 and 2001. (It is not
known whether this committee reviewed only fatalidents or whether the researchers
chose to examine only that subset of the commgteerk that reviewed only fatals). Of
405 fatal accidents identified by the committee eswdewed by this research team, six
were identified in which it was concluded that adigements were a partial cause. In
those six accidents, there were nine fatalitiestewdinjuries. In four of the six cases, it
was found that the advertisement obstructed thbiNig of traffic on the cross road; in
one case it was concluded that an advertisememachisd the driver’s attention away
from the road; and in the final case it was foumat both factors were present. We are
unable to evaluate the efficacy of this part ofshedy, since we do not know how the
studied accidents were selected, how the reviews ws@nducted, or how the conclusions
were reached.

Smiley, Smahel, and Eizenman, 2004

This study was performed on downtown streets angrlaan expressway in
Toronto, Ontario, Canada. The researchers studiettiters, all drawn from the age
group (25-50 years) with the lowest accident rBig2 movements were recorded as the
participants approached and passed four siteswd#do advertising signs (three on local
streets and one on the expressway) and, with ttepéion of the expressway location,
the same sites in the opposite direction, whereitheo signs were not visible.

The authors found that 76% of all glances captwe made looking ahead at traffic,
whereas drivers glanced at the video signs on 45%emccasions when such signs were
present. Glances at outdoor advertising signsydet the video signs, amounted to only
1.2% of total glances. The mean glance durationrs wenerally between 1/5 and 3/5
seconds. The distributions of glances and glancatidns were similar for the video sign
and non-sign approaches. Approximately one-foufrth® glances at video signs were
greater in duration than 0.75 seconds, a valuetwthie authors consider to be of concern
because this represents the minimum required pgocegeaction time (PRT) to a

slowing vehicle ahead. Although some glances ao/glgns were made with short
headways to the vehicle ahead (one second or Edajge angles (up to 31°) off the line
of sight, and for long durations (as long as 1&dbads) there was no evidence that these
glances compromised the drivers’ recognition oeptal conflicts with pedestrians or
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bicyclists, and no evidence that the glances atitheo signs reduced the proportion of
glances at traffic signs or signals.

The authors caution that only a small number ofestib participated in the study, that
these subjects were drawn from the safest age @rdyévers, and that the subjects knew
they were being observed and their glances recofdexidition, the four video signs
differed from each other in characteristics suchias, height above grade, proximity to
the road edge, sight and legibility distance, dreddomplexity (or clutter) of the visual
environment in which they were located. Althougl figns’ sizes are not presented, the
figures in the report suggest that the video sigee quite small in comparison to others
that are in growing use. Finally, the authors rédean earlier study that found that a
video sign in the drivers’ line of sight and vigldbr an extended period was “very
distracting” (p.83). That study (Beijer, 2002) isaissed above.

Beijer, Smiley, & Eizenman, M., 2004

This study evaluated eye glances toward four dffetypes of roadside
advertising signs through the use of eye moveneadrdings as subjects drove along an
urban expressway in Toronto, Ontario, Canada. ®hd was a six lane elevated
expressway in downtown Toronto with a speed lilB® km/h and a prevailing traffic
speed of 90-95 km/h. The study was conducted betd@eAM and 2 PM, when traffic
flows were described as “medium to light.” Drivevere exposed to 37 outdoor
advertising signs, on both sides of the road. Altot 25 drivers participated, and ranged
in age from 25-50 with a minimum of five years oivthg experience. Subjects were
classified as familiar or unfamiliar based on thgior frequency of using this route.
Three dependent measures were analyzed based ugaew of the real-time
videotapes of the drives with eye glance data smpe&sed — average glance duration,
maximum glance duration, and number of glancesh Bathese measures was
calculated for each of the 37 signs.

Four types of signs were present among the 37 ememd. These included: fixed
billboards (N=18); Video signs (N=5), Roller Bagss (apparently similar to Tri-vision
[N=2]), and Scrolling Text signs (apparently lamptnx signs, some inset within larger
fixed billboard faces and some independent [N=12§p)m these descriptions, it seems
that there were no LED-driven digital signs in tsigdy, the type of sign increasingly
common in the U.S., and of principal interest ia giesent report.

As an indication of just how important it is to éakote of individual differences, the
authors reported that one subject made a totéreétglances for all 37 signs, and
another made 87 such glances.

The active (all but billboard) signs consistentgeived longer glance durations and a
greater than average percentage of total and l@mgegs, whereas the billboard signs
received fewer than average such glances. Andywadththere were no significant
differences in either average glance duration otimam glance duration for the
different sign types, the billboards received digantly fewer glances than any of the
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other three sign types. This suggests that driatended to the active signs longer,
possibly in anticipation of the next message tptesented. With a fixed billboard, of
course, the message will not change as a drivepapbpes it.

When only long-duration glances were considereds@ghHonger than 0.75 second), the
authors found that 22% of the total glances wethiscategory. Of these 194 cases, five
(20%) lasted for longer than two seconds. The astbrpress concern that long glances
can pose a serious hazard in close following sdoat Since 22 of the 25 subjects made
at least one long glance at an advertising signatithors conclude that “distraction ...
was not just an isolated incidence.”

The authors compared their findings to several gptasties that found that distraction

from advertising signs was no greater than othadsmle distracters studied, and they
conclude that these other studies did not considiére signs as a separate category. The
authors suggest that their results demonstratetitia®e signs may result in greater
distraction than past studies of the effects of mantial signing might indicate.

The number of glances per sign per subject sholhedreatest sensitivity to sign
characteristics. The three active sign types recksignificantly more glances per sign
than did the fixed (billboard) signs. The authdtslaute this finding to the knowledge
that “human visual systems have evolved to be Beaso0 movement in the periphery”
(p.6). They postulate that another possible catife@finding is that the fixed

billboards, being an older and cheaper technology have been located in less
prominent locations than the active signs. In teéforts to explain why roller bar signs
captured so many glances when they are esserfti@ty signs that are active only during
the period of transition from one message to the, ilee authors cite anecdotal data from
individuals who “say they anticipate and watchtfo change to a new
message/advertisement” (p.7) on such signs.

The authors’ analysis of the angle of glance dadécates that proximity to the central
axis of a driver’s vision, rather than actual distafrom the driver’'s eye, was a major
factor affecting the attention given to a sign.

From the photographs accompanying the publishédegrit appears as if the
measurement of angular displacement from the dsiVi@e of sight understates the true
angle. Whereas one would expect zero degreesdbdmed straight ahead of the driver
and within the vehicle’s lane of travel, the viegiangle designated as zero degrees
appears to actually shift out of the driver’s lanehe side of the road. This would have
the effect of understating the actual angular demnarom line of sight to a given sign.

The authors stated that the signs studied “weref @lsimilar size when viewed and
measured in a video taken prior to the study.” Fegly however, suggests that this was
not the case. Further, some signs were consideciddgr to the road edge than others,
suggesting that perceived size also must haveréiffd o the extent that size of a sign
(and the consequent size of the largest imagelavacters that may be displayed on it)
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might relate to the number and duration of glamasde to it, further explanation would
be needed.

The authors did not identify or measure brightneskr, or contrast of the different
signs, or indicate how the fidelity of the displdyienages compared. While these
characteristics might be considered more impodéanight or in inclement weather, and
this study was conducted only during daylight hpatgeh sign characteristics
nonetheless might have contributed to observedreifices in glance response.

As discussed above, the authors found that lorigecgs were consistently made to the
three types of “active” signs than to the fixeddmhrds. This suggests that the study
participants were distracted by such signs for ésmgriods, possibly due to anticipation
of the next message to be presented, a conditadrdtes not exist with fixed billboards.
The implication for digital signs is that the slawrthe period of time for which a given
message is presented, and thus the more likedythigit a given approaching driver will
see one or more message changes, the more likelghdt a driver will glance at such a
sign for a longer period in anticipation of the hmessage to be displayed. Further,
digital billboards display some characteristichboth fixed, traditional billboards and the
types of active signs examined here. For exampdggital billboard may display a fixed
image to any particular approaching driver, buteseling upon its message cycle time, a
driver may see one or more different displayshia way, it is not unlike the roller signs
discussed in this study, and, depending upon s$@ali duration and change interval,
digital signs may attract the same kind of atteng@pressed by some of the respondents
in this study. Finally, a digital billboard is liketo possess image brightness, color,
contrast, and image fidelity far higher than thatiaved by any of the four sign types
examined by the authors in this study. While thplications of these technological
advances suggest that digital billboards would beeneffective at capturing attention,
this remains an empirical question.

Smiley, A., Persaud, B., Bahar, G., Mollett, C., Ly on, C., Smahel,
T., & Kelman, W.L., 2005

After a previous study raised concerns about theber and duration of glances
made to video advertising signs along an expresswagronto, Ontario, Canada, the
City government requested this follow-up studyntiuded five components:

1. Drivers’ eye movements were recorded as theyedpast video advertising
signs at three downtown intersections and alongrban expressway. Several
guestions were addressed, including: Do driverk &iosideo advertising signs; if
so how often and for how long? Do these glancesecainthe expense of glances
at traffic related targets?

2. Traffic conflicts were analyzed at two of théeirsections, comparing the
approach where video signs were visible to the @gagr where they were not.
The question addressed was: Is there an increasflicts (that might indicate a
lower level of safety) on approaches where vidgasivere visible?
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3. Traffic speeds and headways were measured arrlthe expressway before
and after the installation of the video sign andaarontrol section in which no
video sign existed. This addressed the questiovhether speed variance and
short headways increased in the presence of tle® &ign.

4. Crash data were collected at the three intagsecand one expressway
location before and after the installation of tideo sign to address the question
of whether the presence of the video sign was lade@ with changes in crash
patterns.

5. The public was surveyed at the three downtowersections to learn about
public perception of video signs’ effect on traféiafety.

