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MANAGEMENT SUMMARY (English)  

Traffic congestions are one of the most occurring delays on the Dutch highways. Decreasing 

traffic congestions is done by several means; one of them is unbundling traffic stream to 

regional and local traffic. Separating these traffic streams increases the traffic flow and 

reduces the congestions. Also the provided traffic information while driving has a positive 

effect on the traffic flow. Road users have several means of receiving traffic information 

involved with congestions and route alternatives. The means of gathering traffic information 

along the route can be done by roadside and in-car traffic information systems. Currently the 

Dynamic Route Information Panel (DRIP) is an important roadside traffic information system, 

which is used by Rijkswaterstaat (RWS). Because, there is a lack of knowledge regarding the 

relation between DRIP and in-car distributed traffic information and the behavior of road 

users towards this information. The current road-side systems need to be compared with the 

new evolving in-car traffic information systems, and offer insight in the usage of these 

systems in different on-trip situations. 

From literature study more insight was gained in the concept of traffic information 

managements, different traffic information systems alongside the road and in-car, 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 road has a general beneficial contribution to 

the traffic guidance and safety. The in-car 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 general road user 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 by in-car systems however has a positive 

effect on the information presentation as well as the guidance by it as found by previous 

research. However, the in-car systems also cause distraction and possible unsafe traffic 

situation. Often the behavior and route deviation reasoning depends on the circumstances, 

cause and time of the delay, the alternative 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 

ǎŜǘ ǳǇ ǘƻ ŎƻƭƭŜŎǘ Řŀǘŀ ƻŦ ǊƻŀŘ ǳǎŜǊΩǎ ǊƻǳǘŜ ŎƘƻƛŎŜ decision in unbundled highway situations, 

and the use 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 systems in a familiar setting is a must; therefore an in-car 

visualization was made to give the respondent the feel of actually driving the car. 
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All the attributes are presented by pictorial visualizations to lower the information load and 

show understandable formats. During the stated preference experiment the respondent has 

the opportunity to select two different options; the A-route and N-route. A-route is the 

regional route, and the N-route the route with connections to the local roads. 

The data is collected with the use of an online questionnaire. This questionnaire consisted of 

three different parts. The first part contains questions related to traffic information systems, 

the second part contains the choice experiment, and the third part contains social-

demographic 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 related attributes. The route choice 

specific attributes truck traffic at the regional route 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 drivers in this research sample are differently for several 

characteristics such as gender, age and driving experience. In general the car drivers base 

their route choice on the shown travel information while driving on unbundled highways 

based on the delay times of the route alternative, mostly using this information from the 

DRIPs. The car drivers make their choices based on their own perception of the 

circumstances. Taking in mind the route specific attributes such as the truck traffic and the 

extra stress related driving tasks provided by exit lanes on local roads. For the non-route 

specific attributes the car drivers mainly base their choice on the time of day (peak-hours) or 

how often they use a certain road segment, the familiarity. Figure 1 gives the result on the 

importance of the significant attributes found with this model. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Relative importance significant attributes 
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A recommendation towards policy makers and governmental parties is to keep investing in 

the current DRIP systems because they are still heavily used by the road users of today. Even 

in combination with the other in-car traffic information system which has not been found 

significant during this research. Further research can be done on the specific in-car traffic 

information systems such as the smartphone applications. 
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MANAGEMENT SUMMARY (Dutch)  

Verkeerscongesties zijn een van de meest voorkomende vertragingen op de Nederlandse 

snelwegen. Het verlagen van verkeerscongesties wordt op verschillende manieren gedaan, 

één daarvan is doormiddel van ontvlechting van de verkeersstromen in doorgaand en lokaal 

verkeer. Het scheiden van deze verkeersstromen verhoogt de doorstroming en vermindert 

de files. Ook het aanbieden van verkeersinformatie tijdens het rijden van deze snelwegen 

heeft invloed op de doorstroming van het verkeer. Weggebruikers hebben verschillende 

media bronnen voor het ontvangen van verkeersinformatie onder andere bestaande uit 

congesties en route alternatieven. De verkeersinformatie tijdens het rijden wordt verspreid 

doormiddel van dynamische verkeersborden aan de kant van de weg en door in-car 

verkeersinformatiesystemen. Momenteel is het Dynamische Route Informatie Paneel (DRIP) 

een belangrijk wegkantsysteem dat verkeersinformatie verstrekt. Rijkswaterstaat (RWS) is 

momenteel aan het kijken of deze relatief duren systemen vervangen kunnen worden. 

Onderzoek naar de DRIP is vereist, omdat er momenteel een gebrek aan kennis is over de 

DRIP(s) in combinatie met in-car verkeersinformatiesystemen en het opvolggedrag hiervan. 

De huidige wegkantsystemen moeten worden vergeleken met de nieuwe nog steeds 

evoluerende in-car verkeersinformatiesystemen en inzicht bieden in het gebruik van deze 

systemen in verschillende verkeerssituaties tijdens een trip. 

Doormiddel van de literatuurstudie is meer kennis opgedaan over het concept van 

verkeersmanagement, verschillende verkeersinformatiesystemen aan de kant van de weg en 

in de auto. Teven is het (opvolg)gedrag van de automobilisten tegenover de gepresenteerde 

verkeersinformatie bestudeerd.  

De twee hoofdcategorieën van de verkeersinformatiesystemen hebben verschillende 

soorten visuele lay-outs en doeleinden. De dynamische verkeersinformatie die 

gepresenteerd wordt door wegkantsystemen heeft als doel de doorstroming en de veiligheid 

van de automobilisten te bevorderen. De informatie wordt dus met een algemeen belang 

gepresenteerd. In-car systemen echter geven vooral gepersonaliseerde informatie. Deze 

informatie heeft vaak alleen een positief effect op de weggebruiker die het in-car systeem 

gebruikt. 

Het gedrag van de weggebruikers naar aanleiding van de verkeersinformatie is verschillend 

voor elke situatie op de weg. De reactie van de weggebruiker tegenover de verkregen 

informatie hangt vaak af van de eigen vaardigheden en visie. Daarom bestaat de algemene 

weggebruiker niet.  

