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Traffic congestions are one of the most occurring delays on the Dutch highidageasing
traffic congestions is donby severalmeans;one of them isunbundling traffic stream to
regional and local traffic. Separating these traffic streams increasestiiéic flow and
reduces the congestion&lso the providedraffic information while drivinghas a positive
effect on the traffic flow.Roadusers have several means of receiving traffic information
involved with congestions and route alternatives. Theamg of gathering traffic information
along the route can be done by roadside angan traffic information systems. Currently the
Dynamic Route Information Panel (DRIP) is an important roadside traffic information system,
whichis usedby RijkswaterstaafRWS). Because, there is a lack of knowledge regarding the
relation between DRIP and-gar distributed traffic information and the behavior of road
users towards this information. The current reaidle systems need to be compared with the
new evolving ircar traffic information systems, and offer insight in the usage of these
systems in different ottrip situations.

From literature study more insight was gained in the concept of traffic information
managements, different traffic information systesmlongsitle the road and ircar, and the
human behavior towards the gained information. The categories of traffic information
systems have different kind of visual presentations layouts and purposes. Whereas the
dynamic traffic information presented along the rohds a general beneficial contribution to

the traffic guidance and safety. The-éar systems provide a more personal based
information stream with personal beneficial route advice for the road user in question.

The behavior of the road users towards the traffic information presented to them is different
for every situation. The reaction of the roads users towards gained traffic information often
depends on the skills and their personal view, whereas a generdl usar does not exist.

The opinion of road users towards the perceived usefulness of DRIP(s) is still scattered. The
increase of the personal presented information bycar systems however has a positive
effect on the information presentation as well dset guidance byt as found by previous
research However, the ircar systems also cause distraction and possible unsaféictra
situation. Often the behavior and route deviation reasoning depends on the circumstances,
causeand time of the delay, thealternative route available, the road designs, and the
familiarity of the road users with the surroundings.

With the information gained form the literature study a stated preference experiment was

aSié dzLd G2 O2fft SO0 R idédsiod hunblipdle® highrap ditidBonsNE dzi S
and theuse of different traffic information media. The visualization of the different traffic
information media was an important aspect, and had to be comparable with the existing
systems. Presenting these systemsarfamiliar setting is a must therefore anin-car
visualizationrwasmade to give the respondent the feel of actually driving the car



All the attributes are presented by pictorial visualizations to lower the information load and
show understandable format During the stated preference experiment the respondent has
the opportunity to select two different options; the-foute and Nroute. Aroute is the
regionalroute, and the Nroute the route with connections to the local roads.

The data is collected wittine use of an online questionnaire. This questionnaire consisted of
three different parts. The first part contairguestiors related to traffic information systems,
the second part contains the choice experiment, and the third part contains social
demograhic questions.

After the data was collected it got analyzed using a multinomial logit model, which resulted
in showing which attributes affect the route choice behavior. There was a difference made
between route choice specific attributes and context teth attributes. The route choice
specific attributes truck traffic at theegionalroute and exit lanes at the local traffic route
have never been researched before and gave new insights in the route choice behavior.

The decisions made by the car drivensthis research sample are differently for several
characteristics such as gender, age and driving experidncgeneral the car drivers base
their route choice on the shown travel informatiomhile driving on unbundled highways
based on thedelay timesof the route alternative, mostly using this information from the
DRIPs The car drivers make their choices based on their own perception of the
circumstances. Takinin mind the route specific attributes such as the truck traffic and the
extra stress rel@ed driving tasks provided by exit lanes on local roads. For therowte
specific attributes the car drivers mainly base their choice on the time of day-{pmak) or

how often they use a certain road segment, the familiarity. Figure 1 gives the oesthie
importance of the significant attributes found with this model.

Relative importance significant attributes
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Figurel Relative importance significant attributes
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A recommendation towards policy makers and gawmental parties is to keep iegting in

the current DRIP systems because they are still heavily used by the road users of today. Even
in combination with the other ircar traffic information system which has not been found
significant during this research. Further research can be done on thafispe-car traffic
information systems such as the smartphone aggtions.
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Verkeerscongestiegijn een van de meest voorkomende vertragingen op de Nederlandse
snelwegen.Het verlagen van verkeerscongesties wordt op verschillende manieren gedaan,
één daarvan isloormiddel vanontvlechtingvan de verkeersstromen in doorgaaed lokaal
verkeer. Hetscheiden van deze verkeersstromearhoogt dedoorstromingen vermindert

de fies. Ook het aanbieden van verkeersinformatie tijdens het rijden van deze snelwegen
heeft invloed op de doorstroming van het verke&leggebruikers hebben verschillende
media bronnen voor het ontvangen van verkeersinformat@nder andere bestaande uit
congesties en route alternatieven. De verkeersinformaijdens het rijden wordt verspreid
doormiddel van dynamische verkeersborden aan de kant van de evegloor in-car
verkeewsinformatiesystemen. Momenteel iset Dynamische Route Informatie Paneel (DRIP)
een belangrijkwegkantsysteemdat verkeersinformatie verstrekiRijkswaterstaat (RWS3
momenteel aan het kijken of deze relatief duren systemen vervangen kunnen worden
Onderzoek naar de DRIP is vereishdat ermomenteeleen gebrek aan kennis overde
DRIRs) in combinatie met htar verkeersinformatiesystemen en het opvolggedrag hiervan
De huidige wekantsystemen moeten worden vergeleken met de nieuweg steeds
evoluererde in-car verkeersnformatiesystemen ennzicht biedenin het gebruik van deze
systemen in verschillendeerkeerssituaties tijdens ednp.

Doormiddel vande literatuurstudie is meer kennis opgedaan over het concept van
verkeersmanagemenverschillendeverkeersinformatiesystemen aan de kant van de weg en
in de auto. Teven is het (oplg)gedrag van de automobilisten tegenover de gepresenteerde
verkeersinformatie bestudeerd.

De twee hoofccategorieén van de verkeersinformasigstemen hebben verschillende
soorten visuele lay-outs en doeleinden. De dynamische verkeersinformatiedie
gepresenteerdvordt doorwegkantsystemerheeft als doel de doorstroming en de veiligheid
van de automobilisten te bevorderen. De informatie wordt dus met een algemeen belang
gepresenteerd. ri-car systemenechter geven vooral geersmaliseerde informatie.Deze
informatie heeft vaak alleen een positief effect op de weggebruiker die hetirsysteem
gebruikt.

