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Variable Message Signs (VNI®an provide immediate and relevarformation to road users and bilingual
VMS can provide great flexibility ircountries where a significantqportion of the population speak an
alternative language to the majorifiihe study reported hesvaluates the effect of various bilingual VMS
configurations on driver behavioand safety. The aim of the study wasdetermine whether or not the
visual distraction assoced with bilingual VMS signsof different configurations (length, complexity)
impacted on driving performance. A driving simulatorswesed to allow full control over the scenarios, road
environment and sign configuration and both longitatliand lateral driver performance was assessed.
Drivers were able to read one and two-line monolingual signs and tevtilingual signs without disruption

to their driving behaviour. Howevedrivers significantly reduced thespeed in order taead four-line
monolingual and four-line bilingual signs, accompanied by an increase in headway to the vehicle in fro
This implies that drivers are possibkading the irrelevant text on thdingual sign and various methods for
reducing this effect are discussed.

Keywords: Variable Message Signs; Bilingu8lriver performance; Workload;
AMS Subject Classification:
1. Introduction

There are a number of bilingualwries (e.g. Wales, Belgium, Canatlew Zealand) where two languages
are given equal status, and provisia@eds to be made for speakers ohdahguages. This provision applies
to general signage including road signs and this hat® &tk need for research that evaluates drivers' ability
to perceive and comprehend them. In effect, wheredsiencounter bilingual signs, they perceive double the
amount of text, half of which isuperfluous to them. This paper presea study that examines whether
bilingual signing affects driver performance and safesing the local UK examplef Welsh bilingual signs.
The Welsh language is the olddising language of Great Britain dnone of the oldest in Europelhe
population of Wales amounts to 5% the UK total and it has a Natial Assembly responsible for
developing and implementing policies which reflea tteeds of Welsh people. The study focussed on using
Variable Message Signs, due to theiminent introduction on Welsh roads.



1.1. Thedesign of road signs

Road signs provide drivers withparopriate warnings and informati as well as identifying legal
requirements or instructions. To fulfil this furartiefficiently and therefore safely, the signs must:
1) Be easily recognisable and locatabi¢hin a complex visual scene.
2) Clearly indicate the statud the message (legavarning or information).
3) Convey the message efficiently taby minimising visual distraction.
4) Be comprehensible so that drivers cacagnise the action (or choice) to be taken.
5) Be located such that the drivershgufficient time to act on the message.

The perception and comprehension of a road sign i(edekd text in generaan be broken down into
three stages (Anderson 1990) eTfirst stage comprises tperceptual processéy which the text on the road
sign is encoded. The second stage is tenpaesingwhereby the words in the message are transformed into a
mental representation of the combined nieguof the words. The third stage is tidisation stage, in which
drivers actually use the mental regmetation of the sentence’s meaninf.the message is an assertion, the
drivers may simply store the meaning in meynd it is an instrction, they may obey.

Many studies of visual informatioprocessing have involved deternmgiwhat can be extracted from a
brief visual presentation and the resulting memifany this information (e.g. Sperling 1960). Displays of
letters are presented briefly to participants who are déis&rad to recall as many as possible. Usually they are
able to recall between #e and six items, although they repodyttsaw more, but could not identify them,
l.e. they faded away. These basic perceptual expetsmdemonstrate that visugiformation presented to
drivers should be limited in length and be in a relagiveicluttered environment. If information is presented
too quickly in succession, drivers will b@able to process the messages effectively.

Once the road sign has been perceived, it then regagegnition. It is generallggreed that recognising a
message involves feature analysis (e.g. Kirstey. 1966). Here, the overall pattern is decomposed into a set
of 'mini' features, which are recogrnisand then used to identithe pattern. Thus tHetter 'H' consists of
two vertical and one horizontal &nand a specification of how theshould be combined. In terms of
recognition of the individudetters on a VMS sign, this would imply thas$ long as the individual features
are readily recognisable, iders should be able tmterpret the message. Where problems might occur is
where there are limitations in the sign design that dollmt éhe display of the features naturally used in text
processing.

A further important consideration igign design is thabf context. When context or general world-
knowledge guides perception, procegsiis known as top-daw processing, becaudegh-level general
knowledge determines the interpretatiortbad low-level perceptual units (Tulviregal. 1964). With context,
less information needs to be extracted from the waelfiin order to identify it. These results strongly
suggest that signing should be as context-releaspbssible and use familiar phrases or symbols.