Uit de literatuur studie bleek dat de meningen ten opzichte van de DRIP(s) nog steeds 

verdeelt zijn. De weggebruikers lezen de informatie wel maar volgen deze niet altijd op. Hier 

tegenover staat dan weer de gepersonaliseerde informatie van de in-car systemen, deze 

worden wel als positief ervaren, en meer opgevolgd. Echter, de in-car systemen kunnen ook 

leiden tot afleiding en mogelijke onveilige verkeerssituatie. Naast de presentatie van de 
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informatie hangt het verkeers- en route afwijkende gedrag af van de 

verkeersomstandigheden, de oorzaak van de vertraging, de mogelijke alternatieve routes, 

het wegontwerp en de bekendheid van de weggebruikers met het desbetreffende traject. 

Doormiddel van de opgedane kennis tijdens de literatuurstudie is een Stated Preference (SP) 

experiment opgezet. Het SP experiment is opgezet om het routekeuzegedrag van de 

weggebruikers op ontvlechten snelwegen te achterhalen met gebruik van verschillende 

verkeersinformatie media. De visualisatie van de verschillende verkeersinformatie media 

bronnen is een belangrijk aspect binnen het SP experiment. Om een zo realistische mogelijk 

beeld te creëren moeten de verkeersinformatiesystemen gepresenteerd worden zoals de 

huidige systemen gebruikt worden en op de markt verkrijgbaar zijn. De systemen moet 

gepresenteerd worden in een bekende omgeving, daarom is ervoor gekozen om de situatie 

te beschrijven vanuit een in-car perspectief. Hierdoor krijgen de respondenten het gevoel 

daadwerkelijk de auto te besturen. 

Alle attributen zijn, indien mogelijk, gepresenteerd door pictogrammen om de informatie 

belasting te verlagen en zo begrijpelijk mogelijk format te creëren. Tijdens het SP experiment 

heeft de respondent de mogelijkheid gekregen om tussen twee verschillende route opties te 

kiezen; de A-route en de N-route. De A-route is voor het doorgaande verkeer, en de N-route 

voor het lokale verkeer. 

De gegevens van het SP experiment zijn verzameld met behulp van een online vragenlijst. 

Deze vragenlijst bestond uit drie verschillende onderdelen. Het eerste deel heeft betrekking 

tot het gebruik van de verkeerinformatiesystemen, het tweede deel bevat het keuze-

experiment, en het derde deel bevat een aantal sociaal-demografische vragen. 

Na de dataverzameling is de data geanalyseerd met behulp van het multinomial logit model 

(MNL). Het MNL model heeft doormiddel van de part-utility laten zien welke attributen of in 

andere woorden, kenmerken, invloed 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 A-route tevens nog het percentage 

vrachtverkeer, en voor de N-route het aantal afritten. Deze twee kenmerken waren nog niet 

eerder onderzocht in een dergelijke situatie.  

De weggebruikers maken verschillende keuzes gebaseerd op een hun persoonskenmerken 

zoals het geslacht, leeftijd en rijervaring. Uit het optimale MNL model bleek dat de 

weggebruikers met de verkregen verkeersinformatie tijdens het rijden op ontvlochten 

snelwegen een routekeuze maken die gebaseerd is op de extra vertragingstijd van de 

verschillende routes. En wanneer deze informatie gepresenteerd wordt door DRIP(s). Ook de 

eigen perceptie van de automobilisten speelt en rol bij het maken van routekeuzes. 

Rekening houdende met de route specifieke kenmerken, zoals het vrachtverkeer en de extra 

stress veroorzakende rijtaak die komt kijken bij het nemen van afritten op de N-route. Van 

de overige niet-route gebonden kenmerken baseren de weggebruikers vooral hun keuze op 
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het tijdstip van de dag (spitsuur). En hoe vaak 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. 

 

  

 

 

 

 

 

 

 

 

 

Figuur 1 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 in-car verkeersinformatiesystemen. Verder onderzoek 
kan gedaan worden door andere specifieke in-car verkeersinformatie systemen in 
combinatie met de DRIP te onderzoek, zoals de smartphone apps.  
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ABSTRACT 

 

With the increase of congestions on the highways and upcoming usage of in-car traffic 

information systems the older systems need to be reevaluated. These systems are there to 

provide traffic information and decrease traffic congestions. The DRIPs are mainly placed at 

unbundled roads, which consist of a regional road and local road. Separating the regional 

and local traffic streams increases the traffic flow and reduces the congestions. The DRIPS is 

not the only systems that provides traffic information while driving on unbundled road 

situations, there are several other means of receiving traffic information. These other means 

are the navigation systems, smartphone applications, and radio systems. The combination of 

these systems is called in-car systems. The current road-side systems (DRIPs) can be 

compared with the new evolving in-car traffic information systems. A stated preference 

experiment is used to collect data of road ǳǎŜǊΩǎ route choice decisions at unbundled 

highways with use of different traffic information media. The collected data is 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 related attributes. The route choice specific attributes truck traffic at the regional 

route and exit lanes at the local traffic route have never been researched before and gave 

new insights in the route choice behavior. Were a high level percentage of truck traffic 

showed an increase in preference towards a regional road and an increase of exit lanes a 

decrease in use of local roads. Travel delays times displayed by a DRIP and a DRIP being 

active had the most significant impact on route choice behavior.  
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1. INTRODUCTION 

 

This chapter introduces the research design of the graduation thesis. The main reasoning for 

this thesis is based on the current traffic information systems which are used to spread the 

traffic load and control the traffic flow. Spreading the traffic load by traffic information 

systems will be described with the use of a few illustrations. This description is followed by an 

overview of the research done during this graduation thesis, starting with the problem 

explanation and definition followed by the research question and approach. Section 1.5 of 

this chapter provides a reading guide for the complete thesis. 

1.1. Research motivation  

In the current environment a lot of people are often in a hurry caused by a fully planned 

schedule. Travelling between appointments is done in various ways: one of them is travelling 

by car. Many car users also known as the (highway) road users are experiencing stress while 

travelling. The stress that is experienced while travelling by car is often based on delays that 

road users are experiencing. But also the presence of other road users and the high amount 

of traffic increase the stress level of the road users (Gatersleben & Uzzell, 2007).  

