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- Summary artiele-

Intherecent years, the number of in-car navigation systems and the use of them have increased 

dramatically. Apart from the positive effects these systems have for the users, the number of 

complaints and concerns related to the use of in-car navigation systems is increasing as welt. 

The way in-car navigation systems plan routes and the attributes they use for this differ from the 

traditional route planning and route choice of car drivers. Th is leadstoa change in routes driven 

by car drivers. 

Especially on municipallevel there are worries about an increase of cuHhrough traffic and more 

traffic on unsuitable roads for this amount of traffic related to the use of in-car navigation 

systems. There are a lso worries a bout the effects of the use of in-car navigation systems on the 

overall traffic flows. 

Possible methods to control (future) traffic flows are central traffic managementand road pricing. 

For this in-car navigation systems can behelpfut by providing a platform to present information 

and route advice to the driver, but they could also work obstructive, as a car driver can receive 

more information about what is the best route for him or her individually instead of a route that 

is best for an optima! traffic flow according to the traffic management. 

To make it possible to anticipate on possible future problems caused by the increasing use of in· 

car navigation systems, more information about the route preferences of car drivers would be 

useful. This information could also be used to imprave the route planning functionality of 

navigation systems. To retrieve this information, a stated choice experiment towards the route 

preferences of car drivers is executed. In this experiment, also the way people react on different 

types of route advice is measured. 

The stated choice methad makes it possible to explore the influence of a wide number of route 

preferenee attributes in a relative smalt experiment compared toa revealed study. This is done 

by letting participants make a choice between a number of systematically designed, 

hypothetical options. The choices made by the participants can be used to determine the 

importance of theseparate attributes in the decision making process. 

To find the route choice preferences of car drivers, the participants are asked to choose ten 

times between two different route options. The route options differ on travel time, delay, trip 

price, comfort, aesthetics, environment and burden, and safety. Also a situation for each fictive 

trip is descri bed, and fora part of the respondents an advice for one of the two route options is 

given. 



Due to the qualitative way in which some of the route attributes are given in the stated choice 

experiment, an additional experiment to determine how car drivers valuate the comfort and 

aesthetics of routes is necessary. For this the participants are asked to rate the comfort and 

aesthetics of ten visualizations of roads. Th is information is analyzed using ordinal regression to 

find the importance of the differentaspectsof roads for the valuation of comfort and aesthetics. 

For the execution of the experiments, an online questionnaire is made and used. This 

questionnaire is fitled out by 209 individuals, mostly by car drivers living in the Dutch cities 

Nijmegen and Eindhoven. The respondents are approached using door-by-door invitations to 

visit the questionnaire web-site delivered around Nijmegen and invitations send by email to 

mostly residentsof Eindhoven who participated in a previous experiment. 

The results of the stated choice experiment show that the most important attributes for the car 

drivers' route choice are the travel time and the casts. After this, the importance of safety is also 

high. The consequences that driving a route has for others (environment and burden) is, except 

for the aesthetics of a route, the least important route choice attribute, although the importance 

of this is almast as high as the importance of the comfort of a route. Th is shows that the private 

benefits for the driver are the most important factors when choosing a route. The model's Rho 2 

of 0. 2 50 shows that the model is performing welt. 

The utility of the route advice is quite low, especially for the personal advice. A reason for this 

could be doubts from the participants with advises given, as the random advice methad could 

result in bad and unrealistic advices. Another reason can be that the participants got much 

information about the route alternatives, making it possible forthem to make a reasoned choice 

for themselves. lt is also seen that the fact that a certain type of advice is given (regardless of 

what route is advised) for some advice types has an influence on the utilities assigned to the 

different route choice attributes. 

A comparison of the different trip purposes shows that time pressure has a big influence on the 

importance of the travel time. More time pressure in trips to the work leads to a trade-off 

between the importance of travel time and safety, and the importance for travel time is lower for 

leisure trips than fortrips to work. 

The experiment concerned with the evaluation of comfort and aesthetics of roads shows that the 

experienced comfort of roads is mainly dependent on the road category, with more comfort on 

high order roads. Also the road quality has a big influence, although this result is doubtable 

because of the extreme road quality difference used in the experiment. For the aesthetics the 

landscape is the most important attribute, with nature and rural area as being most beautiful. 

The experiments show that route pricing can be a good option for regulating traffic flows, but it 

should be applied wisely, especially because more information can be available for car drivers 

when using an in-car navigation system. For the navigation systems a number of options are 

found to imprave the route planning process and so give betterand more personal route options. 

The results of the choice experiment conducted in this study provide quantitative insights into 

the way car drivers trade-off route performance attributes and, hence, can be used for this. 
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Summary 

Intherecent years, the number of in-car navigation systems and the use of them have increased 

dramatically. Apart from the positive effects these systems have for the users, the number of 

complaints and concerns related to the use of in-car navigation systems is increasing as well. 

The way in-car navigation systems plan routes and the attributes they use for this differ from the 

traditional route planning and route choice of car drivers. Th is leadstoa change in routes driven 

by car drivers. 

Especially on municipallevel there are worries about an increase of cut-through traffic and more 

traffic on unsuitable roads for this amount of traffic related to the use of in-car navigation 

systems. There are a lso worries about the effects of the u se of in-car navigation systems on the 

overall traffic flows. 

Possible methods to control (future) traffic flows are central traffic managementand road pricing. 

For this in-car navigation systems can behelpfut by providing a platform to present information 

and route advice to the driver, but they could also work obstructive, as a car driver can receive 

more information about what is the best route for him or her individually insteadof a route that 

is best for an optima I traffic flow according to the traffic management. 

To make it possible to anticipate on possible future problems caused by the increasing use of in

car navigation systems, more information about the route preferences of car drivers would be 

useful. This information could also be used to imprave the route planning functionality of 

navigation systems. To retrieve this information, a stated choice experiment towards the route 

preferences of car drivers is executed. In this experiment, also the way people react on different 

types of route advice is measured. 

The stated choice method makes it possible to explore the influence of a wide number of route 

preferenee attributes in a relative smalt expeniment compared toa revealed study. This is done 

by letting participants make a choice between a number of systematically designed, 

hypothetical options. The choices made by the participants can be used to determine the 

importance of theseparate attributes in the decision making process. 

To find the route choice preferences of car drivers, the participants are asked to choose ten 

times between two different route options. The route options differ on travel time, delay, trip 

price, comfort, aesthetics, environment and burden, and safety. Also a situation for each fictive 

trip is described, and fora part of the respondents an advice for one of the two route options is 

given. 

Due to the qualitative way in which some of the route attributes are given in the stated choice 

experiment, an additional experiment to determine how car drivers valuate the comfort and 

aesthetics of routes is necessary. For this the participants are asked to rate the comfort and 

aesthetics of ten visualizations of roads. Th is information is analyzed using ordinal regression to 

find the importance of the differentaspectsof roads for the valuation of comfort and aesthetics. 

For the execution of the experiments, an online questionnaire is made and used. This 

questionnaire is fitled out by 209 individuals, mostly by car drivers living in the Dutch cities 
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1\Jijmegen and Eindhoven. The respondents are approached using door-by-door invitations to 

visit the questionnaire web-site delivered around Nijmegen and invitations send by email to 

mostly residentsof Eindhoven who participated in a previous experiment. 

The results of the stated choice experiment show that the most important attributes for the car 

drivers' route choice are the travel time and the casts. After this, the importance of safety is also 

high. The consequences that driving a route has for others (environment and burden) is, except 

for the aesthetics of a route, the least important route choice attribute, although the importance 

of this is almast as high as the importance of the comfort of a route. Th is shows that the private 

benefits for the driver are the most important factors when choosing a route. The model's Rho 2 

of 0.250 shows that the model is performing welt. 

The utility of the route advice is quite low, especially for the personal advice. A reason for this 

could be doubts from the participants with advises given, as the random advice methad could 

result in bad and unrealistic advices. Another reason can be that the participants got much 

information about the route alternatives, making it possible forthem to make a reasoned choice 

for themselves. lt is also seen that the fact that a certain type of advice is given (regardless of 

what route is advised) forsome advice types has an influence on the utilities assigned to the 

different route choice attributes. 

A comparison of the different trip purposes shows that time pressure has a big influence on the 

importance of the travel time. More time pressure in trips to the work leads to a trade-off 

between the importance of travel time and safety, and the importance for travel time is lower for 

leisure trips than fortrips to work. 

The experiment concerned with the evaluation of comfort and aesthetics of roads shows that the 

experienced comfort of roads is mainly dependent on the raad category, with more comfort on 

high order roads. Also the raad quality has a big influence, although this result is doubtable 

because of the extreme raad quality difference used in the experiment. For the aesthetics the 

landscape is the most important attribute, with nature and rural area as being most beautiful. 

The experiments show that route pricing can be a good option for regulating traffic flows, but it 

shoul.d be applied wisely, especially because more information can be available for car drivers 

when using an in-car navigation system. For the navigation systems a number of options are 

found to imprave the route planning process and so give betterand more personal route options. 

The results of the choice experiment conducted in this study provide quantitative insights into 

the way car drivers trade-off route performance attributes and, hence, can be used for this. 
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1. Introduetion 

1.1 Motives 

The number of in-car navigation system users has increased dramaticalty inthelast decade, and 

will increase more in the near future_ The (negative) effects of these systems on the traffic flows 

and the behavior of car drivers start to show on smalt scale, but will probably increase as the 

number of users is still growing. Especialty municipalities receive more and more complaints 

from inhabitants about inconvenience caused by road traffic that is linked to the use of in-car 

navigation systems, like an increase of cut-through traffic and an increase oftraffic on roads that 

are not designed for this amount of traffic. At the same time, the governments and road 

authorities see their influence on the traffic decreasing due to the increasing use of these 

systems. 

Most in-car navigation systems guide users through the fastest route to their destination. 

Research to traditional wayfinding and route choice behavior of car drivers shows that travel 

time is not necessary the teading attribute in route choice, and in general not the only 

influencing attribute. Recently, a number of navigation system manufacturers started to add 

more route choice criteriatotheir systems. Most manufacturers start to add the option to choose 

the most economie route, but also ecological routing and road type preferences are being 

introduced in in-car navigation systems_ This is an indication that it becomes clear that the 

fastest,route is not always the mo~t preferabie route for car qrivers and navigation system users, 

but there is no clear overview of the real route preferences_ To gain better understanding about 

the routes car drivers prefer, especially while using an in-car navigation system, more research 

is needed. Beside the route-preferences, the possibilities to influence the preferred route of in

car navigation system users can be examined. This could behelpfut for others when developing 

new tools for road traffic management. 

To research the route preferences of car drivers, a stated choice experiment is an appropriate 

method. By using this technique, the influence of a wide number of attributes on route 

preferenee can be explored in a relatively smalt experiment. 

1.2 Research goals 

In this research, the attributes that influence the route choice of car drivers in general are 

examined, but in the design of the experiment some specifications of the use of an in-car 

navigation system are taken into account as well. 

The results of this stated choice experiment can helptoga in better insight in the preferences of 

car drivers concerning the route they prefer to drivetotheir destination. As the experiment aims 

especialty on the use of in-car navigation systems, the results could be used as input for better 

route planning functionality of in-car navigation systems_ This may be helpfut when trying to 

reduce the social inconvenience caused by these systems_ Furthermore, the results can be 

helpfut for developing new tools for road authorities and governments to influence traffic flows 

and the possible introduetion of environmental friendly routes. 

L Introduetion 9 
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To imprave the interpretation possibilities of the results of the stated choice experiment, an 

additional experiment will be executed to determine how car drivers valuate the comfort and 

aesthetics of roads. 

To summarize, the main goals of this research are: 

• Ga in better insight in car drivers' route preferences 

• Help improving route advice of navigation systems 

• Determine how car drivers valuate comfort and aesthetics of roads 

1.3 Report layout 

To understand the effects of the increasing use of in-car navigation systems by car drivers, it is 

important to understand the traditional wayfinding process first. This will be described in 

chapter 2, foliowed by a description of in-car navigation systems and the use of them. ln chapter 

3 the methad used for the research, stated choice modeling approach, is introduced foliowed by 

the design of the experiments and the way the data is collected. Chapter 4 gives a description of 

the collected data and showshow the data is processed to enable the analysis of it. In chapter 5 

the results of the experiments are given and discussed. The report will be finished with a 

conclusion, discussion, and recommendations in chapter 6. 

L Introduetion 10 
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2. Route choke and in-car navigation systems 

Th is chapter wilt study the effects of the increasing use of in-car navigation systems. For this it is 

in the first place necessary to understand the way car drivers choose their routes traditionalty 

(without the use of a navigation system). Th is wilt bedescribed in the first section of this chapter. 

Secondly, the working, use, effects of and reactions on this use, and new developments of in-car 

navigation systems are described and discussed in the remaining of this chapter. The chapter 

wilt be completed with a conclusion. 

2.1 Traditional route choice behavior 
To be able to understand and evaluate the working and use of in-car navigation systems, it is 

important to first understand the way car drivers traditionalty (i.e. without using a navigation 

system) find their way. In the first part of this section, a description of this wayfinding processof 

car drivers will be given. The second part of this section contains a description of some studies 

a bout the attributes that have an influence on car drivers' route choice. 

2.1.1 The car drivers' wayfinding process 

In 1990, Bovy and Stern published the book Route Choke: Wayfinding in Transport Networks 

(Bovy & Stern, 1990). In this book, they give an overview of the route choice behavior of 

travelers in different transport networks. Despite the fact it is almast two decades old, it still 

gives a good insight in the way people find their way in transport networks. 

Bovy and Stern split the wayfinding problem in two segments, namely the (dynamic) route 

search and the (statie) route choice. The route search part contains the ongoing search for 

possible route alternatives. This can be done by looking on a map or asking people for route 

suggestions, as wellas being informed by the road maintenance authority via signposts, traffic 

signaling or the media (e.g. roadwork information in newspapers), or by finding new possible 

routes while traveling. 

Characteristics Transport 
1-- -

Input 

of Traveler Network 

Route Choice Black Box 

Process 

1 
Selected Output 

Route 

Figure 2.1: General scheme of route selection. Source: Bovy & Stern (1990 p24) 
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In the route choice part of wayfinding, a route is selected from the possible and feasible routes 

from the route search part. This route choice is made in a selfish way. The traveler chooses the 

route alternative that is the best for his personal satisfaction. A simplified scheme of this route 

choice process is shown in Figure 2.1. This scheme shows that the input of the route choice 

process consist of characteristics of the traveler and the transport network. The route choice 

processitself is a very complex process, which depends on many factors and is notconsistent 

for different people and in different situations. This is called the black box of the route choice 

process. This process wilt bedescribed later in this chapter. 

Bovy & Stern distinguish three ways in which people choose their route. The first is called the 

simultaneous choice. In this case, the traveler chooses his entire route before starting and wilt 

notchange his route underway. The second way of choosing your route is called the sequentia! 

choice. In this way, the traveler first chooses the route for the first part of the trip to a new 

decision point, and when arrived at this point, the route for the next part of the trip will be 

chosen. The third way is called hierarchical choice. In this way, the traveler also first chooses his 

route to a next decision point, but now the chosen route for the first part of the trip has an 

influence on the choice that is made on every decision point. 

Figure 2.2 shows a sociologically-oriented basic model of individual travel behavior and route 

choice. Next to the physical environment, the socio-demographic environment and the 

normative environment, also the personal environment has an influence. This latter converts the 

first three objective factors .in a subjective way into a ~ecision. For the route choi~e decision, the 

physical environment is the most important factor. 

Physical 

Environment 

Spatial structure 

and transport 

network 

Socio-demographic 

Environment 

T raveller' s 

characteristics 

Normative 

Environment 

Social va lues, 

norms and 

concepts 

----------~------------ --------------~---------0 bjective 

Personal attitudes 

Observation and Evaluation 

Free wilt 

-----------------------~ ~----------------------~ ubjective 

Travel behavior 

Figure 2.2: Basic factors influencing individual travel behavior. Source: Bovy & Stern (1990 
p28) 
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A last important element in the route choice process is the perception of the different sorts of 

information. This perception makes the objective information subjective. Research has been 

conducted on the sociological and psychological aspects of the wayfinding and route choice 

process, the so called 'back box'. lnformation about theseaspectscan be found in Bovy & Stern 

(1990), Golledge (1999) and Gaerling & Golledge (1993). For the purpose of this report, this is 

not very relevant. More important are the attributes that affect the route choice of car drivers, 

their preferences about routes and the way they react on different sorts of information. The 

important attributes in the car drivers' wayfinding process are described in the next section. 

2.1.2 Attributes influencing car drivers' route choice 

The attributes that influence car drivers' route choice are researched using different methods. A 

distinction between these methods can bemadebetween qualitative research and quantitative 

research. In qualitative research, the emphasis lies on understanding and describing the route 

choice processof car drivers, and questions about how and why car drivers choose a particular 

route are tried to be answered. This is usually done using a traditional survey or in-depth 

interviews. In quantitative research on the other hand, the aim is more to quantify the absolute 

importance of the different attributes on the car drivers' route choice. For this type of research, 

the stated choice or stated preferenee method is frequently used, as welt as revealed choice 

analysis using data about actually driven routes. Some studies towards route choice attributes 

wilt bedescribed in this section. 