Sixteen test subjects, aged 25-50 years, partedpatStudy 1. The study was conducted
in the summer months, during dry, daytime condgjdretween 1-4 PM. Data included
recordings from 69 intersection approaches anaeeivay approaches. The overall
findings are as follows:

1. Eye Fixations. All of the video signs attractgtention; the probability of a driver’s
looking at such a sign upon approach to it wasin&®o. (This compares to
percentages of time looking at official traffic 88(76%), traffic signals and streets signs
(7%), and pedestrians who did not threaten confi¢t). The average glance duration
was 0.5 second, similar to glance lengths for @firaffic signs, although one-fifth of

the video sign glances lasted longer than 0.75mek@nd some lasted as long as 1.47
seconds. Since the generally recognized rangemhmam perception-reacting time
(PRT) of a driver to slowing traffic ahead is 0f851L.5 seconds, glances of 0.75 seconds
or longer were considered by the authors to befan8a&out 38% of glances at the video
billboards were made when headways were one sexdeds and 25% took place when
the signs were more than 20° off the line-of-sig¢fntse, too, were considered to be
unsafe acts. The authors note, however, that gtaaicgtatic billboards and bus shelter
ads were made at even greater angles and shoatwags. No evidence was found that
glances at the video signs reduced the proportigtances at traffic control devices,
although this data is not reported.

The authors discuss the one intersection videotbkiginwas the most distracting as
measured both by the percentage of subjects whedtbat it and the total number of
glances made to it. Surprisingly, this sign wasgblésfor less time than the others studied,
was smaller than the other intersection signs,masnted lower (closer to the driver’s
line of sight), and was in a less cluttered enviment, making it more conspicuous. It
was also farther from the driver’s line of sighaththe other intersection signs. The
authors describe it as having “less entertainirayitent, although they do not discuss any
of the characteristics of its imagery such asiitghtness, resolution or contrast. One
possible explanation for this seeming inconsisteraybest be explained by a
comparison of the distracting effects of in-vehid&ices (e.g. entertainment systems) to
external-to-vehicle sources (such as the DBBstef@st in this paper). As discussed
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elsewhere in the present report, one key differéetereen these two types of distracters
is that, to a large extent, a driver may choosenvibalivert his attention from the
roadside to engage with in-vehicle devices, butatéend to the external distracters only
when these are visible to him. In other wordshé& momentary task demands on a driver
are high, that driver may postpone (or ceaserdaaly begun) his interaction with the
non-essential in-vehicle technology. But a billlhalectronic or not, is in a fixed
position and, like a call to a driver's mobile pleothe distraction occurs independent of
the momentary degree of demand on the driver asigines approached. If that billboard
is highly attention getting or highly salient talaver, that driver does not have the
luxury of postponing his gaze at the sign; the winaf opportunity to view the sign is,

in essence, “now or never.” And, as reported byl&nand her colleagues (2004), some
drivers will divert their attention from the roadrflong periods of timeespitethe task
demands that they may be facing. Applying this aggako the unexpected results found
for this particular video sign, it is possible tlgitvers paid more attention to this sign
precisely because it was visible to them for lesg than the other video signs studied,
and therefore provided approaching drivers with@ter window of opportunity to

attend to it once it had captured their attention.

2. Conflicts. The authors looked at the video apphes to two of the intersections to
evaluate whether traffic conflicts increased. Ciotdlmay be seen as indicators of
potential crashes, and are increasingly used Iffyjcteafety researchers as surrogates for
actual crashes. Conflicts typically examine thelkiof behaviors that are thought to
contribute to crashes. In this study, the authmoged at: braking without cause,
unwarranted lane deviations, and delayed startrugreen. For five of the six sets of
observations (three types of conflicts x two difielrintersections), no significant
differences were found between the video and ndeevapproaches. However, at one of
the intersections, the authors reported a stalibtisignificant increase of drivers who
applied their brakes without cause on the videag@ah. Since the authors chose
intersections that had comparable speeds, geosyednd pedestrian activity for the two
approaches, they state: “the only reason that doeiidund for increased braking ... was
the presence of the video sign” (p. 108).

3. Headway and Speed. Headways and speeds wessat$er the single video sign
located on the freeway. Data for these measuresasred from in-road traffic
detectors in both northbound (sign visible) andiisbound (sign not visible) directions.
The results were inconsistent and inconclusive.

4. Crashes. For the three urban intersectiond,d@sahes, injury crashes, and rear-end
crashes were studied. Crashes were studied beafdrafter the video signs were erected,
and in both the sign visible and sign not visiblections. In the aggregate, there was a
non-significant increase in injury crashes and-g¥at crashes in the video approaches, as
well as a negligible increase in total crashes. Wthe three intersections were evaluated
individually, two demonstrated increases in botlaltand rear-end crashes; the third
showed a non-significant decrease in such cra3imesauthors state that the lack of
statistical significance may be due to the smathbers of crashes identified. For the
freeway environment, crash data on the video agprasere compared to crash data for
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three different non-video approaches, one of winak deemed the most comparable
segment. On this comparison, the authors repogglgible increase in injury collision
crash frequencies on the video approach.

5. Public surveys. A total of 152 persons were syed at the three studied intersections.
65% of the respondents felt that video advertisiggs had a negative effect; 59% said
that, as a driver, their attention is drawn to ssigins, and 49% of those felt that such
signs had a negative effect on traffic safety. dtthors were surprised to learn that a
large number (9 out of the 152 respondents) sthtdhey personally had experienced
near-crashes, and two had experienced actual nelacrashes that they associated with
video advertising signs. 86% of the respondentgeastgd that restrictions should be
placed on such signs; especially location restmati(not on highways and not at
intersections) and restrictions on brightness keaéhight.

In discussing their results, the authors pointrt@arlier study (Beijer, 2002), discussed
earlier in this section, that evaluated a videceatilsing sign along a different highway in
Toronto, and produced dramatically different resulthe earlier study found five times
the number of glances per subject than did theeptegudy, and three times the glance
duration. The authors attribute these differenodbée longer sight distance available for
the sign previously studied, the uninterrupted viand the location of this sign on a
curve so that it appeared close to the center afppnoaching driver’s line of sight.

From the single figure included with the reporgpipears that the video signs at the three
urban intersections were rather small and inconspis (sign sizes and dimensional
relationships to the roadway are not given). Evigrrgthe constraints of image
reproduction in the published paper, the exemplossign shown was difficult to
identify without a circle drawn around it by thetlaors. In fact, several much larger and
more prominent advertising signs were visible & pinotograph — signs that were not
included in the study. It is not known whether slubject video sign shown in the
photograph, and the complex urban environment iichwit appears, was representative
of all three intersections studied, but at thigiséction, at least, it is possible that the
presence of larger and more distracting signs ntigkie competed with the studied video
sign for an approaching driver’s attention.

The single freeway sign studied is described astiyecommercial sign visible to
northbound traffic. It is further stated that threvdr’s view of this sign is intermittently
obstructed by buildings and overpasses, and tkdtdbt visibility occurs during a 5-7
second period before the driver passes the sighoAgh data is provided to indicate
visibility and legibility distances to each sigmg imdication or operational definition is
provided as to how these distances were determ{@@zen the continuously changing
nature of images on a video display, legibilitytdiece would likely vary with changes in
the displayed font and letter sizes). In additibwe, visibility and legibility distances for
the freeway sign excluded times when the sign vibasured from view upon approach,
thus suggesting that these distances were discanti It is not known how this
discontinuity might have impacted drivers’ effottsview and read the sign as they
approached and passed it.
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The authors selected their three urban intersestimbe similar in speeds, pedestrian
activities, and geometry for the video and non-gidpproach to each. However, this
study was conducted in an urban area, and if Fifjuseepresentative of the types of
intersections studied, there were likely many npoeential differences in the built
environment that might have contributed to différériver behavior (at the detailed
performance levels measured) independent of whetiadr drivers could or could not see
video signs as they approached the studied intiswesc This serves as an indication that
caution is required when collecting performancedathe real world, because it is
rarely possible to recognize, no less controlpafisible variables that could have a
meaningful effect on performance.

The choice of traffic conflict measures to studglisays somewhat subjective. Of the
three measures used by these authors, one migstiauevhether other behaviors might
have proven more sensitive, or whether the measti@sen might have been
confounded by factors unrelated to the video sigrder study but more related to
characteristics of the urban environment.

Regarding crashes, although statistical signifieamas achieved in only one measure
(rear-end crashes at two of the three intersectiotise video approach), seven out of the
nine measures taken demonstrated higher numberasifes for the video than for the
non-video approaches. While these data may poitfiet@ontribution of such crashes by
the presence of video signs (the lack of signifosawas attributed by the authors to small
data sample sizes), they also point to the diffycaf using crash statistics to study
causation. There are many reasons for this. Fanpba the authors provide no
information about how the crash data were repodbtiined, or analyzed. They indicate
that they reevaluated one of the intersectionsusecthey believed that, due to the
placement of the video sign on this one approadheid might have seen it earlier than
in other cases, and the authors felt that theyeukém adjust the location at which they
began to collect crash data. While this did nongeathe results, it suggests just how
many subtle and non-controllable factors may infeescrash data analysis. Similarly, for
the freeway crash analysis, the authors foundfitdit to identify comparable sections
for the video and non-video approaches. Differemec@sadway geometries, driver task
demands, and other factors all contribute to tffecdity in interpretation of their

findings.

Although the authors provide little information aibdhe actual questions asked, the
results of their public survey suggest that dri\aard pedestrians are concerned about the
safety impacts of video advertising signs, partidylat intersections and on highways,
and about excessive brightness at night. Althowgih $indings are clearly subjective, a
more complete description of the questions andoresgs would have assisted the reader
in gaining more insight into the respondents’ opirs.

The authors, during a brief discussion of the tesefl an earlier study conducted with a

different video sign on a different Toronto areghway, highlight the difficulties facing
researchers’ abilities to conduct definitive stgdié this subject. They state: “Clearly,
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some video signs are more distracting than oth&vile this would appear obvious, it
carries with it the concern that there can be me"size fits all” solution with regard to
sign design or operation or with the regulation aaudtrol of such signs. It does remind
us, however, that there are certain characterisfisggn design, operation, and placement
that can be generally understood to contribute¢atgr distraction and inattention, and
that sign operators as well as highway authorgfesuld concentrate on these factors in
their efforts to ensure the highest levels of tcadbfety in the presence of roadside
advertising signs.

It bears repeating that this study evaluated digatsdisplay full-motion, real-time video,
something that is prohibited on most billboard¢hia U.S. although, not, significantly, on
on-premise signs. Whereas video advertising migheéxpecteda priori, to be more
distracting than fixed message signs, the manybkas involved in sign design,
operation, and location, make this an empiricalkstjoa.