Het gedrag van de weggebruikers naanleiding varde verkeersinformatias verschillend
voor elke situatie op de wegDe reactie van deveggebruikertegenover de verkregen
informatie hangt vaak af van deigenvaadigheden en visie. Daarom bestaat digemene
weggebruiker niet.

Uit de literatuur studie bleek dat de meningen ten opzichte van de DRIP(s) nog steeds
verdeelt zijn. De weggebruiketezen de informatie wel maar volgen deze niet altijd op. Hier
tegenover staat dan weer de gepersonaliseerde informatie van etanrsystemen, deze
worden wel als positief ervaren, en meer opgevolgdhter, de ircar systemerkunnenook

leiden tot afleding en mogelijke onveilige verkeerssituatidaast de presentatie van de
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informatie hangt het verkeers en route afwijkende gedrag af van ed
verkeer®@mstandighedende oorzaak varde vertraging, demogelijke alternatieveroutes,
het wegontwerp en de bekattheid van de weggebruikers mieét desbetreffende traject

Doormiddel van de opgedane kennis tijdens de literatuurstudie is een Stated Preference (SP)
experiment opgezet. Het SP experiment is opgezet om het routekeuzegedmagle
weggebruikersop ontvlechien snelwegente achterhalenmet gebruik van verschillende
verkeersinformatie media. De visualisatie van de verschillende verkeersinformatie media
bronnenis een belangrijk aspediinnen het SP experiment. Om een zo realistische mogelijk
beeld te creéren meten de verkeersinformatiesystemen gepresenteerd worden zoals de
huidige systemen gebruikt worden en op de markt verkrijgbaar. Dp systemen moet
gepresenteerd worden in een bekende omgeving, daarom is ervoor gekozen om de situatie
te beschrijven vantiieen incar perspectief. Hierdoor krijgen de respondenten het gevoel
daadwerkelijk de auto te besturen.

Alle attributen zijn, indien mogelijk,gepresenteerd doopictogrammenom de informdie
belasting te verlagen en zmegrijpelijikmogelijk format tecreéren Tijdenshet SPexperiment
heeft de respondent de mogelijkheigekregen om tussen tweeerschillenderoute opties te
kiezen de Aroute ende N-route. De A-route isvoor het doorgaande verkegen de Nroute
voor het lokale verkeer

De gegevensan het SP experiment zijaerzameld met behulp van een online vragenlijst.
Deze vragenlijgbestonduit drie verschillende onderdelemdet eerste deeheeft betrekking
tot het gebruik van de verkemformatiesystemen het tweede deel bevat hekeuze
experimant, en het derde deel bevaen aantakociaaldemografische vragen.

Na de dataverzameling is de data geanalyseerd met behulp van het multinomial logit model
(MNL). Het MNL model heeft doormiddel van de patitity laten zien welke attributen of in
andere woorden, kenmerken, invioed hebben op het routekeuzegedrag van de
weggebruikers. Binnen het MNL model is er onderscheid gemaakt tussen de route gebonden
kenmerken en context gerelateerde kenmerken. De routekeuze specifieke kenmerken waren
voor beide route opties vertragingstijd. Voor de -ute tevens nog het percentage
vrachtverkeer, en voor de-hbute het aantal afritten. Deze twee kenmerken waren nog niet
eerder onderzocht in een dergelijke situatie.

De weggebruikers maken verschillende keuzdsageerd op een hun persoonskenmerken
zoals het geslacht, leeftijd en rijervaring. Uit het optimale MNL model bleek dat de
weggebruikersmet de verkregen verkeersinformatie tijdens het rijdemp ontvliochten
snelwegeneen routekeuze maken die gebaseerd is @@ extra vertragingstijd van de
verschillende routesEnwanneer dezenformatie gepresenteerd wortildoor DRIP(s). Ook de
eigen perceptie van de automobilisten speelt en rol bij het maken van routekeuzes.
Rekening houdende met de route specifieke kenmarkaals het vrachtverkeer en de extra
stress veroorzakende rijtaak die komt kijken bij het nemen van afritten op-dmuté. Van

de overige nietoute gebonden kenmerken baseren de weggebruikers vooral hun keuze op
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het tijdstip van de dag (spitsuur). Endhvaak ze gebruik maken van een bepaald wegtraject,
in andere woorden de bekendheid van het traject. Figuur 1 geeft het onderlinge relatieve
belang van alle significante kenmerken aan.

Relative importance significant attributes

* Relative importance in %
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Figuurl Relatief belang van de significante kenmerken

Een aanbeveling voor beleidsmakers en Rijkswaterstaat is dat het huidige DRIP systeem nog
niet weggehaald of vervangen kan worden. Dit omdat deze nog steeds intensief gebruikt
worden, zelfs in combinatie andere-tar verkeersinformatiesystemeRerder onarzoek

kan gedaan wordedoor andere specifieke haar verkeersinformatie systemen in

combinatie met de DRI¢ onderzoek, zoals de smartphone apps



With the increase of congestions on the highways and upcoming usagecaf traffic
information systers the older systems need to be reevaluatéithese systems are there to
provide traffic information and decreadeaffic congestionsThe DRIPs are mainly placed at
unbundked roads, which consist of regionalroad and local roadSeparatinghe regional

and localtraffic streamsincreases the traffic flow and reduces the congestidiiee DRIPS is
not the only systems that provides traffic information while driving on unbundled road
situations, there are several other meaofsreceving traffic information. These other means
are the navigation systems, smartphone applications, and radio systemsoiti@nation of
these systems igalled incar systems.The current roaeside systems(DRIPs)can be
compared with the new evolving 4cer traffic information systems. A stated preference
experiment is used to collect data of roatkd S ddidedchoice decisiamat unbundled
highwayswith use of different traffic information media. The collected data is analyzed using
a multinomial logit modk which resulted in showing which attributes affect the route
choice behaviorThere was a difference made between route choice specific attributes and
context related attributes. The routehoicespecific attributes truck traffic at theegional
route ard exit lanes at the local traffic route have never been researched before and gave
new insights in the route choice behavioNere a high level percentage of truck traffic
showed an increase in preference towards a regional road and an increase of esitaan
decrease in use of local roadEravel delays timesisplayed by a DRI&d a DRIP being
activehad themostsignificant impact omoute choicebehavior.
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AID

A

ANWB
ATIS
DRIP(s)
FCD
GRIP(s)
ITS
IVHS
RP
RWS

SBVV

SP
VID

VMS

- Automaticlncident Deéction

- assumption of independence form
irrelevant alternative

- Algemene Nederlandse Wielrijdersbond
- Advanced Traveler Information Systems
- Dynamic Route Information Panels

- Floating Car Data

- Graphical Rod Information Panels

- Intelligent Transportation System

- Intelligent Vehicle Highway Systems

- Revealed Preference

- Rijkswaterstaat

- Strategisch Beraad Verkeersmanagsarn
en Vervoersinformatie

- Stated Preference
- Verkeer Informatie Dienst

- Variable Message Signs
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This chapteintroduces the research design of the graduation theBe main reasoninipr

this thesisis based on the currerntaffic information systemsvhich are usedo spreadthe
traffic load and control the traffic flowSpreading the traffic load by traffic information
systemswill be describeavith the use of a few illustration3 his description i®flowed byan
overview ofthe researchdone during ths graduation thesis, tarting with the problem
explanation and definition followed by thresearch question and approach. Section 1.5 of
this chapter provides eeadingguide for the complete thesis.