A probl~m of using a traditional survey for qualitative research regarding car drivers' route 

choice behavior is the fact that many car drivers are notwelt aware of the reasons of their route 

choices. Golledge (1996) illustrated this by camparing the criteria people thought they used on 

a trip (self rating) with the criteria being most probably used revealed by the trip they made. The 

results of this study are displayed in table 2.1. The difference between the stated and revealed 

ranking indicates that many people are notwelt aware of how they use different criteria while 

planning a trip. Th is shows that it is important to be cautious when interpreting the results of a 

traditional survey about route choice decisions, as it probably wilt reflect more about how 

people think they plantheir route insteadof how they really plan or choose their routes. 

This is not the case for stated preferenee experiments. Using this type of methods, partielpants 

are not asked directly a bout the different criteria (attributes), but the importance of the different 

criteria is derived from choices partielpants make between different fictive route options (stated 

choice), a ranking they are asked to make over these options, or rating they are asked to give to 

the alternatives (stated preference). More information a bout the stated choice method is given in 

chapter 3. 
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Table 2.1: Comparison of stated criterion versus revealed criterion in route selection. Source: Golledge 
(1999 29) • 
Stated criterion Ranking of stated criteria most Ranking of revealed criteria most 

frequently used frequently used 
Shortest path 1 1 
least time 2 6 
Fewest turns 3 3 
Most scenic or aesthetic 4 9 
First noticed 5 2 
longest leg first 6 7 
Many curves 7 10 
Most turns 8 5 
Different from previous route 

9 8 
ta'ken (variability) 
Shortest Ie first 10 4 

Papinski, Scott, & Doherty (2009) interviewed 31 individuals from Ontario, Canada using an in

depth interview about their planned activities and trips for the following two days, and the 

routes they planned to driveforthese activities. From these trips, 21 home-to-work trips were 

used for the research. Tagether with the participants, the interviewer made up a list with the 

attributes the participants had used while planning and choosing their routes, and ranked these 

attributes basedon how important the attributes were for the participants' route choice decision. 

After the two days period in which the trips are made in reality, another interview was conducted 

to discuss the used attributes again. 

Figure 2.3 shows the percentage of the participants using particular route choice attributes for 

selecting their route. lt shows the large number of attributes that can have an influence on route 

choice behavior. The absence of the distance in the attributes mentioned in the pre-trip 

interview is remarkable. Many participants probably stated this attribute under 'route 

directness'. Also the big difference between the percentages of minimizing 'stop lights' (traffic 

lights) in the pre-interview and the post-interview is remarkable. lt seems like people do not 

dislike them when they are aware about what they are doing, as much as they thought when 

they were asked before making the trip. 

• Post-Interview Pre-Interview 

Route Choice Attributes 

Figure 2.3: Route choice preferences. Source: Papinski, Scott, & Doherty (2009 p355) 
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Figure 2.4 shows, from the same research, the results of the ranking of the different network

based attributes of route choice. The participants were asked torank the attributes; the attribute 

they use first is ranked 1, the next one is ranked 2, and so on. The figure shows for each 

attribute the average ranking for all participants. lt is clear that the participants rank 'time' as 

most important, but it is remarkable that the 'main roads' and 'stop lights' are ranked as more 

important than the distance. Also the low ranking of the travel reliability is remarkable, as there 

are other studies showing travel reliability as an important attribute in route choice (Bates, Polak, 

Jones, & Cook, 2001). 

Rank Value 
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Figure 2.4: Route choice attribute ranking values. Source: Papinski, Scott, & Doherty (2009 p356) 

Table 2.2 shows results of one of the first researches regarding the relative importance of route 

choice attributes conducted by Wachs (1967), as cited by Bovy & Stern (1990). Wachs studied 

the route choice reasans for different trip types for several hundred car users in the Evanston, 

lllinois, area. The table shows a big difference in route choice reasans for different trip types. 

Table 2.2: Differences between trip types in degree of importance of reasans for route choice. Source: 
B & St (1990 72) I 

Trip-Type pairs 
Choice reason Wori<-Visit Work-Shop Visit-Shop 
Greater safety 
Shorter distance 
More pleasant scenery 
Smoother pavement 
More stores, service 
stations, etc. 
Fewer stores, service 
stations, etc. 

*significant (99%) difference 

* 
* 
* 
* 

* -
* 

* * 

* 

In the same study, Wachs also performed a factor analysis on the selected routes. The seven 

factors in table 2.3 accounted for 67 percent of the total variance. 

2. Route choice and in-car navigation systems 15 



Route preferences of car drivers and the use of in-car navigation systems 

Preferenee for less congestien and strain 
Preferenee for safety 
Preferenee forshortest route 
Preferenee for commercial development a long the route 
Preferenee for pleasant scenery 
Preferenee for absence of commercial develo the route 
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8.5 
7.4 
5.6 
5.1 
4.5 

Car drivers' route choice attributes can also be studied using revealed data. Frejinger (2008) 

describes a number of difficulties concerning the use of revealed data for route choice behavior 

analyses. One difficulty is the colteetion of data. lnformation about the routes people have 

travelled can be obtained by asking travelers to describe their routes taken, or by passive 

modeling using the Navstar Global Positioning System (GPS). Passive modeling has some 

advantages over a traditional survey, but GPS also has some disadvantages. The collected data 

using this method can have errors and gaps due to constraints of the technology and the 

conditions of the data collection. Another issue is that the gathered data is in the form of a 

stream of GPS points and this data has to be processed in order to reconstruct the trips. 

2.2 ln-car navigation systems 
This section will give a description of the working and the use of in-car navigation systems. The 

functioning, the use, and the effects of the use of these systems are discussed. 

2.2.1 History of route guidance advice systems 

The first known automotive navigation system is the Jones Live Map Meter introduced in the year 

1909 (French, 1987). This system, as welt as other systems developed around that time, worked 

on basis of programmed routes and showed route advice based on the distance the car has 

driven and the programmed route. From the 1940s, systems are developed (mainly for military 

use) that track the course of the vehicle and calculate the location of the vehicle based on this 

course and the previous location. In the 1960s, systems were developed that make use of radio 

signals from posts next to the highways to find the current location of the vehicle. In the mid 

1960s, satellite positioning was developed, the basis for the later developments on route 

guidance advice systems. Most of the current systems use the Global Positioning System (GPS). 

A recent development in route guidance systems is the introduetion of portable navigation 

devices like TomTom and Garmin. Currently the availability of navigation possibilities on mobile 

phones and personal digital assistants (PDA) and free navigation software are getting more and 

more common. 

2.2.2 Functioning of in-car navigation systems 

The main goal for an in-car navigation system is to guide the driver from his current location 

(origin) to his destination. To achieve this, such system has three important functions: 

positioning, route planning and route guidance (Le Blanc-van Krieken & Verriet, 2006). These 

functions wilt bedescribed separately in this paragraph. 
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Positioning: 
To be able to give route advice to the driver, the navigation system has to know the current 

location of the car at any time. In most modern systems, the satellites of the Navstar Global 

Positioning System (GPS) are used for this. The location, driving direction and speed of the car 

are achieved using the GPS-satellites, and this information is matched with the route networkon 

an internat raadmap in the navigation system. In some more expensive systems, also some 

other sensors are used in addition to the GPS to achieve more specific and reliable information 

about driving direction and speed. More information about GPS and the transfer from absolute 

location to a location on the map can be found in Hofmann-Wellenhof, Lichtenegger, & Collins 

(1994) and White, Bernstein, & Kornhauser (2000). 

Route Planning: 
The function of the route planning part of an in-car navigation system is to find as fast as 

possible a route on the digital roadmap, based on the current location and the preferences as 

given by the user. The user chooses the type of route he wants. Most systems give the option to 

choose the shortest or the fastest route. In addition, the user can put on some constraints like 

avoiding a specific type of roads or toll roads. 111 some newer systems, the option to choose the 

most economical route is also available, and there are developments in other possible route 

options. More information about these new route typescan be found insection 2.4. 

The route planning part of the navigation system searches for the optima! route based on the 

costs of different alternatives. What these costs are depends on the chosen route-type, and can 

thus be distance, time, financial, or other costs. To find the route with the lowest costs, an 

algorithm is used. Different manufacturers of navigation systems and navigation software use 

their own algorithms (Intellect, 2007), but most manufacturers do notshare information about 

these algorithms. 

Le Blanc-van Krieken & Verriet (2006) give a general description of a route planning algorithm in 

in-car navigation systems. They write that an algorithm used in in-car navigation system can be 

basedon the Di jkstra algorithm from 1959. This is a standard algorithm to find the path with the 

lowest costs (i.e. the shortest path) in a network. The working of this algorithm is described in 

(Dijkstra, 1959). To make the route planning faster, instead of the Dijkstra algorithm, the A* 

algorithm can be used. In this algorithm, the destination is used to give direction to the route 

searching to speed up the process. 

To speed up the process more and reduce the use of work memory, some adaptations to the 

standard algorithm can be made. The system can use a hierarchical road network. This means 

that the road networkis split in different layers, from a very detailed layer to layers with only the 

main roads and highways. In this way, the system doesn't need to analyze all the smalt, local 

roads at any stage of the route, but in most cases only around the origin and the destination. 

A second possible addition to the standard algorithm is the use of two-sided searching. This 

means that the system starts analyzing the road network in the detailed layer at as well the 

origin as the destination, and from there to the less detailed layers after reaching stop criteria, 

until the conneetion between the origin and the destination search process is made. For long 

trips, in many cases the system first search quickly fora route to present to the user, and after 
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the user starts his tripit continues searching on the background to complete the whole route on 

a detailed level. 

Route Guidance: 
The third and last function of a modern in-car navigation system is the route guidance. This part 

shows information about the planned route, and gives route advises to the driver on the 

intersections. 

2.2.3 The use of the in-car navigation systems 

In this section the use of in-car navigation systems is discussed. First the increasing number of 

navigation systems is illustrated. After this the effects of this increase are descri bed. 

Where in the 1980s and 1990s navigation devices were mainly available insome high class cars, 

the introduetion of the portable navigation system caused a high raise in the number and 

availability of navigation systems. The current increasing number of mobile phones and 

personal digital assistants (PDAs) with navigation possibilities, as well as the availability of free 

navigation softwareforthese devicescan cause a new high raise in the availability of navigation 

systems. A study about the navigation system market of 2008 by Canalys (2009) shows that the 

total shipment of personal navigation devices grew with 18% over the year 2007 to around 41 

million units. Figure 2.5 shows a large expected raise in satell.ite navigation turnovers. 
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Figure 2.5: Global annual satellite navigation product and services turnovers. Source: GALILEO joint 
Undertaking (2003 plO) 

2.2.3.1 Positive effects of in-car navigation systems 
The u se of an in-car navigation system has some clear benefits for the single user of the system, 

but it can also have some advantages for others. These are described in this section. 

Fewer detours: 
A positive result of the use of in-car navigation systems is the fact that drivers can find their 

destination more direct without detours. Oei (2002) refers to lanssen & Roos (1987) to find that 

5 to 7 percent of all driven distances are detour kilometers. Forsome difficult routes this can be 

up to 20 percent. lanssen & Roos conclude that with the use of electronic navigation devices a 

reduction of the total driven distance from 5 to 7 percent is possible. 
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Safety: 
A concern about in-car navigation systems is the effect they have on road safety. Oei (2002) 

notices some concern that an in-car navigation system could distract the driver from his driving 

tasks and in this way have a negative effect on road safety. A research from the Dutch 

independent research organization TNO of the safety effects of in-car navigation systems shows 

conversely that the alertness of the driver increases and the stress level decreases when using 

an in-car navigation system while driving (TNO, 2007; Feenstra, Hogema, & Vonk, 2008). This 

research also shows a reduction of 16 percent in travel distance and 18 percent in travel time 

when using a TomTom navigation system while driving in unknown area to an unknown 

destination. When people drive fewer kilometers, they are less exposed to danger. Leased car 

drivers who do not use a navigation system claim 12 percent more damage and 5 percent more 

damage costs than drivers who do use navigation systems. Overall, the condusion of the 

research is that in-car navigation systems have a positive effect on road safety. Important to 

noteis that drivers should operate the navigation device before departure and not while driving. 

2.2.3.2 Negative effects of in-car navigation systems 
The increasing use of in-car navigation systems causes also some negative issues. Th is leads in 

many cases to inconvenience for the user, when due to map or route algorithm errors, or due to 

misuse the system leads him to his destination not by the most optima[ route, or doesnotlead 

him to the destination at all. The errorscan also lead to inconvenience to others, as it can lead to 

more traffic on roads that are unsuited for it. Insection 2.2.3.3, the influence of the u se of in-car 

. navigation systems on the traffic flows and congestion is descri bed. 

Routing, map, and use errors: 
The media report regularly about car drivers getting in problems due the use of an in-car 

navigation system. In many cases, this leads mainly to inconvenience or problems for the user 

himself, like the Swedish couple that entered instead of their destination 'Capri' (southern 

ltalian island), the northern ltalian city Carpi, teading them 650 kilometers off course 

(http://news.bbc.co.uk/2/hi/8173308.stm- accessed january 10, 2010). Or the man who did 

not see the ferry was on the other side of the river, and foliowed his navigation system into the 

Maas river (http:/ /www.portablegear.nl/nieuws/6/84/8007 /Man_ volgt_ TomTom_de_Maas_ 
in.htm- accessed january 10, 2010). 

These types of incidents are in most cases unpleasant and I or dangerous for the driver 

especially, but it can become a problem for others also when a car gets hit by a train caused by a 

driver completely relying on the in-car navigation system (http:/ /news.bbc.co.uk/2/hi/uk_news 
/wales/south_west/6646331.stm - accessed january 10, 2010), or when ambulances get 

delayed due to navigation system errors (http:/ /www.dailymail.eo.uk/health/article 
386419/Ambu/ance-sat-nav-means-hour-wait-crash-gir/. html- accessed jan u a ry 10, 201 0). 

Also on the internet, many photos are collected to show problems caused by in-car navigation 

systems. Figures 2.6, 2.7 and 2.8 are some examples of these. 
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Figure 2.6: Truck drivers follow in-car navigation system and ignore raad signs. Source: 
http./ /www. hilversumbeterbereikbaar. ni/files/Workshop %20De %20juiste %20rou te.pdf(retri eved 

December 18, 2009) 
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Do f'-lot Follow 
SAT NAV 

Very narrow road 

Figure 2-l & Figure 2.8: Examples of raad signs due to navigation system errors. Source: http://www.guy
sports. com/months/sign_ warn_sat_nav.htm (retrieved December 18, 2009) 

The effects described in this sectionare not directly related to the route choice problem subject 

of this research, but they do indicate the influence in-car navigation systems have on the use of 

the road and the changes in the tasks of road authorities, as wellas the high level of trust car 

drivers have in the route advices given by these devices. 

2.2.3.3 lnfluence of in-car navigation systems on traffic flows 

Little is known yet about the influence of in-car navigation systems on traffic flows. In SWOV 

(2009) is suggested that problems with the traffic distribution on the road network could occur 

when there are too many car drivers using an option on the navigation system to adapt the route 

to the current traffic situation. This is currently not the case yet, but it can become a problem 

when the number of user rises in the future. 

Yang (1999) did a simulation to investigate the effects of a route guidance system on the 

average travel time. A result is shown in figure 2.9. lt can be seen that under every market 

penetration (i.e. the part of the car drivers using a route guidance system), the average travel 

time for equipped drivers is lower than for unequipped drivers. When the market penetration 

increases, the average travel time for as well the equipped as the unequipped drivers raises. For 
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market penetrations up to 0.40, the average overall travel time decreases, but higher market 

penetrations lead to higher overall travel times. While there are no real world examples yet that 

illustrate this simulation, it is uncertain if and at what scale these effects would occur. 
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Figure 2.9: Average travel time under va ried levels of market penetration without road pricing. Sou ree: 
Yang (1999 p310) 

2.2.4 Future developments 

At the 2007 DVM-congress about Dyn<Imic Traffic Management in Rotterdam, Zwijnenberg from 

'TNO Mobiliteit en Logistiek' (Mobility and Logistics) gave an overview about the developments 

in in-car systems (Zwijnenberg, 2007). ln·car systems have an important role in the reduction of 

negative effects of road traffic, like pollution, accidents and congestions. 

Most in-car systems at this time are stand-alone systems, so they have a specific function like 

providing information about congestion or speed camera's or help with driving tasks like cruise 

control, and do not interact with other systems. The fact that these systems are developed by 

the market leads to systems as preferred by the users. 

A next step in the in-car systems is the integration of the different stand-alone systems into a 

central in-car operating system. This should result in interaction between the different systems 

teading to a system . that has better functionality and is easier to operate. By making 

communication between the in-car system and other cars and management systems possible, a 

number of new possibilities arise. lt opens new ways for traffic management systems and 

systems that help with driving tasks and that should improve safety (Con nekt, 2007; van Lui pen, 

2008). 

2.3 Management of traffic flows 

As described before in this chapter, the routes car drivers choose traditionally (without 

navigation system) can differ from the route suggested by an in-car navigation system, and the 

instruments road authorities have to influence route choices are getting less effective forthese 

car drivers. This has influence on the traffic flows. In this section, the management of traffic 

flowsis discussed. First the decreasing influence of governments and road authorities due to in-
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car navigation systems is described, foliowed by some attempts to reeover influence and 

prospects of future developments. 