As drivers, we are faced with enormous amountsnédrmation to process in such a way that the
environment makes sense. The more frequently pracésse been practised, tless attention they require.
Highly practised processes, which requitldior no attention are referred to agtomati¢c while those
processes that requiattention are known antrolled(Schneideket al. 1977). With reference to the driving
task, and in particular the reading of road sigrdesigner should aim to implement a message or pictogram
that is already known to the driving population or ieatly used in another context. This limits the time
needed to perceive and parse a text message.

Some attempts at producing desigunidelines for signs have been made, based on the time taken for
drivers to read traffic signs (Forbeisal. 1965, Johanssagt al. 1970). Research indicates that reading times
typically increase in a linear manneithwthe number of names on a sign (Hetllal. 1991). This has




implications for the design of bilingual signs, as thaherently display more information than their
monolingual counterparts.

1.2. Theuseof Variable Message Signs

VMS have gained more importance over recent yeardaltiee improved flexibility of signs brought about
by the use of electronics and the widespread availabiligopmmunications. They have been used to supply
drivers with up-to-date information about road andatiner conditions and can be interfaced to traffic
monitoring systems. The majority of studies on VMS focus on rates of complihes,by using surveys or
via observational studies (see Bonsalal. 1999 for an overview). Some behavioural work has also been
carried out, for example Raneh al. (2000) found that VMS warning signs reduced the mean speed on
slippery roads by 1-2 km/h. Other rasgh on VMS has concentrated omikelity criteria in terms of
character luminance (Keet al. 1987, Padmoet al. 1987, Colomlet al. 1991, Upchurclet al. 1992, Uliman
et al. 2001). Research has indicated that drivers regupeoximately 1s per word presented on a VMS in
order to perceive and process the information (Duetell. 1986). A limit of eight words, for drivers
travelling at motorway speeds, wdeemed to be the maximum that can be handled within the limits of
human information processing.

The most common use for VMS is to display speeadt Irestrictions: some studies have reported good
compliance rates, especially when the redsomhe restriction islso displayed (McCowt al. 1995, Garber
et al. 1995). This is the main advantage of VMS: mgesacan be made to appear personalised and up-to-
date. Their inclusion in a highway authority'dfimmanagement plan is therefore understandable.

1.3. Bilingual signing

There has been little work carried out which has attechpo evaluate if drivers are able to glean the
appropriate information from bilingual signs, without #héeing a degradation in their driving performance.
Attempts to discover the optimum rhet of displaying bilinguaext have been limiteth scope, usually due

to financial and technological constres. For example, Anttila et al. @@0) tested an alternating bilingual
sign (swapping between Swedish and Finnish evesgc®nds) against one which displayed the messages
simultaneously. By recording eye movements, thégriad the visual demanaof the signs. However the
study was limited to one level of sign complexdand did not assess any ath@riving) performance
measures.

Research on static bilingual sighas confirmed increased reading ésn by up to 15% - compared to
their monolingual counterparts (Rey 1972, Lesage 1978, Anttith al. 2000). This is desie the fact that
drivers need only read half ofehinformation presented in order ¢pean the appropriate message. An
increase in reading time for a particular sign woulgldally be accompanied by a decrease in the amount of
visual attention paid to the road. Bther this leads to an increase icident risk depends on the context of
the driving situation (e.g. cars ahead, relative speeoximity of cars in the adjacent lane). When
considering the visual distraction iofcar systems, guidelines exist ashtow much' distraction is acceptable
(e.g. ISO 1997, Zwahleet al. 1988). However, there is no baselinaiagt which we can evaluate the level
of visual distraction posed by road signs. As a resedtearchers and policy makers have simply sought to
minimisethe reading time.

As the English and Welsh languages use the sapfalat (although the combinations of letters are
different), when a monolingual driver is presented aithilingual sign, they searchetlsign in order to locate
the appropriate information. This may mean that, in efeedriver has to read, at least perceive, the whole
sign in order to determine the relevant text. Ipala where most signs amajor roads are bilingual
(Japanese/English), this is less of a problem agswibecharacter sets are very different. To minimise the



overall reading time where the chasacsets are the same, two appr@schould be adopted. Firstly, the
sequence of the languages could be optimised suchirikiats learn that, for example, the English text is
always uppermost. Secondly, attempisincrease the differentiation tieeen the two languages could be
made by using differermolours or fonts.