1.1. Research rativation

In the current environment a lot of people amdten in a hurry caused by a fullplanned
schedule Travelling between appointments is done in variouays one of themis travelling
by car.Many car users also known as the (highway) road siggeexperiencing stress while
travelling. The sess that is experienced whiteavelling by car is often based on delays that
road users are experiencingutBalsothe presence obther road usersand the high amount
of trafficincrease the stress levef the road usergGatersleben & Uzzell, 2007)

Spreading the road usewver different routeslowers the traffic loadeach of the routesit
alsoincrease the travel speed and lowsrthe stresslevel of the road userdDivisionin to

two roads or in traffic terms callecunbundling the roads is separating asingle road into
more individual roads with physical bordersThis isa common occurrence at the road
network in the Netherlands. It is basically done to stimulate the traffic flow and separate
traffic into regional {ransit) and local traffic flows. Unbundling is currently done at several
road segments in the Netherlandthe A2 andthe Al2 near Utrecht, the A2 near Y-a
Hertogenbosch, ypas§ A2 and N2Eindhoven,the A4 near Leiden and the Alear
Rotterdam. To safeguard the transit traffic at the highways weaJangesand exit lanes are
createdto guide the local trafficThe unbundling of lanesreate a system fomain and
parallel lanesFigurel shows an example of main and parallel roaflsilownside of using
unbundling traffic flows is thatoad users haveto choose the parallel runway in advance to
get off at the right exi{Van Loon, Walhout, & Van Der Velden, 2015)
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Before choosing between the regional and local traffic larseveral static and dynamic
signsare shown to provideinformation of whichroad is connected to what are&n example
of these signs and placemerdat the roadsi@ is shown inFigure2. In this context Variable
Message Signs (VMS) are available. These signs provide additional inforatadidrthe
road conditions such as: travel time of different route alternatives, delayet traffic
congestion, and road accidents. The objectigéthese signsireto lower traffic congestion,
to assure safety, to decrease traffic accident ratasd to enlarge capacity of the road
networks (Li, Cao, Zhao, & Xie, 2019he VMS are best managedith programmed
strategies to give high quality information and guidance twets in order to improve the
capacity of a road networ{@aofeng, ZhigaLeleur, & Wenjing, 2005)he preprogrammed
strategies assure the most optimal guidance for different situations.

AR 9
* Den Hasg §
DH-Centrum !
Cvolg A4/NIG B

Figure2 Dynamic sign (VMS) antie (blue)static signs background left.

(Source: RW$eeldbank 2013)
There are two main categories of road unbundling, soft and hard unbundling. Soft
unbundling gives the opportunity to keep switching between different road and road lanes.
Whereas hard unbundling gives no opportunity to switch between the differentgoatl a
next intersection point is reached. Currentthe soft unbundling of roads is presented by
static signs. The VMS give extra information about the conditions for the hard unbundled
roads. Figure 3gives an example of ermDRIRwhich are ofteninstalled before road
unbundling situatios providing traffic related information. These kinglof DRIPs provide
information as described befora certain intersectiorpoint. Every road connected towards
an unbundled bypass has a IPRsystem installed. TheDRIPsire all located at different
locations and distances before bifurcation of the other connectaionalroads.

The ultimate goabf separating the roads is creating a fast traffic flow mainly for the passing
through traffic. The capacity of the infrastructure of the highwawycreases by 5%3% by
creating separatedroadanes for local andregional traffic (Van lbbon et al.,, 2015) A
downside of the unbundling of these roads is tloev flexibility of the capacitywhilesthe
intensity of the traffic increasesror example, traffic on bothoadscannot take advantage of
gpare capacity in the other lane when intetysis higher than capacity.



In the Netherlandsn unbundled situation consist ofraain and parallel roadvhich will be
called aregionaltraffic road and local trafficoad during the rest of this studyrhere are
some cases where bothnbundledlanes are forregionaltraffic, but were one road has
additional exits lanes. Theegionaland local traffic road consist out of a minimum of two
lanes in both directions. Inotal this results in a minimum of eight road lanes. The
unbundled roads are often located around city bypasses. This restdts ipositive traffic
flow for the transit traffic around the cities'he total length of these situatiorere mostly
between fveto fifteen kilometers.

Figure3 Example ofa bermDRIRSource: maps.google.nl)

Traffic managementcenters are playing an increasingly important role in improvitige
traffic flow, traffic safety, and in betterutilization of the road capacity. Partly due to the use
of route information panels anddynamic reversible lanes, road traffic managers can now
W3dzA RS | yR O 2ndinkdatiw® imprévé theltrilic BittiatidlGodthelp, 2012)
However there are more institutions and comparsevhich have access or their own data
consisting travel information and can provide personal traffic information directly to the
road user,through for examplea navigation system with reéime traffic information or
throughsmartphone applications.