2.3.1 lnfluence ofthe government 

The governments of The Netherlands and Belgium are faced with some changes in car drivers' 

route choice behavior caused by the use of in-car navigation systems, where they have not 

enough influence on. In this section this effect and the reactions of governments wilt be 

described for The Netherlands and Belgium. 

2.3.1.1 The Dutch situation 
In November 2006, two members of the Dutch parliament ('Tweede Kamer') questioned the 

Transport Minister about in-car navigation systems teading truck traffic through city centers 

(Verkeer en Waterstaat, 2007), as reaction on an artiele in "VNG Magazine", the magazine ofthe 

Association of Dutch Municipalities, of 15 September 2006. This artiele describes the problems 

some municipalities in The Netherlands have with heavy truck traffic that is lead through their 

centers, and roads which are not suitable for this kind of traffic, by navigation systems. The 

Minister answered that she is aware of this problem, and that the ministry is talking with the 

teading navigation system manufacturer to solve this problem. Moreover, the mi nistry is working 

on creating a 'National Data Warehouse', in which governments, road authorities, and card 

manufacturers can cooperate to create complete and actual road cards. In May 2007 the 

Transport Minister in succession wrote a letter to the parliament to inform that agreements are 

made with mark~t parties and road authori~ies about the cooperation ~ n the database (Ministerie 

van Verkeer en Waterstaat, 2007). 

The problems described above concern truck traffic. About in-car navigation system related 

problems with passenger cars is no direct information from the governments, but there arealso 

some worries about this at municipal level. The fact that the problems at this time are mainly 

caused by truck traffic, can be partly caused by the fact that the impact of a single truck is much 

higher than the impact on a single passenger car. Another reason is the fact that the percentage 

of truck drivers that use in-car navigation systems is much higher than of passenger car drivers. 

According to SWOV (2009) about 60 percent of the trucks against about 20 percent of the 

passenger cars are equipped with an in-car navigation device. As the number of in-car 

navigation system users in passenger cars is increasing, some comparable problems as with 

truck traffic could occur a lso with passenger car traffic in the future. 

2.3. 1.2 The Belgium situation 
In Belgium, the problems with in-car navigation systems are mainly related to cut-through traffic. 

A enquiry from a Belgium Parliamentarian among Belgium municipalities in 2007 show that 93 

percent of the municipalities face a rise in cut-through traffic (Van den Heuvel, 2007; CD&V, 

2007). 86 percent say truck traffic causes cut-through traffic, and 59 percent name passenger 

car traffic. The rise in cut-through traffic is partly addressed to the use of in-car navigation 

systems. 

Similar as in The Netherlands, a parliamentarian has asked questions to the Belgium Transport 

minister a bout the negative effects of the increasing use of in-car navigation systems (Parlement, 

2009). As a salution for the increasing cut-through traffic caused by the use of in-car navigation 
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systems, the Belgium Ministry of Transport started a project to build up a database of all the 

traffic signs in Belgium. By providing this information to the navigation system manufacturers 

and the map makers, the idea is that the navigation systems take this information into 

consideration when planning and advising routes. In this way, the problems caused by the use 

of in-car navigation systems should be reduced by providing more information to the systems 

and the hope that the system wilt follow route advices given by the road authorities using the 

signs (Verkeersbordendatabank, 2008; Mobiel Vlaanderen, 2007). 

2.3.2 Road pricing 

Road pricing is seen as an important method to influence travel flows. lt can be used to influence 

car drivers' route choice, but also mode choice (e.g. use of pubtic transport) and time of travel 

(e.g. avoid rush hour) can be influenced. Many countries have some sort of road pricing for 

different purposes, and in other counties (e.g. The Netherlands) it is a returning issue under 

discussion. Many experiments research this subject, and are still running. lt can be expected 

that road pricing will become more common as an instrument to manage traffic flows. An 

illustration for this is the Road Charging lnteroperability project (RCI), launched by the European 

Commission, to develop a method to use in-vehicle equipment for road pricing in the whole of 

Europe (ASECAP, 2005). 

2.3.3 Intelligent Transport Systems (lTS) 

Sussman (2005) gives an overview of the history and future of Intelligent Transportation 

Systems (lTS). He describes that in 1986 a smalt group of academies, transportation officials, 

and representatives of the private sector in the United States started to think about how new 

technologies can help to improve the surface transportation in many ways, efficiency, safety, 

and congestion. Th is was partly areaction on similar developments in Western Europe and Japan. 

lt can be expected that Intelligent Transport Systems (especially dynamic traffic management) 

wilt be used and be needed more in the (near) future to manage the traffic flows and realize an 

efficient traffic distribution. Sussman splits lTS in the following six functional areas: 

Advanced Traffic Management Systems (ATMS): 

ATMS is the management of road traffic, to improve the efficiency of the traffic flows and so 

reduce congestion, using reai-time data. 

Advanced Traveler lnformation Systems (ATIS): 

ATIS provide information to travelers about any circumstances on the road, like incidents, 

weather, optima! routings, and road proceedings. This can help drivers to choose what route 

they want to drive, as welt en route as before departure. 

Advanced Vehicle Control Systems (AVCS): 

AVCS are systems that help the driver to control the car. Most of these systems are aiming to 

increase safety by preventing collisions, but a lso systems to make more efficient u se of the road 

are being developed (Automated Highway System). 

Commercial Vehicle Operations (CVO): 

CVO is the adoption of lTS technologies by private operators of trucks, vans and taxis for more 

productivity and more efficiency. 
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Advanced Pubtic Transportation Systems (APTS): 

APTS is the use of the technologies in the scheduling of pubtic transportation and the 

information providing to users. 

Advanced Rural Transportation Systems (ARTS): 

The possibilities to use lTS in rural areas are under investigation. 

2.3.4 Compliance with route advice 

In the previous sections, some ways to change car drivers' route choice and traffic flows are 

described to reduce the inconvenience caused to others, improve safety, and improve efficiency. 

In some of these methods, car drivers are getting advice to take a specific route. lt is necessary 

that drivers follow these advised routes. In this section, the willingness of drivers to follow route 

advice (compliance) wilt be discussed. 
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Figure 2.10: Compliance as function of quality. Source: Bonsall & joint (1991 p52) 
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Bonsall & joint (1991) researched drivers' compliance with route guidance advice using two 

methods: a real word trial in Berlin and an experiment with an interactive route guidance 

simulator. Figure 2.10 shows a result from the experiment with the simulator. A strong 

relationship between the quality of the advice (relation between the travel time of the advised 

route and the minimum travel time possible) and the acceptance of the advised route can be 

seen . Also the quality of the previous advice has a big influence on the compliance with the 

following advice. 
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2.4 Developments in routing of in-car navigation systems 
Manufacturers of in-car navigation systems are starting to give the users of their systems more 

options in route choice. Where the navigation systems before had in general options to chose 

between fastest, shortest or reduced speed and had the option to avoid specific road types, 

most manufactures and developers start now to add new functions according the route choice. 

Most manufacturers introduced a function to choose for more economical (and ecological) routes. 

These new options from some important manufacturers wilt bedescribed in this section. 

TomTom eco-routes: 
TomTom introduced the function 'eco-routes' intheir more elaborated in-car navigation systems. 

This function gives users the possibility to save fuel by driving a route that is not the most 

optima! route in travel time or distance. In the following quote from TomTorn's website the 

possibility tosave money is mentioned first, foliowed by possibility to reduce the environmental 

impact. (http://www.tomtom.com/products/product.php?ID=958&lid=J&Category=O) 

Garmin ecoRoute: 
As welt as TomTom, Garmin has recently introduced a function to save fuel and reduce the 

impact on the environment. Apart from the option to select more economical and ecological 

routes, Garmin ecoRoute also gives users advice in their driving habits like driving speed and 

accelerating and decelerating behavior. The results are presented to the user in a report. 

(http:/ jwwwB.garmin. com/buzz/ecoroute/J 

MlO Economical Routing: 
The new MlO Economical Routing option gives users also the possibility to chosefora route that 

saves fuel and by doing this also reduce the environmental impact. This function seems to be 

camparabie to the TomTom eco-routes function. (http:/ /eu.mio.com/en_gb/spirit-flat-fu/1-

europe.htm) 

NAVIGON MyRoutes: 

The 1\IAVIGON MyRoutes function adapts 

the route advice to the preferences of the 

driver and the moment of the trip. Based 

on information obtained by the driving

and route choice behavior of the user, this 

function suggests a personal route based 

on the time of the day and day of the week, 

taking into account the drivers' preferred 

road types. The driver gets information 

about this route and possible other routes 

pre-trip (see figure 2.11), and can select 

the route he wants to drive. 

:ion screen from 

(http:/ /www. navigon. com/portal/int/produkte/navigationssysteme/ navigon_produkt_ 841 O_fu 

nktionen. htmb 
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2.5 Possible new parameters for route suggestions 

As described in the previous sections of this chapter, some problems arise from the current 

route suggestions by in-car navigation systems. Especially the inconvenience the use of these 

systems can cause toothers and the decreasing influence of road authorities and municipalities 

to influence the route choice behavior of car drivers are important items. 

Hoogendoorn, Sanders, & joustra (2008) discuss a navigation system with 'conscience'. To 

reduce the negative effect the use of in-car navigation systems can have on others (especially 

local residents and other road users), the suggestion is made to add the inconvenience toothers 

as a cost (social costs) in the route calculation. In this way, the route calculated by the 

navigation system will be an optimum between the travel time and/or travel distance, and the 

social costs. The social costs consist of costas aresult of noise, exhaust emissions, increase of 

risks of fatal accidents, and the increase of travel time for other road users. Simulation of 

individualtrips show that a single vehicle can cause 35 to 40 percent less inconvenience when 

driving the optima[ 'social' route instead ofthe traditional route, with seven percent rise in travel 

time and 45 percent rise in travel distance. A si mulation of an entire morning rush-hour shows a 

possible decrease of social inconvenience of eight until eleven percent. For a noticeable 

reduction of social inconvenience, 50 percent of the vehicles should use a navigation system 

with 'conscience'. 

This research shows that there are opportunities to reduce the impact of car traffic by using 

smart routing and take the impact on others into account. But an important issue in this is the 

question if and when users would use the described 'social' route option. 

2.6 Condusion 

In this chapter a theoretica[ background is given about the (traditional) route choice of car 

drivers and the increasing use of in-car navigation systems and the consequences of this. lt is 

shown that the way car drivers choose their routes and the attributes they use in this process 

differ from the route planning of an in-car navigation system. Th is difference has some influence 

on the routes car drivers take. The expectation is that the influence of these systems on the 

driven routes and so the traffic flows will increase in the near future, as the number and use of 

in-car navigation systems is still increasing. 

Beside the increasing nurnber and use of in-car navigation systems, also these systems are 

developing constantly. The recent navigation systems are getting more and more personalized 

by adding more options and settings. This also leads to more personal route options. Moreover, 

the governments and road authorities see their influence on car drivers' route choices decrease, 

as their traditional tools for traffic management are not sufficient anymore when the route 

choice decisions are taken by the navigation system. 

lt is possible to deal with these situations and reduce the impact of car traffic by using smart 

routing in the navigation systems. For this it is necessary that car drivers are willing to choose a 

route that reduce the impact to others (social routes), and might be not the best route for 

themselves. To forecast the willingness to choose these routes, more information about the 

route choice attributes of car drivers is needed. The next chapter describes the experiment done 

to investigate the route choice motives of car drivers. 
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3. Experimental design 

In the previous chapter a number of problems and concerns about the increasing use of in-car 

navigation systems are described. To make it possible to react on this new and future situation, 

more information about the route choice preferences of car drivers is needed. To gain this 

information, an experiment will be executed . This chapter describes the design of this 

experiment to measure the route choice preferences of car drivers. The first section of this 

chapter gives a description of the used method, stated choice. The second section describes the 

designs of thema in experiment and a supplementary experiment. 

3.1 Stated choice methad 
To investigate in-car navigation system users' route preferences, which can be used to find 

possibilities to influence the routing behavior, a stated choice experiment is an appropriate 

method. This method makes it possible to explore the influence of a wide number of route 

preferenee attributes in a relative smalt experiment compared toa revealed study. In this section 

a basic description of this method will be given, as wellas some information a bout the technica[ 

background and information about how a stated choice experiment can be executed. 

3.1.1 Method 

The stated choice technique is a type of stated preferenee method (conjoint analysis techniques). 

These are research techniques to find preferences of decision makers using an experiment with 

specially designed, hypothetical situations. On the opposite of stated prefèrence methods, there 

are revealed preferenee studies. In these studies, the preferences of the dec.ision makers are 

revealed from the choices they make in real world situations (Shen, 2005). A major disadvantage 

of revealed preferenee data is that only existing alternatives can be studied (Hensher, Rose, & 

Greene, 2005). Another disadvantage is the possible (and probable) presence of not measured 

attributes which influence the choices made. Th is is also a risk in stated preferenee experiments, 

but here this can be better controlled. An advantage of the stated preferenee method is the 

ability to vary attributes independently, making it possible todetermine separate effects better. 

A disadvantage of stated preferenee experiments is the external validity; the question if the 

choices made in the experiment will be made the same in real world situations. 

Rating 

StJI<•I PreiO,rcncc l\leihods 

Ranking 

R..:lt:rettdum (·onlingçni 
\la luatiün 

Figure 3.1: Stated preferenee methods. Source: Adamowicz, Louviere, & Swait (1998 p2) 

Figure 3.1 gives an overview of the different stated preferenee methods (Adamowicz, Louviere, & 

Swait, 1998). 
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In stated choice experiments, the participants are asked to make a choice between alternatives, 

in contradiction to traditional stated preferenee methods where the participants are asked to 

rate or rank the alternatives. This choice taskis seen as more natura! and more pleasant for the 

participants (Oppewal & Timmermans, 1993). As this is more camparabie to the real world 

decision making, this reduces the problems of overrating unimportant attributes and the lack of 

perception and knowledge ofthe own choice processof participants. 

3.1.2 Technica[ background 

The basic principle behind the stated choice methad is that alternatives people have to choose 

from can be seen as a collection of attributes. Individuals derive utility from these attributes, 

and this utility differs between individuals. The overall utility of an alternative is the sum of the 

utilities of the different attributes. When people have to choose between alternatives, they wilt 

choose the alternative with the highest overall utility. 

The structural utility for an alternative can be calculated using the following formula: 

Structural utility of alternative ifor individual q: 

Viq = Ln flnXinq 

Wh ere: Bn=parameter representing weight of attribute n 

X;nq=score for alternative ion attribute nfor individual q 

The utility of an alternative is determined by adding an error-component to the structural utility. 

This component is added to deal with the taste variations between individuals and measurement 

errors. The utility of an alternative can be calculated using the following formula: 

Util.ity of alternative ifor individual q: 

Wh en the utilities of the different alternatives is known, the probability an individual wilt choose 

a specific alternative can be determined using the Multinomiallogit model (MNL): 

Probability individual iwill choose alternative q: 

exp(Viq) 
Piq = ( ) Lqt exp Vuq 

By asking a large number of people in a systematic way to choose between a number of 

alternatives, these formula's can be used to find out the importance {6) of the separate 

attributes. This can be used in the model to predict the relative utility of any alternative 

consisting of these attributes, as welt as the probability that an alternative wilt be chosen. 

3.1.3 Executing a stated choice experiment 

To execute a stated choice experiment a number of actionsneed tobetaken (see Hensher, Rose, 

& Greene (2005)). These actionscan be categorized in six steps, which wilt bedescribed shortly 

now. 

Stage 1: ldentify relevant attributes: 
The first step is to identify the attributes that are expected to be able to describe the choices as 

good as possible with as few as possible attributes. The attributes can mostly be derived from 

existing research. 
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Stage 2: ldentify levels for each attribute: 
The next step is to indentify levels for the attributes. The number of levels must be kept low, and 

the levels should cover the whole range of the examined attribute for the research purpose. 

Stage 3: Design experimental task: 
Wh en the attributes and their levels are determined, combinations of the attribute levelscan be 

made to construct the different alternatives. In most cases, the number of possible 

combinations of attribute levels is very high. To reduce the number of alternatives, a special 

design can be used to construct the alternatives. These designs make it possible to investigate 

the first order effects, and dependent on the experiment lower order effects with only a smalt 

part of the alternatives of the full factorial design. 

Stage 4: Data collection: 
The data colteetion is the actual execution of the experiment. Th is can be done in different ways, 

like using a paper and pencil questionnaire, a personal interview, by telephone or using an 

online questionnaire. 

Stage 5: Model estimation: 
When the data is collected, it has to be prepared for the analysis. For this the data need to be 

recoded into new variables, making it possible to estimate the relative importance of the 

different attribute levels using the multinomiallogit method with computer software. 

Stage 6: Hypothesis testing. validation and simulations: 
When the model is estimated, it can be used totest the formulated hypothesis. The model also 

makes it possible to sim u late the effects and impact of future scenarios. Th is can be used totest 

the impact of different policies or planning scenarios. 