There are a number of fundamental sfigns to be addressed in order to evaluate and optimise bilingual
sign configuration. First, how do drivers respond to bilaigigns and does this have implications for traffic
safety? If so, can read times for bilingual signbe reduced by using one oktimethods described above?
The study presented here aimed to answer these research questions using a driving simulator and a numt
bilingual VMS, of varying complexities.

1.4. Thecurrent study

There are a number of methodologisaues relating to the evaluationsifn readability. Luoma (1991) and
Martens (2000) provide an overview afumber of techniques that could be used and their limitations. Such
techniques include the recordingeyfe movements, the use of verbadass, behavioural responses and sign
recall. The review suggests thedch of these methodologies has its dhavks and that, if possible, more
than one method should be used. For example, whigsbn®yements can pinpoint the direction of gaze, they
do not necessarily measure attemtiv’erbal reports could be used as a supplementary measure althoug
under high workload conditions these may be dispkngigh by the driver. Behavioural responses are
considered to be the most useful measure of siggepgon and comprehensiamwever these rely on using
signs that are instructional nature in order to proge measurable responsese@ll, a behavioural response

is arguably the most ecologically valid measure for adty evaluations and thpsovides the focus of this
study.

The study was designed to evaluate if drivers were able to maintain their normal level of drivin
performance whilst encountering diffateypes of mono and bilingual VM@, driving simulator was used to
ensure repeatability of scenarios and the collectiotetdiled driver behaviour. While driving a simulated
section of rural motorway, participants were presented with a range of VMS signs and instruesedaloud
the text in their preferred language as soon as wmee able. They were also asked to carry out any
instructions indicate on the signs. The complexity of the sigmas varied by incresng the amount of
information available to the driverhis allowed the direct comparison, &br example, a four-line bilingual
sign with a four-line monolingual on€he VMS were presented to drivers under varying workload conditions
and their behaviour compared usingasures of speed, lateposition and headway ta lead vehicle. In
addition to measuring driver performee, it was thought useful to trmé quantify the actual amount of time
it would take a driver to process the VMS. This weakieved by including a number sifins that gave drivers
an instruction. The time taken for themrespond to this instruction wteken as a measure of response time.
Both monolingual and bilingual participants weecruited for the study, astle is known about how
bilingual drivers use bilinguaigns. For example, as they are able they read both langges - or can they
limit' themselves to reading jusine of them? Linguistics researshiggests that bilinguals never fully
disengage from the other language (Green 1998 creating cross-language competition (Kebllal.
2001).



2. Method

2.1. Participants

Twenty-four participants took paih the experiment. The sample comprised of an equal number of
monolinguals (English) and bilingualEnglish and Welsh). Monolingual participants wegeruited using an
existing database, whilst bilingual drivers were recduitea local Welsh clubs and social gatherings. There
were no difference found, however, between these two groups, and therefore this anabé®nsidered in

the results section. The sampleswmaalanced for gender, and had a mean age of 28 years (SD 5.25)
Participants had held their dnng licences for a mean of 10.2 years (SD= 8.3) and had an average annu
mileage of 8200 miles (SD= 3040). They were paid for thaiticipation. Participantsere instructed to read
aloud the text on the VMS in their peefed language as soon as they vadke to read it. They were also
asked to carry out any instiions indicated on the signs.

2.2. Experimental environment

The study was carried out in the Leefldvanced Driving Simulator, alng the controlled and repeatable
testing of sign configurations. The simulator is ldbasa a complete Rover 216GWijth all of its driver
controls and dashboard instrumentation still fully opersti. A real-time, fully tetured and anti-aliased, 3-D
graphical scene of the virtual world is projected on an2.tadius cylindrical screen in front of the driver.
This scene is generated by a SQiy&2 Infinite Reality2 graphical wstation. A Roland digital sound
sampler creates realistic sounds of engine and othseswia two speakers mounted close to each forward
road wheel. The projection system consists of fivevéwd channels, the frontriée at a resolution of 1280 x
1024 pixels. The images are edgenbled to provide a near seamlestltomage, and along with two
peripheral channels (640 x 480 eachg tbtal horizontal field ofiiew is 230°. The vertal field of view is
39°. A rear view (60°) is back pexgted onto a screen behind the twaprovide an image seen through the
vehicle's rear view mirror. For thiudy, the frame rate was fixed te@stant 30Hz. Bhough the simulator
is fixed-base, torque feedback at the steering whemloigided via a motor fixedt the end of the steering
column and a vacuum motor provides tirake pedal booster assistance. Regtecollected at the frame rate.