1.2. Problem definition
At the momentthere are many different wayef guiding road userand controlling traffic
flows. Guiding and controllingg done with the use oflifferent smart traffic information
systems. The traffic information systems are divided in a few categories, with the main
categories road side information systems andtam systemsL Yy 2 R |, & iQignpodadtNI R
to provide traffic information successkyaland control the behavior of the road usetsitil
certain extend. Road use@ehavior needs to be taken in consideratiomem designing
suchsystems. There is already a lot of reseaddme towards howinformation should be
displayed on the VM&nd which fadors are influential on route deviation behaviaue to
information provided But less research towards the VMS in combination with tipeoming
new technologies whictalso provide traffic information. In the near future moraew
sensors, mediagand information mediawill be merged into newnformation systens, both
for the road usersand for traffic managergGodthelp, 2012) The information that is
provided in-car with the use of applicationen smartphonesand navigation modulewith
live traffic updatesgive personatedtravel information Currentroadside systemsprovide
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only general beneficial traffic information. The trend of personal traffic information will
attract different parties ad services to provide traffic information with the means of
different in-car systems and mobile devic¢kroon, Martens, Brookhuis, & Hagenzieker,
2014)

I Currently there $ a lack of knowledgeegardingthe relation betweenDRIP and ircar
distributed traffic information and the behavior of road users towards this informatiol

It is especially important for the governmeim particular Rijkswaterstaato find out if the
placed DRIPsare still used and influentialor traffic guidance in combination with the
upcoming new media. Applications on smartphoaesl other personal navigational systems
are evolving at such a high speed that the timéhere to evaluate which systems need to
be improved and developed and which systems can be abandoned.

1.3. Research question

The question that is currently asked by Rijkswaterstgahow the DRIP@fluence the

R N @dbitEnhGicebehaviorin unbundled road situationsCurrently there is not enough
information available that provides insighito the way road users act and make decisions
based ondisplayed information. The scalledfollow-up behavior of the drivers is currently
not beingmonitored by Rijkswaterstaatt is knownwhat the traffic streams arbut not how
specific shown DRIP messages influence the decisions made by the road users. That raises
the question about the influence dhe DRIP&s a traffic information mediunKnowledge
onroaddza Skhé@Eagior towards traffic information media needed because even the most
sophisticated traffic information systems can lesuccessfuf we areunableto understand

the behavioral consequenceAside from the messages shown thetdifferent media the
different context and road related attributes can influence the behavior of road users as
well. This noticebrings us to themainresearch question:

I Which context and road related attributes influence the route cholaehaviorof car
drivers atunbundledhighwayswith the presenceof different traffic information systems? I

The main objectivef the study igo find out which mediumm what circumstances has the
most effect on theD | NJ RriddtedSoN& b@haviofor unbundled highway situationst is
important that this information ishanded over in an understandable format. Several
researcheshave been carried ouby Rijkswaterstaat on which traffic related information
sourcesroad usershave to their disposalhow the format should be designetiow road
usersuse these sourceandwhat is theirlevel of satisfaction about these servicdfie main

8



research question is very broad and needs to be divided into a fevgsabtions which will
result in the final anser for this research.

Subquestionsbased on the main research questions are:

I Which dynamidraffic information systemsare currently in use by road mangeend
users?

Whichcharacteristic are most influentiafor road usersn route adaptation behavior?
How do peopleact based on the traffic information streams?

Which and vhat effectsdo traffic information media have in different circumstance<?

With this information assumptions about the possible trends evolving in traffic information
distribution and behavioral patterns of road useysidance can be made.

1.4. Research design

From reading extensive literature abouyiresentation of traffic informationand traffic
behavior, it appeared thatmany of the researches were conducted usidgscrete choice
experiments reattime traffic observationsand data generated by simulation models. These
methods have certain limitationand someof them will be discussebelow. The methods
can beseparatel into two different categories. The firstategoryis based onby field
observationsperceivingwhat is done by observing subjects and what chea®e made. The
secondcategory is based oaboratorycontrolled experimentscreating different controlled
circumstances andskingthe respondent to make a deston. The advantage of a laboratory
experiment is that all the attributes can be controlled and new not yet measureable
attributes can be added in the situation.

Many of theresearches already dorfecused on estimating only major effects of providing
traffic information toroad userea A Ay 2NAyYy 3 RSOGFAESR SFFSOGa FN
demographical characteristicand traffic patterngSangyoup Kim, Jeong, Choi, & Tay4201
Reattime traffic observationis one way of doing research towardsute choice behavior
Thiscan be done by counting cars and evaluating which waydhd userggo when driving
Combining the route choicevith a certain message displayeat the rad signs gives
additional information of the routechoice madeA disadvantagds that no information is

F gF AfFof S | ccRadaterisiidasd otReNih-cardraftic Dformationsystems used.
The effectiveness of the DRIPS can be measwiéd real-time traffic observatiorbut with
caution and bearing in mind thabad users could have used oth@afarmation media It is

not known explicity if the route choice is directly based on the information given by the
DRIP only.



Anothertype of observing traffic is with the used &PS datén combination with DRIP log

data. The dategathered by GP§ives a lot of information when combiningwith the DRP
log data The GPS data often calledFloating Car Data (FC&n be obtaied from different
sources such as smartphones and navigation systéhesadvantage is that the datadgfien
FodFAflrofS Ay fIFNBS |Y2dzydas Ay (GKS az
visualized with the use of this data in combination with map matghCombining these
visualized streams with DRI®&y datagives a clear understandirapout when road users
change direction from one suggested route to anoth@ifth the informationgiven by the
DRIPs the effectiveness can be measurBdere is howeverti no information avaiblable
about the drivercharacteristicand combination of other ktar traffic informationsystems.

Creatinga laboratorial seup with a fictive car driving on a highway with traffic information
presented by different sourcesan provide information about the impacts of providing
drivers with realtime traffic information.The laboratoriaresults can support the notion of
road users decisions made to divert to alternate routes includingamsystems in the
simulation DRIP@®ia & Panwai, 2007This meéhod is however not chosen for this research

because of the timeframe of this graduation projettowever, he information gathered

Ol t ¢

with this method contains all the information that is needed for this study. Which is all the

behavior towards the differenttraffic information systems, and the respondents

characteristics. However reaching many respondents and creating a traffic management

laboratory setup istoo extensive for the knowledgef agraduate student.

Data can also be gathered with the usereativelylow numberof respondents This can be

done by making real observations while driving alowmgh the respondents Driving along
with the respondentrecordng decisions madewvhile driving on the highwayin different
situations and different route ifiormation displaysThis way it is possible et direct input

from the respondents whilghey aredriving. The findings however are often lacking the

ability to generalize to wider societies, being biased towaade, genderetc. (Kawulich,

2005). A limitation of this way of gathering dataaside from being time and money

consumingjs that not all circumstances will be covered during the observatibimsneeded
to assumeoo much if not all possible variabléisat can be taken into accounEorinstance

if the navigation systendoesnot provice an alternative route because there is no delay at
that moment in time or when the DRIP is omlsoviding regular travel times and no delay

times.

