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Voorwoord
Als me vooraf was gevraagd wat het lastigste zou zijn aan promoveren had ik
waarschijnlijk geantwoord dat de inhoud en het doen van onderzoek de grootste
uitdagingen zou zijn. Inmiddels, net iets meer dan 8 jaar verder, is mijn antwoord
van een hele andere orde. Er voor zorgen dat je al die tijd met je aandacht bij dat
ene onderwerp blijft en gemotiveerd te blijven om bij elke (kleine of grote) tegenslag
door te gaan, daarin schuilt denk ik de ware uitdaging voor de promovendus. Dat
dit proefschrift er ligt is voor mezelf dan ook vooral een bewijs dat ik daarin veel
geleerd heb (naast ontelbaar veel andere dingen).
Een van de dingen die me daarbij heeft geholpen is de “Illustrated Guide to a
PhD” van Matt Might (http://matt.might.net/articles/phd-school-in-pictures/)
(figure 1). Stel je voor dat een grote cirkel alle kennis beschrijft, waarover je via je
opleiding telkens een stukje leert. Uiteindelijk, na het behalen van je Master titel,
heb je een specialisme opgebouwd en aardig wat kennis op dat terrein vergaard.
Tijdens je promotie onderzoek bouw je daarop voort, door veel te lezen en te
herhalen wat al is beschreven. Zo bereik je de grens van het kennisgebied van je
eigen onderzoeksterrein (figure 1a). Dan volgt de uitdaging, het passeren van deze
grens in onbekend gebied. Hier moet je het helemaal zelf doen. Uiteindelijk, na
vele uren werken en doorzetten, doorbreek je die grens en creëer je een nieuw stukje
kennis (figure 1b). Daarbij heb je je zo gefocust dat de wereld bestaat uit dat ene
kleine stukje kennis. Die bijdrage is van groot belang, maar vergeet daarbij vooral
niet om te kijken naar het grotere geheel (figure 1c).
Deze simpele maar geweldige plaatjes hebben me laten beseffen dat promoveren
niet eenvoudig is en dat je je bewust moet zijn waar je focus ligt. Als je met
je onderzoek bezig bent, moet je niet bij elke stap teruggrijpen naar het grotere
geheel. Dan zie je vooral hoe klein je bijdrage aan de wetenschap en samenleving
is. Op andere momenten is het juist goed om naar de context te kijken, om te
beseffen dat je eigen onderzoek onderdeel is van de grote kenniscirkel. Gedurende
de afgelopen jaren heb ik veel geleerd over verkeer, verkeersinformatie, routekeuze,
het modelleren van gedrag en over alles wat komt kijken bij het doen van een
promotie onderzoek. Daarbij hebben velen mij geholpen en een bijdrage geleverd.

(a)

(b)

(c)

Figure 1: Selection of “The Illustrated Guide to a PhD (Might, 2011)
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The secret of getting ahead is getting
started. The secret of getting started is
breaking your complex overwhelming tasks
into small manageable tasks, and then
starting on the first one.
— Mark Twain

Chapter 1

Introduction
An often heard complaint in the Netherlands about traffic information on the radio:
“the traffic jam I am in, is not mentioned at all!”. Even though the introduction
of personal navigation devices, which are able to receive information on traffic
jams, meant a better informed driver, the current situation could benefit from
further improvements with respect to traffic information. Particularly addressing
the previous complaint, by personalising the traffic information would bring a
benefit to a driver. In this thesis we focus on traffic information in non-recurrent
traffic situations, for which we use the trip context and the personal characteristics.
Before introducing the research in more detail, the chapter starts with a background
on different traffic situations, reliability and uncertainty and traffic information.