The conduct of well controlled, objective studieghis field is notably difficult; it is
nearly impossible to find any published study withmethodological, analytical or
statistical flaws, and devoid of the kinds of realrld variability that makes each sign
location different, and contributes to the challed conducting definitive research. This
study is notable because it includes several differesearch approaches, including:
driver eye movements, traffic flow as measuredpgmesl and headway data, conflicts and
crashes, and public opinion. Nonetheless the asiidentify several aspects of their
study that, because of sample size limitationgjwa@g geometry incompatibilities, urban
environment differences, and even sign size, plac¢m@nd display properties, made
comparisons difficult.

Even though non-video digital billboards were notdged or addressed, several of the
findings suggest issues to consider when addrefisengotential safety implications of
such DBBs. Long sight distances, horizontal curaesl, proximity to the road shoulder
all suggest higher levels of concern for safetyd@signs at intersections and those that
are bright at night. These findings are consistétit results obtained in studies dating
back more than 50 years.

This study, as is true for most such investigatioosk place during dry weather in
daylight conditions, in which driving task demarade likely to be lower than might have
been found in the same settings at night or iremeint weather. During daylight
conditions, even the brightest signs do not “stauti from their surroundings as the
same signs might do at night and in poor visibitibnditions. Since many of the
complaints about digital billboards concern theght-time brightness levels (especially
when compared to their surroundings), and sindenment weather adds to the driver’s
cognitive demands, it would be worthwhile to condesearch into the safety aspects of
these signs under such “worst case’ conditionggesihat is what highway designers,
traffic engineers, and human factors experts, mesign for.
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Klauer, Neale, Dingus, Ramsey, & Sudweeks, 2005

This paper, one of several to emerge from theelaale project known as the
“100-Car Naturalistic Driving Study,” provides pirainary information about the role of
driver inattention in crashes and near-crashes.

The authors discuss the generic limitations of rhastan factors and traffic safety
research that rely upon epidemiological (crashd datexperimental approaches (e.g.
simulation, instrumented vehicles); specificallgttsuch studies cannot provide a direct
linkage between the types and extent of distracimha resultant crash or near-crash.
Epidemiological studies are constrained by thet@ohiextent and detail of information
contained in post-hoc police accident reports whichurn, are limited by the
truthfulness or recall of an involved driver, anddmonstraints of police time, training,

and departmental policies; whereas experimentdiesiare often limited by restricted
sample sizes, an inability to control for extranewariables, and a necessary reliance on
surrogate measures of crash risk, such as speddrandariation, hard braking, and
steering reversals. The 100-Car Study, in conteagtipped that number of vehicles with
sophisticated and unobtrusive instrumentation pgekaand placed them in the hands of
volunteer drivers for months at a time. These dsweere to use the vehicles however,
whenever, and wherever they wished, without comgrand without the presence of an
investigator or observer in the vehicle at any tiData captured by the vehicle’s hidden
instruments was uploaded periodically to remote maters when the vehicle was parked.
With these controls in place, the 100-Car Study timetresearchers’ operational
definition of naturalistic: “Unobtrusive observatioObservation of behavior taking place
in its natural setting” (Klauer, et. al., 2006a\p. Of course, this naturalistic method has
disadvantages of its own; primary among them isrihbility of the researcher to control
potentially important variables that may influerthe behavior of the participants. As one
example, it is unlikely that all participants walss the same billboard under similar
road, traffic, and weather conditions, or that sdatiers will be in a similar state of
health or alertness at the time.

The results of this phase of the larger study shilotvat 78% of all crashes and 65% of

all near crashes listed driver inattention/distacas a contributing factor, a much larger
contributor, by a factor of three, than previousegch had suggested. (Crash database
research, for example, suggests that distractiarfastor in approximately 26% of
crashes). The authors conclude that the 100-CalyStwvides the firstlirect link (i.e.
without reliance on surrogate measures) betwedradign/inattention and crash
causation. Because of the enormous volume offdatathe study, it will be left to

future analysis to determine the types of inattantnost highly associated with crash

risk, as well as specific characteristics of inatiten events such as long glance durations,
following too closely, environmental factors, etc.

Klauer, S.G., Dingus, T.A., Neale, V.L., Sudweeks, J.D. &
Ramsey, D.J., 2006a.

This is one report of several that have been ptedeand/or published from the
“100 car naturalistic driving study.” This semirsalidy, and the data that it has
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generated, has become a landmark in the assessfmeatl safety and driver behavior,
made possible by advanced, miniaturized data reaptdchnologies that have only
recently become widely available. (As this is veritt preparation is underway for a
greatly expanded follow-up study using this methodg). The authors describe a
naturalisticstudy generally as one of unobtrusive observatfairigers in vehicles, in
which their behavior is observed (by video cameaas) recorded (by multiple
instruments) as they drive normally over an extdmuEriod of time. Although the
cameras and recording devices were discretely redumithin each of the 100 vehicles
driven, these studies are not completely “unobirisin the classical definition of
behavioral studies, because the volunteer drivers aware of their existence.
Nonetheless, the study participants used theselesidaily for their normal routines,
over a period of 18 months, and clearly paid lisiteention to the presence of the onboard
recording equipment over time.

This particular project report focused exclusivefydriver inattention and its
contribution to incidents including crashes, ne@ashes and conflicts. Data from crashes
and near-crashes were grouped together becauas fownd that the “kinematic
signatures” of each were similar, and using botkieskto increase the statistical power
of the analysis. The data used for analysis wasntakrectly from the measurement of
driver inattention in the five second period imnadiy prior to a crash or near-crash.
For purposes of this study, the authors definededinattention as one of four different
behaviors: (a) driver involvement in secondary sa@le. tasks irrelevant to the primary
driving task); (b) drowsiness; (c) driving-relateettention to the forward roadway; and
(d) non-specific eye glance away from the forwaradway. We have some concerns
with the authors’ operational definition of inattiem, for several reasons. First, their
definition differs somewhat from definitions of ttention used in other studies. For
example, there is no behavior identified here thigiht be considered “daydreaming”
(difficult as that might be to identify), yet thastivity is often considered to be a type of
inattention. On the other hand, most definitiondisfractionidentify it as a type of
inattention that is triggered by some specific éwaractivity — thus the involvement in
secondary tasks, considered inattention here, niglecbnsidered distraction elsewhere.
Finally, the behavior called “driving-related irextion to the forward roadway,” is often
considered to be a positive, or appropriate bemaasdiscussed below. We also note
that some of the same authors, in another repart the 100 car study, use the term
distraction interchangeably with inattention (Klauet al, 2005).

Among the principal findings were that driving waidirowsy increased a driver’'s near-
crash/crash risk by four to six times over the basgand engaging in secondary tasks
increased this risk by two times for “moderate”’@®iary tasks, and by three times for
“complex” secondary tasks. These findings, of seuare not directly relevant to a study
of distraction from roadside billboards, but arpaged here because they are
representative of behaviors often associated witteddistraction. The study further
found that “driving-related inattention to the faw roadway” wasaferthan normal
driving — but when this behavior is defined, thigding becomes more plausible. This
behavior was characterized by the experimenteirschgling actions such as checking
the rear-view mirror, side view mirrors, vehiclstiruments, and other traffic through the
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vehicle’s side windows or the sides of the windghiéAs the authors state: “drivers who
are checking their rear-view mirrors are generalyt and engaging in environmental
scanning behavior” (p.x). Thus, it is somewhat piagzthat the authors chose to include
these behaviors together with other distracters.

Little discussion is provided for the category adshinterest to the question of roadside
billboards as sources of distraction. Indeed, @rtbomprehensive listing of all sources
of distraction that were categorized in the stuali@ientified under “secondary tasks” in
Appendix A), there are five behaviors identifieddenthe heading of “external
distraction.” These include specific items (preshin&asily identified from the video
logs) such as looking at a previous crash or highwadent, looking at a pedestrian or
animal outside the vehicle, or looking at a corngtam zone. There is only one, non-
specific, behavior included in this category thagminclude roadside billboards. This is
described as: “driver is looking out of the vehiatean object of interest that may or may
not pose a safety hazard. Objects may or may nut the forward roadway” (p.134). No
further description is provided for this fourth egbry of distracters.

The findings demonstrated that drowsy driving wastributing factor in 22-24 percent
of crashes and near-crashes during the study hatdécondary-task distraction
contributed to more than 22 percent of all cragtrebnear-crashes. In total, the study
found that inattention contributes to more tharpdkcent of all crashes and near-crashes
that occur in an urban environment. Specific figgifor individual secondary task types
identified the following categories as indicatinthggher individual near-crash/crash risk
when a driver engages in these activities.” Thegeific secondary task types were:
“reaching for a moving object, looking at an ex&robject (i.e., long glance), reading,
applying makeup, dialing a hand-held device, anohga(p.34).

This report, part of a much larger study, is corhpresive and data rich. It provides a
breakthrough in research methodology that overcamaeyy of the limitations of
previous research. It is, however, time consumimdjexpensive to conduct, necessarily
limited in the number of subjects who can partitedaecause of the costs and
commitments involved, and it presents an enormousuat of data that can provide
nuanced results but can be difficult and time camag to reduce and evaluate.

With regard to the potential for distraction fronBBs, the authors report one finding of
direct relevance. They state:

The analysis of eyeglance behavior indicates titat eyes-off-road durations of
greater than 2 seconds significantly increasedrziddal near-crash/crash risk
whereas eyeglance durations less than 2 secona®dsignificantly increase risk
relative to normal, baseline driving. The purposhibd an eyeglance away from
the roadway is important to consider. An eyeglatioected at a rear-view mirror
is a safety-enhancing activity in the larger cohtehdriving while eyeglances at
objects inside the vehicle are not safety-enhanding important to remember
that scanning the driving environment is an adtitlitat enhances safety as long
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as it is systematic and the drivers’ eyes retutihédforward view in under 2
seconds (p. xi).