Gathering data with questionnaires can offer insghtto carRNA GSNB Q g &

information andtheir reaction towardsthis information. Howeverthe respondentwho fills
in the questionnairecan interpret the question differently than it imtended to beand

therefor answers get a different meaningQuestionnaireswith stated preference questions
however can provide careflylcreated scenarios ith a lot of controlled attributes to gather
the data that is neeédd to evaluate route choice decisionBhese scenarios can be designed

to contain the whole context that is needed and still present a rddéé situation
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Additionally the questionnaire can be used gather dataof the R NJA @ludEefistics and
experiencstowards traffic informatiorsystems

Table 1 gives an overview of the pros and cons of the evaluated methaggthering the
needed data for this study.

Tablel Data gathering method selecting

Realtime Driving along [ Stated
traffic with preference
observations | respondents

data

Low costs

Quick gathering
method

Respondent
characteristics
Add new
attributes

Control over

attributes and
attribute levels

With the use of table 1 ongathering method is selectedhe so called Stated Preference
(SP)approach SPexperiments are often used in transportation studies for estimating and
forecasting behavior of travelers, road authorities dfRose & Bliemer, 2013%P originally
comes from the economic marke&there often marketingesearch has to be done towards
new products. HoweveISP is increasingly more used fansportation researcl{Hensher,
1994) Within a SP research the respondent can be asked eitheate, to rank orto choose
a hypotheticaloption. The SP scenarios applied in this thesis consistuifiple options
available andthe respondents are then asked tohoose one alternativein the given
situation. It is important to create differentontrolledscenariogor the highway users which
consist of visualizations of @articular situation in time on the highwayl'he scenarios will
not be based on a specific case and thereftite scenarios wilbe generic as much as
possible but with the characteristics of an A and N road as main labelled altern@os.
demographic information is also needed for this reseaastd can be included isome
general questioa

Another advantage of usingSPexperimentsinstead of other routechoice simulators is that

the scenarioscan be designedto relate them to 1 KS RNA @SNRA | OGdz €
(Chatterjee, Hounsell, Firmin, & Bonsall, 209 does not only hasahtages but alsbas

a few shortcomingsThe first one is thathe road users ray not act the same towards the

given scenarios compared teatworld situations The scenarios createdre forced to have
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certain boundaries, because not every variable tantaken into consideration Thiscan
havea significaneffect on the decision made by the respondent and it is not known for sure
if they will act this way in real liféLi et al., 2015)This can be checked by Revealed
Preference(RP)approach. Howeverthis is too expensiveand time consumingor this
graduation studyand can only reach results that are limited tbetspecific message
displayed during the survey periodRP data is often gathered by direct observations or by
selfreported data by the respondents. Another disadvantagfeSPis that the scenarios
need to be designed carefully which is vechallengingand can be relatively time
consuming. Mistakes made while designing the scenarios can result in skewed results.

1.5. Reading Guide

This section explains briefly the builp of the graduation thesis as graphically displayed in
figure 4. The problem definition red research aims and question are discussed in the
previous sectionsChapter three starts witha brief description ofthe literature study
towards traffic guidance in generarhis chapter ifollowed by chapter 4describinghuman
behavior in traffic After the two chapters focusingn the literature studythe setup ofthe
stated choice experiment is discussed including the data collection, data anafysks
results. Finallythe thesis will end with a conclusion also containing the discussion.

Problem definition

Research aims and questions

Literature study

Traffic guidance
information
Traffic Management bodies
Different variable message signs
i

Stated choice experiment

Setting up the stated
choice experiment
Research problem focus
Choice and attribute selection

In-car traffic information systems

Human behavior in
Traffic

Road users behavior in traffic N
Data Collection

Road users behavior towards
traffic information Questionnaire set-up
Questionnaire
distribution
Data analyses and Results Conclusion

Sample Description

Situation presentation

Model quality Suggestions and
recommendations
Multinomial logit . . . . .
analysis m Figure4 Thesis design anteadingguide
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The glossary contains general explanation of a few definitions and context. This is done to
create a more clear view on the subjects that will be discussed foltbeing chapters.

One of the most frequently used terms ®ad and road lanes A road can consist out of
different lanes, which are called road lanes. The situation description often uses these words
together. The two main roads used as choice altexrestiare theregional roads and the

local roads Theregionalroads are the roads meant for traffic that is on transit, or in other
words passing byl heregionalroads are most often roads with a higher speed limit than the
local roads. In some cases tluedl road has the same conditions as tiegionalroads but

with additional exit lanes. For instance they are both ano&d. The local roads in this
research are roads that are situated parallel okgionalroad but with additional exit lanes

to leave he bypass of the cityThebypass of the city ithe combination of both theegional

and local roads around cities.

The Variable Message Sign (VM$ a term used very often and is widelgcognized It

indicates all the signs that are variable and can display different kind of digital information,
which can be adjusted at any moment in time. In the Netherlands there is an own
abbreviation for VMS which BRIP(s)DRIP(s) stand for dynamic route infaation panel(s),

2 NJ Ay DyhariséhKout&informagipareel®d Q 5 dzNAYy 3 (GKS NB&ASF NOK
to indicate a form of VMS.

From the different navigation systems thavigation system with live traffic informationis

used in the stated preferemcexperiment. Navigation systems with live traffic information
provide live feats of specific traffic incidents, including accidents, roadworks, and road
congestionsThe navigatiorsystemsthen provide information that includes the delay time
and other fater alternative routes.

Aregularused term in combination with live traffic information i$oating Car Data (FCD)

FCD is data that is gatherég the road users. These road users have certain systems in their
cars that transmit information into the aiThis signal is created by sevarsans;the most
important ones are the smartphones and navigation systems. The FCD is then used to
determine the speed of the current traffic, the congestions, and much more. Often traffic
management bodies have the opportunity to combine this data with inforamasystems at

the road side, such as camerasffic measurement loopsand Bluetooth sensor@Nilmink,
Malone, Soekroella, & Schuurman, 2014)
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During the stated preference experimesttuations are designed. Situations are specific
circumstances thaha road usercan face in reality. The situation have certaituation based
aspectsthese aspects describe the situation more carefullith the use of different
attributes. Attributes are explanatoryaspects of the situation description. Which are
carefully selected during the literature study following in chapter 3 and chapter 4.

Attributes consist out of differenattribute levels These levels indicate a certain amount,
value, aspect, or contexthe attributes are al described in section 5.1.
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This chaptemprovides some general description of traffic information management. It also
contains information about theuse of dynamicand fixed information systems located
alongside the Dutch highwaysd incar mediathat can be usé by road users receiving
traffic information.