1.1

Background

Land travel has changed dramatically over the course of centuries. Whereas in the
times of the Romans lots of travel was done on foot and using cart and horses, the
invention of the steam engine created possibilities for train travel. The innovation
of the combustion engine marked the starting point for more individual forms of
travel. Together with mass production, many people these days own at least one
car. In the Netherlands, this results in a total of around 7.7 million passenger cars
and 2.1 million commercial vehicles in 2011 (CBS, 2011) which is almost the double
of the amount of vehicles in 1985 (Kennisinstituut voor Mobiliteitsbeleid, 2008).
Together, these vehicles travel around 130 billion km/year in the Netherlands alone
on a total road length of 140.000 km. On average each vehicle travels around
12.400 km/year.
As the car has become the favorite way of commuting, lots of vehicles (and people)
are on the road during morning and evening rush hours. Increasingly, the road
network is not capable of providing sufficient capacity for such an amount of
vehicles. Congestion and delay are often the results. In the last 25 years, the use
of cars in terms of vehicle kilometres has seen an increase of 54%, which is be
explained by (Kennisinstituut voor Mobiliteitsbeleid, 2010):
1. an increase of the population size, which means more people can travel;
2. an increase of the travel distance, for example because people are living
further away from their work location, and;
3. an increase of the frequency with which people travel, which is likely to be
caused by more people increasingly joining activities away from home.
1
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As the modal split between public transport and cars has not seen a change over
the last years (with 75% of all travelled kilometers and around 50% of all trips
made by car), it is easy to imagine the problems caused by the use of cars. Over the
last years, the amount of congestion increased, which has not been compensated
for by additions to the road network. In 2000, the total amount of lost vehicle
hours was 44 million on the highways, which increased to 62,5 million in 2010, an
increase of 42% (Ministerie van Verkeer en Waterstaat, 2010), which is around 8.6%
of the total travel time on the highways. The main part of these lost vehicle hours
occur during the rush hours when many people are commuting. Weekends show a
smaller increase in amount of lost vehicle hours. The increase also varies between
specific locations or areas. For example, certain highways in strongly urbanized
areas such as the Randstad have a much larger increase than areas outside of the
Randstad. Travel time has increased with around 2% and the standard deviation
is increased with 4%. Both vary with time of day and month of the year. In the
rush hours, the largest increases of the standard deviation of travel time are found.
Congestion leads to significant societal and economic costs, both directly and
indirectly (Koopmans & Kroes, 2004). Direct costs are related to the congestion
itself, as an hour of travel can be put to a monetary value (often called value of
time). This value of time depends on the motive of travel, as a recreational traveller
will often have a lower value of time compared to a traveller with a commute
motive, or a freight operator which has to deliver its goods on time. Indirect costs
are caused by the congestion, but not the congestion itself. For example, companies
maintaining a larger stock because of unreliable travel times, or commuters leaving
early to prevent experiencing delays caused by congestion.
Also other effects are of importance, such as effects on the environment, safety, etc.
In 2009, the estimated total direct costs (Kennisinstituut voor Mobiliteitsbeleid,
2010) are between e 2.4 and e 3.2 billion for motorways alone. Reducing congestion
costs has an immediate societal effect, as the productivity will increase. Reducing
congestion and improving reliability of the transport system is thus an important
target. This is also shown in the title of the Dutch government policy for traffic
and transport: “Towards a reliable and predictable accessibility” (Ministerie van
Verkeer en Waterstaat, 2005) which is further elaborated in the policy regarding
optimizing the utilization of the existing network capacity (Ministerie van Verkeer
en Waterstaat, 2008). However, building new infrastructure is not the only remedy
to congestion. Improving the use of the currently available infrastructure is
likely to cost less and be faster in achieving results. The ongoing development of
information and communication technology is a main driver for the innovations
in intelligent transport systems (ITS) and various subsystems such as advanced
traveller information systems (ATIS). One of the goals of these systems is to aid
drivers and road operators by increasing reliability and reducing uncertainty.

1.1 Background

1.1.1

3

Reliability and uncertainty

In order to further explain the concept of reliability and uncertainty, we use a
simplified representation of the transport system in figure 1.1. The transport
system consists of travel demand and supply of infrastructure, which results in
traffic flows on the infrastructure. If the travel demand exceeds the available supply
of infrastructure (at a specific time and place in the transport system), it will result
in congestion. This congestion again influences supply and demand, which over
time will result in a “stable” situation in which supply and demand are balanced
(possibly with congestion). However, in reality, the transport network is influenced
by disturbances, either from within the system (endogenous) or from outside the
system (exogenous) (Emmerink et al., 1995). These shocks are unpredictable events,
which affect the “stable” situation. Endogenous shocks occur from within the
system and have a relation to the demand and supply. For example, in a congested
situation, the probability of an accident is higher. Exogenous shocks from outside
the transport system directly affect the traffic flows, for example heavy rain. In
turn, this can change the supply or demand, which also applies to endogenous
shocks. These disturbance are often used to classify the cause of congestion as
non-recurrent (as in Hall (1993); Hallenbeck et al. (2003); Enrique Fernández L.
et al. (2009)).
Regardless of the source of a shock, the “stable” traffic flow is different when a
disturbance occurs. This is likely to result in a trip which is not according to the
expectations of a traveller. If that happens, a trip is said to be unreliable (Hilbers
et al., 2004). Reliability in a transport system is described by the chance a trip
can be made within a specific bandwidth of the expectations of the traveller for
this trip, of which travel time is the most used expectation. Reliability can be
separated into variation and predictability (Bates et al., 2001). Variation concerns
the amount with which travel time varies over time or locations. Predictability is
the level to which a traveller can predict a specific occurrence of travel time as a
result of the current travel flows. If the variation is large and the predictability
low, a trip is considered to be unreliable.
Both the level of variation and predictability are influenced by the behaviour of
road operators and travellers. The degree of variation and predictability depends on
the individual traveller. For example, a daily occurring traffic jam on the highway
is predictable to a certain level and shows little variation to a commuter. The
same traffic jam can mean a big variation in travel time and a highly uncertain
arrival time for another traveller, who is not familiar with this traffic jam. Previous
experiences and knowledge of the road network and the congestion that occurs are
very important in dealing with (un)reliability. This introduces a new element in
the previously mention concept of non-recurrent congestion; the context.
A traffic situation is called non-recurrent if it is irregular, unexpected or unknown;
it has not occurred before in the current context. This context depends on the
viewpoint (for example that of the road operator or traveller). In figure 1.1, this
context is not displayed. Classifying a traffic situation to be recurrent or nonrecurrent needs extra information besides the elements displayed in this figure. For
example, a traffic situation which has been experienced before by a driver might
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Transport system
Demand