A two-lane road of UK motorway design standard wasd for the experimental road, with a speed limit
of 112kph (70mph). The road was comprised of 500mgstraections separated by ‘filler' pieces of road.
The VMS display was triggered 50m into the straight section and located 250m later. The road w
approximately 32 km in length, with a light volume safrrounding traffic. In th outside lane, occasional
vehicles travelling at 130kph (80 mpbassed the driver. A snapshotloé scene is shown in figure 1.

Figure 1. Four-line VMS sign with the simulated environment



Drivers were asked to follow a lead car until they heacthe end of the routeThey were asked not to
overtake this car and to remain at all times in kb lane. Participants we required to drive the
experimental road twice, with the order countenbeda. The difference between the two roads lay in the
behaviour of the lead car. On one of the roads ¢laé lcar remained at a constant speed (approximately
110kph). On the second road, the lead car variedeedsfrom 96-120kph on the road section where the signs
were positioned, table 1.

Table 1. Speed profile of lead car in the high workload condition

Location from start
of section (m)
Lead car speed

(kph)

0 100 200 300 400 500

112 120 108 96 104 112

These two roads provided two workload conditions, whth second requiring more effort from the driver
to maintain a safe headway to the vehicle in front. Participants underwent a familiarisation procedure bef
taking part in the main experiment. The simulator offers an ideal testing environment, as the readability
signs can be tested dynamically, wdnilst driving. This has obvious @antages over laboratory testing.

2.3. Sign configuration

Real-world VMS signs use capital letters only, witkase height equivalent 8320 mm font (Highways
Agency 1994). In order to ensure vitld the signs were designed such ttiegty allowed the driver the same
reading time as in the real world; this meant usinggeftasign due to the reducedage clarity in the driving
simulator. The characters were designed accordintbetdesign Manual for Roads and Bridges (Highways
Agency 1994) that specifies the pxaused in each character. The VMS signs were activated when the
simulator passed a trigger pogttthe appropriate readimijstance to ensure drivewere exposed to the sign

for the same amount of time. Five VMS were presented to drivers as shown in figure 2.

English English English
English Welsh English

English Welsh
English Welsh

Figure 2. Sign types

The signs allowed the investigation of the effects of increasingdimé®f increasig languages. For
example, by comparing Signs 1,2 and 3, it was possildestover if drivers pedrmed differently as the
number of relevant lines of textareased. Alternatively the comparisonSifins 1 and 4 and that of Signs 2
and 5, allowed the analysis of the effect of increasing the number of languages on the sign (whilst the numt
of relevant lines of text was hetwnstant). The actual text used floese signs was in the form of
information, for example 'FOR MIDLANDS, USE M4'.



A number of signs were also inclule/hich instructed the driver tese various vehicle controls. These
four-line signs included three lines of road traffic tethtext with the fourth line being the instruction (e.g.
flash your headlights). If the drivelid not perform the action it was condked that the fourth line could not
be read in the available time.

A priori, it was hypothesisetthat four-line signs wodl be the most likely candiate to affect driver
performance. Therefore a number @fif-line signs were included to aNdhe testing of one of the most
promising demarcation techniques - a separati@detween the two langges (Jamson 2004). Driving
performance when reading this sign was compardabtonvhen reading the same sign, but without a
separation line.

2.4. Data collection and analysis

Driver performance was measured using speed, latentibpaand headway to a leaghicle. The data were
collected on the 500m straight sectimisoad and divided into ten semts of 50m each. This enabled the
analysis of data as the driver apgched the sign to discover, for exae) which signs produced changes in
driver behaviour, where these changes occurred anddraythey lasted for. Driver performance on these
sections was compared to that collected on a bass#ioiton where no sign was present. The data were
analysed separately for the two workload conditionthe®ehaviour of the lead lele would directly affect
the participant’s behaviour. For example when #aallcar slowed, the partiaipt might also reduce their
speed to maintain their desiregduway — not as a direct resultloém attempting to read the VMS.

As a measure of global subjectivemtad workload, the NASA TLX (Byeret al. 1989) was administered
following each drive. This requiredtivers to rate their driving iterms of mental demand, physical demand,
time pressure, performance, effort and frustration leddhipolar scale represents each of these items;
participants place a line on the scalen®®n the two extremes of the iteéindicate the strength of the
attribute. This questionnaire was used to evalpateeived differences in the two workload conditions.