Spreading the road users over different routes lowers the traffic load each of the routes. It 

also increases the travel speed and lowers the stress level of the road users. Division in to 

two roads, or in traffic terms called unbundling2 the roads, is separating a single road into 

more individual roads with physical borders. This is a common occurrence at the road 

network in the Netherlands. It is basically done to stimulate the traffic flow and separate 

traffic into regional (transit) and local traffic flows. Unbundling is currently done at several 

road segments in the Netherlands; the A2 and the A12 near Utrecht, the A2 near Ψǎ-

Hertogenbosch, bypass3 A2 and N2 Eindhoven, the A4 near Leiden and the A15 near 

Rotterdam. To safeguard the transit traffic at the highways weaving4 lanes and exit lanes are 

created to guide the local traffic. The unbundling of lanes create a system of main and 

parallel lanes. Figure 1 shows an example of main and parallel roads. A downside of using 

unbundling traffic flows is that road users have to choose the parallel runway in advance to 

get off at the right exit (Van Loon, Walhout, & Van Der Velden, 2015).  

 

Figure 1  Main (regional) and Parallel (local) roads (Source: maps.google.nl) 

                                                      
2
 5ǳǘŎƘ ΨhƴǘǾƭŜŎƘǘƛƴƎΩ ƻŦ ǘƘŜ ǊƻŀŘǎ 

3
 Dutch: Randweg Eindhoven 

4
 Dutch: weefvlakken 
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Before choosing between the regional and local traffic lanes, several static and dynamic 

signs are shown to provide information of which road is connected to what area. An example 

of these signs and placements at the roadside is shown in Figure 2. In this context Variable 

Message Signs (VMS) are available. These signs provide additional information about the 

road conditions such as: travel time of different route alternatives, delay time, traffic 

congestion, and road accidents. The objectives of these signs are to lower traffic congestion, 

to assure safety, to decrease traffic accident rates, and to enlarge capacity of the road 

networks (Li, Cao, Zhao, & Xie, 2015). The VMS are best managed with programmed 

strategies to give high quality information and guidance to drivers in order to improve the 

capacity of a road network (Baofeng, Zhicai, Leleur, & Wenjing, 2005). The pre-programmed 

strategies assure the most optimal guidance for different situations. 

 

 

 

 

 

 

 

 

 

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 different roads until a 

next intersection point is reached. Currently, the soft unbundling of roads is presented by 

static signs. The VMS give extra information about the conditions for the hard unbundled 

roads. Figure 3 gives an example of a ΨbermDRIPΩ which are often installed before road 

unbundling situations providing traffic related information. These kinds of DRIPs provide 

information as described before a certain intersection point. Every road connected towards 

an unbundled bypass has a DRIP system installed. These DRIPs are all located at different 

locations and distances before bifurcation of the other connected regional roads.  

The ultimate goal of separating the roads is creating a fast traffic flow mainly for the passing 

through traffic. The capacity of the infrastructure of the highways increases by 5%-13% by 

creating separated roadlanes for local and regional traffic (Van Loon et al., 2015). A 

downside of the unbundling of these roads is the low flexibility of the capacity whiles the 

intensity of the traffic increases. For example, traffic on both roads cannot take advantage of 

spare capacity in the other lane when intensity is higher than capacity.  

Figure 2 Dynamic sign (VMS) and the (blue) static signs background left. 
(Source: RWS-beeldbank 2013) 
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In the Netherlands an unbundled situation consist of a main and parallel road, which will be 

called a regional traffic road and local traffic road during the rest of this study. There are 

some cases where both unbundled lanes are for regional traffic, but were one road has 

additional exits lanes. The regional and local traffic roads consist out of a minimum of two 

lanes in both directions. In total this results in a minimum of eight road lanes.  The 

unbundled roads are often located around city bypasses. This results into a positive traffic 

flow for the transit traffic around the cities. The total length of these situations are mostly 

between five to fifteen kilometers.  

 

 

 

 

 

 

Traffic management centers are playing an increasingly important role in improving the 

traffic flow, traffic safety, and in better utilization of the road capacity. Partly due to the use 

of route information panels and dynamic reversible lanes, road traffic managers can now 

ΨƎǳƛŘŜ ŀƴŘ ŎƻƴǘǊƻƭΩ ǘƘŜ ǘǊŀŦŦƛŎ and in that way improve the traffic situation (Godthelp, 2012). 

However, there are more institutions and companies which have access or their own data 

consisting travel information and can provide personal traffic information directly to the 

road user, through for example a navigation system with real-time traffic information or 

through smartphone applications. 

1.2. Problem definition 

At the moment there are many different ways of guiding road users and controlling traffic 

flows. Guiding and controlling is done with the use of different smart traffic information 

systems. The traffic information systems are divided in a few categories, with the main 

categories road side information systems and in-car systems. Lƴ ǘƻŘŀȅΩǎ ǿƻǊƭŘ, it is important 

to provide traffic information successfully and control the behavior of the road users until 

certain extend. Road usersΩ behavior needs to be taken in consideration when designing 

such systems. There is already a lot of research done towards how information should be 

displayed on the VMS and which factors are influential on route deviation behavior due to 

information provided. But less research towards the VMS in combination with the upcoming 

new technologies which also provide traffic information. In the near future more new 

sensors, media, and information media will be merged into new information systems, both 

for the road users and for traffic managers (Godthelp, 2012). The information that is 

provided in-car with the use of applications on smartphones and navigation modules with 

live traffic updates give personalized travel information. Current roadside systems provide 

Figure 3 Example of a bermDRIP (Source: maps.google.nl) 
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only general beneficial traffic information. The trend of personal traffic information will 

attract different parties and services to provide traffic information with the means of 

different in-car systems and mobile devices (Kroon, Martens, Brookhuis, & Hagenzieker, 

2014) 

 

Currently there is a lack of knowledge regarding the relation between DRIP and in-car 

distributed traffic information and the behavior of road users towards this information. 