Exogenous
shocks

Traffic flows

Endogenous
shocks

Supply

Figure 1.1: Transport system with shocks (Emmerink et al., 1995)

be recurrent, but another driver without that previous experience or knowledge,
will call the same situation non-recurrent. No approach is currently available to
include the context of the individual in describing traffic situations as recurrent
or non-recurrent. However, Levinson (2003) already notes that especially during
non-recurrent congestion the effect of traffic information on travel time savings
is the largest. In this thesis, the focus is therefor on the non-recurrent traffic
situations, in particular from the viewpoint of the driver.
Drivers can deal with (un)reliability in an individual trip by changing their behaviour and choices. A traveller might consider other destinations, leave early or late,
or change the mode of travel. Travellers can also make decisions for their route,
either before the trip, by minimising the likeliness of congestion, or en-route, to
avoid (unexpected) congestion. In all situations, the level of non-recurrence affects
these choices, together with personal characteristics. Next to these, also traffic
information on the current (and expected) situations are taken into account when
making a choice for the current trip. Information is expected to allow travellers
to improve their choice making (Ministerie van Verkeer en Waterstaat, 2005).
Advanced Traveller Information Systems aim at informing travellers on the current
and future state of the transport system, to enable them to improve their travel
experience.

1.1.2

Advanced Traveller Information Systems

Advanced Traveller Information Systems (ATIS) serves multiple goals, depending
on the actor involved. For the government or road operator, ATIS contributes to
(re)directing traffic in such a way that a more efficient use of the road network
is achieved. This effect of ATIS might be achieved because the travellers on the
network, and those planning to make a trip, are better informed about the status of
the travel network. Travellers thus are expected to be able to make more conscious
choices. Companies are also interested in ATIS, as it is a service or product that can
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be offered to travellers. It is in the interest of the company that travellers use their
services or products with ATIS. ATIS can thus be used to make profit. Travellers
use ATIS to improve their own travelling experience, by acquiring more personally
efficient routes. On top of that, ATIS is also used to increase the comfort level
during the trip, together with reducing, for example, travel distance or travel time
(Adler & Blue, 1998). In general, drivers (and travellers) use traffic information to
reduce uncertainty (Lappin, 2000), and more specifically to:
1.
2.
3.
4.
5.

assess traffic congestion on their route;
judge the effects of incidents on their trip;
decide among alternate routes;
estimate their trip duration;
time their trip departure.