3. Reaults

The main focus of this experiment was the detectiochahges in speed and headway in the vicinity of the
signs, and establishing which signs have the most imgamt each of the datasets (Low Workload and High
Workload), analyses of variances regerformed using Sign Type and Road Section as repeated measure:
In the High Workload condition, only the minimum tirheadway data was considered because, as explained
above, the lead car’'s behaur would directly #ect absolute values of speattd headway. Driver Type
(monolingual or bilingual) was also included as a betwsédnects variable. Howereno significant effects
of this variable were found in any of the analyses.

First, paired t-tests on the segaraomponents of the NASA TLX confired that participants perceived
their mental workload to be higher when they wergired to monitor the behawir of the lead car whilst
reading the VMS, figure 3. Worldal scores for mental demarni(P@)=-6.18,p<.001), performance(@3)=
-5.99, p<.001) and effortt(23)= -4.83, p<.001) were all higher in the High Workload condition.
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Figure 3. Mental workload scores (£SE)

3.1. Driver performance

Variables of speed, lateral position and headway \apedysed using repeated measures ANOVA with two
factors. The first factor, Road Section, corresponddatidden road segments in the proximity of the VMS.
The second factor, Sign typead 6 levels corresponding to the 5 signscdbed in section 2.3 and a baseline
road section (no sign present). Post-hoc contrasts eareed out where appropriate using the Bonferroni
correction to minimise familywise error.

3.1.1 Speed. Mean speeds were calculated across eactedethsections. In the Low Workload condition,
there were main effects of Road Section with deweducing their speed inglvicinity of VMS signs,

(F9,207 = 32.38, p<.001). Post-hoc pairvgsenparisons showed that mean speeds in sections 3-7 (i.e. the
period for which the driver was engaged in reading tiyes$iwere lower than idlather sections, see figure
4. Mean speeds in the first and last sections waergamble; thus drivers increased their speed after having
read the sign such that they returned tortbleserved speed before the sign was activated.
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Figure 4. Mean speed (+SE) throudle road sections (Low Workload)

In addition, there was a magifect of Sign typeKRs 115= 162.52p<.001) and an interaction between Sign
Type and Road SectioR4s 1035= 27.82p<.001). With regards to the magffect, pairwise comparisons
showed that mean speeds were lower for both the lmgnal and bilingual four-lia signs (in comparison to
the baseline condition). Acroadl road sections, the aage speed reduction wastire order of 3kph (2mph).
Speed reductions for thesmuf-line signs were similar. The Roadcon*Sign Type interaction reveals more
about the speed reductiongparticular road sections for the differegns. As can be seen in figure 5, the
one and two-line signs had no effect on drivers' spedad.\lids confirmed with repg¢ed contrasts carried out
separately for each sign type: on tigole there were no significant difences between the road sections.

VMS VMS active VMS VMS out of
inactive position sight

—e—Baseline

—=—1 line

= 2 lines, Monolingual
o
=3 4 lines, Monolingual
§ —x—2 lines, Bilingual
& —e— 4 lines, Bilingual
@
[}
=

90

<& < & & <& & & & & &
Q Q Q Q Q Q Q Q Q Q
N PSP P S
A QN N N N
N N P

DA T
Distance along road section (m)

Figure 5. Mean speeds for diffetesign types (Low Workload)



For each of the four-line signs, changes in speedmrarent as drivers approach and pass the VMS. For
each, a maximum reduction of approximately 11kph (7m@s) observed by the time drivers had reached the
sign. This represents a decel@mtrate of approximately 0.37/snd is the result of engine braking, i.e.
drivers simply released¢haccelerator (as opposed tingsthe foot brake). Slight differences were observed
between these two signs in that wivemfronted with thdilingual sign, drivers redied their speed earlier
(p<.01) and then did not attain their baseline syimetthe time they had reached the last road section
(p<.001). Therefore, there seems to be evidence aihg-bver' effect, perhaps digethe fact that drivers
were still trying to procesthe four-line bilingual sign.

The High Workload condition produced similar resultsenms of mean speeds. However this measure is
of less interest than that of headway,this provides us with a measurehd safety margin that drivers are
willing to adopt whilst reading the VMS.