 

It is especially important for the government, in particular Rijkswaterstaat, to find out if the 

placed DRIPs are still used and influential for traffic guidance in combination with the 

upcoming new media. Applications on smartphones and other personal navigational systems 

are evolving at such a high speed that the time is there 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 Rijkswaterstaat is how the DRIPs influence the 

ŘǊƛǾŜǊǎΩ route choice behavior in unbundled road situations. Currently, there is not enough 

information available that provides insights into the way road users act and make decisions 

based on displayed information. The so-called follow-up behavior of the drivers is currently 

not being monitored by Rijkswaterstaat. It is known what the traffic streams are but not how 

specific shown DRIP messages influence the decisions made by the road users. That raises 

the question about the influence of the DRIPS as a traffic information medium. Knowledge 

on road ǳǎŜǊǎΩ behavior towards traffic information media is needed because even the most 

sophisticated traffic information systems can be unsuccessful if we are unable to understand 

the behavioral consequences. Aside from the messages shown by the different media the 

different context and road related attributes can influence the behavior of road users as 

well. This notice brings us to the main research question:  

 

Which context and road related attributes influence the route choice behavior of car 

drivers at unbundled highways with the presence of different traffic information systems? 

 

The main objective of the study is to find out which medium in what circumstances has the 

most effect on the ŎŀǊ ŘǊƛǾŜǊǎΩ route choice behavior for unbundled highway situations. It is 

important that this information is handed over in an understandable format. Several 

researches have been carried out by Rijkswaterstaat on which traffic related information 

sources road users have to their disposal; how the format should be designed; how road 

users use these sources; and what is their level of satisfaction about these services. The main 
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research question is very broad and needs to be divided into a few sub-questions which will 

result in the final answer for this research. 

Sub-questions based on the main research questions are: 

 

Which dynamic traffic information systems are currently in use by road mangers and 

users? 

Which characteristics are most influential for road users in route adaptation behavior? 

How do people act based on the traffic information streams? 

Which and what effects do traffic information media have in different circumstances? 

  

With this information, assumptions about the possible trends evolving in traffic information 

distribution and behavioral patterns of road users guidance can be made. 

1.4. Research design 

From reading extensive literature about presentation of traffic information and traffic 

behavior, it appeared that many of the researches were conducted using discrete choice 

experiments, real-time traffic observations, and data generated by simulation models. These 

methods have certain limitations and some of them will be discussed below. The methods 

can be separated into two different categories. The first category is based on by field 

observations; perceiving what is done by observing subjects and what choices are made. The 

second category is based on laboratory controlled experiments, creating different controlled 

circumstances and asking the respondent to make a decision. 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 the researches already done focused on estimating only major effects of providing 

traffic information to road usersΣ ƛƎƴƻǊƛƴƎ ŘŜǘŀƛƭŜŘ ŜŦŦŜŎǘǎ ŦǊƻƳ ƘƛƎƘǿŀȅ ǘȅǇŜǎΣ ƳƻǘƻǊƛǎǘǎΩ 

demographical characteristics, and traffic patterns (Sangyoup Kim, Jeong, Choi, & Tay, 2014). 

Real-time traffic observation is one way of doing research towards route choice behavior. 

This can be done by counting cars and evaluating which way the road users go when driving. 

Combining the route choice with a certain message displayed at the road signs gives 

additional information of the route choice made. A disadvantage is that no information is 

ŀǾŀƛƭŀōƭŜ ŀōƻǳǘ ǘƘŜ ŘǊƛǾŜǊǎΩ characteristics and other in-car traffic information systems used. 

The effectiveness of the DRIPS can be measured with real-time traffic observation but with 

caution and bearing in mind that road users could have used other information media. It is 

not known explicitly if the route choice is directly based on the information given by the 

DRIP only.  
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Another type of observing traffic is with the used of GPS data in combination with DRIP log 

data. The data gathered by GPS gives a lot of information when combining it with the DRIP 

log data. The GPS data or often called Floating Car Data (FCD) can be obtained from different 

sources such as smartphones and navigation systems. The advantage is that the data is often 

ŀǾŀƛƭŀōƭŜ ƛƴ ƭŀǊƎŜ ŀƳƻǳƴǘǎΣ ƛƴ ǘƘŜ ǎƻ ŎŀƭƭŜŘ Ψ.ƛƎ 5ŀǘŀΩ ŦƛƭŜǎΦ ¢ƘŜ ǘǊŀŦŦƛŎ ǎǘǊŜŀƳǎ Ŏŀƴ ōŜ 

visualized with the use of this data in combination with map matching. Combining these 

visualized streams with DRIP log data gives a clear understanding about when road users 

change direction from one suggested route to another. With the information given by the 

DRIPs the effectiveness can be measured. There is however still no information avaiblable 

about the driver characteristics and combination of other in-car traffic information systems.  

Creating a laboratorial set-up  with a fictive car driving on a highway with traffic information 

presented by different sources can provide information about the impacts of providing 

drivers with real-time traffic information. The laboratorial results can support the notion of 

road users decisions made to divert to alternate routes including in-car systems in the 

simulation DRIPS (Dia & Panwai, 2007). This method is however not chosen for this research 

because of the timeframe of this graduation project. However, the information gathered 

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

behavior towards the different traffic information systems, and the respondents 

characteristics. However reaching many respondents and creating a traffic management 

laboratory set-up is too extensive for the knowledge of a graduate student. 

Data can also be gathered with the use of relatively low number of respondents. This can be 

done by making real observations while driving along with the respondents. Driving along 

with the respondent recording decisions made while driving on the highway in different 

situations and different route information displays. This way it is possible to get direct input 

from the respondents while they are driving. The findings however are often lacking the 

ability to generalize to wider societies, being biased towards age, gender, etc. (Kawulich, 

2005).  A limitation of this way of gathering data, aside from being time and money 

consuming, is that not all circumstances will be covered during the observations. It is needed 

to assume too much if not all possible variables that can be taken into account. For instance, 

if the navigation system does not provide an alternative route because there is no delay at 

that moment in time or when the DRIP is only providing regular travel times and no delay 

times.  