If we substitute the termigital billboardsfor the termobjects inside the vehicie the
guote immediately above, we can readily see thearonabout the potential attention
getting properties of DBBs. In addition, if we kgito bear Wierwille’s empirically
derived limit of 1.6 seconds eyes-off-road time éWiille, 1993), reported in Horrey and
Wickens (2007), we begin to identify the upper tiofia tolerable level of distraction
when looking at DBBs. Adding in the eyes-off-roadue of 0.75 second proposed by
Smiley and her colleagues (Smiley, Smahel, & Eiz&mn2004; Beijer, Smiley, &
Eizenman, 2004) we have perhaps identified the i@mnd upper bounds atceptable
limits of driver distraction from their principa$k. When we couple this range of values
with a statistical approach that looks at the tailthe distribution instead of, or in
addition to, the means, as suggested by Horrey\nkiens (2007), and discussed
below, we may now have, subject to validationhketriterion measure of driver
distraction to DBBs and an approach to analyzingigoal data against this criterion.

SWOV Institute for Road Safety Research, 2006

The impetus for this study was a controversy enlBlutch town of Ede. In 2002,
seven “life-size” advertising billboards were attad to the facade of a cinema building
adjacent to a motorway in this town. The Directer@eneral for Public Works and
Water Management determined that these billboasisadted passing drivers and thus
could have an adverse effect on road safety. Thesagency asked the town to prohibit
them. At the request of both the town and the egethe research organization TNO
investigated the distraction. Four experts conautiat seven billboards were too many,
and that drivers had to look away from the roadliserve them. They also opined that
drivers could choose to ignore the billboards. Tatlvised the town to allow a maximum
of two billboards, each containing limited infornoat. However, the town granted a
permit for all seven. Because this was not an iedlaxample of questions posed to
SWOV about the distracting effect of billboards tirganization undertook this effort to
examine the issues and report the results.

The authors begin by stating that the answer tali$teaction question is not
straightforward, and that it is made more complegaduse even official roadway
information signs can distract motorists from ttdiving task and thus negatively
influence road safety — even though such signg exgive drivers information intended
to improve road safety. The authors write that kaathertising and information along the
road are intended to draw the attention of passiigrs, thus leading them to shift their
attention away from the road and traffic. The diéfece between these two types of
distracters, however, is that roadside informafafficial traffic signs and signals)
“guides the drivers’ attention to traffic relevanatters” whereas advertising does not.
Therefore, they conclude, it is logical to expetextising billboards to increase the
crash rate.
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The report reviews the work of several recent awgthiacluding Wallace (2003), Smiley
and her colleagues (2005), and Tantala & Tant@l@%2 They summarize these studies
by saying that the first two studies found a negaéffect of advertising signs at busy
intersections and at places where advertising sigght have a similar design or color to
traffic control devices; the latter two studiesridunocausalrelationship between the
signs studied and crashes. Their review of a syd@rundall, et al. (2006) indicated that
billboards at eye level captured the attentionrofedts both longer and more frequently
than billboards elevated three meters above the sogace, particularly for drivers who
were given the task of identifying dangerous siaret. The SWOV conclusion was:
“Precisely in a dangerous situation it is importimtthe driver to have his attention on
the road; an advertising billboard can slow theel's reaction time, which increases the
chance of a crash” (p.2).

They further cite work in Dutch by Wildervanck (18vho looked at the alerting effect
of billboards when placed along a straight and dedenotorway in a monotonous
environment, where the driving task is boring anderstimulating. Here, according to
Wildervanck, the distraction caused by a billboavaly have the effect of increasing
arousal.

The authors summarize the Dutch regulations onaautddvertising control. In essence,
the Ministry of Transport has authority to regulbai#boards only within the national
road network. In other cases, complete authorgtsrevith the cognizant province or
municipality. After providing examples of the code®l regulations in representative
areas of the country, the report suggests futweareh that may be undertaken.

If crash studies are performed, they should bamfd-scale and long duration since such
studies are very complicated methodologically. Theggest several possible ways to
carry out observational and behavioral researcke i©to present two groups of subjects
with photographs of the roadside, some with, amdeswithout, billboards. These
subjects would be tasked with finding somethingveaht to traffic. Measurements of
reaction time would give an indication of the degoé distraction. A second type of
study would show moving images in a driving simaitathe benefit here, the authors
report, is that actual changes in driving behagarld be measured. Finally, field
experiments could be conducted using instrumengbdties.

In conclusion, the authors restate that both atbiregtand information billboards along
the road are intended to draw the driver’s attentemd this could cause diminished
attention to the driving task. This diminished atien could result in more crashes near
such billboards. The difference between these yed of billboards is that advertising
is irrelevant to the driving task whereas inforraatsigns are not. Previous studies have
suffered from methodological problems, thus premgnthem from reaching reliable
(valid) conclusions. It is therefore advisable toatiditional research.

They suggest, based upon the strongest findings [ast research, that it is better not to

place billboards at busy traffic spots, and thbbards should not resemble traffic signs
or other traffic indicators. Further, blinking ambving objects have proven to be
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difficult to ignore, and thus dynamic billboard®alf-advised. In the past, different levels
of government have employed their own guidelinegtie placement of billboards along
the roadside; unambiguous guidelines are advisable.

This report summarizes and extrapolates from pasearch, most of which has been
discussed in greater detail elsewhere. As miglexdpected from such a summary, the
report reinforces some of the stronger, more ctargipoints made in several studies —
billboards should not be placed near challengiragl rgettings, especially at or near
intersections, and should not resemble officidfitraigns in pattern or color. Further,
dynamic signs which display motion or include mayparts should not be permitted.

However, while it acknowledges the weaknesses sif gecident studies and recognizes
the difficulties of conducting such studies in theure, the report makes some
guestionable suggestions about methods for perfayfoiture research. The three types
of studies suggested have all been attempted ipasie some with greater success than
others, but all suffering from some degree of mettagical weakness that causes
concern about the validity of their findings. Byléaving the suggestions for future
research contained in this report, it is possibé some of these past weaknesses will be
repeated.

Because this was primarily a report to summarizkiaterpret the results of other
research and to apply it to the Dutch experieneeadlevance of this study to our concern
about DBBs in the United States is somewhat low.example, there is no discussion of
brightness, display technologies, or message chatgwals, and so it offers little
applicability to issues related to digital billbdar Nonetheless, this report reaches similar
conclusions to other studies in its recommendatioras/oid placing billboards near
intersections or what the authors call “busy tcajpots,” to avoid dynamic or moving
billboards, and to prohibit billboards that maydmafused with official traffic signs or
signals. One principal contribution of this repigrits discussion of the billboard
regulatory policies in The Netherlands, which mayuseful for comparison with policies
in other countries and their local jurisdictions.

Road Safety Committee, 2006

In 2005, the Road Safety Committee of the Parli#roéVictoria, Australia was
tasked with investigating all aspects of drivetrdistion and producing a series of
recommendations to the Parliament for dealing itk growing concern. Their
comprehensive report was published in 2006. Thertguldressed: methods to define
and measure distraction, sources of distractiovs End enforcement issues, vehicles of
the future, and long range approaches to addregztiblem. One chapter addressed
“road signs and advertising,” and that is the foolthis review. It should be noted that
this was not a research project, but rather a datigm of knowledge obtained from
numerous sources (research, Government reportss fpoups, specific submissions to
the committee’s inquiries, etc.) world-wide. Thpoding of these reviewed sources was
not critical or comprehensive, but was well focusadhe specific topics of concern.
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The report made mention of outdoor advertising anynforms — including signs on
moving vehicles such as those “whose sole purposedarry a mobile sign or billboard”
(p- 108). In their summary reviews of several stadand from correspondence with a
number of individuals, the Committee concluded:

The above evidence illustrates a lack of clear@msistent scientifically-based
conclusions with respect to the effect of billb@aoh driver performance. This
may be due to methodological deficiencies, lackudficiently large or
adequately recorded crash circumstances, or ubkgaperimental
environments (p. 109).

In a separate subsection, the Committee addresseb“signs/electronic billboards.”
Although in the U.S. we have traditionally distingfied between electronic billboards
(which we may refer to as CEVMS, DBBs or EBBs) &ko signs, the Committee
considered video signs and electronic billboardgtieer. During its inquiry, the
Committee received a presentation from ITS Austrabout one particular such sign, and
noted that the Committee itself was aware of atleso other large video-style screens.
Their conclusion was that “these screens (areénathigh end of potential visual
distraction and accordingly, present a risk toehsv (p. 110).

The committee received a presentation from the Manaf Road User Behavior of
VicRoads, who stated, in part:

What we do know is when there is movement involgeath as flicker or
movement in the visual periphery, that this is midkely to capture a driver’s
attention. We actually are hard-wired as humandseio movement, so
particularly moving screens and information thaibls at intersections and in
highly complex driving situations — these are riskyd in particular researchers
have been most concerned about those sorts ofteaivgmaterials (p. 110).

The report provided an extensive summary of twoadam studies (Beijer, et al., 2004,
Smiley, et al., 2004), and reported that, as atre$the findings of these studies, the
Toronto City Council Works Committee introducedeinin guidelines for commercial
advertising next to expressways and placed a nmwatan new video installations.
These two studies are reviewed elsewhere in treept@locument.

At the conclusion of this section of the reporg #uthors note that the use of eye-glance
technology is enabling new research on the posdibteacting effect of road signs and
advertising devices, and suggests that “furtheclemsive studies should be carried out to
develop definitive scientific conclusions” (p. 11They note, however, that some policy
implications are already evident, including: (&g tieed for separate assessment of sign
installations depending on location, (b) that Vields and other governmental agencies at
the municipal level (should) “develop a more cotgsisand stringent approach to the
installation, use and content of scrolling, movargl video-style advertising within and
adjacent to road reserves,” and (c) that any sdebréising sign installations should be
monitored for their effect on safety.
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Finally, the report includes an extensive discussibbout guidelines and practices for
advertising signs. This will be discussed in oyrasate review of guidelines in Section 5
of this report.