3.1.2. Car following. A car following task was used to evaluate drivers' ability to adapt their driving
behaviour whilst reading the VMS. It measures thatglaf drivers to maintain a safe headway to a lead
vehicle and has been used as a measure of driviely §anumerous studies of impairment (e.g. Brookleuis
al. 1987, Ramaekeset al. 1994). Only headways of less than 6as®ls were used as higher values assume
that drivers are not intending tollow the lead vehicle (Voge2002). Minimum time headways were
calculated to reflect the smallest safety margindhiatrs were willing to adoptThe minimum headways for
the Low Workload condition are shown in figigeMain effects of both Sign Type (F5,115 = 52.50, p<.001)
and Road Section (F9,207 = 5.21, p<.001) were foundwiBaicomparisons indicatehat drivers adopted
longer minimum headways when they encountered foardigns compared to the baseline condition. This is
simply an effect of the speed retioas found in the previous sectiowhen drivers were reading the four-
line signs, they reduced their speed. This wouwsdlten a longer headway tbe vehicle in front.
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Figure 6. Minimum headwaysifthe Low Workload condition

Of more interest is what happemnben drivers are faced with a higlveorkload. Are they able to adapt
their speed to that of the vehidtefront in order to maintain the same headway margin? A Sign Type*Road



Section interaction Hys 1035= 5.54,p<.001) in the High Workload headway data suggests not, figure 7. It
appears that drivers are sufficienthatted with the additional task ofading the four-line signs such that
they are willing to accept a smaller lead time touvéleicle in front. On averay their headway reduced by
one second, whilst reading the signs.
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Figure 7. Minimum headways for the High Workload condition

3.1.3. Lateral deviations Standard deviation of latdnaosition (SDLP) was used as indicator of drivers'
ability to control their vehiclerad prevent it wandering out of lanEhere were no significant main or
interaction effects of Sign Type or &b Section on SDLP. This is likely be an effect of the reductions in
speed noted above, such that driveese able to control #ir steering whilst readinpe signs because they
compensated by reducing their speed.

3.1.4. Response accuracy The data presented above suggest thaédriiave difficulty in reading the four-
line signs without adapting their driving behaviour. Wieetor not they are able to actually comprehend all
four lines of the sign was tested tne inclusion of a number of one,dvand four-line signs that required
them to perform an action. The one-line signs sind@played the instruction e.g. 'Flash your headlights'.
The two-line signs contained one line of inforroatifollowed by the instruiin. The four-line signs
contained three lines of insttional text, with thdast line being an instructionDrivers' ability to perform
the instruction was used as a measure of whethestatrivers had enough time to read all four lines.
Response time was also recorded. Different types atigtgins were provided tminimise learning effects.

Ninety-nine % of drivers succeeded in carrying outitis¢ruction when faced with the one and two-line
signs. This fell to 86% for four-lingigns. Thus even when drivers comgated by lowering their speed, they
still performed worse when encounigy these longer signs. The second @etof this assessment concerned
the time drivers took to respond to tinstruction on the sign. A significaetfect for the number of lines of
relevant text was foundrf,3927=168.84 p<0.001), table 2.



Table 2. Response times

No. of lines Mean RT Std. Error
of relevant (s) (s)
text
1 2.81 0.26
2 3.27 0.11
4 6.43 0.24

An incremental increase in response time was observibe@ asimber of lines of relevant text increased.
Post-hoc testing showed that theras a reliable difference between tamd four-line signs only. In other

words, whilst there was a relatively small increase in response time when the number of lines doubled from
one to two (16%), response times doubled whess increased from twto four lines.

3.1.5 Demarcation A separation line was introduced on songnsito investigate wdther this type of
demarcation technique could improve the readallithe four-line bilingual signs. No significant

differences were found across any of the variables wheln a sign was compared to an identical one without
a separation line.

4. Conclusions

Participants in this stydwere required toead and react to a number mbnolingual and bilingual signs
under both high and low workload driving conditionsubfective mental workload scores suggested that
drivers were able to differentiate between these twalitions, in that they repad that their performance
deteriorated and they felt they had to increase their effort and as a consequence experienced higher m
demand. Whilst both monolingual abdingual drivers were recruited for this study, no differencess were
found between the two groups.