This list concerns a selected number of reasons related to a trip that is already
planned to be undertaken by car. Broadening the scope should also lead to reasons
relating to other choices, such as modality, actually making the trip and between
various destinations or sequences hereof.
In recent years, many developments have taken place regarding ATIS. One of the
first systems was tested in Berlin, at the end of 1989 (Sparmann, 1991). This
system provided drivers with dynamic route guidance, based on historic floating
car data, and measurements from traffic lights. Several other systems like this
were tested, for example in the Netherlands with the RIC-project (Katteler &
Broeders, 2002). This project aimed at making drivers familiar with the concept of
in-car traffic information systems, which offered the drivers the ability to acquire
current traffic information. 700 drivers had the opportunity to use such a traffic
information system during the project, which started in 2000 and lasted one year.
The information system used RDS-TMC (Radio Data System - Traffic Message
Channel) to provide the actual traffic information and was able to display the
information graphically (using a map) or textually.
Since the early nineties, many other developments regarding traffic information
have taken place. Numerous Variable Message Sign (VMS) have been installed,
especially on highways but also on the secondary road network. This VMS system
informs drivers about current or expected travel times towards certain locations,
or the current length of congestion on certain highways. This enables drivers to
update their route choice. The Internet as a source of traffic information became
available. Several websites in the Netherlands provide a realtime view of the status
of the highways, such as the website of the ANWB. In the most recent years, an
enormous growth of in-car navigation systems can be seen and a reduction of the
costs of these systems and even “free” systems are available (on a smartphone).
Most of these systems are able to inform the driver of congestion, and update the
route if necessary. More recent developments in navigation devices introduced
connected systems, which are continuously updated with traffic information using
GPRS or UMTS. Quite often, this also allows information to be sent the other way,
which means information about the vehicle’s speed and location is uploaded to a
service provider to be used in traffic information.
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A large variety of systems is available and work to improve or extend the functionality is undertaken. Many improvements are possible, which is also mentioned by
drivers (Ministerie van Verkeer en Waterstaat, 2004). The top three of elements of
traffic information which can be improved are:
1. the information is not current;
2. the information does not mention short or daily congestion;
3. the information is too general and does not apply to personal trips.
However, drivers do not seem to be dissatisfied with the information provided,
since the average value given to traffic information is a 7 on a scale of 1 to 10
(Ministerie van Verkeer en Waterstaat, 2004). This study indicates that one of the
areas where improvement is possible is the personalization of ATIS. Personalized
traffic information is based on the needs and preferences of the individual driver
and can deal with varying circumstances.
ATIS has also been subject of interest by many scientists, as ATIS concerns many
subjects in the field of traffic and transport research and outside. For example the
presentation of information is important (Dicke et al., 2004; Dicke & Brookhuis,
2005; Brookhuis et al., 2008) and especially in relation to navigation systems and
wayfinding (Burnett, 1998). Many other studies focus on the relation between
choice behaviour and ATIS, especially in route choice behaviour.
Route choice is about making a choice for a sequence of roads that lead from an
origin to a destination. The amount of possibilities for such a sequence is enormous
but finite when excluding loops. The behavioural aspects involved in making a
choice range from habit, learning behaviour, risk aversion to level of education and
age. This means modelling route choice behaviour, in combination with traffic
information is complex. As a consequence, much research has been dedicated
to specific elements of route choice in combination with traffic information, for
example learning (Chen & Jovanis, 2003; Avineri & Prashker, 2005; Bogers, 2009;
Ben-Elia & Shiftan, 2010) and risk attitude (Bonsall, 2004b; Katsikopoulos et al.,
2002; Palma & Picard, 2005). Bogers (2009) for example shows that the most
recent experiences make up for 20% of the perceived travel time of a route. The
attitude towards risk is of influence on the choices made. Some drivers are more
willing to take a route with a larger uncertainty in the travel time then others.
Bonsall (2004b) argues that depending on the attitude a traveller will apply different
strategies to deal with this uncertainty.
Much of the research on route choice and ATIS has been dedicated to the use of
traffic information as means of improving the performance of the road network. As
such traffic information is used to “seduce” travellers to make those choices that
will contribute to a better performance of the road network. On the other hand,
the effect of traffic information on (route) choice behaviour will be largest if the
information is personalized and is used as a means to improve the experience (not
necessarily in terms of travel time) of the individual traveller. This involves not
only taking into account the preferences of a traveller, but also the context of the
current trip.
For instance, a traveller might not be interested in the current total travel time
on certain alternatives on the highway network (as often displayed on variable
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message signs). These alternatives often do not completely apply to his trip as
his destination may be halfway. If the congestion is at the latter part of the
alternative next to his destination, the driver might be tempted to use another
route, which would not be necessary. In short, if the current traffic situation is
different from the expected or known situation (which we call non-recurrent, as
recurring situations are likely to be known or expected), a traveller has the largest
need for traffic information to enable making “better” choices. This does not just
apply to highways, but also to the urban road networks where the possibility of
using alternative routes is much larger and less likely to be communicated. Little is
known about the preferences for such traffic information and for which situations
this applies. Neither is it known how drivers will use such personalized traffic
information and what the effects will be in these non-recurrent situations.
This thesis focuses on the combination of non-recurrent traffic situations and traffic
information. In the remainder of this chapter, the specific research objective and
research questions (section 1.2) are presented, followed by the scope (section 1.2.4)
and the relevance of this research for science and society (section 1.3). The chapter
ends with the research approach and an outline of this thesis (section 1.4).