Gathering data with questionnaires can offer insights into car ŘǊƛǾŜǊǎΩ ǿŀȅ ƻŦ ǇŜǊŎŜƛǾƛƴƎ 

information and their reaction towards this information. However, the respondent who fills 

in the questionnaire can interpret the question differently than it is intended to be and 

therefor answers get a different meaning. Questionnaires with stated preference questions 

however can provide carefully created scenarios with a lot of controlled attributes to gather 

the data that is needed to evaluate route choice decisions. These scenarios can be designed 

to contain the whole context that is needed and still present a real-life situation. 
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Additionally, the questionnaire can be used to gather data of the ŘǊƛǾŜǊǎΩ characteristics and 

experiences towards traffic information systems.  

Table 1 gives an overview of the pros and cons of the evaluated methods in gathering the 

needed data for this study. 

Table 1 Data gathering method selecting 

  Real-time 
traffic 
observations 

Driving along 
with 
respondents 

GPS (big 
data usage) 

Laboratorial 
setup 

Stated 
preference 

Gather choice 
data 

a a a a a 

Low costs a  a  a 

Quick gathering 
method 

  a  a 

Respondent 
characteristics 

 a  a a 

Add new 
attributes 

   a a 

Control over 
attributes and 
attribute levels 

   a a 

 

With the use of table 1 one gathering method is selected, the so called Stated Preference 

(SP) approach. SP experiments are often used in transportation studies for estimating and 

forecasting behavior of travelers, road authorities etc. (Rose & Bliemer, 2013). SP originally 

comes from the economic market where often marketing research has to be done towards 

new products. However, SP is increasingly more used for transportation research (Hensher, 

1994). Within a SP research the respondent can be asked either to rate, to rank or to choose 

a hypothetical option. The SP scenarios applied in this thesis consist of multiple options 

available and the respondents are then asked to choose one alternative in the given 

situation. It is important to create different controlled scenarios for the highway users which 

consist of visualizations of a particular situation in time on the highway. The scenarios will 

not be based on a specific case and therefore the scenarios will be generic as much as 

possible but with the characteristics of an A and N road as main labelled alternatives. Socio-

demographic information is also needed for this research and can be included in some 

general questions.  

Another advantage of using SP experiments instead of other route-choice simulators is that 

the scenarios can be designed to relate them to ǘƘŜ ŘǊƛǾŜǊΩǎ ŀŎǘǳŀƭ ǘǊŀǾŜƭ ƧƻǳǊƴŜȅǎ 

(Chatterjee, Hounsell, Firmin, & Bonsall, 2002). SP does not only has advantages but also has 

a few shortcomings. The first one is that the road users may not act the same towards the 

given scenarios compared to real-world situations. The scenarios created are forced to have 
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certain boundaries, because not every variable can be taken into consideration. This can 

have a significant effect on the decision made by the respondent and it is not known for sure 

if they will act this way in real life (Li et al., 2015). This can be checked by Revealed 

Preference (RP) approach. However, this is too expensive and time consuming for this 

graduation study and can only reach results that are limited to the specific messages 

displayed during the survey period. RP data is often gathered by direct observations or by 

self-reported data by the respondents. Another disadvantage of SP is that the scenarios 

need to be designed carefully which is very challenging and 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 built-up of the graduation thesis as graphically displayed in 

figure 4. The problem definition and research aims and question are discussed in the 

previous sections. Chapter three starts with a brief description of the literature study 

towards traffic guidance in general. This chapter is followed by chapter 4 describing human 

behavior in traffic. After the two chapters focusing on the literature study, the set-up of the 

stated choice experiment is discussed including the data collection, data analyses, and 

results. Finally, the thesis will end with a conclusion also containing the discussion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Thesis design and reading guide 
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2. GLOSSARY  

 

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 in the following chapters. 

One of the most frequently used terms is road 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 alternatives are the regional roads and the 

local roads. The regional roads are the roads meant for traffic that is on transit, or in other 

words passing by. The regional roads are most often roads with a higher speed limit than the 

local roads. In some cases the local road has the same conditions as the regional roads but 

with additional exit lanes. For instance they are both an A-road. The local roads in this 

research are roads that are situated parallel of a regional road but with additional exit lanes 

to leave the bypass of the city. The bypass of the city is the combination of both the regional 

and local roads around cities.  

The Variable Message Sign (VMS) is a term used very often and is widely recognized. 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 is DRIP(s). DRIP(s) stand for dynamic route information panel(s), 

ƻǊ ƛƴ 5ǳǘŎƘ ΨDynamisch route informatie paneelΦΩ 5ǳǊƛƴƎ ǘƘŜ ǊŜǎŜŀǊŎƘ ǘƘŜ ǘŜǊƳ 5wLt ƛǎ ǳǎŜŘ 

to indicate a form of VMS. 

From the different navigation systems the navigation system with live traffic information is 

used in the stated preference experiment. Navigation systems with live traffic information 

provide live feats of specific traffic incidents, including accidents, roadworks, and road 

congestions. The navigation systems then provide information that includes the delay time 

and other faster alternative routes.  

A regular used term in combination with live traffic information is Floating Car Data (FCD). 

FCD is data that is gathered by the road users. These road users have certain systems in their 

cars that transmit information into the air. This signal is created by several means; 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 information systems at 

the road side, such as cameras, traffic measurement loops and Bluetooth sensors (Wilmink, 

Malone, Soekroella, & Schuurman, 2014). 
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During the stated preference experiment situations are designed. Situations are specific 

circumstances that a road user can face in reality. The situation have certain situation based 

aspects these aspects describe the situation more carefully with the use of different 

attributes. Attributes are explanatory aspects of the situation description. Which are 

carefully selected during the literature study following in chapter 3 and chapter 4. 

Attributes consist out of different attribute levels. These levels indicate a certain amount, 

value, aspect, or context. The attributes are al described in section 5.1.  
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3. TRAFFIC GUIDANCE INFORMATION 

 

This chapter provides some general description of traffic information management. It also 

contains information about the use of dynamic and fixed information systems located 

alongside the Dutch highways and in-car media that can be used by road users in receiving 

traffic information. 