Klauer, Sudweeks, Hickman, & Neale, 2006b

This variant of the 100-Car Study concentratedercific unsafe driving
behaviors. The authors provide a succinct and higiddable overview of the
assumptions, equipment, methods and measures d0€€ar Study, and then report, in
detail, about the four specific unsafe behavioas tere found to contribute to crashes
and near-crashes. These behaviors were: drivimgppropriate speeds, driving while
drowsy, driving aggressively, and, the factor adajest interest to the current study,
inattention/distraction, as measured by the drsveyes off the roadway for greater than
two seconds. Under these conditions, the oddsccdsh or near-crash were nearly twice
those when the driver attended to the forward r@gdw

Highlighting some of the limitations of previousearch approaches (particularly post-
hoc, epidemiological crash studies and in-vehiclm&n factors studies) the authors
presented several interesting findings. For exanvghereas previous studies tended to
show that distraction/inattention was a factorppraximately 20% (Treat, et. al., [1979])
to 23% (Hendricks, et. al., [1999]) of crashes,1h8-Car study (Klauer, et al, [2006a])
found that inattention and secondary task engagefgesuped together for analysis)
contributed to nearly 60% of crashes. There areimerelated reasons why these
differences were found. First, the 100-Car Studyaiestrated that the “kinematics” of
crashes and near-crashes were similar; i.e. thejmed comparable levels of driver
emergency actions such as swerving and hard brakimjsecond, of the 69 crashes
recorded in the 100-Car Study, 57, or 83%, weraembdrted to the police. Thus,
research studies that analyze crash data are tikelybstantially underreport the
percentage of crashes attributed to inattentiomédison, both because they are unable to
obtain data on near-crashes (sometimes callednmsaes or traffic conflicts), and
because those crashes that do occur are repometide less than 20% of the time. This
characteristic also suggests that studies that imeanear-crashes as surrogates for actual
crashes can be useful in studies of distractioniaitention. As the authors explain:
“The primary difference between a crash and a oessh is a successful evasive
maneuver. Thus, crashes lead to property damggey,iand possibly death, but near-
crashes do not, even though they have similar ptiegelncluding both ... greatly
improves the statistical precision of the estimaa®sl appears to be a promising
technique for use in future research” (p.11).

Interestingly, despite demonstrating a level oftdbation to crashes from distraction at
rates only about one-third as high as the 100-@afySboth Treat and Hendricks and
their respective colleagues found that driver didton/inattention was the most-
frequently cited contributing factor to such crashe
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Restating one of the key findings of this studypd#&e one most relevant to the present
project), the authors explained that looking awayf the forward roadway for greater
than two seconds was associated with a near dgublithe odds of being in a crash or
near-crash, and Klauer, et. al. [2006a]) conclutiatithere is increasing evidence that
“tasks requiring longer and more frequent glanecegdatrimental to safe driving” (p.72).
Citing Stutts, et al. (2003), the authors stateiviDg a vehicle is a psychomotor task,
and continually monitoring the roadway and antitigthe actions of other drivers are
critical for operating a motor vehicle safely. Astlacted or inattentive driver is likely to
have delayed recognition or no recognition of infation necessary for safe driving”
(ppl6-17).

Crundall, Van Loon, and Underwood, 2006

This English laboratory study addressed a typeutdoor advertising that is not
directly related to the DBBs that are the subjét¢he present study. Specifically,
Crundall and his colleagues looked at fixed postewsnted either at street level (“street-
level advertisements,” or SLAS) such as those andhelters, newsstands, or telephone
kiosks, and posters located above ground on polssextlights (“raised level
advertisements,” or RLAS). The size of the adverjposters studied was 1.8m x 1.2m
(approximately 6ft. x 4 ft.) in a vertical forma&s such, these advertising signs were
more representative of signs that might be seemkan environments in the U.S., rather
than the typical 14ft. x 48ft. size digital billoais that are the subject of the present
study. Nonetheless, the hypotheses made by théserawoffer a different perspective
than those that have generally been adopted bgnesas in this field, and their
conclusions shed new light on the issue of roadsitkertising and driver distraction.

The authors discuss the potentially detrimentaat$f of roadside advertising in a manner
similar to other researchers. As they describe indemanding situations drivers have
“spare attentional capacity” that they can useetanit their eyes to wander to objects in
the visual field, including those, such as advenisnts, that are irrelevant to their

driving task; however when the cognitive demandgased on the driver (such as from
traffic, weather, roadway geometry, vehicle perfante or personal factors such as
fatigue) become greater, this spare capacity dshes, and eye movements must focus
on the task at hand. If an advertisement withinditreer’s visual field attracts visual
fixations under these conditions, sufficient spaapacity may not be available to attend
to it, and thus the advertisement draws from timédid attentional capacity that is needed
to safely perform the task. Thus, although the @ustimitially suggest that roadside
advertisements are intended to attract a driv@@sescapacity, they go on to describe the
interest that advertisers have in placing theinsiigp locations where the driving task
demands may be high. They cite (as have others)a6é before-and-after study by Ady,
who found that an “eye-catching” billboard at theea of a curve led to more accidents
than similar signs in control locations.

The authors suggest that, because it is possilidetify fixed roadside “hazards” (such

as dangerous curves, complex interchanges, étis thierefore possible to ensure that
roadside advertisements are not located in su@safdeir greater concern, however, is
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with what they call transient hazards, such as gbam traffic density, path intrusion

from another vehicle, or a pedestrian crossingltheer’'s path from between parked cars.
Transient hazards cannot be predicted in timeaation. Because such unforeseen
events can directly influence a driver’s probabitf an accident, “if attention is

distracted by an advertisement during the onsatsafdden (transient) hazard, the chance
of an accident occurring will increase” (p.672)ndwing that roadside advertisements do
attract driver’s attention (as per Hughes and CIH86, and others) and that drivers’
glances at such advertisements may be made unsgafeuronditions such as short
headways (as per Smiley at al., 2004), the auttetreut to determine whether SLAs or
RLAs tend to attract more attention when driveeslaoking for hazards.

The most relevant environmental (including tra#fied roadway) information important
to hazard detection is distributed primarily al@engorizontal plane, with the straight-
ahead view (the focus of expansion) at the ceritdri®distribution. As a result, as the
authors have demonstrated in prior research (Chaama Underwood, 1998), the
majority of visual fixations will fall within a hezontal window when the driver is
looking for driving-relevant information, includingptential hazards.

These earlier findings lead to their belief thgn advertisement is located within this
“horizontal window of inspection” it will receive ame fixations than will other
advertisements. Although such fixations on the athgment may be immaterial to
safety when the driver has spare attentional cgpdbbse fixations that occur during a
visual search for hazards and other driving-releuaormation are likely to be
unintentional and may distract the driver and séovaterrupt this critical visual search
activity.

The principal research hypotheses tested, therefee that, during high demand
conditions, when drivers were primed to look forduas, SLAs would receive the most
attention, whereas during periods of reduced desjamlden spare capacity was greater,
the attention given to RLAs would increase.

The study was conducted in a laboratory, wheregpaaints viewed video clips that had
been previously recorded from the dashboard of awmgacar. Of 34 clips created, half
included SLAs and half depicted RLAs. All were edgadly equal in size (1.8m x 1.2m),
and all were filmed during daylight. The clips radgrom 42 to 61 seconds in duration,
and the time when an advertisement first appearddneach clip was randomized. The
clips were projected onto a screen 2m in frontefparticipant and subtended a visual
angle of 33° x 27° horizontal. Participants’ eyevarmaents were recorded and
superimposed on the video for analysis. Two diffetest conditions were established
via the instructions given to the participantstia “hazard group” the participants were
instructed to concentrate on the hazardous nafwgaah video clip. In the
“advertisement group” participants had less emph@lsiced on the hazard perception
task and, in addition, were told to watch out fdvertisements that they might pass. The
intent of the instructional set was to create défees in the task demands during visual
search — high demand when scanning for hazardgrldemand when still looking for
hazards but also attending to irrelevant stimuli.
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Results showed significant differences betweenlegroups in several areas. SLAs
were fixated earlier, received more fixations, aeckived a greater total gaze duration
compared to RLAs. In addition, the mean lengthdvestisement fixations was greater
than the mean length of fixations for the entiip,alvith one exception. Fixations on the
RLAs were lower than the clip averages for the hdwgaoup, suggesting that, as had
been found previously, the scanning for hazardssgiace essentially within the
horizontal plane in front of the driver. A postadrihazard rating showed that clips with
SLAs were judged more hazardous than clips with KRLA

Our review raised a number of questions about théhaads and protocols used in this
study, and about their possible effects on theiffiggl For example, the authors do not
provide the text of the actual instructions giverthe participants; as a result it is unclear
just what the task was for those in the “advertisethgroup. There is no description of
any of the visual information (except the advertisats) within any of the clips shown,
and thus one does not know the implications ofitiding that the SLAs were fixated to

a greater degree than the clip average, a potigntigbortant observation. Further, with
clip durations of one minute or less, the presai@vertisements within the scene may
have become expected during the course of the,tdakpite their randomized placement
within each clip. Finally, as discussed elsewherihé present report, it might have been
useful to have comparisons between values in tlsedfthe distribution (e.g. the longest
glances) in addition to the means.

Despite our uncertainty about some of the detdithis study, one relevant finding in
particular is a cause for concern regarding thematl effect of roadside advertising on
traffic safety. The authors describe, based om gn®r research (Chapman and
Underwood, 1998, Crundall et al, 1999) hazard p#ioe searches in visually cluttered
environments as displaying higher sampling ratesshorter fixation durations than in
less complex environments, until a hazard is detgcit which point the fixation
durations of the hazard itself increase. The figdiaof this study suggest that the SLAs
showed “similar effects on fixation durations asagtual hazard, stopping search for
other hazards, and potentially reducing periphattehntion, as increased resources are
devoted to the fixated stimulus” (p.675). In othards, when scanning the environment
for hazards, drivers in this study unintentionattiended to a roadside advertisement that
was within their scanning window, and then incrélabe duration of their glances at the
advertisement to the same extent that they would dane to an actual hazard, and at
the expense of their continued scanning for hazann when they were instructed to
search for the hazards. This finding is quite samib that expressed by Beijer (2002),
who reported that, although higher levels of taskdnd were associated with a
reduction in thewaumberof glances made to the signs, the average and maxduration

of these glances was not reduced as task demasréased. As Beijer states: “This
would seem to indicate that drivers are comfortalnieing their attention away from the
road for a set period of time, regardless of thealeds of the driving task” (p. 76).