1.2

Research objective and scope

Based on the background given in section 1.1, this thesis has the following main
objective: To gain more insight into the impact of traffic information on
route choice behaviour in non-recurrent traffic situations.
It is expected that non-recurrent traffic situations have an influence on the preferences for traffic information in these situations, and that non-recurrent traffic
situations influence the route choice behaviour in the presence of this traffic information. The objective consists of three main elements:
1. non-recurrent traffic situations;
2. traffic information, and;
3. route choice behaviour.
These three main elements are described in further detail. Each element will be
described as part of the main objective using main and sub research questions.
1.2.1

Non-recurrent traffic situations

Non-recurrent traffic situations are traffic situations which have no similar or
equal traffic situation in the past, where the history is specific to each individual.
The individual can be both the individual traveller or a road operator, whereas the
first is expected to regard the traffic situation for his trip, and the road operator is
expected to regard the traffic situation for the whole road network. What might
be recurrent for one traveller, might be a one-time only event for another. This
justifies the importance of the individual in defining non-recurrent traffic situations.
Traffic situations are of major influence on the choices a traveller makes, either
long-term or short-term. They have an effect on their learning behaviour, their
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habits, etc. Most research has focused on the situations that occur often, albeit
these situations can show daily variation or unreliability. No specific research
has been dedicated to find out which situations do not occur regularly or are
unexpected, but can have a substantial impact from the viewpoint of a traveller
or a road operator. Such situations can be called non-recurrent. Often traffic
situations are viewed upon from a general point of view. As such, ordinary and
daily traffic jams, or normal traffic flow without congestion is not to be labelled
non-recurrent. This view point can for example be found in Emmerink et al. (1995).
However, this does not include the individuals which experience such situations.
Someone unfamiliar with daily and regular congestion has a difference experience
than a person who is familiar. A complete description of non-recurrent traffic
situations which includes both the general overview and the individual point of
view is missing.
In order to focus on the effects of and preferences for traffic information for nonrecurrent traffic situations, it is necessary to determine the different types of
non-recurrence. This leads to the following research questions, which includes both
objective and subjective aspects:
1. Which traffic situations are non-recurrent?
(a) Which traffic patterns make a situation non-recurrent?
(b) Which characteristics of a traveller make a situation non-recurrent?
1.2.2

Traffic information

Traveller information has been existing for a long period of time. Traffic information,
as a subset of traveller information, has been available for a shorter amount of
time (particularly the last 20-30 years, in the Netherlands). There is not just
one purpose of traffic information as it can improve the comfort (or discomfort in
case of a driver knowing he will arrive late) of drivers, improve the distribution
of traffic flows over a road network as drivers are able to make “better” decision,
etc. The effect of having a road network with a more robust traffic flow is one of
the main interests of the traffic managers for applying traffic information, whereas
an individual is just assumed to be interested in the information allowing him
to make the optimal choices for his current trip. However, the preference for
traffic information of drivers are expected to depend on factors such as the
traffic situation (including his or her personal context), personal characteristics and
attributes of traffic information. Based on these varying elements, the preference
for traffic information is the second research objective.
This leads to the following research questions:
2. What traffic information do drivers prefer in non-recurrent situations?
(a) Does the preference for traffic information vary over non-recurrent traffic
situations, and if so, how?
(b) Does the preference for traffic information vary over travellers (drivers),
and if so, how?
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(c) Which attributes of traffic information are of influence on the preference
for traffic information?
(d) What are the effects of traffic information?
1.2.3

Route choice behaviour

Both traffic information and traffic situations have an effect on choices a driver
makes. These choices range from operational (which lane to take), to strategic
(where will I work, shop, etc?) and everything in between. These choices naturally
have different time scales. In the research we focus on route choices for private
drivers. The objective is to describe and model route choice behaviour in terms
of routes and individual choices, during non-recurrent traffic situations in which
different traffic information is provided to drivers. More specifically the effects of
the combination of non-recurrent traffic situations and traffic information on route
choice behaviour is studied, which is a necessary step in being able to predict route
choice behaviour under these circumstances. Choices to switch between different
modes of travel are excluded in this research.
This corresponds with the following research questions:
3. What are the effects of traffic information on route choice during non-recurrent
traffic situations?
(a) How can route choice behaviour be measured?
(b) How can route choice behaviour be modelled?
(c) Which attributes are important in route choice behaviour?
1.2.4