The quality of the estimated multinomiallogit model can be examined using McFadden's Rho 2
: 

Rho2 = 1 - LLaeta 
LL0 

Wh ere: LL8 eta =log-likelihood estimated model 

LL0 =log-likelihood nuli-model 

This formula compares the prediction abilities of the estimated model with a base model, in 

which the utility of every alternative is similar in all cases. lt results in a coefficient between 0 

and 1, where a higher coefficient means a better fit of the model. 

Adding more attributes {predictors) to the model will almost always result in better prediction 

abilities, this will also lead to a better Rho 2
• For more information about the quality of the 

estimated model McFadden's Rho 2 adjusted is introduced. In this formula a correction is added 

for the number of predictors, making it possible to judge about the efficiency of a model (UCLA: 

Academie Technology Services, 2010). 

Rho _2 = 1- LLaeta-K 
ad] LLo 

Where: K=number of predietors 
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3.2 Design of the experiments 
In this section, the experimental design will bedescri bed. The differentpartsof the experiment 

and the layout will be discussed. The questionnaire exists of three parts. The first part contains 

some questions about the participant and his or her transportation behavior. The second part is 

the stated choice experiment and the third part is an experiment to the valuation of comfort and 

view of roads. 

3.2.1 Personal and transportation behavior questions 

The first part of the questionnaire contains some general questions a bout the respondent and its 

transportation behavior. When a respondent states that he or she has no driver's license for a 

car, the remaining of the questionnaire cannot be fitled out. Respondents who say that they 

(almost) never have an in-car navigation system available won't get questions about the use of 

these systems. The questions and answer options are shown in table 3.1. 

Zip code (digits only) 

Gender 

Year of birth 

Main daily activity 

Yearly income 

Availability of a car 

ln-car navigation system available 

Distance driven a year 

Portion of cartrips made using in-car 
navigation system 

On what type of trips an in-car navigation 
system is usually used (always I 
somelimes I never I do notmake this trip) 

3. Experimental design 

0000 
Male 
Female 
19 .. 
Paid work 
Unpaid work 
Education 
Other 
Less than € 15.000 
Between €15.000 and €30.000 
More than €30.000 
Always 
Most of the times 
Sametimes 
(almost) Never 
Always 
Most of the times 
Sametimes 
(almost) Never 
0 to 5000 km 
5000 to 12000 km 
12000 to 20000 km 
More than 20000 km 
(almost) Every trip 
Most trips 
Some trips 
(almost) None of the trips 
From and to work 
Business trips 
Trips to known destinations 
Trips to unknown destinations 
Visit family or friends 
Shopping (recreational) 
Shopping (food) 
Bring away I piek up 
Holliday 

30 
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How satisfied are you in general with route 
advice of your in-car navigation system? 

Use of transport modes (a lot, sometimes, 
never) 

3 .2.2 Stated choice experiment 

Very satisfied 
Slightly satisfied 
Slightly unsatisfied 
Very unsatisfied 
No opinion 
Car 
Bicycle 
Train 
Bus 
Walkin 

Kasper Kerkman -December 2010 

The second part of the questionnaire is a stated choice experiment regarding the route 

preferences of car drivers. Th is experiment is thema in part of this research. In the stated choice 

experiment, the participants are presented with ten choice-sets, where they have to choose for 

one of the two presented routes. The specifications of the two routes and the situation differ in 

the different choice situations. 

3.2.2.1 Choice situation 
In the experiment, the origin and the destination of both route options are equal in every choice 

situation. lt is important that trip conditions are imaginable for allparticipantsof the experiment. 

The origin and destination of the trip are two fictive locations in two different middle-sized Dutch 

cities with a distance of around 30 kilometers. 

Assumptions: 

The choice to travel by car is already made; the whole trip is made by car and there are 

no feasible alternative means of transport 

- The day and time of the trip are fixed 

- The origin and destination of the trip are fixed 

3.2.2.2 Route choice attributes 
The routes where the participants have to choose between can vary on a number of attributes. 

The stated choice experiment wilt be used to determine the importance of these attributes for 

the route choice of car drivers. The route choice attributes are chosen in such way, that the most 

important elements as find in previous studies (and described in chapter 2) are used. Also the 

possibility of displaying the used attribute information on an in-car navigation system is taken 

into account when selecting the attributes and the attribute levels. 

Some of the attributes are best described and easy to interpret when the levels are given 

quantitatively. This is the case for attributes like travel time (minutes) and costs (Euros). Other 

attributes, like comfort and aesthetics, are difficult to describe quantitatively and therefore they 

wil! be described qualitatively. The level of these attributes will be shown using a label, 

comparable to the European Union energy label shown in figure 3.2. These labels are used to 

display the energy efficiency of many different products like refrigerators, washing machines 

and cars, and are currently very common. The principles of use of color and letters to rate a 

product, are used to create the labels shown in figure 3.3 to display the levels of the different 

attributes in the route choice experiment. These labels make it possible for the participantsof 

the experiment to interpret the levels of the attributes in a quick and instinctive way. 
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By using these labelsforsome attributes, the importance of these attributes can be compared 

mutually insteadof only the importance of the used levels. A downside of this approach is that 

the value of the labels is not clear, as they are based on the interpretation of the participants. 

Therefore an extra experiment is needed determine the valuation of the levels from some 

attributes. This is described insection 3.2.3. 

11 
Figure 3.2: General energy consumption label Figure 3.3: Labels as used in the experiment 

Besides the attributes to describe the route characteristics, also the effects of a route advice on 

the route choice is examined. As methods to regulate the future traffic flows (e.g. dynamic traffic 

management) are likely to use some sart of route advice to control the traffic situation, the 

compliance with the route advice is a relevant topic. By adding an attribute for different types of 

advice in the stated choice experiment, the importance of a route advice can be measured and 

compared with the other route choice attribute. 

The following attributes and the possible levels are used in the experiment: 

Travel time: 
The travet time is in general considered as a very important route choice attribute. This can be 

displayed in minutes. For the setected situation, a reasanabie shortest travet time is 25 minutes. 

Travel times of 30 and 3 5 minutes are an increase of respectively 20 and 40 percent. 

Estimated delay: 
Next to travel time, the travel time reliability can be an important attribute. As this experiment 

assumes an advanced, future in-car navigation system, the assumption is that the navigation 

system can predict the delay fora trip quite precisely based on the actuat traffic conditions. The 

expected detay levels in this experiment are set to no delay, 5 minutes, and 10 minutes. The 

total travel time of one trip (travel time and estimated delay) can therefore be between 25 and 45 

minutes. 

Trip price: 
The price for every trip is the sum of the cast fortheuse of the car and a possible raad price. Th is 

is displayed as one price as the total cast for driving this route. 

The Dutch Tax Administration allows an employer to give an employee an untaxed compensation 

for work related travel of maximum 19 cents per kilometer. This is seen as a reasanabie 

indication of the cast price per kilometer, and wil! be used to calculate the total trip prices in this 

experiment. 
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The road pricing tariff wilt be based on the rates as used in an experiment about road pricing in 

and around Amsterdam. A fixed rate of 6.50 (Euro-) cents per kilometer is used there for all roads 

(Ministerie van Verkeer en Waterstaat, 2010), which is comparable with the 6.70 cents per 

kilometer the Dutch government planned on the long term (2018) (Rijksoverheid, 2009). Next to 

this, a surcharge for rush hours of 2, 4, 6, or 8 cents per kilometer is tested in the experiment in 

Amsterdam. 

Without any road pricing, a car-use costof 19 cents per kilometer results fora 30 kilometer trip 

in a cost price of €5.70. Tagether with a fixed road price of 6.50 cents per kilometer, the trip 

price is €7.65. With the highest rush hour surcharge of 8 cents per kilometer, the trip price will 

be €10.05. 

Comfort: 
The comfort level of the route is presented as an A-, C-, or E-label. An A-label indicates that the 

number of stops, turns, and intersection on the route is relative low and thus the comfort high, 

while a (-label indicates an average comfort, and an E-label indicates very low comfort due to a 

high number of stops, turns, and intersections. 

Aesthetics: 
The aesthetics of the route concerns the landscapes the driver crosses and views offered to the 

driver. lt is presented using the samelabels as the comfort. An A-label indicates a scenic route 

through beautiful landscapes with nice views, while an E-label indicates a route through 

in dustrial areas and mainly views on concrete and other traffic . 

Environment and burden: 
Also the environment and burden is presented in a label, where A standsfora route that is good 

for environment and nature, and causes not much burden to local inhabitants, while an E-label is 

the opposite of this. 

Safety: 
Also the safety is displayed in a A-, C-, or E-label, where A standsfora safe route for the driver 

and E stands for an unsafe route (many intersections, no separate lanes, mixed road use, high 

speed differences, no crash barriers). 

Route advice: 
A part of the participants will a lso get an advice for one of the two route-options in every choice 

situation. There are four different types of route advice, and to make the experiment not too 

complex for the participants, every participant can get only one type of route advice. Th is is done 

by addressing one of the four advice types or "no advice" to every participant randomly. lf the 

participant is coupled to a sort of advice, in every choice situation one of the two route options is 

randomly advised. 

The following types of route advice are given in the experiment: 

No route advice 

In this situation, no route advice will be given. The participants will choose their preferred route 

based on the attribute varia bles. 
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/n-car navigation system - basedon personaf preferences 

A route is advised by the in-car navigation itself. lt is stated as being the most preferred possible 

route for the user, based on the personal preferences. 

ln-car navigation system -as being the general optima/ route 

This route is advised by the in-car navigation system to the user, as it is calculated to be the 

most preferred route of the general car driver. 

Traffic management- personaf advice basedon current and expected traffic situation 

Th is route advice by the traffic management aims to prevent the car driver to run in current and 

expected congestion by suggesting a nother route in an early stage. 

Traffic management- for optima/ traffic flow 

This route is advised by the traffic management, as it will help to regulate the total traffic flow 

efficiently and to reduce the average travel time of all car drivers together. 

3.2.2.3 Context variabie 
Besides the route attributes as described in the previous section, the specific situation also 

differs in the choice situations. The purpose of a trip can have an influence on the utilities of the 

different attributes. In this experiment, four different trip purposes are investigated. In every 

choice situation one of these situations is randomly selected and presented. The following 

situations are used in the experiment: 

From home to work (fixed work starting time): 

This trip type assumes a direct trip from home to the work address. There is some pressure of 

time in this situation, as the arrival time (work starting time) is fixed, but the departure time is 

flexible. Also the daily routine of this type of trip could have an influence on the preferences. 

Th is trip is supposed to be made by the driver without other passengers. 

From home to work (flexible work starting time): 

This trip type is almost similar as the previous one, but now the arrival time (work starting time) 

is flexible. Th is leads to less time pressure. 

Visit family or friends: 

This trip is supposed to be made with about four persons (family or friends) in the car, to visit 

other family or friends at their home in another city for one day as a daytrip. An arrival time is 

agreed, but this is not very strict. 

Shopping: 

The purpose of this type of trips is togoshopping in a city for one afternoon for fun (recreational 

shopping). lt's doneon a free day, and there is not much time pressure. The trip is supposed to 

be made with two or three people in the car. 
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3.2.2.4 Variables overview 
Table 3.2 gives an overview ofthe variables used in the stated choice experiment. 

Table 3.2: Variables overview 
Variables Levels 

Attribute variables 
25 minutes 

Travel time 30 minutes 
35 minutes 
Delay not likely 

Estimated delay 5 minutes delay 
10 minutes delay 
€5,70 

Trip price €7,65 
€10,05 
Level A 

Comfort LevelC 
LevelE 
Level A 

Aesthetics (scenery) LevelC 
LevelE 
Level A 

Environment and burden LeveiC 
LeveiE 
Level A 

Safety LevelC 
I 

LevelE 
No advice 
By in-car navigation system - based on personal preferences 

Route advice 
By in-car navigation system -as being the general optima! route 

By traffic management- personal advice basedon current and 
expected traffic situation 

By traffic management- for optimal traffic flow 
Context variables 

From home to work- flexible work starting time 

Trip purpose 
From home to work- fixed work starting time 
Visit family or friends 
Shopping 
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3.2.2.5 Route choice design 

The possible routes are constructed by selecting one level of every route choice attribute. lf no 

constraints are used in this, this results in 2187 possible routes. By using a special design in 

this process, it is possible to research all the direct effects of all attributes using only 18 

different routes . Consequence of this is that second order effects cannot be measured. Table 3.3 

shows the used route options. 

T bi 3 3 D . f t s 
- -- -----

Number Travel time 
Estimated Trip 

Comfort Aesthetics 
Environment 

Safety 
delay price and burden 

1 25 minutes no delay € 5,70 A A A A 
2 25 minutes 5 minutes € 7,65 E c c c 
3 25 minutes 10 minutes € 10,05 c E E E 
4 30 minutes no delay € 7,65 c c E A 

~. 

5 30 minutes 5 minutes € 10,05 A E A c 
-~ 

6 30 minutes 10 minutes € 5,70 E A c E 
7 35 minutes no delay € 10,05 E c A E 

~ 

8 35 minutes 5 minutes € 5,70 c 
" 

E c A 
9 35 minutes 10 minutes € 7,65 A A E c 
10 25 minutes no delay € 10,05 c A c c -

11 25 minutes 5 minutes € 5,70 A c E E 
12 25 minutes 10 minutes € 7,65 E E A A 
13 30 minutes no delay € 5,70 E E E c 
14 30 minutes 5 minutes € 7,65 c A A 

" 
E -

15 30 minutes 10 minutes € 10,05 A c c A 
-

16 35 minutes no delay € 7,65 A E c E -

17 35 minutes 5 minutes € 10,05 E A E A 
18 35 minutes 10 minutes € 5,70 c c A c 

3.2.2.6 Graphicaf representation 

Figure 3.4 is an example of how a choice set wilt be presented to the respondents. Above the 

map the situation for this imaginary trip is described, and fora part of the respondents also an 

advice for one of the two route options is shown. The map gives a schematic overview of the two 

route options (A and B), and leftand right from this map the specifications of these routes are 

given. 

~ 

~ 

I 
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Situation: 

A direct trip from home to work (or education). there is a fixed starting time for the work. The time of departure 
is nexible. You make this trip on a daily base, with you as driver alone in the car. 

Advice: 

Route A is advised by the in-car navigation system being the most preterred route of the general car driver. 

A B 
Travel time: Travel time: 

25 minutes 30 minutes 
Estimated delay: Estimated delay: 

5 minutes 10 minutes 
Trip price: Trip price: 

€ 10,05 €5.70 
Comfort: Comfort: ,. C _____ 
Aesthetics: Aesthetics: 

I 11 11 
Environment and burden: Environment and burden: 

11 I I ~ 
Safety: Safety: 

I @ I 11 
Figure 3.4: Example of graphical representation of a choice set 

3.2.3 Valuation of comfort and aesthetics of roads 

Some of the attributes in the stated choice experiment are represented qualitatively. For the 

'safety' attribute, the meaning and value of the different levels can be determined objectively 

based on road safety studies. Also the 'environment and inconvenience' route choice attribute 

can be determined basedon previous investigations. 

For the other qualitative attributes ('comfort' and 'aesthetics'), the meaning and value of the 

different levels cannot be determined very clear based on existing research, as the meaning of 

these levels are subjective. To understand how the participants value these attributes, and to 

make it possible to categorize routes on these aspects, an extra experiment will be executed. 

Visualizations of roads will be shown to participants, and the participants are asked to address 

a label (A, B, C, D, or E) to them for the comfort and the aesthetics of the road . Afterwards it is 

possible to find the importance of the different aspects of the roads forthese subjects using 

regression, and it is possible to calculate the comfort and aesthetics levels for roads based on 

the used attributes. 

There are some differences in the way comfort is defined between the route choice experiment 

and the valuation experiment. In the explanation of the comfort attribute in the route choice 

experiment the comfort of the route is used (i.e. number of intersections, number of traffic lights, 

and number of turns). In the valuation experiment, the comfort is specified as the comfort of a 

specific road segment. The reason for this is that the valuation experiment in a combined 
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experiment for the comfort and the aesthetics. The experiment and task complexity would 

become too big if the comfort of an entire route would be used. By using the comfort of a road 

segment the valuation of the comfort and the aesthetics can be measured using a single 

visualization of road profile. 

In the experiment the participants are asked to valuate the comfort and the aesthetics of a road 

profile shown in an illustration by addressing a label for both subjects. The participants can 

choose between the following labels: 

Comfort level: 

Level A: very comfortable 

Level B: comfortable 

Level C: moderate comfortable 

Level D: uncomfortable 

Level E: very uncomfortable 

Aesthetics level: 

Level A: very beautiful 

Level B: beautiful 

Level C: moderate beautiful 

Level D: ugly 

Level E: very ugly 

3.2.3.1 Attributes 

The road profiles are constructed out of six attributes. The used attributes are shown in table 3.4. 

Highway 

Road category Primary road 
Secondary road 
Local road 

Road condition 
Good 
Bad 

Traffic intensity 
Quiet 
Busy 

Nature 

Landscape type Residential area 
Ru ral area 
lndustrial area 

View Open 
Closed 

Points of interests Yes 
No 

These attributes are used to create different profiles of roads. In this experiment different 

combinations of the attribute levels are selected to create a number of profiles. Th is is done in a 

similar way as in the stated choice experiment using a specific design (see section 3.3.2.5). The 

valuation of comfort and aesthetics can be researched in this way using 64 different profiles. 