Another finding from Crundall, et al. also raisescern. The authors cite a study by
Boersma (1989) that suggests that visual clutténerobserved environment tends to

58



increase the visual search time for a target efrest, and studies by Eriksen and Eriksen
(1974) and Logan (1996) that demonstrated thaptbeimity of distracters to a target
increases the amount of time required to respottidetdarget. Crundall, et al. conclude
that the embedded nature of SLAs within a compéene may produce the same result,
i.e. increasing the time required for a driver egeghin proper scanning behavior to
locate and respond to a real hazard that may lsepie

If the two findings of this study can be replicatedther research more germane to the
U.S. roadway network and to the type, size, andtion of typical DBBs, then the
implication is that such signs can attract and libiders’ attention, even unintentionally,
at the expense of their need to scan the environfoermmediately relevant hazards,
and that the mere presence of a DBB in the visoatr@nment can increase the time
required to identify and respond to a present lthzar

Horrey and Wickens, 2007

This paper does not address billboards of any; kattier it discusses the duration
of glances to irrelevant stimuli inside the vehidtas reported here because it proposes a
novel statistical methodology that is highly relevto future studies of the potential
impact of roadside DBBs. In fact, two of the relewvstudies discussed in the present
report make use of this analysis technique (Leal.e2007, Chan, et al., 2008).

The assumption underlying the authors’ approacimiple and logical. Motor vehicle
crashes are rare events, in part because the wisafmstances or conditions that lead to
a crash do not usually lie at the mean (or cewtier)given statistical distribution; rather
at the extremes, or tails. In other words, mangloea are a result of unusual or
unexpected conditions, not conditions that we wahink of as normative. The authors
cite, as one example, that it may be the unusghily response time to a traffic obstacle,
not the average response, which results in a chasghthey discuss a recommendation
from a consortium of automobile manufacturers thatehicle “infotainment” systems
not require a driver’s glance duration that excaeasseconds. In short, our concerns in
road safety are typically with “upper limits” oféhmetrics used to describe behaviors —
we are generally not interested in mean followirgjathces, or mean reaction time to
hazards, or mean BAC levels of drivers. In all éheases, and many others, we are
interested in cut points that enable us to disistythe safe from the unsafe — and these
are typically found in the upper limits of a dibtition. The authors find it puzzling,
therefore, that many research studies continuegdort on the average response, rather
than the extreme. In short, it is often the slowesponse, or the longest glance, that
enables us to reach meaningful conclusions abdetys®lated concerns.

In this study, the authors collected data in aidgwsimulator to study glance durations to
an in-vehicle display. They then set out to show lan analysis of the average or mean
glance duration could produce results, and theed&ad to conclusions and
recommendations, that were quite different thangithhe same experimental data but
analyzing the tails or extremes of the data. Ttresults showed that analysis of the mean
glance duration did not clearly distinguish betwéssks of varying difficulty. When
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analyzing the tails of the distribution for the saexperimental data, however, the
authors found very large differences, and thedereifices had implications for hazard
response time and, therefore, crash potential. ieswat of their findings, the authors
revised a crash risk model that they had previopstposed. The revised model has not
yet been validated due to a lack of data, butéiselts from this study demonstrate its
viability.

With regard to our interest in the potentially chsting effects of DBBSs, this revised
model bears direct relevance. Based on the finddhgscent studies (Smiley, et al.,
2004; Wierwille, 1993; Klauer, et al., 2006a) werdaeason to believe that when a
driver takes his eyes off the road for a certaiteeded period (0.75 second, 1.6 seconds,
or 2.0 seconds, respectively), he has a much highsh likelihood than would be
expected from distractions of shorter duration. sTha future studies of driver response
to DBBs, we should be looking, not only for meatuea of the number and duration of
glances at such signs, but at the greatest numiddoagest duration glances, values
which are found at the tails of the data distribug. As stated above, the recent study by
Chan and her colleagues (2008), discussed bel@swmmhade use of this methodology.
And the industry-sponsored study by Lee et al. (208iscussed in Section 3 of the
present report, recommended this approach to dalgsas, and collected data that
supported such an analysis, but did not actualifopa this tails analysis on maximum
glance duration, a key measure in the understarafidgstraction from DBBs..

Clark and Davies, 2007

The purpose of this study was to investigate halsivger’'s reaction time to
driving relevant information was affected by dif#eat levels of out-of-vehicle distraction,
and whether these impacts were related to a dsiVevel of expertise.

The study was a laboratory simulation in which ipgraints (54 college students, half
male and half female, with three different levelsloving experience) responded to
official road signs in the presence and absencdistfacter signs. There were four types
of each sign. The principal driving task was to theesimulator’s steering wheel to keep
a crosshair in the center of a target that followetlroad curvature. The response task
was to tap the brake pedal as quickly as possiblesponse to the appearance of one of
the official road signs, which were selected frdma UK Highway Code website
(http://www.highwaycode.gov.)k

We had a number of concerns with the design andutia® of this study, most of which
are acknowledged by the authors. One concern tastwt addressed is that the road
sign stimuli could appear in any one of 10 difféngasitions on the display screen, a far
different case than exists in the real world. Aosetconcern is that each stimulus (both
road sign and distracter) appeared suddenly osdifezn and remained visible for
exactly two seconds. In the real world, signs appethe distance, often before they can
be read, and become clearer and larger as theppreached. In this study, the sudden
“on” and “off” appearance of signs of interest ntiglell have influenced participant
behavior in ways that would not occur on the rdadther, in the four “load” conditions

60



(no load featuring no distracters, low load witheth, high load with six, and “overload”
with ten), all of the distracter signs, as welllaes target official sign, were presented at
the same time, around the perimeter of the disft@gponses to this rather unrealistic
display might not translate very well to the realrld in which signs appear in fairly
limited and well defined locations, and in whicleyrappear at different times and for
different intervals. Nonetheless, the study prodwusz@me interesting findings; findings
which are quite consistent with the results of ostadies employing very different
methodological approaches, and discussed elsewhtre present report. Whereas
driving expertise had no influence on responsec{r@atime to the simulated road
stimuli), the number of distracters did. Specifigah significant increase in reaction time
was found between the no distracter condition &edwo highest distracter conditions,
although there was no significant difference betwée no-load and low-load
conditions. There was, however, a consistent iser@areaction time to the road signs as
load from distracting stimuli increased, suggesthmag the higher loading driving tasks
(as represented by the number of advertisementde)isvere “detrimental to road
safety.” The implications of this study are thatadisements should be kept to a
minimum at busy junctions and areas where driveesirio concentrate” (unpaginated).

Lee, McElheny, & Gibbons (2007).
This paper is discussed in Section 3, “Industgnspred research.”

Perception Research Services (2007)
This paper is discussed in Section 3, “Industgnspred research.”

Shinar, 2007

In his recently published, comprehensive bookheniuman factors of traffic
safety, Shinar devotes a chapter to distractisrgefinitions, causes, and effects, and a
section within this chapter on distraction fromaaagns and billboards.

The author poses a paradox that has confrontedrodsas in this field for many years.
Because roadside commercial billboards, particyléwe latest digital billboards, are
specifically designed to attract a driver’s attent{and billboard owners and operators
tout their success at doing so in their promotimngotential customers), we would
expect them to be a significant source of distoactindeed, as discussed elsewhere in
the present report, numerous studies have showtiars do direct their gaze to
billboards as they drive. Yet several studies lammonstrated that despite drivers’
glances toward billboards, there has been littleeoled adverse impact on driving
performance. In an effort to better understandphi®dox, Shinar and his colleagues
conducted an on-road study using 16 experienceerdrand an instrumented vehicle.
The route took the participants past a large, attergetting billboard in one direction
and then followed the same roads in the opposieetion from which the billboard was
not visible. A camera hidden below the vehiclearreiew mirror recorded the
participants’ direction of gaze. Results showed thiavers looked to the right (in the
general direction of the billboard) 23% of the timken the billboard could be seen, but
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only 10% of the time when the billboard was nothiesto them. Drivers’ time spent
looking forward at the road and traffic was effeety the same regardless of whether or
not the billboard was visible. Shinar believes that billboard attracted the drivers’ spare
attentional capacity that might otherwise have kst looking at other objects equally
irrelevant to the driving task. He concludes: “Thdigvers were able to allocate a
significant amount of their attention to the sigr they did not do that at the expense of
the attention that they allocated to monitoringrbed and traffic” (p. 528).

Shinar’s discussion suggests that drivers arengiéind able to devote their attention to
billboards when their task demands are low, andwthe billboard provides greater
interest than other roadside objects, but thatheis cognitive demands increase, drivers
will devote less attention to these roadside distrg. Other studies, and the billboard
industry, have suggested the same thing. And thig well be the case for some drivers,
some of the time. But this begs the real quesBatause of the considerable expense of
new, digital billboards, they tend to be placedydnlareas with high traffic volumes. In
addition, because advertising space (and, withaligillboards, time) is sold to
advertisers based on the number of eyes that ask phe billboard each hour or each
day, such billboards tend to be located where tagybe seen by the greatest possible
number of drivers. This explains why billboards afien placed near highway
interchanges and along horizontal curves where ¢hayappear directly within the cone
of vision of approaching drivers for extended dises. Thus, DBBs tend to be located in
areas where task demands are likely to be high,kllgbard owners claim, (and present
data to show), they attract the gaze of large nushbkdrivers.

Conducting the kind of research that would be nesrgsto prove that drivers attend to
billboards when they have spare capacity, and curate on the road when they do not,
is a challenge that, to our knowledge, has nobgeh undertaken. We do know,
however, that several recent studies (e.g. Smélegl. 2005; Lee, et al. 2007; and Chan,
et al., 2008) have produced data showing that straers attend to billboards for
extended glance durations that have been shovathar studies (e.g. Klauer, et al.,
2006a) to be unsafe. To date, however, only thenCétaal., study controlled for and
reported on the task demands that their particgpfatied while engaging in these glances
toward external distracters. Further, we know dy@me study (Lee, et al., 2007) that
collected data on drivers passing DBBs at nighenvuch signs can be most
conspicuous (because of their location, size, aightmess), and may be most likely to
cause high levels of distraction. Although theitadaas preliminary and based on only a
few participants, Lee and her colleagues showedB&s, as might have been
predicted, captured more and longer glances at thgin other roadside distracters, and
they have suggested that, had a full study (rdtiear the pilot study that they performed)
been conducted, these differences might have rdathgstical significance.

Also, we must recognize that not all drivers arimg or able to safely switch their
attention from roadside distracters to the driviask itself when needed. In particular,
younger drivers, not yet sufficiently skilled toderstand risky situations, and older
drivers who may be more easily distracted and whdygpically poorer than their
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younger cohort at quickly shifting attention, magy/gmarticularly at risk under such
circumstances.