Scope

This thesis focuses on the combination of non-recurrent traffic situations and traffic
information, both related to each other and to route choice behaviour. We only
consider private trips, excluding commercial drivers and transport of goods. This
determines a starting point for the research, but still covers a large area of interest.
In order to make the research effort feasible, the scope of the research is further
restricted in terms of methodology and content.
Firstly, it is assumed that most effects of traffic information in non-recurrent traffic
situation are to be found in urban areas, both in terms of overall travel performance
as well as individual experiences. Therefore this research is mainly geared toward
road networks which include a large percentage of urban roads. This does not
mean highway or rural roads are not of interest. For traffic information to have
most effect it is important to have alternative routes available. This is even more
important when a traveller encounters or is informed of a non-recurrent traffic
situation, as at that time and location there has to be a possibility to change
his/her route. If no alternatives are available at departure or en-route, the effects of
traffic information will mainly be in the comfort of travellers. The most alternatives
are found in urban areas, especially bigger cities. These usually have one or more
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ring roads which allow drivers to select either side and these rings roads have
numerous options to divert. These urban areas also have one or more connections
to a highway and would allow for local traffic to use the highway. Therefore, this
research focuses on urban areas.
Second, the introduction of non-recurrence in both route choice and preferences for
traffic information assumes the information about these traffic situations is readily
available. This is increasingly becoming reality, as new technologies such as the
tracking of GSM phones or bluetooth devices creates the possibility to measure
travel times, speeds and routes in all areas. An example of such traffic information
is TrafficHD by TomTom (Cohn, 2009). This research however, does not directly
pay attention to the availability of the actual traffic information. In the future,
further developments of existing technologies and complete new technologies using
ad-hoc sensor networks, possibly the vehicles themselves, allow for more information
on the traffic situation. Besides, a personal navigation device is expected to be
able to determine the experience of a driver in a certain road network, and learn
about the driver’s destination. These technologies would improve the detection of
varying non-recurrent traffic situations. In other words, we assume it is possible to
distinguish between recurrent and non-recurrent traffic situations on an individual
level.
Third, the research focuses on the traffic engineering side. This means we focus on
aspects such as travel time, delay, lengths, routes and choices in a travel context.
These aspects are all related to the traffic situations, traffic information and route
choice behaviour. However, for traffic information, the interface and actual content
of the information is also of importance. The difference of describing and prescribing
traffic information has been studied (van Berkum & van der Mede, 1993) and
show significant difference from a users’ perspective. Next to the formulation of
text, the user interface is important (Dicke et al., 2004). There is a vast amount
of information on user interface design and usability (see (Wikipedia, 2011a,b)).
However, this research is not about the impact of different interfaces and designs
on choice behaviour. The elements which have an interaction with users have
been carefully chosen, based on available literature and feedback in preliminary
tests. Using this approach means it is not possible to relate the impact of traffic
information or route guidance to the chosen designs and formulations, as there are
no variations in these.
Fourth and last, it is known that traffic information both has a short term and
long term effect on behaviour of travellers (see for example (van Berkum & van der
Mede, 1993; Chen & Jovanis, 2003; Abdel-Aty & Abdalla, 2004; Bogers et al.,
2007; Bogers, 2009; Ben-Elia et al., 2010). Drivers daily using the same route
and experiencing traffic information or route guidance are able to learn about
the network performance and the quality or reliability of the traffic information
and route guidance. In this research we are only investigating the short term
effects. This means that effects for a single trip are of interest. This is also due to
the restriction of non-recurrent traffic situations. The nature of these situations,
regardless of the type of non-recurrence, causes each trip to be “unique”, which
makes it more important to investigate the effects of information for the trip
in which these traffic situations occur. This also excludes the learning of the

1.3 Relevance

11

performance (in terms of quality, reliability, etc.) of the traffic information and/or
route guidance. To be able to investigate the learning behaviour of travellers
regarding the information received, it is necessary to vary various aspects of the
information, such as quality, reliability, accuracy, etc. This is not part of the
research, as only complete and current information is provided.

1.3

Relevance

The main contribution of this research is to show the impacts of non-recurrent
traffic situations and traffic information on route choice behaviour. The impacts are
given for the overall routes and their characteristics, as well as individual choices.
To be able to show such impacts, a framework for non-recurrent traffic situations
is developed and the preferences for traffic information in these situations are
determined. This leads to the following products/results:
• A framework for defining non-recurrent traffic situations, which is based on
both the network and individual point of view. Such a definition enables
researchers to distinguish traffic situations and possible effects of measures
or behaviour.
• Insights in the preferences of drivers for different types of traffic information,
concerning matters such as content, quality and price.
• A simulation environment (the AIDA RCS) which can be used for multiple
research projects involving route choice behaviour and possibly also departure
time and destination choice. As this environment is self-build, it is easy to
adapt to other research problems. The AIDA RCS has already been adapted
and used in a study on the effects of advising for safe routes combined with
monetary incentives (Bie et al., 2011).
• Insights in the effects of traffic information on individual trips and route
choice behaviour during a specific non-recurrent traffic situation (accidents).
This contribution is further discussed below in terms of relevance for science on
one hand and society and practical problems on the other hand.
1.3.1

Scientific relevance

The main scientific contributions are:
1.
2.
3.
4.
5.

a framework to classify non-recurrent traffic situations;
the preferences of road users for various kinds of traffic information;
a research tool for acquiring data on route choice;
a new type of route choice model, and;
insights in route choice behaviour during non-recurrent traffic situations with
traffic information.