Drivers' ability to maintain their baseline dng performance whilst reading a selection of VMS was
investigated. This driving performance consistedboth longitudinal and latael measurements and was
monitored on their approach to and passing of the sigmss of interest to seiéand how drivers adapted
their behaviour and also whether there was a peridceobvery’, after having passed the sign. The most
interesting analyses were that thle interaction between Sign Type and Road Section. This provided a
temporal analysis of behaviour kiag it possible to pinpoint wherany changes in behaviour occurred,
depending on the type of sign drivers encountered.

Drivers were able to read orand two-line monolingual signs and two-line bilingsagns without
disruption to their driving behaviour. However, Ibdour-line monolingual and four-line bilingual signs
impacted on driver performance, when comparethébaseline condition. Dews reduced their speed by
approximately 11 kph (7 mph), over a distance of 25@norder to read these types of signs, achieved by
engine braking. The fact that this speed reductiosn thva same for each of the four-line signs, suggests that
drivers are perhaps reading, or eddt searching, the irrelevant texttbe bilingual sign. In addition, whilst
drivers were able to recover frothe monolingual sign (i.e. they returnsa their previous speed), drivers
were still travelling slowly after thelyad passed a four-line bilingual sign. This suggests that the drivers were
perhaps still trying to process the information and wawk whether they had missed something vital. This
type of effect has been observed in a number of studlesreby increases in cognitive load have led to speed
reductions, e.g. whilst using a mobile phone (Buetna. 2002, Haigneet al. 2000, Reedtt al. 1999) or a
navigation system (Srinivasa&hal. 1997). Researchers have interpretedithdifferent ways; some believe it



is a compensatory process that drivers engage nedoce their accident kis whilst others purport that
drivers are simply paying less attemtito the task of speed regulation.

With regards to response times, theseaased with the number of linesrefevant text. Drivers were able
to read and respond to signs that were or two lines in length withia relatively similar timescale.
However, when drivers were requirtdread four lines of t&, their response time was significantly higher.
This suggests that drivers had to 'chunk’ the inftonausing several glances tbe sign, in order to
complete the task - althougdhis could only be confirmed using atldnal data collection techniques (eye-
movement recording). This chunking tedue is a reasonable oteadopt, as long asdhsign is within the
driver's sight distance for long enough. For epinbased on the responsme of 6.43s, driver would
require a four-line sign to be in legible vidar approximately 200m (at motorway speed).

5. Practical implications

The results of this experiment suggest that inHigh Workload condition, wherdrivers were required to
adapt their headway to the vehiatefront, observed minimum headwagscreased. Drivers appeared either
to accept a shorter safety margin or not notice thatehele in front was decelerating. Either situation could
impact on both the drivers' ability to avoid dliston and the severity adne should it occur.

The practical implications of this speed reductiod geduction in following headay are decreased traffic
flow stability and an associatedchnease in accident risk. Drivers r@agl long (four-line) messages reduce
their speed. Following drivers are reading the samssage and while also beginning to reduce speed might
not respond appropriately to the slowing of the leadckehAs inter-vehicle heachys decrease, the margins
available for drivers to take avoidance action are reduced and accident riskascré&/oidance actions,
when required, become more severe and 'shoclsvadevelop in the traffic flow. The shockwave
phenomenon is most often observed on motorways, wleereakses in speed occur not only at the site of the
problem (or sign) but also furtheatk in the traffic stream where theason for the speed reduction would
not be visible to drivers. Sudpeed variation has been linkedincreased accident risk (Garletial. 1989,
Aljanahiet al. 1999). These studies suggest that reducing speed variance and 85th percentile speed (the s
exceeded by the fastest 15% of drivers) are the mqmirtant aspects of speed to target for improved road
safety.

This study has attempted to benchmark the possitiéets that bilingual VMS might have on driver
performance by comparing them with monolingual signsasying lengths. The results suggest that drivers
encountering four-line bilingual signs attempt to readithele sign and that this process takes in the order of
6s. This is probably split into smaller chunks of timeparated by glances backihe road ahead. Highway
engineers should take this into aont when locating four-line VMS sthat drivers have adequate sight
distance.

With drivers reacting to such signs by slowing down, gdasible to try and limit the visual distraction by
the use of separation techniques. ®Gueh technique was tested in thisdst (a separation line) but it was not
found helpful to the drivers. This could be a noveltyeeffin that drivers need to learn such techniques in
order for them to be useful. Thus, multiple presentatioag have been needed in order to draw out these
advantages and further studié®gld concentrate on developing etige demarcation techniques.
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