These profilescan be found in Appendix 1. 
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3.2.3.2 Graphical representation 
For every profile a visualization has been made, display,ing all attri.butes in a single picture. 

Figure 3.5 shows examples of these visualizations. Figure 3.5a illustrates a highway with a good 

road condition, quiet traffic, and open view through a rural area with interesting points 

(windmill). Figure 3.5b shows a primary road in good condition with busy traffic, a closed view, 

and no interesting points through nature. Figure 3.5c shows a secondary road in a bad condition 

with quiet traffic, an open view, and an interesting point through a residential area. Figure 3.5d 

displays a local road in bad condition with busy traffic, a closed view, and no interesting points 

through an industrial area. 

Figure 3.5a, b, c, d: Visualizations of road profiles. 

3.3 Questionnaire and participants 
In this section, the questionnaire the participants have to fill out is described, as well as the 

number of parHeipants that is needed to gain reliable results. 

3.3.1 Questionnaire 

The experiments are presented to the respondents using an on-line questionnaire. This way of 

data collection is chosenovera paper and pencil questionnaire, because it makes it possible to 

reach many respondents in an efficient way. Because a large portion of the Dutch citizens, and 

possibly even a larger portion of the car drivers and navigation system users, have currently the 

availability of internet it is possible to sample from a quite general population . 

The on-line questionnaire contains the three parts that are described in section 3.2. The 

questionnaire starts with an introduction, foliowed with the questions about the personal 

characteristics and the transportation behavior and navigation use. The participants who answer 

to have no driver's license fora car get a message that only people with a driver's license can 
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participate in the experiments, and cannot continue with the questionnaire. Participants, who 

answer that they have never an in-car navigation system available, do not get further questions 

a bout the use of these systems. 

The second part of the questionnaire is the stated choice experiment about route choice 

preferences. After an explanation of the task, each participant gets ten choice setspresentedas 

shown before in figure 3.4. ln every choice set, the participant is asked to choose one of the two 

route options that best reflects his or her preferences. 

Inthelast part of the questionnaire the participants will see ten times a visualization of a road 

profile (as shown in figure 3. 5) and are asked to assign labels (A, B, C, D, or E) to the comfort and 

the aesthetics of the profile shown. 

An example ofthe questionnaire as presented to the participantsis given in appendix 2. 

3.3.2 Number of participants 

For reliable results of the stated choice experiment, it is important that enough participants fill 

out the questionnaire. For sufficient power of the analysis, a minimum of 30 measurements is 

expected to be needed for every route option. While every participant will get ten choice sets 

presented, this results in a minimum of (30 measurements per route option x 18 route options I 
10 measurements per respondent=) 54 respondents needed. Because the influence of a route 

advice is a lso taken into the experiment, and the effects of the advice is uncertain, it is decided 

to aim for at least 60 participants in the group getting no route advice. logether with 30 

participantsper type of route advice, the total number of participants neededis 180. 

For the valuation of comfort and aesthetics, the estimated required number of partic i pants is (30 

measurements per route option x 64 route options I 10 measurements per respondents =) 192 

respondents. 

3.4 Condusion 
In this chapter the design of the experiments is described. After a theoretica[ overview of the 

used stated choice method, the different experiments and the way they are presented to the 

participants using an on-line questionnaire is described. 

The on-line questionnaire contains three parts. ln the first part, the respondents are asked some 

general questions about the person and some questions about the transportation behavior and 

the use of in-car navigation systems. The second part of the questionnaire contains the main 

experiment: the stated choice experiment regarding the route choice preferences of car drivers. 

In this experiment ten route choice situations are presented to the participants. The participants 

have to choose between two possible routes in the described situation, for a part of the 

participants one of the routes is advised in every choice set. The routes are described by travel 

time and delay, costs, comfort, aesthetics, environment and burden, and safety. The last part of 

the questionnaire is an experiment regarding the valuation of comfort and aesthetics of roads. In 

this experiment the participants are asked to valuate the comfort and the aesthetics of ten 

presented illustrations of road profiles by addressing labels to them. 
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4. Data colteetion and processing 

In the previous chapter the experiments towards the route choice preferences of car drivers are 

described. To gain results from this experiments, they first need to be executed. This wil! be 

described in this chapter. The collection of the data using an on-line questionnaire and the way 

the collected data is processed to obtain the results are discussed. In the first part of this 

chapter the collection of the required data for the experiment is described and the (demographic) 

characteristics and the personal transportation behavior of the participants are given. The last 

part of this chapter describes how the collected data is processed to obtain the results of the 

experiments. 

4.1 Approaching respondents 

To get the required number of respondents for the experiment, around 2000 invitations to fill out 

the questionnaire on internet were delivered door-by-door in different parts of Nijmegen and 

Malden (Heumen) between 8th and 12th June 2010. About 600 invitations were distributed in 

the district Hatertse Hei in Nijmegen, about 400 in Malden-West (Heumen), 750 in Bottendaal 

(Nijmegen) and 200 in Lindenholt (Nijmegen). To obtain significant results in the stated choice 

experiment, the expected number of participants neededis around 180. Probably partly because 

of the elections for the Dutch parliament and the start of the soccerworldcup in this week, the 

response was quite low with about 100 respondents. To obtain the required 180 participant for 

th~ stated choice experiment, people who participated .in an earlierresearch by t,he Eindhoven 

University ofTechnology and approved to be approached for other research were approached by 

email with a link to the questionnaire website. In this way the total number of respondents is 

increased to 209. 

4.2 Participants charaderistics 

The website with the questionnaire is visited 262 times between 81
h june and 22"d July 2010. Of 

these visitors, 246 have completed the first page with personal questions (6 of them had no 

driver's license for a car and could therefore not continue), the second page with questions 

about personal transportation behavior is filled out 236 times. 209 Participants completed the 

entire questionnaire. 

4.2.1 Demographic information 

In this section the demographic in formation of the respondentsis displayed and discussed. 

As shown in Figure 4.1, there is a little overrepresentation of male respondents; 57% of the 

respondents are male and 43% female. Figure 4.2 shows that the different age-classes are wel! 

represented, although the class of 65 years of age and older is quite smal!. The age of the 

participants is calculated by deducting the year of birth as given in the questionnaire from the 

current year (2010). 
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Gender Age 

Female Male 

Figure 4.1: Gender 
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Figure 4-2: Age 

As shown in figure 4.3, 72% of the respondents state that their ma in daily activity is paid work; 

figure 4.4 shows that 78% of the respondents has paid work (56% full-time, 22% part-time). 

Figure 4. 5 shows the net income of the respondents. 

Daily main activity 

Figure 4.3: Daily ma in activity 
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Figure 4.4: Paid work 
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Net income 
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Figure 4.5: Net income 
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Figure 4.6: Place of residence 
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Figure 4.7: Urban density 

Figure 4.6 displays the place of residence of the participants. The participants from Eindhoven 

(46%) are recruited by the email invitation, most of the participants from Nijmegen (39%) and 

the participants from Heumen (Malden, 5%) are recruited by the door-by-door invitation. The 

urban density of the residential area of the respondents is shown in figure 4.7. The urban 

density is obtained by combining the postal code digits of the respondents with data from the 

Statistics Netherlands (CBS). A very high urban density means that there are 2500 or more 

addresses per square kilometer, high has 1500 to 2500 addresses per square kilometer, 

average 1000 to 1500 addresses, low 500 to 1000 addresses, and an area with very low urban 

density has less than 500 addresses per square kilometer. Because most participants are 

recruited in cities, the overall urban density of the residential areas of the respondents is 

relatively high. 
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4.2.2 Transportation behavior 

Besides the questions about the characteristics of the participants, the first part of the 

questionnaire contained also questions about their use of travel modes and for people with a 

navigation system available a lso questions a bout the u se of these systems. 

Figure 4.8 shows the car availability of the respondents. About 80 percent of the participants 

state that there is (almost) always a car available for them. For less than two percent of the 

respondents a car is never available. The total distance travelled by car as driver or passenger 

per year is displayed in figure 4.9. Only 14 percent of the respondents travel less than 5000 

kilometers per year by car. 
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Availability of a car 

Figure 4.8: Availability of a car 
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Figure 4.9: Car kilometers per year 

Figure 4.10 shows the use of different transportation modes. lt can be seen that the 

transportation modes most used by the respondents are the car, the bicycle, and walking. 
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Figure 4.11 shows that most respondents have (almost) .always (39 %) or (almost) never (33 %) 

an in-car navigation system available for car tri ps. The remaining questions about the use of in

car navigation systems of this part of the questionnaire havenotbeen asked to the respondents 

with (almost) never a navigation system available. 
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Figure 4.11: Navigation system availability for cartrips 
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Figure 4.12: U se of in-car navigation systems by trip purpose 

holiday 

Figure 4 .. 12 shows the use of navigation systems in car t rips. with different purposes. lt shows 

that the trip purpose with the highest proportion of navigation system usage is on holiday. Also 

on business trips the use of navigation systems is quite high, and the number of people that use 

the navigation device "sometimes" is high on trips for visits and bring/pick up. Figure 4.13 

shows that navigation systems are used most in trips to unknown destinations. 
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Figure 4.13: Use of in-car navigation systems 
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Figure 4.14: Satisfaction with route advice of in-car navigation systems 

Figure 4.14 shows the overall satisfaction with the route advice given by in-car navigation 

systems. Most participants state they are satisfied with the route advice (77%), while 18 percent 

is very satisfied, 5 percent dissatisfied, and no one is very dissatisfied. 

4.3 Data processing 

The data as collected in the experiments does not contain the wanted information directly. Here 

for the collected data need to be processed first. In this section, the way the data is processed to 

prepare it for analyzes is described. 

4.3.1 Route choice preferences (stated choice experiment) 

The travel time attribute is given in the questionnaire as an absolute value. For the interpretation 

of the travel time, the difference in time with the other route option (in every choice situation) is 

more important than this absolute travel time. For this reason, the travel time is recoded into a 

new variable. The relative travel time can now be "shortest" (shorter or sametime as the other 

route in this choice situation), "+5 minutes" (travel time 5 minutes more than other route option) 

or +10 minutes. The other attributes can be interpreted independent of the other route option, 

and therefore they don't need to be recoded. 

4.3.1.1 Attributes 

To analyze the results of the stated choice experiment, the attribute levels need to be recoded in 

new variables. The new variables can be used to find the utility of the different levels of the 

attributes. In this way, all the three-level attributes wilt be described using two new variables 

using effect-coding. Table 4.1 shows the different levels of the attributes and these new 

varia bles. 
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Table 4.1: Effect coding of route choice attributes 

Attribute Level 
Variabie Variabie Variabie Variabie 

name value name value 
0 (shortest) Xtl 1 Xt2 0 

Travel time (difference) +5 minutes Xt1 -1 Xt2 -1 
+10 minutes Xtl 0 Xt2 1 

No delay Xd1 
I ~ 

Xd2 1 0 
Delay 5 minutes Xd1 -1 Xd2 -1 

10 minutes Xd1 0 Xd2 1 
€ 5,70 Xpl 1 Xp2 0 

Costs € 7,65 Xp1 -1 Xp2 -1 
€ 10,05 Xp1 0 Xp2 1 

A Xc1 1 Xc2 0 
Comfort c Xc1 -1 Xc2 -1 

E Xc1 0 Xc2 1 
A Xv1 1 Xv2 0 

View c Xv1 -1 Xv2 -1 
E Xv1 0 Xv2 1 ,- " A Xe1 1 Xe2 0 

Environment and burden c Xe1 -1 Xe2 -1 
E Xe1 0 Xe2 1 
A Xs1 1 Xs2 0 

Safety c Xs1 -1 Xs2 -1 
E Xs1 0 Xs2 1 

4.3.1.2 Advice 

The route advice will be analyzed similarly to the other attributes. Every route option can be nat 

advised, advised by the in-car navigation system, ar advised by the traffic management. The 

advice can also be personal ar genera!. The advice types are recoded as shown in table 4.2. lf 

the results are nat significant using this division, different types of advice can be combined to 

reduce the number of levels and sa gain more data per type of advice. 

Not advised 1 0 0 0 
Navigation system - personal 0 1 0 0 
Navigation system - general -1 -1 -1 -1 
Traffic management - personal 0 0 1 0 
Traffic man ment- era I 0 0 0 1 

The influence of route advice will also be examined in a different way. There is a possibility that 

the fact that people get some sart of advice has an influence on their utility for the different 

route choice attributes, regardless of what route is advised. Ta test this effect, the variables of 

the route choice attributes are copied into new variables for every route advice type. These new 

variables get the value 0 for all cases where the respondent does nat get the specific type of 

advice. When new variables get significant in the estimations, it can be stated that the 

participants with this type of advice have another valuation of this route choice attribute. Ta 

clean up the estimations, factors that are by far nat significant (factors with [p > 0.5]) are 

removed in the estimations, foliowed by the factors with [p > 0.3] and [p > 0.2] in the following 

estimations. 
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4.3.1.3 Context 

The effect of the context {situation) of the route choices is examined in a similar way as the 

influence of the route advice type the participants get as described above. All route choice 

attributes are copied to new variables for every situation except the trip to work with fixed 

starting time, and these new variables get the value 0 for all cases withother situations. In this 

way it is possible to find significant differences in the importance of the route choice attributes 

for all situations compared tothetrips to work with fixed starting time. The factors that are far 

from significant are removed in following estimations to clean up the estimations. 

4.3.2 Valuation of comfort and aesthetics 

The valuation of comfort and aesthetics wilt be anatyzed using ordinal regression. In addition to 

estimating the influence of each independent variabte, this method atso attows estimating 

threshotds between scale values. 

The ordinal regression is executed for the valuation of the comfort and for the aesthetics 

separately. When using ordinal regression it is not necessary to reeode the attribute levels, as 

they can be analyzed directly. 

4.4 Condusion 
In the fi.rst part of this chapter the colteetion of the research data is described. The online 

questionnaire used for the colteetion of the data is fitled out by 209 i~ ndividua ls, mostly by 

residents from the Dutch citi.es Njjmegen and Eindhoven. This is more than the 180 respondents 

estimated to be needed. The respondents are selected using door-by-door invitations to visit the 

questionnaire web-site delivered around Nijmegen and invitations send by email to mostly 

residents of Eindhoven who participated in a previous experiment. 

In the last part of this chapter the way the gained data is processed in order to analyze it is 

described. The collected data in the stated choice experiment is recoded using effect coding to 

make it possible to estimate a model to find the importance of the different route choice 

attributes. The data from the additional experiment towards the valuation of comfort and 

aesthetics of roads wilt be analyzed us,ing ordinal regression, and don't need to be recoded. 

The results of the analysis are presented and discussed in next chapter. 
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5. Results 

Th is chapter describes the results of the experiments to measure the route choice preferences of 

car drivers and the valuation of comfort and aesthetics of roads. The results of the different 

experiments will be shown separately. First, the results of the stated choice experiment 

regarding the route choice preferences of car drivers are presented and discussed, foliowed by 

the results of the experiment towards the valuation of comfort and aesthetics of roads. Only the 

most important results are given in this chapter. More detailed in formation about the results can 

be found in the direct output of the experimentsin appendix 3 (stated choice experiment) and 

appendix 4 (valuation of comfort and aesthetics of roads). 

5.1 Route choice preferences (stated choice experiment) 
The results of the stated choice experiment regarding route choice preferences of car drivers are 

discussed in three parts. First, the importance of the different route choice attributes is 

presented, foliowed by the effects of route advice given to a part of the participants, and finally 

the effect ofthe situation (trip purpose) on the route choice preferences. 

5.1.1 Route choice attributes 

The lmportance of the different route choice attributes are shown in table 5.1 and figure 5.1. The 

travel time of the trip (travel time and delay attributes) and the costs show as expected to be the 

most important attributes in the route choice. From the remaining attributes, the importance of 

safety is relatively high. Especially the negative utility for ·unsafe routes (level E) is very high. The 

view of the routes is the least important attribute for the route choice. Al the attributes are 

significant (p < 0.05). The output of the estimation can be found in appendix 2. 

shortest 0.46 0.0000 
Travel time (difference) +5 minutes 0.14 

+10 minutes -0.60 0.0000 
no delay 0.41 0.0000 

Delay 5 minutes 0.08 
10 minutes -0.49 0.0000 

€ 5,70 0.85 0.0000 
Costs € 7,65 0.07 

€ 10,05 -0.92 0.0000 
A 0.49 0.0000 

Comfort c 0.02 
E -0.51 0.0000 
A 0.28 0.0000 

View c 0.01 
E -0.29 0.0000 
A 0.48 0.0000 

Environment and burden c -0.05 
E -0.44 0.0000 
A 0.52 0.0000 

Safety c 0.17 
E -0.69 0.0000 
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Utility of attribute levels 
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Figure 5.1: Utility of attribute levels 

5.1.2 Advice 

When the different types of route advice are taken into consideration as extra attributes (using 

the coding shown in table 4.2), the utility effects of theseparate types of route advice are not 

significant. Only the route advice level "not advised" has a significant (negative) utility of -0.23. 

lf the advice types are ordered in the groups "personal" and "genera!" the significant utilityfora 

not advised route is -0.18 (p=O.OOOO), fora personal advice it is 0.00, and fora general advice 

0.18 (p=0.0106). As at least one of the two route options is not advised in every choice situation 

in the experiment, this can be seen as the base level. In this way, a personal advice has a 

positive utility of 0.18 compared to a not advised route and a general advice a utility of 0.37 

compared toa not advised route. The higher utilityfora general advice is remarkable, as it could 

be expected that car drivers are more likely to follow a personal advice than a general advice. An 

explanation for this could be that the participantsin the experiment might had doubts with the 

advices given, as the random advice method could result in implausible advices in some cases. 