3.1 Trafficmanagement lodies

Traffic guidance service is rdahe traffic informaton or guidancesetupfor andprovidedto
road users. The traffimformation consists ofctual traffic conditions, delays causeay
congestions, delaysausedby accidents, availability of parking facilitiesd presence of
roadworks.Governmentalbodiesand market parties can prode information and guideall
road users on the Dutch highways with a certain guidelnpresenting the traffic related
information.

3.1.1 Governmentatraffic information guidance

The governmental guidance in the Netherlands is done with the useefational traffic
management whiclis controlled inso-calledtraffic management centerd he governmental

body which is responsible for the national roads is RWS. There are in total six traffic control
centers in the Netherlands, one national control centand five regionatraffic control
centers.The five regional traffic control centers are located in the Netherlands from north
until south in Velsen, Rhoon, Utrecht, Wolfheze and Helmond. There is one umbrella
organizationfrom RWS in Den Haaghich foasses on process improvement of the regional
centers.The goal okach controkcenters igo control a part of thehighwayroad network in

the NetherlandsThe traffic guidance in these centers @iin2 a G A Ydzf I G S NRBI R dz
by displaying traffic information that will support the traffic flows, safetnd keeping the
roads as sustainable as possililgher main tasks of the traffic managemeoénters consist

of (Godthelp, 2012)

A Informing and warning

Guiding and controlling

Managing incidents

Harmonizing and supervising roadrks
Monitoring and controlling objects

> > > >

Gathering traffic information need to be doneefore the traffic infomation can be
presented. The gathering of the information is done by the traffic control certériours

per dayand seven days per week. The gathenefbrmation consist of FCD, camera data,
traffic loop data and more Al this so called¥ig dataCls stored at the nationadatabank of

road traffic dataltisw 2 { Qto a#hér, distribute angrovide process related information.
Other service providers such as the VID and the ANWB present the regular traffic
information which will be beneficial forall road users The information that ispurely
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descriptive is notalwaysmandatoryto follow and can bagnored by the road useri$ they
decide to do so. An example of mandatory information is a closed road lane due to
roadworks or an accidenNon-mandatory informationconcernsthe presented delagywith
route deviation suggestions due to traffic congestions.

RWS uses more systems alongside the roadside systems to distribute their traffic
information, suchasinternet sites, teléext pages, SMServicesand a telephonenformation
number. The information provided with these systesmnsistsof travel time, traffic jams,
delay time, road status informatigrand travel deviation routesWith the use of this
information the road users get asverviewof the roadcircumstances andonditions ahead
The information takes awaythe uncertainty that may occur during the journey. These
uncertaintiescan bethe difference in travel time at different partsof the day andravelling

in peakhourswhichcan ircrease the travel time.

3.1.2 Traffic informationspread by otheparties

Traffic information provided by third partiesontainsoften unique servicedut not always

for afree. This information can consist of personal travel information suggestions, predictive
traffic jam information and so onAt the moment ppular smartphone specific applications
are Google Maps, INRIX, Flitsmeister, Apple Mapd TomTom navigational app. These
applications are not the onlgpps provided bythird party informationdistributors. t also
includesGPSnavigation based systenmovidingpersonal route informatiorservices The
parties spreading the traffic information with the use of smartphone applications and
navigation system often use their own FCD, gathered by the uséhng @roducts.

Also other systemdike the tadio data system traffic message charf®DSTMQ receivers
provide traffic information Information spread by the radio and also televisids often
done by theDutch Traffic Information Servic&,erkeersinformatie Dienst (VIDwhichis a
Dutch traffic service information providerWith the use of combining information from
different sourcessuch adixed camerastraffic loops, and moreThe combinednformation

is providedto road users with the use ofadio, television, internet, navigation, telephone
and text services.

The road user has the possibility ti@vel fast, comfortable and safe with the use of these
servicesA big advantage ovea fixed road system is that theéfiormation of these services
can bereceivedin-car everywhereat any time.The incar systems will be more thoroughly
discussed in chapte}.3.

3.1.3 Presentatiorof the traffic information

All the different parties that gather the traffic data need to preséimtse datato the road
user inan understandable formatA Dutchmeeting whichwas called theStrategisch Beraad
Verkeer en Vervoe(SBVV) represeimy somemarket parties and some governmental
bodies, madea document describingnow information services aroundoadworks, route
information and navigational systems shoude distributed. Thisdocumentis important
becausethe document describes how toreate a moreuniformed design whemresenting
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traffic information, especiallynow, with the rise of GPS navigational systems, smartphone
applications and other incar technologies.More detailed information about the
agreementghatareYF RS OF'y 6S F2dzy R Ay (KS awhiclois £ f SR
apublic document

The different media that are used to spread the traffic information consist either out of
personal and generataffic information. The currently active road side systems with general
traffic information are likely becoming more obsolete with the evolution of the newain
services. The advantage of these personal services is that the traffic information mitiree
direct, persorbounded, and timed.Thismeans that the traffic information wilbe more
userspecific andwill be presentedmore directly to benefit one road userPersonal route
information is followed more often astated by Taale & Schuurma(2015) Approximately

14% of the road users in the Netherlands change their route when information is received on
a personal GRSystem, in contrary to general traffic information which is 6%. The behavior
of road users towards the information will be more thoroughly discussetiapter4.

With all the possibilities and different media in spreading traffic informatitve primary
task which isdriving should notget pushed to the second placehérefore the messages
shown at road signs, navigations systersmjartphone applications and through radio
messages should be kept as short as possible andléamanding to prevenaninformation
overload(Kroon et al., 2014)These short succinct messages can be interpreted in multiply
ways and canlead to confusion by some road userBhiscan result im0 unsafe and
unwanted driving behavior. Kroon (2014) therefore said that these messages should be clear
and unambiguoudo secure trafficsafety andthe messages shouldot be displayed in
different colors Becausen the Netherlands, about 1 out of every 12 mamd 1 out of every
200 women has regreen color blinchess The information needs to bepread efficiently

The following factors are important while spreading the information efficientiyning,
location, and traffic circumstances The timing and location of the presentation of the
messageneedto be taken in considerationin relatiorshipto environmental circumsinces
such assharp curvesand road deviationsPresenting the message way ahead at high traffic
density roadssectionsis important to guide the traffic safely