3.1  Traffic management bodies 

Traffic guidance service is real-time traffic information or guidance setup for and provided to 

road users. The traffic information consists of actual traffic conditions, delays caused by 

congestions, delays caused by accidents, availability of parking facilities, and presence of 

roadworks. Governmental bodies and market parties can provide information and guide all  

road users on the Dutch highways with a certain guideline in presenting the traffic related 

information. 

3.1.1 Governmental traffic information guidance 

The governmental guidance in the Netherlands is done with the use of operational traffic 

management which is controlled in so-called traffic management centers. The 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 center and five regional traffic 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 

organization from RWS in Den Haag which focusses on process improvement of the regional 

centers. The goal of each control centers is to control a part of the highway road network in 

the Netherlands. The traffic guidance in these centers aims ǘƻ ǎǘƛƳǳƭŀǘŜ ǊƻŀŘ ǳǎŜǊΩǎ ōŜƘŀǾƛƻǊ 

by displaying traffic information that will support the traffic flows, safety, and keeping the 

roads as sustainable as possible. Other main tasks of the traffic management centers consist 

of (Godthelp, 2012): 

Á Informing and warning; 

Á Guiding and controlling; 

Á Managing incidents; 

Á Harmonizing and supervising roadworks; 

Á Monitoring and controlling objects. 

Gathering traffic information need to be done before the traffic information can be 

presented. The gathering of the information is done by the traffic control centers 24 hours 

per day and seven days per week. The gathered information consists of FCD, camera data, 

traffic loop data, and more. All this so called Ψbig dataΩ is stored at the national databank of 

road traffic data. It is w²{Ω Ƨƻō to gather, distribute and provide process related information. 

Other service providers such as the VID and the ANWB present the regular traffic 

information which will be beneficial for all road users. The information that is purely 
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descriptive, is not always mandatory to follow and can be ignored by the road users if they 

decide to do so. An example of mandatory information is a closed road lane due to 

roadworks or an accident. Non-mandatory information concerns the presented delays with 

route deviation suggestions due to traffic congestions. 

RWS uses more systems alongside the roadside systems to distribute their traffic 

information, such as internet sites, teletext pages, SMS-services and a telephone information 

number. The information provided with these systems consists of travel time, traffic jams, 

delay time, road status information, and travel deviation routes. With the use of this 

information the road users get an overview of the road circumstances and conditions ahead. 

The information takes away the uncertainty that may occur during the journey. These 

uncertainties can be the difference in travel times at different parts of the day and travelling 

in peak-hours which can increase the travel time. 

3.1.2 Traffic information spread by other parties 

Traffic information provided by third parties contains often unique services but not always 

for a free. This information can consist of personal travel information suggestions, predictive 

traffic jam information, and so on. At the moment popular smartphone specific applications 

are Google Maps, INRIX, Flitsmeister, Apple Maps, and TomTom navigational app. These 

applications are not the only apps provided by third party information distributors. It also 

includes GPS navigation based systems providing personal route information services. The 

parties spreading the traffic information with the use of smartphone applications and 

navigation system often use their own FCD, gathered by the users of the products. 

Also other systems like the Ψradio data system traffic message channelΩ (RDS-TMC) receivers 

provide traffic information. Information spread by the radio and also television, is often 

done by the Dutch Traffic Information Service, Verkeers Informatie Dienst (VID) which is a 

Dutch traffic service information provider. With the use of combining information from 

different sources such as fixed cameras, traffic loops, and more. The combined information 

is provided to road users with the use of radio, television, internet, navigation, telephone 

and text services. 

The road user has the possibility to travel fast, comfortable and safe with the use of these 

services. A big advantage over a fixed road system is that the information of these services 

can be received in-car everywhere at any time. The in-car systems will be more thoroughly 

discussed in chapter 3.3. 

3.1.3 Presentation of the traffic information 

All the different parties that gather the traffic data need to present these data to the road 

user in an understandable format. A Dutch meeting which was called the Strategisch Beraad 

Verkeer en Vervoer (SBVV) representing some market parties and some governmental 

bodies, made a document describing how information services around roadworks, route 

information and navigational systems should be distributed. This document is important 

because the document describes how to create a more uniformed design when presenting 
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traffic information, especially now, with the rise of GPS navigational systems, smartphone 

applications, and other in-car technologies. More detailed information about the 

agreements that are ƳŀŘŜ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ ǘƘŜ ǎƻ ŎŀƭƭŜŘ ΨtŀŎǘ ƻŦ {ƛƴǘ aƛŎƘƛŜƭǎƎŜǎǘŜƭΩ which is 

a public document5.  

The different media that are used to spread the traffic information consist either out of 

personal and general traffic information. The currently active road side systems with general 

traffic information are likely becoming more obsolete with the evolution of the new in-car 

services. The advantage of these personal services is that the traffic information will be more 

direct, person-bounded, and timed. This means that the traffic information will be more 

user-specific and will be presented more directly to benefit one road user. Personal route 

information is followed more often as stated by Taale & Schuurman (2015). Approximately 

14% of the road users in the Netherlands change their route when information is received on 

a personal GPS-system, in contrary to general traffic information which is 6%. The behavior 

of road users towards the information will be more thoroughly discussed in chapter 4. 

With all the possibilities and different media in spreading traffic information, the primary 

task which is driving should not get pushed to the second place. Therefore, the messages 

shown at road signs, navigations systems, smartphone applications, and through radio 

messages should be kept as short as possible and low-demanding to prevent an information 

overload (Kroon et al., 2014). These short succinct messages can be interpreted in multiply 

ways, and can lead to confusion by some road users. This can result into unsafe and 

unwanted driving behavior. Kroon (2014) therefore said that these messages should be clear 

and unambiguous to secure traffic safety and the messages should not be displayed in 

different colors. Because in the Netherlands, about 1 out of every 12 men and 1 out of every 

200 women has red-green color blindness. The information needs to be spread efficiently. 

The following factors are important while spreading the information efficiently: timing, 

location, and traffic circumstances. The timing and location of the presentation of the 

message need to be taken in consideration in relationship to environmental circumstances 

such as sharp curves and road deviations. Presenting the message way ahead at high traffic 

density roads sections is important to guide the traffic safely.  