When a personal advice is given the doubts might be higher than with a general advice, because 

the principles on which the personal advice is set up are not clear. An implausible advice will 

result in a lower thrust in the advices, where for a general advice different reasons can be 

imagined for implausible advices than only the advice being bad. 

When the effects of the fact that a participant gets a type of advice for one of the route-options 

(regardless of what route is advised) are analyzed, some difference in the importance of the 

attributes is seen for participants who got a personal route advice by the traffic management to 
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reach the destination as efficiently as possible and for the participants getting advice to obtain 

an optima! traffic flow. These significant differences in utilities between participants getting no 

route advice and participants getting some specific route advice are shown in figure 5.2. 

The first attribute with a different importance for the group with personal route advice from the 

traffic management is the travel time. For this group, the negative utility for the alternative with 

the longest travel time is a lot higher than for the participants getting no advice. On the other 

hand, the negative utility for the alternative with the most delay is a lot lower for this group. The 

overall importance of these two travel time attributes seems to be about similar for all groups, 

but for the group getting advice the delay seems to be less important. A reason for this could be 

that the participants with personal advice from the traffic management have considered the 

delay and therefore delay should be accepted. 

Another attribute with differences between this group and the other participantsis the comfort 

of the route. The fact that people get personal advice from the traffic management (to reach the 

destination as efficiently as possible) results in a lower importance of the comfort of the route. 

The importance of the "environment and burden" attribute on the other hand is higher for the 

group getting this sart of advice. Participants might want to compensate the fact that this advice 

type does not consider the environment and burden by raising their own utility for this attribute. 

A similar raise in the importance for this attribute can beseen for the group of participants who 

got advice by the traffic management for an optima! traffic flow. 

Effects of route advice 
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Figure 5.2: Effects of route advice 
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5.1.3 Situation 

Figures 5.3 through 5.6 show the utilities of the route choice attributes for the different trip 

purposes and situations. The trips from home to work with a fixed starting time are taken as the 

base model, and the significant differences for the other situations are used to calculate the 

coefficient for the other situation. 

From home to work- fixed work starting time 
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Figure 5.3: Attribute levels trips to work with fixed starting time 

From home to work- flexible work starting time 
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Figure 5.4: Attribute levels trips to work with flexible starting time 
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Figures 5.3 and 5.4 show a lower utility for the route option with the shortest travel time when 

the starting time for workis flexible compared toa fixed starting time, reflecting the lower time 

pressure in this situation. The utilities for the shortest travel time and for a travel time of 5 

minutes more are almost similar when having a flexib le starting time, but the negative utility for 

a travel time of 10 minutes more than the shortest route is as high as when having a fixed work 

starting time. This shows that the car drivers in this situation are welt prepared to drive a 5 

minutes longer routewhen having less time pressure, but 10 minutes seems to be too mud-1. 

Next toa difference in utility for travel time, a higher utility for safety can beseen forthetrips to 

work with a flexible starting time. This shows that higher time pressure (in case of a fixed work 

starting time) results in more importance of travel time and less importance of high safety. The 

equal utility for the least safe routes for both situations shows that the higher time pressure 

does not result in being more prepared to take unsafe routes. 

Visit family or friends 

1,00 

0,80 

0,60 

0,40 

0,20 - • • first level 

0,00 second level 

-0,20 • third level 

-0,40 

-0,60 

-0,80 -1 

-1,00 

Figure 5.5: Attribute levels trips to visit family or friends 

The împortance of the travel time is fortrips to visit family or friends substantially lower than for 

trips to work. Next to this the negative utility for the most uncomfortable routes is much larger 

than forthetrips to work. Car drivers seem to be more prepared in this situation to drive longer 

and to avoid very uncomfortable routes. 

Also forshopping trips the utility for travel time is substantially lower than fortrips to work. But 

instead of a higher utility for comfort as at the trips for visits, in this situation the utility of 

"environment and burden" is lower. A reason for this could be that this type of trip is made only 

once in a while, and therefore people might experience the inconvenience they cause to others 

by making this type of trip as low, and the profit they can ga in on this area might be expected to 

be low as welt. 
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5.1.4 Goodness of fit 

Shopping 

Figure 5.6: Attribute levels trips toshopping place 
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• first level 

second level 

• third level 

How good the estimated model can describe the stated choice data can be measured using 

McFadden's Rho 2
, as described in paragraph 3.1. The .Rho 2 theoretically can have a value 

between 0 and 1, and a higher Rho 2 means a better model. A model with a Rho 2 between 0.20 

and 0.40 can beseen as a good model. 

Rho2 = 1 - LLBeta 
LL0 

Rhoz = 1 - -1086.913 = 0.250 
In (0.5)x2090 

Rho _2 = 1 _ -1086.913-14 = 0_240 
ad) In (O.S)x2090 

The model has a Rho 2 of 0.2 50 and a Rhoad/ of 0.240 and perfarms welt. 

5.2 Valuation of comfort and aesthetics of roads 
In this section the results of the experiment concerning the valuation of comfort and aesthetics 

of roads are described. The results for comfort and aesthetics are discussed separately. 

5.2.1 Valuation of comfort 

Table 5.2 and figure 5.7 show the threshol.ds of the comfort levels. These thresholds can be 

used to predict the label for comfort for roads based on the attributes used in the experiment 

using the factors shown in table 5.3. The thresholds are quite evenly distributed. 
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Table 5.2: Thresholds comfort levels 

Comfort label Threshold Sig. 

Label E: very uncomfortable (-0.082) 0.557 

Label D: uncomfortable 2.026 0.000 l 
Label C: moderate comfortable 3.685 0.000 

Label 8: comfortable 5.581 0.000 

-2 0 2 4 6 8 

Figure 5.7: Comfort levels distribution 

Table 5.3 and figure 5.8 show the coefficients of the different levels of the attributes concerning 

the valuation of comfort of roads. A higher coefficient (~) means that the comfort is valuated 

higher. lt can beseen that the road category is the most important attr.ibute for the comfort, and 

high order roads are experienced as more comfortable than low order roads. After this, also the 

road condition has a big influence on the comfort, foliowed by the traffic intensity. lt can be 

discussed if the quite extreme illustrations of the bad roads in the experiment cause some 

distartion in these results. From the landscape type only the rural area has significant influence 

on the comfort, showing more comfort on a road through this landscape type. 

Table 5.3: Coefficients comfort of roads 

Attribute and level J3 Sig. 
Highway 3.403 0.000 

Primary road 2.224 0.000 
Road Category 

Secondary road 1.378 0.000 

Local road 0 

Nature (0.195) 0.087 

Residential area (0.152) 0.181 
Landscape type 

Ru ral area 0.429 0.000 

lndustrial area 0 

View 
Open 0.291 0.000 

Closed 0 
-

Yes (0 .131) 0.103 
Points of interests 

No 0 

Goed 1.096 0.000 
I Road condition Bad 0 

Quiet 0.586 0.000 
Traffic intensity 

Busy 0 
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Coefficients comfort of roads 
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* notsignificant 

The McFadden Rho 2 of this model is 0.151. Th is is a bit low, meaning that there might be some 

difference between the estimated and the measured choice data. 

5.2.2 Valuation of aesthetics 

The thresholds of the valuation of aesthetics of roads as shown in table 5.4 and figure 5.9 are, 

similar to the comfort thresholds, quite evenly distributed. 

Table 5.4: Thresholds aesthetics levels 

Aesthetics label Threshold Sig. 

label E: very ugly 

Label D: ugly 

label C: moderate beautiful 

label B: beautiful 

-5 

5. Results 

-1.695 0.000 

0.744 0.000 

3.405 0.000 

6.105 0.000 

.[Q). cc ~. I 

3.405 

0 5 

I 
6.105 

Figure 5.9: Aesthetics levels distribution 
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Table5.5: Coefficients aesthetics of roads 

Attribute and level P Sig. 

Highway 0.241 0.044 

Primary road 0.533 0.000 
Road Category 

Secondary road (0.125) 0.291 

Local road 0 

Nature 2.752 0.000 

Residential area 1.128 0.000 
Landscape type 

Ru ral area 2.269 0.000 

lndustrial area 0 

Open 0.457 0.000 
iew 

Closed 0 

Yes 0.818 0.000 
Points of interests 

No 0 

Good (0.100) 0.236 
Road condition 

Bad 0 

Quiet 0.199 0.018 
raftic intensity 

Busy 0 

For the valuation of aesthetics of roads the landscape type is the most important attribute, as 

shown in table 5.5 and figure 5.10. Nature and rural area are seen as most beautiful, and 

industrial area as most ugly. Also the presence of interesting elements along the raad (a 

windmilt in the experiment) has a positive effect on the valuation of the aesthetics. · 

Coefficients aesthetics of roads 

3,00 
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Figure 5.10: Coefficients aesthetics of roads * not significant 
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Goodness of fit 

The McFadden Rho 2 of this model is 0.127. This is a bit low, meaning that the estimated model 

might not describe the choice data very accuratelyin some cases. 

5.3 Condusion 

In this chapter the results of the experiments towards the route choice preferences of car drivers 

and the valuation of comfort and aesthetics of roads are described. The results of the stated 

choice experiment show that the most important attributes for the car drivers' route choice are 

the travel time and the costs. After this, the importance of safety is also high. The consequences 

that driving a route has for others (environment and burden) is, except for the aesthetics of a 

route, the least important route choice attribute, showing that the driver's personal benefits are 

the most important attributes in the route choice process. The model's Rho2 of 0.250 shows that 

the model is performing well. 

The utility of the route advice is quite low, especially for the personal advice. A reason for this 

could be doubts from the participants with advises given, as the random advice method could 

result in bad and unrealistic advices. Another reason can be that the participants got much 

information about the route alternatives, making it possible forthem to make a reasoned choice 

for themselves. lt is also seen that the fact that a certain type of advice is given (regardless of 

what route is advised) for some advice types has influence on the utilities addressed to the 

different route choice attributes. 

A comparison of the different trip purposes shows that time pressure has a big influence on the 

importance of the travel time. More time pressure in trips to the work show a trade-off between 

the importance of travel time and safety, and the importance for travel time is lower for leisure 

trips than fortrips to work. 

The experiment towards the valuation of comfort and aesthetics of roads show that the 

experienced comfort of roads is mainly dependent on the road category, with more comfort on 

high order roads. Also the road quality has a big influence, although this result is doubtable 

because of the extreme road quality difference used in the experiment. For the aesthetics the 

landscape is the most important attribute, with nature and rural area as being most beautiful. 
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6. Conclusions and recommendations 

The introduetion of in-car navigation systems has lead to more comfort for car drivers, especially 

in unknown areas. Less detours and a reduction of stress level when using an in-car navigation 

system seem to increase the safety and reduce overall driven distance. Besides these positive 

effects of the use of in-car navigation systems, the increasing use of these systems by car 

drivers has negative effects on traffic situations as well, and more future problems are expected . 

To make it possible to anticipate on the developments in a sensible way, more information about 

route choice preferences is desired. Therefore this research aimed to gain more insight in car 

drivers' route preferences, and specifically the route preferences from users of in-car navigation 

systems. For this purpose a stated choice experiment towards the route choice preferences of 

car drivers and additional experiments regarding comfort and road aesthetics are executed. The 

information found can also be used to improve route planning functionality of in-car navigation 

systems. Th is chapter gives an overview of the results of the experiments and discusses them. 

Furthermore, the research itself will be discussed and suggestions for further research will be 

given. 

6.1 Research results 

The results of the stated choice experiment show that travel time and cost are the most 

important attributes for trips to the work address, where time pressure in these trips has an 

influence on the importance of travel time. In trips with a leisure purpose the importance of the 

travel time is lower. Therefore it could be useful in attempts to reduce rush-hour congestion to 

aim more for this leisure traffic, as they are more likely to be open for other arguments than 

travel timereduction to take other routes. 

The importance of personal safety for the driver and passengers is remarkable high . This 

information could be used in the reduction of cut-through traffic, an increasing problem ascribed 

to the in-car navigation systems. By pointing out the lower safety on alternative routes (possibly 

direct on the navigation system) the driver can make a well-thought consideration to take or not 

take the alternative. 

The safety of the route shows to be more important for car drivers than the "environment and 

burden". Therefore it is remarkable that newer in-car navigation systems start to get options to 

choose for environment friendly and ecological routes, but not for extra safe routes. lt might be 

useful to add an option to choose for safe routes on in-car navigation systems. As a side-effect 

this can also reduce the burden, as safe routes will in general lead over highways, and these 

roads are also designed to reduce the burden. 

The consequences that driving a route has for others (environment and burden) is, except for the 

aesthetics of a route, the least important route choice attribute, although the importance of this 

is almost as high as the importance of the comfort of a route. This shows that the private 

benefits for the driver are the most important factors when choosing a route. When providing 

social route options (routes that reduce inconvenience to others) to car drivers, it is important to 

realize this egoism in the route choice process. The willingness to choose these routes is 
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probably not very high when there are no personal benefits (e.g. financial) as well for the car 

driver. 

The results of the experiments show that in most cases high order roads are preferred over low 

order roads. Th is can beseen in the importance of travel time (in most cases shorter when using 

highways) and safety (highways are in general the safest roads), and the road category shows to 

be the most important attribute when the comfort of a road is valuated. ln-car navigation 

systems already seem to make use of this distinction in road categories, and this experiment 

shows it being useful. Where the "easy to find" argument was an important reason to consider 

highways in the traditional route choice. This position of highways (although for other reasons) 

should be maintained in the car navigation systems. 

In the future more problems are expected when more drivers use in-car navigation systems with 

traffic information. From the respondentsin this experiment 75 percent of the respondents who 

make trips to a working address and have the availability of an in-car navigation system never 

use the system on these trips. lt can be expected that if the use of traffic information becomes 

more common on these systems more people will use them also on these trips to work to find 

alternative routes. Th is could result in more traffic and burden on roads that are not designed for 

this type or amount of traffic. To reduce the risk of this it is important that alternative routes will 

not result in too much time profit, as a smalt time profit can be compensated by other positive 

attributes of thema in road. Road pricing and rush hour surcharge show to be possible useful to 

regulate traffic by i~fluencing route choices, b_ut therefore it is important that it is used sensible 

and for this purpose (and not only as a fair tax colteetion tooi). 

The aesthetics of a route shows to be not very important for car drivers intheir route choice. Th is 

might be more important in holiday trips, but this is not examined in this experiment. lt could be 

useful to examine this in another experiment, as a large part of the respondents in the 

experiment stated to use the in-car navigation system on holiday trips. 

The results of this research can help with a better understanding of the problems caused by the 

increasing use of in-car navigation systems, and can be used when looking for ways to 

anticipate on it. In addition to this some ideas for possible adjustments and improvements of in

car navigation systems can be extracted. 

6.2 Discussion 
One of the concerns with stated choice experiments is the external validity. The question is 

whether car drivers will make the same choices in real world situations as in the experiment. The 

choices that had to be made by the participants are quite realistic, teadingtoa reasanabie belief 

that the choices made are representative for real world choices. lt is imaginable that future 

navigation systems can give similar route choices by presenting different route options with 

information as given in the experiment. 

Some of the participantsof the experiment mentioned the large amount of information in every 

choice situation, making it difficult to oversee the entire situation. The results of the experiment 

show significant results for the importance of all measured route choice attributes, showing that 
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all the attributes are taken into account by the participants. The worries about the large amount 

of information from some participants therefore do not indicate a too high task complexity. 

A realistic concern with the route choice experiment is how good the participantscan empathize 

with the specific situation/context. lnformation about the situation of every imaginable trip was 

given using text above the schematic representation of the route options. Despite the question 

to read all text accuratelyin every choice set, it is possible that some participants did not do this 

every time or had problems to imagine the real world consequences of the specific situation. 

In the experiment towards the valuation of comfort and aesthetics of roads the combination of 

these two elements in one experiment and the completely visual set-up of the experiment did 

bring some limitations. For the valuation of comfort, it would be interesting to know how 

elements like turns, traffic lights and corners influence it. For the aesthetics it seems to be hard 

to imagine this by looking on a single visualization. The experiment done gives some 

information a bout the valuation of these attributes, butfora complete overview a specific study 

should be done tothese subjects. 

6.3 Further studies 
An interesting result of the route choice experiment is the indication that the fact that a car 

driver gets route advice may influence his or her route choice preferences. lt could be useful to 

investigate this effect in further research. 

The route choice experiment showed a high importance of trip price, but also the other route 

choice attributes are important. lt would be interesting to knowhow much money car drivers are 

willing to pay for an impravement of the other attributes (e.g. shorter travel time, more comfort). 

Th is could be calculated basedon the results of this experiment, but it might be better to do new 

research specific on this topic. 