First, a new framework is created which includes demand, supply, and both
endogenous and exogenous disturbances from the viewpoint of the road operator
and the individual traveller. Such a framework was not available. The framework
enables to distinguish various traffic situations and relate these situations to different
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behaviour and attitudes. In the framework, the traffic flows as a result of the
transport system with its disturbances is used, together with the context of the
traveller and his/her trip. The context provides extra information on the knowledge
and previous experiences of a traveller which provides a better description of nonrecurrence. The framework enables others to extent the investigation of effects
that non-recurrent traffic situations have on the performance of the road network,
as well as on the individual behaviour.
Second, non-recurrent traffic situations are shown to have a significant impact on
the preference for traffic information. The framework provides a valuable way
to define various traffic situations for which travellers prefer a different kind of
traffic information. Such a specific attention to the effects of non-recurrence has
not been found in relation to traffic information. The preferences also show the
relation between the attributes of traffic information and its contents, for which the
application of discrete choice models is shown to be an appropriate approach. As
the preferences also differed between groups of drivers, for example based on their
mobility type, it indicates that using traffic information is not easily explained.
When investigating use and preferences for traffic information it is necessary to
clearly define the groups and traffic situations of interest.
Third, the development of a simulation environment for route choice analyses (the
AIDA RCS) allows for a large amount of studies to be undertaken. The AIDA
RCS uses Paramics (a microscopic traffic simulation model) as the traffic model for
vehicle movements, travel times, road network, etc. As such it differs from other
route choice simulators which use mesoscopic traffic models, or use generated or
real data on travel times or speeds. The microscopic approach enables detailed
simulation of vehicle movements, as well as calculation of speeds and travel times
which can be used for all kinds of traffic information or route guidance. The
environment can be used locally, but also on the internet, which allows participants
not to be physically present at the research facility. Apart from this, it enables
studying multiple participants in a single experiment at the same time. This enables
research to investigate effects as oversaturation, overreaction and concentration
as presented by Ben-Akiva et al. (1991). Apart from route choice behaviour and
various aspects of it (such as learning, day-to-day dynamics and navigation), other
types of choice behaviour can be studied using the AIDA RCS. For example, the
environment can be adapted to include departure time and destination choices. The
flexibility of the environment makes it a useful addition to the toolkit of researchers
interested in choice behaviour in traffic systems.
Fourth, a new type of route choice model is developed, which uses the exits of
a junction as the alternatives a driver chooses from, independent of the choices
at previous junctions. This type of choice model differs from other route choice
models, as it reduces the choice set to the number of exits available, whereas for
other route choice models it is necessary to generate and select relevant routes as
the alternatives. This route generation and selection is a time consuming process,
especially in case of en-route changes in a route. The proposed model, only needs
to calculate a route to the destination starting at each exit. The exit choice
model proved to be a suitable model for application in case of accidents and traffic
information, and is able to predict the choices made by drivers with only small
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differences. Furthermore, the assumption of drivers making a choice at a junction
independent from previous choices proved to be valid.
Fifth, using the proposed exit choice model we gained insights into the impact of
traffic information on route choice behaviour in non-recurrent traffic situations.
The impacts are shown on the overall route choice and traffic performance as well
as individual trips and individual choices. Traffic information enables travellers
to reduce their travel time regardless of the non-recurrent traffic situation they
encounter, where especially guidance provides a large reduction. The traffic
information causes the drivers to choose for the same routes, possibly leading to a
concentration of traffic. Traffic information and route guidance proved to be very
important aspects for choosing an exit, together with freeflow travel time, delay
and the complexity of a route.
1.3.2