3.2 Different Variable Messagé&gns at the roadside

Variable Message Sigit¢ Mg are importantcomponents in providing traffic information
towards roadusers with the use of théntelligent Transportation System (IT$he dynamic
VMS signs are managed from the traffic control centers all over the caufiteysign itself
usually consisgtof a largeset of LED lights aligned in a grid forming the information and
symbols(Nienhuser, Gumpp, Zéliner, & Dillmann, 2Q008)ese signs are used to control and
guide the traffic flow on moshighways. The information displayed on the VMS cossikt
traffic information about thecause of cogestion delay time, maximum speednd other

® https://iwww.yumpu.com/nl/document/view/8309955/hetpactvansint-michielsgestetonnektis a direct
link to the file, which is in Dutch.
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viable informationsuch as possible route deviation suggestitorsthe road users. The goal
of the information is to help driversvith their decision making and provide a safe journey
with an lower accidentate, less traffic congestion, assure safeipd enlarging the capacity
of the road networkBaofeng et al., 2005)

Previous research frodvardman, Bonsall, & Shir¢$997) K. Chatterjee et al2002)and
Khattak, Schofer, & Koppelmdh993) has shown that the delay time shown on VMS has
more significant effect than showing the actual tehtime, more specifically delays with a
specific cause, provide more route diversiokside from divertingroad users to other
routes, the presentation ofcorrecf and location based information about congestiaren
benefit the traffic flow as wellThe location informationpresentation,delay length, and
detailed information of the traffic conditions in a @sefanincident andto organizeactions

to clearthe incident area are importanPresenting the information with certain attributes is
not the only way of distributing the informatiorfhe actualplacements of the signs asdso
important to control thetraffic flow andspread the traffic volume over the full capacity of
the roads Offeringthe road user enough time to read, interpretednd make a decision
based on the information provided by tlegns The VMS are often placed the vicinity of
busy inersections, which are important key points to distribute traffic information to the
road users and provide information for route alternatives and travel informatimoviding
the information is done with the use of three main VMS in the Netherlands,gbBiRIPs,
GRIPs and Matrix signs, discussed in the next paragr&iss.a short paragraph will be
devoted towards static signs that guide the traffic on highways in the Netherlands.

3.2.1 Staticroadinformationpanels

Static pad information panels are used to indicate routes, road, road lanes, locations, and
much more. There are still some differences in guidance for unbundled road situation in the
Netherlands. The signage of static rogignsneedsto be uniform and clear forhe road
users to understand. The information needs to be preseratdays of advance, especially

of busy traffic intersection and complex weaving areas. The static route signs are the signs
that provide the guidance towards the different intersectionsadg and road lanes.
Without the static route signs the road users will not be able to find the suggested routes by
the DRIPg-igureb shows a standard static sign. One needs to know that these signs are still
important for the route guidance and routsdection; the other dynamic systems are
discussed more thoroughly.

Ring-Oost
| o wijken 22 t/m 25)] [ wijken (11) t/m (21)
Fgure 5 Static road signs in Eindhoven Eindhoven
the Netherlands ; Heerlen A79 it Heerlen A79 i

Aachen A79 w it Vaals

A2~ . 4N278

®|f this informaion is different for the actual situation the road user may not trust the given information the
next time.
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3.2.2 Dynamic route informatiopanels(DRIP)

One of themost commonused VMSn the NetherlandsconcernsDRIR. DRIP signare
placed at tactical decisions points, which are mostly close to highway intersection points,
these points provide the best opportunity to present road conditions ahead and provide
several alternative routes availabléd regelation is available for the@resentation of
information by the DRIPDRIPsare used to display planned road constructions, special
events and otherroad traffic managemeninformation for the road user Theroad traffic
management informatiorconsistsof travel times, delays, detoaranddelay causesn the
particular road segmentn the Netherlandsthe DRIPs mostly shofixed travel time over

the particular segment, which is often from one motorway junctioratwther. If there are

any delaysthe DRIP will report thesmcludingthe reason 6 the delay. After peakours

the DRIB are used to provide informatioontaining standard fixed travel informatiaor
slogandrom different traffic campaignsThe secalledroad side VM$¥Y 0 SNY 5wLt)AQ A Y
are dynamic signs placed at the side of the raddch show traffic informatiorand constant
travel times including the possible delay thvat specific local segmestThe last mentioning
worthy DRIP system that is also available in a small anmamterrsthe DRIPthat is a road

wide dynamic sign, which can be programmed to display both textual and graphical
information for each specific road langigure6 gives a visual overview of all the DRIPs.

o1 Kiningaiderpin 34 min «4 ¢
101 3¢ Baghoevedorp 28 min ¢

mf 101 Den Hasg Centrum & min mw‘
. 4 nex _'.
3

Figure6 DRIP | bermDRIP | DRIR®urce: RWSbeeldbank | swarco.com)

The generalayout of the DRIP consistd the intersection with the normal travel time,
including the possible delay, and the delay reason with a displayed icon. Several studies have
been donetowards thedisplay of information. The use of symbaoistead of characterwas
preferred by the respondents. These symbols should associate with current already know
traffic signs and symbols used bydar systemgRijkswaterstaat Adviesdienst Verkeer en
Vervoer, 2007)Figure7 shows a general layout picture of the most commonly used DRIP
layout with icons, these are also used in the further research othieisis

2\ tot XX Knoop 3

A 9 min +4
N 12 min +671

Figure7 DRIP Layadu
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3.2.3 Graphicaloute informationpanel(GRIP)

GRIP which is short for Graphical Routfrimation Panel is basically the samas aDRIP

but is also displag a simplified graphical image of the highway junctions and road segment
occupation. The delays of the road segments are displayed with different colors, travel time
or textual explanation of the delay. The advantage of the GRIP system iffea¢nt route

are more sophisticated and gives a quick ovew of the exact delay location arbssible
options are visualized’he road users have the feeling that they can adjust their route if the
two visualized routes come back together. This results in moral nesers taking the
suggested route according Man de Pas, Bever, & Lenti2012) Error! Reference source

ot found. displays a GRIP at the Dutch highway, the cettirsegment indicates a delay.