3.2  Different Variable Message Signs at the roadside 

Variable Message Signs (VMS) are important components in providing traffic information 

towards road users with the use of the Intelligent Transportation System (ITS). The dynamic 

VMS signs are managed from the traffic control centers all over the country. The sign itself 

usually consists of a large set of LED lights aligned in a grid forming the information and 

symbols (Nienhüser, Gumpp, Zöllner, & Dillmann, 2008). These signs are used to control and 

guide the traffic flow on most highways. The information displayed on the VMS consists of 

traffic information about the cause of congestion, delay time, maximum speed, and other 

                                                      
5
 https://www.yumpu.com/nl/document/view/8309955/het-pact-van-sint-michielsgestel-connekt is a direct 

link to the file, which is in Dutch. 

https://www.yumpu.com/nl/document/view/8309955/het-pact-van-sint-michielsgestel-connekt
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viable information such as possible route deviation suggestions for the road users. The goal 

of the information is to help drivers with their decision making and provide a safe journey 

with an lower accident rate, less traffic congestion, assure safety, and enlarging the capacity 

of the road network (Baofeng et al., 2005).  

Previous research from Wardman, Bonsall, & Shires (1997), K. Chatterjee et al. (2002) and 

Khattak, Schofer, & Koppelman (1993) has shown that the delay time shown on VMS has 

more significant effect than showing the actual travel time, more specifically delays with a 

specific cause, provide more route diversion. Aside from diverting road users to other 

routes, the presentation of correct6 and location based information about congestions can 

benefit the traffic flow as well. The location information presentation, delay length, and 

detailed information of the traffic conditions in a case of an incident and to organize actions 

to clear the incident area are important. Presenting the information with certain attributes is 

not the only way of distributing the information. The actual placements of the signs are also 

important to control the traffic flow and spread the traffic volume over the full capacity of 

the roads. Offering the road user enough time to read, interpreted, and make a decision 

based on the information provided by the signs. The VMS are often placed in the vicinity of 

busy intersections, which are important key points to distribute traffic information to the 

road users and provide information for route alternatives and travel information. Providing 

the information is done with the use of three main VMS in the Netherlands, being DRIPs, 

GRIPs and Matrix signs, discussed in the next paragraphs. First, a short paragraph will be 

devoted towards static signs that guide the traffic on highways in the Netherlands. 

3.2.1 Static road information panels 

Static road 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 route signs needs to be uniform and clear for the road 

users to understand. The information needs to be presented at ways 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 intersections, roads, and road lanes. 

Without the static route signs the road users will not be able to find the suggested routes by 

the DRIPs. Figure 5 shows a standard static sign. One needs to know that these signs are still 

important for the route guidance and route selection; the other dynamic systems are 

discussed more thoroughly. 

 

 

Figure 5 Static road signs in 

the Netherlands 

                                                      
6
 If this information 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 information panels (DRIP) 

One of the most common used VMS in the Netherlands concerns DRIPs. DRIP signs are 

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 available. A regelation is available for the presentation of 

information by the DRIP. DRIPs are used to display planned road constructions, special 

events, and other road traffic management information for the road user. The road traffic 

management information consists of travel times, delays, detours and delay causes on the 

particular road segment. In the Netherlands, the DRIPs mostly show fixed travel times over 

the particular segment, which is often from one motorway junction to another. If there are 

any delays, the DRIP will report these including the reason of the delay. After peak-hours, 

the DRIPs are used to provide information containing standard fixed travel information or 

slogans from different traffic campaigns. The so-called road side VMS (ΨōŜǊƳ5wLtǎΩ ƛƴ 5ǳǘŎƘ) 

are dynamic signs placed at the side of the road which show traffic information and constant 

travel times including the possible delay on that specific local segments. The last mentioning 

worthy DRIP system that is also available in a small amount concerns the DRIP+ that is a road 

wide dynamic sign, which can be programmed to display both textual and graphical 

information for each specific road lane. Figure 6 gives a visual overview of all the DRIPs. 

 

Figure 6 DRIP | bermDRIP | DRIP+ (Source: RWSbeeldbank | swarco.com) 

The general layout of the DRIP consists of the intersection with the normal travel time, 

including the possible delay, and the delay reason with a displayed icon. Several studies have 

been done towards the display of information. The use of symbols instead of characters was 

preferred by the respondents. These symbols should associate with current already know 

traffic signs and symbols used by in-car systems (Rijkswaterstaat - Adviesdienst Verkeer en 

Vervoer, 2007). Figure 7 shows a general layout picture of the most commonly used DRIP 

layout with icons, these are also used in the further research of this thesis.  

 

 

 

 

 

 

 

Figure 7 DRIP Layout 

 

t 
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Figure 8 GRIP, displaying a simplified image of the road network. 

(Source: Rijkswaterstaat, 2013) 

3.2.3 Graphical route information panel (GRIP) 

GRIP which is short for Graphical Route Information Panel, is basically the same as a DRIP 

but is also displays 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 is that different route 

are more sophisticated and gives a quick overview of the exact delay location and possible 

options are visualized. The road users have the feeling that they can adjust their route if the 

two visualized routes come back together. This results in more road users taking the 

suggested route according to Van de Pas, Bever, & Lenting (2012). Error! Reference source 

ot found. displays a GRIP at the Dutch highway, the red road segment indicates a delay.  

 

 

 

 

 

 

 

 

 

 

 

3.2.4 Matrix signs 

Matrix signs are placed in the vicinity of busy highways sections above each lane. It assures 

that traffic can be controlled with the use of dynamic speed limits as well as spreading the 

capacity by opening or closing extra driving lanes. Figure 9 displays four matrix signs beneath 

static traffic signs. Most matrix signs work in cooperation with measurement loops 

(ΨƳŜŜǘƭǳǎǎŜƴΩ ƛƴ 5utch). These loops provide information about the speed driven at the 

current road section. The matrix signs display an appropriate speed limitation set between 

the boundaries of an algorithm. The adjusted speed limit is displayed to assure safety while 

riding towards a traffic jam (ƛƴ 5ǳǘŎƘ ǘƘƛǎ ƛǎ ŎŀƭƭŜŘ ΨŦƛƭŜǎǘŀŀǊǘŘŜǘŜŎǘƛŜΩ, (Soekroella, 2014)). 