Finally, although accidents are (thankfully) ravemts, they are, by definition,
unexpected. As Shinar states: “One way to redueeftiort involved in driving, is to
estimate the amount of attention that is requireditaen allocate to the driving a portion
of our capacity that is somewhere between the mimmequired and the maximum we
have. ... The problem we encounter in driving is ioability to anticipate many of the
rapid changes in the amount required — as wheiverdthead of us suddenly and
unexpectedly brakes” (p. 518). It is precisel ttifficulty that leads traffic safety
experts to be concerned about the compelling ptoveistract a driver when it is always
possible that such distraction cannot be toleratébde moment it occurs.

Tantala & Tantala (2007).
This paper is discussed in Section 3, “Industgnspred research.”

Young, M.S., & Mahfoud, J.M., 2007

This well controlled, well documented study inasdexcellent summary of the
literature, and particularly the most recent litera. It employed a fixed-base, interactive
driving simulator with a 60° forward field of vie#QOV) horizontal, and a 40° FOV
vertical. Forty-eight participants drove three siated routes in either the presence or
absence of four roadside billboards. The routesisted of 3.0 miles of urban driving,
5.7 miles of motorway driving, and 2.8 miles ofaudriving. All participants
experienced all six conditions, the order of whidds counterbalanced across
participants. Participants were not told the puepofsthe study, but were asked to drive
as they normally would, and to maintain the posieeed as closely as possible. The
typical run lasted between five and six minutes.

The independent variable was the presence or absdillboards. Billboards were

fixed (static) signs, three on the left side of tbad and one on the right. The billboards
were placed into the route at semi-random locatiensuring that they were spaced apart
at relatively equal distances, and that they didcowoer, nor were covered by, other road
signs. Since it appears as if all runs were coretbahder simulated daylight conditions,
lighting of the billboards was not considered.

Dependent variables included those to evaluatedgerformance and attentional
factors. Longitudinal control was assessed by toneontact (TTC). Lateral control was
assessed by the number of lane excursions, andtitne lane; the metric used for this
determination was not specified. Only left edgeuvesions were recorded and analyzed,
since right lane excursions could have been ingieatf intentional passing maneuvers.
(The study was conducted in the UK, where vehidlege on the left). Total crashes
were also recorded.
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Driver attention was assessed in several ways. allemrkload (MWL) was measured
through the NASA-TLX scale, given to each participat the end of each run.
Participants were also asked to recall the last sign that they passed, and, when
present, the last billboard. Driver eye movemergsavalso recorded, and provided data
on number of glances and glance durations.

The study found that the presence of billboardsesbly affected driving performance in
terms of lateral control and crashes. Longitudauadtrol was not adversely affected.
These findings would suggest an increase in sidpeserashes vs. rear-end crashes, but
no information is provided as to the types of cesstound. The presence of billboards
also had an adverse impact on driver attentiorrimg$ of the number of glances made at
billboards. This finding is consistent with earligork by Wierwille who noted that
drivers respond to the demands of in-car taskdtbyirg their attention such that they
made more short glances. The presence of billbaaadsalso associated with higher
subjective mental workload. In addition, the recdlioad signs was adversely affected
by billboards on the motorway and rural routes. @b#hors interpreted this finding to
mean that drivers were attending to billboardseagtof relevant road signs under these
conditions.

The authors conclude with a “persuasive overalctmion that advertising has adverse
effects on driving performance and driver atteritigml8).

Because this was a simulator study, it represéetexpected strengths (full control over
independent variables, assurance that all partitcspexperienced the same conditions,
etc.) and weaknesses (artificiality of the visualisonment, two-dimensional
representation of three-dimensional space, etdhigstechnology. Simulator limitations
may be of particular concern when studying DBBsalee the signs being investigated
require high visual fidelity of both the stimulicithe environment in which they are
located. In addition, the simulator used in thigdgtwas limited to a 60° horizontal and a
40° vertical field of view. It is possible that ader field of view would have yielded
different results, in that the field of view midhmve better represented a driver’'s
scanning behavior while driving.

Although the report depicted examples of the dadfisigns and billboards used, it would
have been helpful for the authors to have inclugledart showing all signs that were
used together with more details about their sinespgacements. As written, important
issues such as sign and billboard size, distaoce fhe road edge, and elevation, are
unknown. Although the authors kept track of craghasoccurred (they did not perform
any statistical analysis of crashes due to low labsmumbers [8]), they did not indicate
whether or not the crash characteristics were stargi with driver distraction or
inattention. Thus, it is not possible to know wiegtcrash types were correlated with the
findings of lateral and longitudinal control.

The study examined only traditional, fixed, billlbds; electronic or digital billboards

were not analyzed. Thus, the direct relevancesdintdings to DBBs cannot be assessed.
As suggested above, we believe that simulation meaype the ideal methodology to
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study EBBs because it is difficult, if not impodsifto faithfully reproduce the visual
characteristics of such signs (brightness, depthfidelity of the graphic image) in the
simulation environment due to limitations on thagrics processing capability of most
simulation systems. Indeed, even in today’s moshisticated driving simulators, it is
necessary to design signs that are oversized er todealistically represent sight
distances at which the messages on such signscaad in the real world, and the
complexity of the real world visual environmentswhich DBBs are most likely to be
found remains a challenging task to recreate inkition.

Chan, Pradhan, Knodler, Pollatsek and Fisher, 2008

In an important new study on this issue, Chanlardolleagues review the
literature on driver distraction caused by botlvémicle and external-to-the-vehicle
events, and report that distraction has increagibgén shown to be a particular problem
among young, novice drivers. They cite a recenhiBimstudy (Wikman, et al., 1998)
which found that, although theeserageduration of distraction episodes did not differ
between experienced and inexperienced drivergigiebutionof such glance behavior
differed significantly between these groups. Or8¢4dlof experienced drivers had
distraction episodes of at least 2.5 seconds,68%. df the inexperienced drivers.
Similarly, none of the experienced drivers hadrdigton episodes of 3 seconds or
longer, whereas 29% of the inexperienced drivedq[uli 8).

The purpose of their study was to compare theibligion of distraction episodes of
newly licensed and experienced drivers specifidaliydistracters external to the vehicle.
The authors were particularly concerned with thiealveor of newly-licensed (16-17 year
old) drivers because this cohort presents greélyaged crash risk, and because
extended episodes of distraction were thoughtyikelfurther degrade their
demonstrated poor hazard anticipation skills. Axithough there is considerable
literature that addresses distraction of youngeeds from sources and activities inside
the vehicle, there is no comparable literaturestdernal to the vehicle distraction. The
authors theorize that the data for external distragnay well be different from findings
of internal distraction. They believe that this nwgur, in part, because when drivers are
looking within the vehicle, it should be obviousthem that they are not processing
relevant roadway information; whereas, when a divéooking at sources outside the
vehicle, whether an advertising sign, a street,sagisome other scene or object, it is
likely that the forward roadway is still somewhevighin the driver’s field of view, and
thus it may not be obvious to him (particularlynéxperienced) that this important
information is not being fully processed sincesiperipheral, unattended, or both.

The authors review the extensive literature thatalestrates that objects that are not
fixated or attended to receive little cognitive @essing, and that reduced attention
impairs the speed of identification of an objecewen an event such as a change in
brightness. They cite a study by Muttart, et @02 that demonstrated that drivers are
slow to respond to a car ahead of them that hagpstbslowly when they are performing
a simulated cell phone task, even when that task dot require any visual processing.
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In the present study, a total of 24 participansédf male and half female, were divided
into a younger, inexperienced group (newly licendeders or those with learner’s
permits) and an older, more experienced groupeédstlfive years of driving experience).
They drove a high-fidelity driving simulator aloagive mile route that included both
urban and rural sections. Five in-vehicle and 1i8aftvehicle tasks were used as
distracters. The latter consisted of a target $ei@revhich the participants had to search
for and indicate the presence or absence of atthater in a 5x5 letter grid that appeared
on the side of the road. The grid simulated a &@feet wide by 10 feet high, located
eight feet from the left or right road edge. Wheividg at the posted speed limit, a
participant would have been able to view the sa@mit5 seconds.

Since the authors were primarily interested inltimgest glances away from the forward
roadway (since these have been implicated in gtiaties [see, for example, Horrey and
Wickens, 2007] as major contributors to crashé®y tised as their dependent measure
the maximum time that drivers spent continuousbking away from the forward
roadway during a specific distraction task. Thegduthe mean length of these maximum
episodes to compare their experienced and inexperiedrivers on the in-vehicle and
out of vehicle distraction tasks. The results werkghtening and somewhat surprising.

For the in-vehicle distracters they found, as thag anticipated, that there were
significant differences between the experience@3$econds) and inexperienced (2.76
seconds) drivers. None of the experienced drivadsadverage distraction durations of
more than 2.3 seconds, but eight of the inexpee@nicivers did. They also looked for
patterns in these distributions and found thairkb&perienced drivers showed a
consistent pattern of looking away from the road¥aayionger periods of time than the
experienced drivers. Finally, when looking at ede®of distraction lasting longer than
two seconds (the threshold of concern in some ptigties), they found substantial
differences. A highly significant difference of 208fscenarios in which experienced
drivers looked away from the roadway for more tBaseconds vs. 57% of scenarios for
inexperienced drivers added to the confirmatiotheifr hypothesis.

For distraction external to the vehicle, the tagfiecnost interest in the present report, the
data was very different, and very informative. Tive most important differences from
the in-vehicle glance behavior were that: (a) thveas very little difference in the
duration of distraction episodes between the egpedd (3.41 seconds) and
inexperienced (3.67 seconds) drivers on the outsideehicle distraction tasks, and (b)
the maximum episode distraction durations wereifsoggmtly longer for the out-of-
vehicle tasks (3.54 seconds) than for the in-vehtasks (2.19 seconds). The two
experience cohorts also showed few differencelarpercentage of distraction episodes
longer than 2, 2.5, and 3 seconds, in all casegeloior the external than for the in-
vehicle distracters. These findings, the authorekmle, demonstrate that “drivers are
more willing to make extended glances externah&wehicle than internal to the
vehicle” (p. 17).