As in-car navigation systems are used a lot on holiday trips, and this group of car drivers might 

have different route preferences than other car drivers, it can be useful to do specific research to 

the route preferences of car drivers making holiday trips. 

The valuation of comfort and aesthetics of routes can be studied well using a driving simulator. 

This could give participants a good idea what the effects of differentaspectsof routes are on the 

experienced comfort. Also the way to imagine the aesthetics of routes will be better in this way, 

as the effects of driving speed and traffic intensity are more visible. 
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Appendix 1: Design road profiles (valuaUon comfort and aesthetics) 

p fl I t 1 r f rt d sth r s f ds 

N b R d t 
landscape v- Points of Road Traffic 

urn er oa ca egory 1ew . t t d't' - •t type 111 eres s con 1 1on mtens1 y 

1 Highway Nature Open Yes Good Quiet 
2 Highway Nature Closed No Good Busy 
3 Highway Nature Open Yes Bad Busy 

4 Highway Nature Closed No Bad Quiet 
5 Highway Residential Open No Bad Busy 
6 Highway Residential Closed Yes Bad Quiet 
7 Highway Residential Open No Good Quiet 
8 Highway Residential Closed Yes Good Busy 

9 Highway Ru ral Open Yes Good Quiet 
10 Highway Ru ral Closed No Good Busy 
11 Highway Ru ral Open Yes Bad Busy 
12 Highway Ru ral Closed No Bad Quiet 
13 Highway lndustrial Open No Bad Busy 
14 Highway lndustrial Closed Yes Bad Quiet 
15 Highway lndustrial Open No Good Quiet 
16 Highway lndustrial Closed Yes Good Busy 
17 Primary road Nature Open Yes Good Quiet 
18 Primary road Nature Closed No Good Busy 
19 Primary road Nature Open Yes Bad Busy 
20 Primary road Nature Closed No Bad Quiet 
21 Primary road Residential Open No Bad Busy 
22 Primary road Residential Closed Yes Bad Quiet 
23 Primary road Residential Open No Good Quiet 
24 Primary road Residential Closed Yes Good Busy 
25 Prirmary road Ru ral Open Yes Good Quiet 
26 Primary road Ru ral Closed No Good Busy 
27 Primary road Ru ral Open Yes Bad Busy 
28 Primary road Ru ral Closed No Bad Quiet 
29 Primary road lndustrial Open No Bad Busy 
30 Primary road lndustrial Closed Yes Bad Quiet 
31 Primary road lndustrial Open No Good Quiet 
32 Primary road lndustrial Closed Yes Good Busy 
33 Secondary road Nature Open Yes Good Quiet 
34 Secondary road Nature Closed No Good Busy 
35 Secondary road Nature Open Yes Bad Busy 
36 Secondary road Nature Closed No Bad Quiet 
37 Secondary road Residential Open No Bad Busy 
38 Secondary road Residential Closed Yes Bad Quiet 
39 Secondary road Resrdential Open No Good Quiet 
40 Secondary road Residential Closed Yes Good Busy 
41 1 Secondary road Ru ral Open Yes Good Quiet 
42 Secondary road Ru ral Closed No Good Busy 
43 Secondary road Ru ral Open Yes Bad Busy 
44 Secondary road Ru ral Closed No Bad Quiet 
45 Secondary road In dustrial Open No Bad Busy 
46 Secondary road In dustrial Closed Yes Bad Quiet 
47 Secondary road lndustrial Open No Good Quiet 
48 Secondary road lndustrial Closed Yes Good Busy 
49 local road Nature Open Yes Good Quiet 
50 local road Nature Closed No Good Busy 
51 local road Nature Open Yes Bad Busy 
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~ - -.- ~ - .~ ~ .~ -
52 Local raad Nature Closed No Bad Quiet 

I ~ 

53 
I ~ 

Local road Residential Open No Bad Busy 
54 

I'"" 
Local road Residential Closed Yes Bad Quiet 

55 
k 

Local road Residential Open No Good Quiet 
56 

'"-
Local road Residential Closed Yes Good Busy 

57 
1-

Local road Ru ral Open Yes Good Quiet 
58 Local road Ru ral Closed No Good Busy .- 1-

59 Local road Ru ral Open Yes Bad Busy 
60 Local road Ru ral Closed 

~ 

No Bad Quiet -
61 Local road lndustrial Open No Bad Busy 
62 Local road lndustrial Closed Yes Bad Quiet 

-

63 Local road lndustrial Open No Good Quiet 
64 Local road lndustrial Closed Yes Good Busy 
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Appendix 2: Example on-line questionnaire 

TU/e 
Oeel1 : Algemeen 

We beginnen nu met enKe le algemene wagen. Deze <iJn an belang bil het verwert-:en en Interpreteren "Jn de 
uilelnde lil e resultaten ran dit onderzoek Oe antwOoJrden die u geen · orden ·volledig anoniem 'te.IWBfkl en 
alle en gebruikt bü de ver..ver ·ng van de resu ltaten van dit onderzoeK. 

Wat zijn de • 'er cijfers an uw postcode? 

Wat is UVI geslacht 

·) Vrouw 
,-, r.lan 

Wal is uw geboortetalll'? 

Heen u betaald •;erk? 

0 Ja_ ful ltime (32 uur per 'Neek of meer) 
) Ja. parttime (minder dan 32 uur perwe 
:· Nee 

Walis uw belangrijkste da!JE!Iijkse acti ·teit? 

0 Betaa!,j we1 
0 Onbetaald werk 
0 Studie I scholing 
0 Anders 

Wal is uw persoonfijke neno jaarinkomen? 

0 g en inkomen 
0 mlnder dan € 15 000 
0 tussen € 15c.OOO en € 30.000 
0 meer dan € 30 ODO 
0 geen ant~oDrd 

Heen u een n bewlls voor personenauto's (riJbevnls BI? 

O ja 
O nee 

Heen u de beschikking over een navigatiesys1eem (ZOIIIs een Tom-Tom. een in de auto ingeboovld 
navigafiesysteem of navlgatlesortware op een mobiele telefoon)? 

Appendix 

· _ (bijna) alhjd 
o vaax 

· soms 
- . !bijna) nooit 

73 



Route preferences of car drivers and the use of in-car navigation systems 

TU/e 
Oeel1 : Algemeen 

Nu algen er enkele vragen ovsr Lr..VveNoerm ddalenget:mi k. 

Heen o de beschikking over een auto? 

[Qi (bijna) altijd 
0 aa 
0 soms 
0 (bijna) nooit 

Kasper Kerkman-December 2010 

Hoe vaak maakt u gebruik van de volgen<la vervoem1iddelen (als nesruorder of als passagier)? 

vnjwel enkele keren enkele keren enkele keren (vrijwel) 
dagelijks per week permaand per jaar nooit 

auto 0 0 ( ) 0 0 
Ir ets - ._, '-. ' ' 

trein 0 0 ') 

bus 0 I 

lopen 0 0 .._, 

Hoeveel autok.ilometers n"jdt u per ja11r (als besruun:ler of als passagier, maak een schatting als u het niet 
weet)? 

c mlnc1er dan 50 00 kilometer 
ç , tussen -ooo en 120 00 ki lo-meter 
') tussen 12000 en 2.00 00 ~':!I ometer 
· :· meer dan 20000 Kilometer 

Hoe vaak maakt u gebruik van een navigatiesysteem bij cJe volgende typen autoverpla tslfl9ell? 

naarwerk of opleiding 

el1:rillen 
familie of ·;rienden bezoeken 

baadschappen aoen 
Winkelen 

(bijna J altiJd vaak soms 
n.v.t. (geen 

(bijna) nooit autoritten 
met dit doel) 

Iemand wegbrengervopna=-:1-=-e'-'-n-------~-___.:;"--~--=-----,--o:;.._----~--1 
vakantie 

in hel algemeen bij autontten naar 
be~-ende beslemmtngen 
in het algemeen bij autorillen naar 
onbekende bestemmingen 

Hoe tevreden bent u over hel algemeen over de routes die wortien geadviseerd door een 
navigatiesysteem? 

0 zeer tevreden 
0 tevreden 
0 ontevreden 
0 z&er ontevreden 
0 geen mening 
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Deel 2: Keuz,e-experlment 

In á , t~ti<le detl -.n de::o ' " !lEI' hJSI I~.,., u ben <fl!fl~lleel<lîoe autontto'l oor '"'.laf u letans I unt 
I<IEiitn u 11\'te mogelljt" routes >t>Or ae rrt We T3gen u :!dl :Jl goeu mogeh)f.ln te 16\~n '" etlle slluáîe en tu 
te vaan woolt.e ruut• u !OU @!1011 u. srlllal!e -•el•! lDU j jn. 

Heer nd-er uet u een voortte*t •"a aen muta4 eua Sltu.ati .:nats ~die gaan ctleg~n 

- l.s eer$ staan t18 itua e en net d 1 n c! ~lre nde 'p bescht"EFFI"en Deze kan b~ eJ lem emilrn.e:nt 
anders ~11\ L es eL& tuJ el • euz.a dus ~erti-t :o~ld.lg oor en probaart u ~eh 111 d.B s1 e '"te I fl 
Belra..,. de atluaUe '" hl!l ><>orl>oeld_ ~<amen ~ n h 1 end~ ~a \'ellllaalsrng n .. "'naar h~ wer r~l 
een re ld. ~13alsrnQEI1 naar familie ar >r!Mden om op ..ts1 - 11""" 111 -;;rpJ~ngen na<~r 
e·;;n nabiJe s t;d om re wlnn!M. 

~~- de ~rtua~a ·ordt oen ro~ao.les geg"" n D lilMes wor!ll ijEQI;>'en door de~ erscenlrale op htil 
mom nl d u uw l!eiWI oo· 8fi1Hottle moelm:l): om u !O emoMI mog lU op uw bestem min~ te mJgen 
Ce v 11 eersCB11raleV<!M"aCIII U.l u de ge eerde route oo "'"' mogelljl. l3sl ll6ehan huldig en 
to•komstige praolemen op de weg_ 

111 net l!aaMJe <îjn de 1vt11e toUlES. II en B. -OEG"""" als o$.e o Oe ro49 sUDIM!n Slaan \IQ!lr 
wcang:etlieden (stad ot d-:xpj waar dè rou doemeen of l~s •L•nne11cpen Hel groene .la~ 1s tm 

natuuroebie(t AlS er orr .. -etltge st ah es ~un op 8911 route 1".orm 11 ~e-erQege;co met een rkeef~bord b11 de.:e 
roulw op I! ·t ka rtj a rouiB B 1n hel YUOCtftkl) 

lW 't!Q n~e rnfornutie """" de ro<tt 
in!Otmabot.e.n prol:e.enu ::lcll.:o ge 

11 

fWi!1Jg 

Deel 2: Keuu .. x-perlment 

Oe ~islltO Y3R een roulil k:iln 25. l O ol35 minUI.en t>!n 

~ 
B"""nop de n0fll13HI re.ts~Jd ~..".,dOOl Orulde oo ae "'"~OOit een !8ef waarsenhol e e.dta rers à 1 men an 

- 0 ll'1inUten 
- 5 mirutl!n 
-10 minuten 

!iQ!!f!1 
H tts moç ltJk dal in de na~Je toetoom.ste.en IUicmeoteftlè l't-"l!Ytkth?id wor DaJr houd<:n WE h•er 
rehflrn9 m e Oê koStili1JS""" een \'8flllaa!Sing Iran orJn 

. 6,70 de bnndslo11<- terts ~en lîlometeJn ng) 
- fl,ti5 <l.t btiW!s!olltoSiell en een l<llometerhel!lno 
- f 10,0S oe Df3110stall'llstlln. ~ demotem mng en sprtsnfd!lr1~ 
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penon•n {f,m\lh~ of Wlt"ndrnl in <k .uto. 

-A RoufeB 
0 

-
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Appendix 3: Output stated choice experiment route choice preferences 

Modell: base model (route choice attributes) 
+------------------------------------ ---------+ 
I Discrete choice and multinomial l ogit modelsl 
+----------------~---~------------------------+ 

Normal exit from iterations . Exit status=O . 
+---------------------------------------------+ 

Discrete choice (multinomial logit) model 
Maximum Likelihoed Estimates 
Model estimated: Jul 26, 2010 at 05:56 : 16PM. 
Dependent variable Choice 
Weighting variable None 
Number of observations 2090 
Iterations comp leted 7 
Log likelihoed function -1086.913 
Number of parameters 14 
Info. Criterion: AIC 1.05351 

Finite Sample: AIC = 1.05360 
Info . Criterion: BIC= 1.09132 
Info . Criterion : HQIC = 1 . 06736 
R2=1-LogL / LogL* Log-L fncn R-sqrd RsqAdj 
Constants only. Must be computed direct ly. 

Use NLOGIT; ... ; RHS=ONE S 
Response data are given as ind. choice. 
Number of obs.= 2090, skipped 0 bad obs. 

+---------------------------------------------+ 

+---------------------------------------------+ 
Notes No coefficients=> P(i,j)=1/J(i) . 

Constants only => P(i,j) uses ASCs 
only. N(j)/N if fixed choice set. 
N(j) = total sample frequency for 
N = total sample frequency. 

These 2 models are simple MNL models . 
R-sqrd = 1 - LogL(model)/ logL(other) 
RsqAdj=1-[nJ / (nJ-nparm)]*(1-R-sqrd) 

nJ = sum over i, choice set sizes 
+-------------------------------------~-------+ 
+--------+--------------+----------------+--------+--------+ 
IVar iablel Coefficient I Standard Error lb /St .Er. IP[IZI>zl I 
+--------+--------------+----------------+--------+--------+ 

XT1 .4609089 1 .04928270 9.352 .0000 
XT2 -.59850969 .08491288 -7.049 .0000 
XD1 .41412320 .05756990 7.193 .0000 
XD2 - .48929388 .05356062 -9.135 .0000 
XP1 . 85110857 .06198313 13.731 .0000 
XP2 -.91880265 .06019646 -15.263 .0000 
XC1 . 49417907 .05935964 8.325 .0000 
XC2 -.50943552 .05297735 -9.616 . 0000 
XV1 . 28055199 . 05901054 4 .7 54 . 0000 
XV2 - . 29099777 .05426492 -5 . 363 .0000 
XE1 .48425912 .05802601 8.346 .0000 
XE2 - . 43658033 .054 86488 -7.957 .0000 
XS1 .51637001 .05870727 8.796 .0000 
XS2 - .68519680 .05816033 -11.781 .0000 
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Model 2: route advice - all types separate (base model + route advice as attributes) 
+------ - -------------------------------- - -----+ 
I Discrete choice and multinomial l ogit modelsl 
+---------------------------------------------+ 
Normal exit from iterati ons. Exit status=O. 
+---------------------------------------------+ 

Discrete choice (mu ltinomial logit) model 
Maximurn Likelihood Estimates 
Model estimated: Sep 11, 2010 at 03:29:07PM. 
Dependent variable Choice 
Weighting variable None 
Nurnber of observations 2090 
Iterations completed 7 
Log likelihood function -1077.270 
Nurnber of parameters 18 
Info. Criterion: AIC 1.04811 

Finite Sample: AIC = 1.04826 
Info. Criterion: BIC= 1.09672 
Info. Criterion:HQIC = 1.06592 
R2=1-LogL / LogL* Log - L fncn R-sqrd RsqAdj 
Constants only . Must be computed directly . 

Use NLOGIT ; ... ; RHS=ONE $ 
Response data are given as ind. choice . 
Nurnber of obs.= 2090, skipped 0 bad obs . 

+---------------------------------------------+ 

+---------------------------------------------+ 
Notes No coefficients=> P(i,j)=1/J(i). 

Constants only => P(i,j) uses ASCs 
only. N(j) / N if fixed choice set. 
N(j) = total sample frequency for 
N = total sample frequency. 

These 2 models are simple MNL models. 
R- sqrd = 1 - LogL(model)/logL(other) 
RsqAdj=1-[nJ / (nJ-nparm)]*(1-R-sqrd) 

nJ = surn over i, choice set sizes 
+---------------------------------------------+ 
+--------+--------------+----------------+--- - ----+--------+ 
IVariablel Coefficient I Standard Error lb / St . Er . lP( IZ I>z ] I 
+--------+--------------+----------------+--------+--------+ 

XT1 
XT2 
XD1 
XD2 
XP1 
XP2 
XC1 
XC2 
XV1 
XV2 
XEl 
XE2 
XS1 
XS2 
XA1 
XA2 
XA3 
XA4 

. 46150102 
-.60149632 

. 42796671 
- . 49115331 

.85477017 
- . 92354351 

.50107189 
-.51683065 

.27556909 
-.29383756 

.48082980 
- . 43395790 

.52634471 
-.69655892 
-.23396033 
-.09287749 

.00960192 

.08457293 

.04952067 

. 08523096 

.05801653 

.05390069 

.06235103 

.06065121 

.05978976 

.05346544 

.05932305 

.05460759 

.05843001 

.05529622 

.05922526 

.05869838 

.05580007 

.10833492 

.12143019 

.10673069 

9 . 319 
-7 . 057 
7. 377 

-9 . 112 
l3. 709 

-15.227 
8 . 381 

-9.667 
4.645 

-5.381 
8.229 

-7.848 
8.887 

-11. 867 
-4.193 
-.857 

.079 

. 792 

.0000 

.0000 

. 0000 

.0000 

.0000 

. 0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.3913 

.9370 

.4281 

Advice type Al A2 A3 A4 
Not advi5ed 1 0 0 0 

~' 

Navigation system - personat 11 0 1 0 0 
Navigation 5ystem · generat -1 

"· 
-1 -1 -1 

Traffic management· personat 0 0 1 0 -

Traffic management- general 0 0 0 1 
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Model3: route advice- ordered [personal- generall (base model+ route advice attributes 

orde red) 
+---------------------------------------------+ 
I Discrete choice and multinomial logit modelsl 
+---------------------------------------------+ 
Normal exit from iterations . Exit status=O . 
+---------------------------------------------+ 

Discrete choice (multinomial logit) model 
Maximum Likelihood Estimates 
Model estimated: Sep 13, 2010 at 00 : 12:34PM . 
Dependent variabie Choice 
Weighting variabie None 
Number of observations 2090 
Iterations completed 7 
Log likelihood function -1077 .679 
Number of parameters 16 
Info. Criterion: AIC 1.04658 

Finite Sample: AIC = 1.04671 
Info. Criterion: BIC= 1.08980 
Info. Criterion:HQIC = 1.06241 
R2=1-LogL/LogL* Log-L fncn R-sqrd RsqAdj 
Constants only. Must be computed directly. 