The presented speed limits were recommended speed limits but it was changed later on. 

Nowadays the displayed speed limits at matrix signs are mandatory according to the law. 

Closing a road lane with the use of a matrix sign (displaying a red 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 shoulder lanes need to be 

controlled carefully by the control centers because when a car breaks down the shoulder 

lane need to be closed immediately.  

 

Figure 9 Matrix signs displaying a temporary mandatory speed. (Source: beeldbank RWS) 

3.3  In-car traffic information systems 

There are more systems that provide traffic information to road users, such as the in-car 

traffic information systems mentioned in previous paragraphs. The traffic information 

systems that are discussed in this section are three in-car systems: radio traffic information 

systems, GPS navigation systems and smartphone applications. The radio is one of the oldest 

medium for receiving in-car traffic information. Currently, 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 newer traffic 

information systems is the way of presenting the traffic information. Whereas radio provides 

more general traffic information and the other in-car systems provide personalized 

information. 

3.3.1 Radio traffic information 

The radio is one of the oldest in-car systems that provide traffic information to road users. 

Several built in-car radios have the fǳƴŎǘƛƻƴ ΨǘǊŀŦŦƛŎ ŀƴƴƻǳƴŎŜƳŜƴǘǎΦΩ ¢his function 

automatically switches to the radio station that provides traffic information. The information 

mainly consists of on route congestions, travel times, and delays both in kilometers and 

minutes. It also provides information of possible alternative routes due to road constructions 

and incidents. The given information tells at which road number and which section of the 

road the delays are. This information is given through an update by the radio stations every 

half hour. The provided information is not as up to date as the newer in-car systems due to 

the 30 minute timeframe between each update. However, if there are emergency messages 

and the urge is high such as in the context of a ghost driver or an extreme accident, the radio 

station will broadcast the message immediately. The information spread by the different 
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radio stations to the road users is often provided by the ANWB and/or the VID. More 

recently, the information is also given with the use of data gained by application companies, 

such as Flitsmeister and ANWB app. Aside from providing traffic conditions the radio also 

provides speed controls. These speed controls are often provided by people who call a radio 

station or more recently by the booming smartphone app Flitsmeister.  

3.3.2 GPS navigation system 

There are several navigation systems available on the market as displayed in Figure 10. From 

left to right: simple interface build-in navigation, advanced build-in navigation system, loose 

navigation system, and navigation application for smartphone and tablets, which will be 

discussed in the next paragraph 3.3.3. In the Netherlands, 91% of the car users have a 

navigation systems in their household, were 67% of them are nomadic systems, 27% 

advanced built in car systems and 45% use an navigational application. This number exceeds 

100% due to the fact that several household own more than one system. The system that is 

preferred and used for route guidance most often is the built-in car navigational system 

(Schaap, Jorritsma, Berveling, & Bakker, 2015). 

The advantages of navigation systems are that these systems provide updated traffic 

information by data received from the manufacturer of the system used. Often this data is 

gathered by FCD. Updating the traffic information regularly is important because road 

conditions change continuously during the day7. However, only GPS systems with live-traffic 

information provide continuously updated information. The live-traffic information shows 

congestions, incidents, alternative routes which are more suited for the current road 

conditions and points of interests. Often these extra services are provided by an extra 

subscription.  

 

 

 

 

Aside from the regular traffic information, the navigational systems also provide speed 

limits, applied traffic rules and show locations of fixed speed controls. The navigation 

systems can also provide driving suggestions and expected risks ahead. These suggestions 

and risks consist of road lane suggestion, switching highways, indicating dangerous weather 

conditions, dangerous road situations, closed road lanes, and even when approaching a 

school.  

The big difference compared to traffic information provided by the radio is that the 

information presented by the navigation systems is personalized for each individual road 

                                                      
7
 Change is conditions are for instance, new congestions, detours etc. 

Figure 10 Different navigational systems. source: (Schaap et al., 2015) 
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user, location based, and is updated more frequently. Previous research has indicated that 

with the use of navigation systems the destination is reached more quickly, with a shorter 

travel distance and when driving to a unknown area destination it gave a positive effect on 

traffic safety (van Rooijen, Vonk, Hogema H, & Feenstra, 2008). TomTom claimed that when 

10% of all drivers use there so-called HD Traffic system the effect of the average travel time 

would decrease for all road users by 5% (TomTom, 2010). 

3.3.3 Smartphone applications 

The available applications (apps) on current smartphones are enormous and still developing 

rapidly. The advantage of smartphone apps is that they are customizable for each individual 

user. The app only shows information that covers the userΩs needs. One of these features is 

the possibility to provide personal route information. The route information is location 

based and it also provides points of interests and other facilities that are available in the 

near surroundings if wanted. The data and information provided by most smartphone 

applications is done with the use of FCD, this data gets a continuous feed of updates. A few 

big companies have major data files available to provide optimal guidance and information 

streams towards their app users. The data is generated by the users of the apps. The 

generated data is translated towards a more understandable for the apps users. 

Current popular apps in the Netherlands are Google maps, standard map application 

provided by the manufacturer smartphone software, TomTom-app, ANWB-app, Flitsmeister, 

Sygic, Here Drive, Routeradar, VID, vanAnaarBeter-app, Waze, Facebook, Twitter, and Nu.nl 

(Rijkswaterstaat, 2015). Google Maps is by far the most popular used app on the 

smartphone (62% of the Dutch road users use it). Followed by standard map apps provided 

by the smartphone, ANWB-app, AnaarBeter-app, TomTom and Flitsmeister (Schaap et al., 

2015) (Rijkswaterstaat, 2015). All these apps have different layouts and ways of presenting 

the information towards the road-user. The different visualizations make it hard to 

generalize one specific app layout; a few screenshots of the current popular apps are given 

in Figure 11. 

 

 

 

Figure 11 Popular smartphone apps, ANWB app - Flitsmeister app - Google Maps app 








































































































































