Figure8 GRIP, displaying a simplified image of the road networ
(SourceRijkswaterstaat, 2013)

3.2.4 Matrix signs

Matrix signs are placenh the vicinity ofbusy highwaysectionsabove each landt assures

that traffic can be controlled with the use of dynamic speed limits as well as spreading the
capacity ly opening or closing extra drivit@nes Figue 9 displys four matrix signs beneath
static traffic sigs. Most matrix signs work in cooperation with memement loops

WY S St dzauH yreese Nogps pragde information about the speed drivenat the
current road sectionThe matrix signs display an appropriate speed ktntn set between

the boundaries ofin algorithm The adjusted speed limit is displayedassure safety while
riding towards a trafigam (A y 5dzi OK (KA & Aa ,(®bekroefaR20MF A £ Sa i
The presentedspeeal limits were recommended speed limiksit it was changedater on
Nowadaysthe displayd speedlimits at matrix signs arenandatoryaccording to the law
Closinga road lane with the use of a matrsign (displaying aed cross)can have several
reasons The road lane is closed because of roadworks or an accident. During rush hours the
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shoulder lane can be used as indicated by a matrix sign. The shdattes need to be
controlled carefully by the control centers because when a car breaks down the shoulder
lane need to be closed immediately.

{ Ring Rotterdam (oost)|
Dordrecht Europoort
Utrecht | Hoek van Holland

=7 K |_Havens 100-200 __}™=— J°C /4|l Havens 200-9500 M
WA 0 v WA "5 Gy

S

80 80

Figue 9 Matrix sigrs displaying a temporary mandatory speedurce: beeldbank RWS)

3.3 In-cartraffic information systems

There are more systems thatrovide traffic informationto road userssuch asthe in-car
traffic information systemsmentioned in previous paragraphs.The traffic information
systemsthat are discussed in this sectionathree in-car systemsradio traffic information
systemsGPS navigation systerasd smartphone applicationshe radio is one of the oldest
mediumfor receiving ircar traffic information. Grrently, the built-in car navigation systems
with live update and the smartphone application are booming systems in providing personal
traffic information. The major difference between the radio and the newgaffic
information systems is the way of presentingetiraffic information.Whereas radio provides
more general traffic information and the other -car systems provide personalized
information.

3.3.1 Radio traffic mformation

The radio is one of the oldest-oar systemghat provide traffic information toroad wsers.
Several built ircar radios have thedky OG A2y WG NI FFAMWMs fungfigh2 dzy OS Y
automatically switches to the rad&tationthat provides traffic informationThe information
mainly consistsof on route congestions, travel timeand delays bothn kilometers and
minutes. It also provideimformation of possible alternativeoutes due to road constructions
and incidents. The given information tells at which road numbed @hich sectiorof the
road thedelays are. fiis informationis giventhrough an update by the radio stations every
half hour. The provided information is not as up to date as the newecan systems due to
the 30 minute timeframe between each update. Howevéthere are emergencynessages
andthe urge is high such &s the context ofa ghost driver or an extremaccident the radio
station will broadcast the message immediatelyhe information spread by the different
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radio stations to the road users is often provided by the ANWB/anthe VID More
recently, the information is also given with the use of dajainedby application companies
such as Flitsmeister and ANWB apyside from providing trafficonditionsthe radio also
provides speed control§hese speed controls are often provided by peopl®o calla radio
station or more recently by the booming smartphone app Flitsmeister.

3.3.2 GPS navigation system

There are several navigati@ystemsavailable on the markeds displayed ifrigure10. Fom

left to right: simple interface buildn navigation, advanced bu#d navigation system, loose
navigation systemand navigation applicatiofior smartphone and tablets, which will be
discussed in the next paragrafh3.3 In the Netherlands91% of the car users have a
navigation systems in their household, were 67% of them are nomadic systems, 27%
advanced bilt in car systems and 45% use an navigational applicaflue number exceeds
100% due to the fact that several household own more than one sysStém system that is
preferred and used for route guidanaeost oftenis the built-in car navigational syste
(Schaap, Jorritsma, Berveling, & Bakker, 2015)

The advantage of navigation syems are that these systera provide updated traffic
information by data received from thenanufacturer of the system usedften this data is
gathered byFCD Updating the traffic information regularlis important becauseroad
conditionschange continuouslguring the day. However, only GPS systems with litffic
information provide continuously updated informatiomhe livetraffic information shovs
congestions, incidentsalternative routes which are more suited for the current road
conditions and points of interestsOften these extra serviceare provided by an extra
subscription

Figure10 Different navigational systems. sourcéSchaap et al., 2015)

Aside from the regular traffic informatigrthe navigational systems also provide speed
limits, applied taffic rules andshow locations of fixedspeed controls.The navigation
systems can also provide driving suggestiand expectedrisksahead These suggestions
and risks consist abad lanesuggestionswitching highwaysindicating dangerous weather
conditions, dangerous road situations, closed road laresd even when approaching a
school.

The big difference compared to traffic information provided by treglio is that the
information presentedby the navigation systesiis personalized foeach indivilual road

" Change is conditions are for instance, new congestions, detours etc.
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user, location basedand is updated more frequentlfrevious research has indicated that
with the use of navigation systente destinationis reached more quicklywith a shorter
travel distance and whedriving to aunknown areadestinationit gave apositive effect on
traffic safety(van Rooijen, Vonk, Hogema H, & Feenstra, 200@8nTom claimed that when
10% of all drivers use there ®alled HD Traffic system the effect of the averaavel time
would decrease for all road users by bBBomTom, 2010)

3.3.3 Smartphone applications

Theavailableapplications (appsdn current smartphongare enormous and still develomn
rapidly. The advantage of smartphones is that they are cusinizablefor eachindividual
user. The gp only shows information that covers the u&needsOne of these features is
the possibility to provide personaloute information. The oute information is location
based and italso providespoints of interests and other facilitiethat are availablein the
near surroundingsf wanted. The data and information provided by most smartphone
applicatiorsis done with the use of B this data get a continuous feed of updateA. few

big @mpanieshave major data files available to provide optimal guidance and information
streams towards their app user3he data is generated by the users of the apps. The
generated data is translated towards a more understandable for the apps users.

Current popularapps in the Netherlands areGoogle maps, standard map application
provided by the manufacter smartphone software, TomToapp, ANVB-app, Flitsmeister,
Sygic¢ Here Drive, Routeradar, ViIlgnAnaarBetesapp, Waze, Facebook, Twittemd Nu.nl
(Rijkswaterstaat, 2015)Google Maps isby far the most popular used app on the
smartphone(62% of the Dutch road useuse it).Followed by standard map appgsovided

by the smartphone ANWBapp, AnaarBeteapp, TomTom and Flitsmeist¢bchaap et al.,
2015) (Rijkswaterstaat, 2015All these apps have different lay@dnd ways of presenting
the information towards the roadiser The different visualizatios make it hard to
generalize one specific apayout; a few screenshots of the current popular apps are given
in Figue 11.

Figue 11 Popularsmartphone apps, ANWB apfFlitsmeister app- Google Maps app
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