Use NLOGIT ; ... ; RHS=ONE $ 
Response data are given as ind. choice. 
Number of obs.= 2090, skipped 0 bad obs. 

+---------------------------------------------+ 
+---------------------------------------------+ 

Notes No coefficients=> P(i,j)=1 /J (i). 
Constants on l y => P(i,j) uses ASCs 

on l y. N(j) / N if fixed choice set. 
N(j) = total sample frequency for 
N = total sample frequency. 

These 2 models are simple MNL models. 
R-sqrd = 1 - LogL(model) / logL(other) 
RsqAdj=1-[nJ / (nJ-nparm)]*(1-R-sqrd) 

nJ = sum over i, choice set sizes 
+---------------------------------------------+ 
+--------+--------------+----------------+--------+--------+ 
IVariablel Coefficient I Standard Error lb / St.Er. IP!IZI >z ] I 
+--------+--------------+----------------+--------+--------+ 

XT1 .46163709 .04952155 9.322 .0000 
XT2 -.60251092 .08525142 -7.067 .0000 
XD1 .42724844 .05796557 7.371 .0000 
XD2 -.48979199 .05383569 -9.098 .0000 
XP1 .85551246 .06229555 13.733 .0000 
XP2 -.92476279 .06060662 -15.258 .0000 
XC1 .49887399 .05969278 8.357 .0000 
XC2 -.51504736 .05339250 -9.646 .0000 
XV1 .27648640 .05926906 4.665 .0000 
XV2 -.29322950 .05456582 -5.374 .0000 
XE1 .47925447 .0583305 9 8.216 .0000 
XE2 -.43187952 .05517908 -7.827 .0000 
XS1 .52516307 .05918098 8.874 .0000 
XS2 -.69553174 .05864575 -11.860 .0000 
TAAl -.18363064 .04450242 -4.126 .0000 
TAA2 .18258198 .07148670 2.554 .0106 

Advice type TAAl TAA2 
Not advised 
Personal advised route 
General advised route 

Appendix 

1 
-1 
0 

0 
-1 
1 
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Model4: advice as context variabie (base model+ context parameters for advice) 
+- --------------------------------------------+ 
I Disc rete choice and multinomial logit modelsl 
+---------------------------------------------+ 
Normal exit from iterations. Ex it status=O. 
+---------------------------------------------+ 

Disc rete c hoi c e (multinomial logit) model 
Maximum Likelihoed Estimates 
Model estimated : Jul 27, 2010 at 05:39:06PM. 
Dependent variable Choice 
Weighting variable None 
Number of observations 2090 
Iterations c ompleted 7 
Log likelihoed fun c tion -1069.571 
Number of parameters 24 
Info. Criterion: AIC 1.04648 

Finite Sample: AIC = 1.04676 
Info. Criterion: BIC = 1.11130 
Info. Criterion:HQIC = 1.07023 
R2=1-LogL / LogL* Log-L fncn R-sqrd RsqAdj 
Constants only. Must be computed directly. 

Use NLOGIT; ... ; RHS=ONE $ 
Response data are given as ind . choice . 
Number of obs.= 2090, skipped 0 bad obs. 

+---------------------------------------------+ 

+---------------------------------------------+ 
Notes No coefficients= > P(i,j)=1 / J(i). 

Constants only => P(i,j) uses ASCs 
only. N(j) / N if fixed choice set. 
N(j) = total sample frequency for 
N = total sample frequency . 

These 2 models are simple MNL models . 
R-sqrd = 1- LogL(model) / 1ogL(other) 
RsqAdj=1-[nJ / (nJ-nparm))*(1-R-sqrd) 

nJ = sumover i, c hoice set sizes 
+---------------------------------------------+ 
+--------+--------------+----------------+--------+--------+ 
IVariablel Coefficient I Standard Error lb/ St . Er . IP l iZI >z] I 
+--------+--------------+----------------+----- ---+--------+ 

XT1 
XT2 
X Dl 
XD2 
XP1 
XP2 
XC1 
XC2 
XV1 
XV2 
XE1 
XE2 
XS1 
XS2 
XV2_A2 
XT2_A3 
XD2_A3 
XP1_A3 
XC1_A3 
XC2_A3 
XV1_A3 
XE1_A3 
XE1_A4 
XS1_A4 

. 47 866552 
- . 57242643 

. 42907542 
- . 53533766 

. 87632371 
- . 94433008 

. 55612777 
-- 57068925 

.301 7496 7 
-.30808016 

.396 7 3158 
-.45314988 

.54695167 
-.70089319 

.14981881 
-.39431046 

.27734408 
-.16357474 
-.40931618 

.38489939 
-.11441656 

.37337730 

.29748907 
-.10127251 

. 05011171 

. 08939605 

. 05822437 

. 05704283 

. 06626342 

.06164651 

. 06497763 

.05838956 

.06308079 

.05673414 

. 06575706 

.05569278 

.06325226 

.05910332 

.14060160 

.17969718 

.12643882 

.12703146 

.14908245 

.14817009 

.12854875 

.13364109 

.11722899 

.11206766 

9.552 
-6.403 

7 . 369 
-9 . 385 
13.225 

-15 . 318 
8.559 

-9.774 
4.784 

-5.430 
6.033 

-8 . 137 
8.647 

-11.859 
1. 066 

-2.194 
2.194 

-1.288 
-2.746 
2.598 
-.890 
2.794 
2.538 
-.904 

.0000 

.0000 

. 0000 

. 0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.2866 

.0282 

.0283 

.1979 

.0060 

.0094 

.3734 

.0052 

.0112 

.3662 

The advice context variables (bold variables above) are the base route choice attribute variables 
copied for the participants getting: 

General route advice from the in-car navigation system (A2) 
personal advice by the traffic management (A3) 
General advice by the traffic management for an optima! traffic flow (A4) 
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Model 5: context I situation (base model+ context parameters for situation) 
+---------------------------------------------+ 
I Discrete choice and multinomial logit modelsl 
+---------------------------------------------+ 
Normal exit from iterations. Exit status=O. 
+---------------------------------------------+ 

Discrete choice (multinomial logit) model 
Maximum Likelibood Estimates 
Model estimated: Aug 12, 2010 at 05:35:07PM. 
Dependent var iable Choice 
Weighting variable None 
Number of observations 2090 
Iterations completed 7 
Log likelibood function -1067.056 
Number of parameters 24 
Info. Criterion : AIC 1.04407 

Finite Sample: AIC = 1.04435 
Info. Criterion: BIC= 1.10889 
Info. Criterion:HQIC = 1.06782 
R2=1-LogL/LogL* Log-L fncn R-sqrd RsqAdj 
Constants only. Must be computed directly. 

Use NLOGIT ; ... ; RHS=ONE $ 
Response data are given as ind. choice. 
Number of obs.= 2090, skipped 0 bad obs. 

+---------------------------------------------+ 

+---------------------------------------------+ 
Notes No coefficients=> P(i,j)=l/J(i). 

Constants only => P(i,j) uses ASCs 
only. N(j)/N if fixed choice set. 
N ( j) = tota1 sample frequency for 
N = total sample frequency. 

These 2 models are simple MNL models. 
R-sqrd = 1- LogL( mode l) /logL (other) 
RsqAdj=l- [nJ / (nJ-nparm) ]*(1-R-sqrd) 

nJ = sum over i , choice set sizes 
+---------------------------------------------+ 
+--------+--------------+----------------+--------+--------+ 
IVariablel Coeff i c i ent I Standard Error lb / St.Er . IPJI Z I>z ] I 
+--------+--------------+----------------+--------+--------+ 

XTl 
XT2 
X Dl 
XD2 
XPl 
XP2 
X Cl 
XC2 
XVl 
XV2 
XEl 
XE2 
XSl 
XS2 
XT1_S1 
XT2_S1 
XC1_S1 
XS1_S1 
XT1_S2 
XT2_S2 
XC2_S2 
XT1_S3 
XT2_S3 
XE1_S3 

. 80801302 
-1.059 24820 

. 42044845 
-.51287485 

.87728588 
-.94014432 

.46555697 
-.46407447 

.27163568 
-.28274540 

.57210921 
-.45202856 

.48077969 
-.70449454 
-.27249838 

.34369935 

.15979575 

.19211597 
-.46365581 

.69504051 
-.24582485 
-.58708128 

.72793032 
-.26905743 

.10633311 

.19025506 

.05837837 

.0546588 1 

.06324979 

.06112330 

.06531956 

.05898665 

.05989704 

.05517177 

.06570590 

.05572278 

.06565222 

.05908733 

.13882334 

.24858954 

.10737557 

.09838635 

.14007069 

.24968908 

.11196340 

.13827808 

.24713653 

.10014615 

7.599 
-5.568 
7. 202 

-9.383 
13.870 

-15.381 
7.127 

-7.867 
4.535 

-5.125 
8.707 

-8.112 
7.323 

-11.923 
-1.963 

1.383 
1.488 
1.953 

-3.310 
2.784 

-2.196 
-4.246 
2.945 

-2.687 

.0000 

.0000 

.0000 

. 0000 

.0000 

.0 000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0000 

.0497 

.1668 

. 1367 

.0509 

.0009 

.0054 

.0281 

.0000 

.0032 

. 0072 

The context variables (bold variables above) are the base route choice attribute variables copied 
for the following situations: 

Trips to work with flexible work starting time (51) 
Trips to visit family or friends (52) 
Tripstogo shopping (53) 
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Appendix 4: Output ordinal regressing valuation comfort and aesthetics 

Output ordinal regression comfort of roads: 

Case Processing Summary 

Marginal 
N Percentage 

Comfort label E: very uncomfortable 186 8,9% 

D: uncomfortable 526 25,2% 

C: moderate comfortable 604 28,9% 

B: comfortable 518 24,8% 

A: very comfortable 256 12,2% 

Raad category Highway 489 23,4% 

Primary raad 539 25,8% 

Secondary raad 511 24,4% 

Local raad 551 26,4% 

Landscape type Nature 527 25,2% 

Residential area 534 25,6% 

Ru ral area 510 24,4% 

In dustrial area 519 24,8% 

View Open 1054 50,4% 

Closed 1036 49,6% 

Points of interests Yes 1011 48,4% 

No 1079 51,6% 

Raad condition Good 1067 51,1% 

Bad 1023 48,9% 

Traffic intensity Quiet 1063 50,9% 

Busy 1027 49,1% 

Va lid 2090 100,0% 

Missing 0 

Total 2090 

Model Fitting lnformation 

Model -2 Log Likelihood Chi-Square df Sig. 

lntercept Only 1970,135 

Fin al 1006,131 964,004 10 ,000 

Link function: Logit. 

Goodness-of-Fit 

Chi-Square df Sig. 

Pearson 397,983 242 ,000 

Deviance 373,387 242 ,000 

Link function: Logit. 
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Pseudo R-Square 

Cox and Snell 

Nagelkerke 

McFadden 

,370 

,388 

,151 

Link function: Logit. 

Threshold [comfort_label = 0] 

[comfort_label = 1] 

[comfort_label = 2] 

[comfort_label = 3] 

Location [roadcategory=O] 

[roadcategory =1] 

[roadcategory =2] 

[roadcategory =3] 

[landscape=O] 

[landscape =1] 

[landscape =2] 

[landscape =3] 

[view=O] 

[view =1.] 

[poi=O] 

[poi=1] 

[road_condition=O] 

[road_condition=1] 

[intensity=O] 

[intensity=1] 

Link function: Logit. 

Parameter Estimates 

Estimate Std . Error Wald 

-,082 ,139 ,345 

2,026 ,142 204,029 

3,685 ,157 552,107 

5,581 ,179 973,600 

3,403 ,134 641,975 

2,224 ,122 334,487 

1,378 ,118 136,361 

o• 
,195 ,114 2,936 

,152 ,113 1,792 

,429 ,116 13,809 

o• 
,291 ,081 12,911 

o• 
,131 ,081 2,652 

o• 
1,096 ,083 172,540 

o• 
,586 ,081 51,792 

o• 

a. This parameter is set to zero because it is redundant. 
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95% Confidence 
Interval 

Lower Up per 
df Sig. Bound Bound 

1 ,557 -,353 ,190 

1 ,000 1,748 2,304 

1 ,000 3,378 3,993 

1 ,000 5,231 5,932 

1 ,000 3,140 3,667 

1 ,000 1,985 2,462 

1 ,000 1,147 1,609 

0 

1 ,087 -,028 ,419 

1 ,181 -,070 ,374 

1 ,000 ,203 ,656 

0 

1 ,000 ,132 ,449 

0 

1 ,103 -,027 ,290 

0 

1 ,000 ,932 1,260 

0 

1 ,000 ,426 ,745 

0 
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Output ordinal regression aesthetics of roads: 

Case Processing Summary 

Marginal 
N Percentage 

Aesthetics label E: very ugly 53 2,5% 

0: ugly 358 17,1% 

C: moderate beautiful 979 46,8% 

B: beautiful 598 28,6% 

A: very beautiful 102 4,9% 

Road category Highway 489 23,4% 

Primary road 539 25,8% 

Secondary road 511 24,4% 

Local road 551 26,4% 

Landscape type Nature 527 25,2% 

Residential area 534 25,6% 

Ru ral area 510 24,4% 

lndustrial area 519 24,8% 

View Open 1054 50,4% 

Closed 1036 49,6% 

Points of interests Yes 1011 48,4% 

No 1079 51,6% 

Road condition Good 1067 51,1% 

Bad 1023 48,9% 

Traffic intensity Quiet 1063 50,9% 

Busy 1027 49,1% 

Va lid 2090 100,0% 

Missing 0 

Total 2090 

Model Fitting lnformation 

-2 Log 
Model Likelihood Chi-Square df Sig. 

lntercept Only 1493,198 

Fin al 827,645 665,553 10 ,000 

Link function: Logit. 

Goodness-of-Fit 

Chi-Square df Sig. 

Pearson 288,950 242 ,021 

Deviance 282,003 242 ,039 

Link function: Logit. 
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Pseudo R-Square 

Cox and Snell 

Nagelkerke 

McFadden 

,273 

,297 

,127 

Link function: Logit. 

Threshold [aesthetics_label = 0] 

[aesthetics _label= 1] 

[aesthetics _label = 2] 

[aesthetics _label= 3] 

Location [roadcategory=O] 

[roadcategory =1] 

[roadcategory =2] 

[roadcategory =3] 

[landscape=O] 

[landscape =1] 

[landscape =2] 

[landscape =3] 

[view=O] 

[view =1] 

[poi=O] 

[poi=1] 

[road_condition=O] 

[road_condition=1] 

[intensity=O] 

[intensity=1] 

Link function: Logit. 

Parameter Estimates 

Estimate Std. Error Wald 

-1,695 ,183 86,088 

,744 ,138 28,912 

3,405 ,159 459 ,292 

6,105 ,201 922,866 

,241 ,120 4,073 

,533 ,117 20,669 

,125 ,118 1,114 

o• 
2,752 ,134 420,264 

1,128 ,122 85,185 

2,269 ,131 298,469 

o• 
,457 ,085 28,776 

o• 
,818 ,086 90,260 

o• 
,100 ,084 1,401 

o• 
,199 ,084 5,567 

o• 

a. Th is parameter is set to zero because it is redundant. 
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95% Confidence 
Interval 

Lower Up per 
df Sig. Bound Bound 

1 ,000 -2,053 -1,337 

1 ,000 ,473 1,016 

1 ,000 3,093 3,716 

1 ,000 5,711 6,499 

1 ,044 ,007 ,476 

1 ,000 ,303 ,762 

1 ,291 -,107 ,357 

0 

1 ,000 2,489 3,015 

1 ,000 ,888 1,367 

1 ,000 2,012 2,527 

0 

1 ,000 ,290 ,625 

0 

1 ,000 ,649 ,986 

0 

1 ,236 -,065 ,265 

0 

1 ,018 ,034 ,364 

0 
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