In discussing their results, Chan and her colleagoenpare their findings to those of
Wikman et al. who performed their analysis on-rogtte data from the two studies is in
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strong agreement, and provides evidence to sufipoktiability of using a driving
simulator to study driver viewing behavior. In rewing their data on external distraction
and relating it to the earlier work of Klauer et @006a), Muttart et al. (2007), and
others, these authors express concern that tkalylthat our out-of-vehicle tasks (which
not only engage attention but also draw the eydsvaual attention away from in front
of the vehicle) would have quite significant deteimial effects on processing the
roadway in front of the vehicle (p. 22).”

Lazarus, 2008

As a result of the erection of four DBBs on majaerial roadways in Salem,
Oregon, one of which was visible to traffic on Ithe Oregon Department of
Transportation (ODOT) and the City of Salem undgkta literature review to better
understand national perspectives on the issuecaasisist local and State officials to
determine future actions that they might take.sThview (Lazarus, 2008) was issued in
June, 2008. The concern that prompted the reptadsed on the premise that newer,
larger DBBs are clearer from greater distances tiaer billboards, and that their intent,
to relay advertising messages to the consumerepllem “in direct competition for the
attention needed to operate a motor vehicle” (pL&jarus expresses concern that, in
certain cases, DBBs installed in a city and intehfde city arterials are also visible to
drivers on other nearby highways. This raises duesbf the applicability of billboard
control laws governing different roads and opegatinder different jurisdictions.
Because these signs are larger and brighter tleamopis advertising devices, questions
are also raised about a driver’s line of sighti® gign, and about the potential for
distraction.

Lazarus briefly reviews some of the relevant redear areas of traffic safety and current
regulations and guidance, He cites a web log wHisbusses some of the diverse
billboard laws and guidelines, and points out #eklof uniformity in controls that exist
from State to State (Webpavement WebBlog, 200&dait Lazarus, 2008).

Speirs, Winmill & Kazi, 2008

On behalf of the Highways Agency (HA) of the Udit€¢ingdom, WSP
Development and Transportation prepared a repaghndddressed the relationship
between billboards and driver distraction (Spaivamill & Kazi, 2008). The report
included a discussion of, but was not limited t8H3, and investigated the issue from
multiple directions:

- Areview of policies and guidelines on outdoor atigeng in place at various
local and national agencies

- Areview of published research on driver distrati@md roadside advertising,
with a focus on work performed in the UK

- Areview of decisions by the body (The Planningplxtorate) that decides
“to either grant or refute express consent to digpbadside advertisements”

(p. 24).
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- Aninvestigation of the relationship between outdadvertising clusters and
accidents at two specific locations

- Interviews with diverse stakeholders, and

- An exploration of public opinion through a seri¢gfoee focus groups and an
on-line survey.

Although much of the content of this study is odesihe scope of interest for our report
(e.g. considerable attention is paid to illegalkdside billboards painted on the side of
trailers in farm fields), there are numerous insgiained, largely from focus groups and
surveys, that add to our knowledge.

The report begins with a useful discussion of thiecept of driver distraction, and an
excerpt from a statement by the Royal SocietytierRrevention of Accidents (RoSPA)
that

distracted drivers underestimate the effects tlsatagttion has on them and do not
perceive their reduced awareness or ability to bpaards. Distracted drivers also
have difficulty controlling their speed and theistdnce from the vehicle in front,
and their lane position can vary drastically. ..eThore complex or involved a
driver becomes with a distraction, the more detnitakthe distraction is to his or
her ability to make observations and control thieicle safely (p. 5-6).

This language is not dissimilar to hypotheses desdrby Chan, et al (2008) in their
recent simulator-based study. The discussion tfagison further references the work by
Crundall, et al, 2006) who found that drivers beeatistracted because of their
compulsion to stare at something due to the psyghl difficulty in abandoning a task
which has not been completed. (This is known aZ#hgarnik Effect, and is further
discussed in Section 3 of this report. The authtss discuss a study by Theeuwes, et al.
(1998), who found, in a laboratory study, that jggraints did not have voluntary control
over distraction; that even when they were taskigd @oncentrating on one colored
shape while ignoring shapes of other colors, “tweye unable to ignore the ‘distracters’
regardless of their effort to do so” (p. 379). Tdhéadings, if generalizable to the real
world, suggest that drivers may not be as ablgnore the messages on attention-getting
billboards as some have claimed. Recent work bylaé&l(2003a, 2003b) is also
discussed, specifically with regard to personaldiecsuch as driver age, level of fatigue,
and alcohol consumption, all of which are beliet@glay a role in distraction. Finally,
the authors cite current work by the UK DepartnfentTransit (DfT), which is

attempting to identify gaps in existing researchd@traction and will initially involve

the development of an operational definition of tiven driver distraction

Within a brief discussion of internal- and extert@the-vehicle distraction, the authors
discuss the growing concern with cognitive overleaghich Wallace (2003b) suggests
can occur when too much information is presentezkntain situations, leaving the driver
with insufficient time to process the availableamhation and make time-critical
decisions. Such decisions, which may involve maagny for exits, merges, or lane
drops, also include what Crundall, et al. (2005)ehealled “transient hazards” such as a
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pedestrian or bicyclist suddenly entering the raady vehicle failing to yield the right of
way. Wallace believes that visual clutter, whiclmtributes to cognitive overload, is
growing worse, with an increasing number of billlatsa on-premise signs, and, as well,
official highway signs.

Of course it has long been known that official sigan distract drivers and add to their
cognitive workload if they are poorly designed, noyerly located, unnecessary,
redundant, or irrelevant. This can be a particptablem with official changeable
message signs (CMS), which are often reportedusecdrivers to slow to read their
message if too much information is conveyed or eraltention is drawn to the sign.
Despite the fact that official signs (including CM&ve benefited from decades of
human factors research to ensure that their desigroperation is optimized for the
driver's needs, distraction remains a concern,tarath increasing extent with the growth
of CMS installations.

Wallace, and others, believe that driver distragtass much of a concern as it is, is likely
underreported. This may be because, he suggestdistiaction may be unconscious, or
because social and legal pressures may contrib@aeltiver's unwillingness to admit
distraction for fear of consequences such as isegeasurance rates, penalty points on
their driver’s license, or being found responsiillean accident. For these reasons,
Wallace believes that it will be difficult to fineimpirical evidence for the contribution of
distraction by a roadside billboard to an accidétthough this is a key reason to
guestion the use of accident data to assess tieredhip between DBBs and crashes,
there are many others, discussed later in the réydspeirs and her colleagues, and
elsewhere in the current report.

The report next discusses the range of planninigypahd guidance regarding roadside
advertising in the UK. Although of relatively mincglevance to regulations and
guidance in the U.S. because of the highly locdlizature of such guidance in the UK,
we do find that many of the same principles havenkagpplied. For example, roadside
advertising signs may be discouraged at locatiank as: complex road sections,
intersections, pedestrian crossings, or locatiomsre/the cognitive demands on the
driver may be high. In addition, a Circular (DCLZ®07) that provides guidance on the
control of advertisements suggests that outdooeriding signs that may pose a danger
to the public include those which:

because of their size or siting, would obstruatamfuse a road-user’s view, or
reduce the clarity or effectiveness of a traffgnsor signal, or would be likely to
distract road users because of their unusual néand® (t)hose illuminated signs
(incorporating either flashing or static lights) ialn, because of their size or
brightness, could result in glare and dazzle, siract road users, particularly in
misty or wet weather.

The Circular is apparently based, in part, on figdifrom a study conducted by the

Privilege Insurance Company, which found that 83%rivers responding to a survey
had admitted being distracted by roadside adventsgs, with 23% of those reporting
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that they had veered out of their lane as a redulte distraction. (Privilege Insurance,
2005).

Numerous other regulatory and guidance documeatsitd in this section of the report.
Although many of these make reference to trafffetyaconcerns, none of them provide
objective definitions of key terms sufficient fagulators to act to control roadside
billboards. One such document, for example, reguat local planning authorities must
“consider such matters as the likely behaviourrofadts of vehicles who will see the
advertisement” and states that “the vital considl@na .. is whether the advertisement
itself, or the exact location proposed for its thgpis likely to be so distracting, or so
confusing, that it creates a hazard to, or endangeople in the vicinity who are taking
reasonable care for their own and others’ safd®PG, 1992).

In line with the discussion above, it is usefuhtuie that one of the documents cited in
this section of the report deals exclusively withiotal signs, and provides guidance to
roadway authorities on the proper use of such digiesighout the UK (DfT, 2003). This
document, known as the Traffic Signs Manual, exghficecognizes that official traffic
control devices (TCDs) can also serve to distrageds if they are used inappropriately
or to excess. Among other guidance, the manuagesig that information signs should
not be permitted in construction zones, and thatlway authorities should ensure that
signs are limited to those that are consideredssacg, because such signs can cause
overload and lead to distraction.

Speirs and her colleagues reviewed the decisiomfi®Planning Inspectorate in 11
cases. Although their summary and discussion aetliecisions makes for interesting
reading, there is little consistency from one deaito another, and the diversity of
issues on which decisions were based (size, illatimn, viewing time and change cycle,
content, and location, among others) provide®Ililsis to extract principles that might
be applicable in the United States. Of the 11 cased, however, one billboard was
allowed, two were allowed with certain restrictipaad eight were disallowed.

The authors’ efforts to review accident data tedeine the presence or absence of a
relationship between billboard locations and aati@decurrences proved to be largely
fruitless, for reasons discussed elsewhere in 1tggept report. Some of the key
arguments against the use of accident data cit&gpbyrs and her colleagues are:

- There could be other unknown variables that coalkHed to the reported
accidents.

- There are many opportunities for error or omissfodata entry in police
accident reporting forms.

- In minor accidents, the involved vehicles may maway from the POR to
clear traffic lanes, thus further degrading theeptill accuracy of identifying
the true location.
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- The point of rest (POR) of the involved vehiclgfshich is what is
commonly identified in police reports) may havdéditrelationship to the point
of distraction that was the proximal cause of trasle’

- Accidents, particularly minor accidents, are unéearted.

- Accident data considers only those incidents tasiilt in an actual collision.
But there are likely many more incidences of digioa that result in driver
error (such as late braking, lane exceedancespuittonsequence, and others
that result in “near misses” that might have reguilh a crash but for the
evasive actions of another driver. “As no datamear misses” i