Societal and practical relevance

The findings in this research are relevant to public authorities and road operators.
They apply traffic management in order to improve the overall performance of
the road network. Specific goals are for example minimising the amount of lost
vehicle hours on the highways, or achieving a certain amount of reliability for
travel times. Safety can also be one of the main targets. In order to reach these
goals, several strategies are applied, amongst which the provision of information
to travellers. Traffic information used as such, aims for a better distribution of
traffic on the road network, as drivers have a better knowledge of the locations
of (and delay caused by) traffic jams. A better informed driver is assumed to
make “better” decisions regarding his or her departure time and route choices.
“Better” in this case refers to better in terms of network performance, which does
not have to coincide with a better individual performance (such as smaller travel
time). Information on accidents are usually communicated using various media.
As this research shows, the provision of traffic information should incorporate the
various traffic situations that drivers’ experience. This includes the context of
their trips, as being unaware of common traffic situations can greatly influence
the preference for traffic information. Apart from the trip and its’ context, the
specific type of driver is of importance. Personalizing traffic information would
enable road operators and road authorities to have a larger effect of the provided
traffic information, in terms of their specific goals.
Next to the personalization of traffic information, this research also indicates the
need to improve the detection of congestion and specific causes of congestion. Even
though the technological advances for tracking vehicles provide a more complete
picture of the current traffic situation, these technologies have difficulties tracking
slow moving traffic in cities. In cities, traffic is often mixed with pedestrians, cyclists
and other travellers. It is difficult to distinguish these different travel modes using
just bluetooth or GSM tracking, even though matching the information with maps
certainly improves this (for example, if the accuracy of the location is high, it is
possible to distinguish road traffic from sidewalks). If the signal of a (smart)phone
can be linked to a car, it is possible to improve the detection of traffic situations
greatly. Especially the detection of incidents might help drivers in urban areas
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to improve their own experience and thereby reduce the decrease in network
performance caused by an accident. Apart from the provision of traffic information
in urban areas, a better detection of events also allows for many other improvements.
This might be interesting for service providers as a means of extra sources for traffic
information, when it is combined with specific devices used by drivers.
Personalization is also of relevance to service providers and manufacturers of
personal navigation devices or navigation software. The variation of preferences for
different types of traffic information, and different attributes caused by different
situations and different types of drivers shows that for each trip it is important
to know more about the driver and context of the trip to be made. Personalized
information or route guidance improves the personal experience of the driver, and
might cause a higher brand loyalty. If information is personalized and delivered in
a timely manner, with a high reliability, it also indicates a rather high willingness
to pay for this information. However, this depends on the type of driver. This
means both service providers and manufacturers need to invest in diversifying their
services and devices, to be able to target all groups and preferences.

1.4

Approach and outline

In this research four main methodologies have been used in order to provide answers
to the research questions and reach the research objective. The first concerns
literature reviews. For all three elements in the research objective, literature has
been used to gather a sound basis for this specific research.
The second methodology is the use of a survey. This survey targeted the needs
and preferences of drivers for traffic information, related to non-recurrent traffic
situations. As an internet survey dealt with hypothetical situations, this survey can
be labelled a stated preference survey, which combined the hypothetical situations
with various alternatives with a set of attributes and attribute levels.
For the route choice research, a route choice simulator was developed as the third
method. As the route choice simulator concerns simulation environments, the
choices can be regarded as stated preference, but it is not explicitly a choice with
predetermined options and attributes as is normally the case for stated preference
studies.
The fourth and last used method concerns the application of discrete choice models
to both the preferences for traffic information and route choice behaviour. In both
cases it concerns no continuous variable for which a choice had to be made, but
a select number of discrete options. In this case the discrete choice models have
been restricted to those based on random utility maximization.
Figure 1.2 shows the outline of this thesis. Chapter 2 presents the framework on
the non-recurrent traffic situations, using both the network and individual view.
In addition, we combine these elements and propose a definition of non-recurrent
traffic situations which is used in the following chapters.
Chapter 3 presents an overview of literature on traffic information in general, and
more specific regarding the preferences for traffic information and the effects traffic
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Figure 1.2: Schematic outline of this thesis

information has on route choice, both with elements such as content of information
and the influence of personal characteristics. Chapter 4 presents the theory on
discrete choice modelling based on random utility maximization. The specific
application of these models on route choice is also discussed, including methods to
acquire the necessary data for route choice modelling.
The results from chapters 3 and 4 are used in chapter 5. It presents the Internet
survey that was undertaken to investigate the preferences of drivers for traffic
information. This chapter presents the approach used in this survey, the results of
the statistical analysis hereof and the choice models which have been estimated
using the survey, regarding the attributes of traffic information.
Chapter 6 - 9 discuss the development, application and results of the AIDA RCS.
Chapter 6 starts with a discussion of various methods that can be used for the
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acquisition of route choice data and describes the development and elements of the
route choice simulator. Chapter 7 presents the setup of the experiment that has
been undertaken, in which the AIDA RCS is used. The experiment is described
in terms of the used road network, scenarios, participants and used procedure.
Chapter 8 and 9 present the results of the experiment. The first part concerns
the overall results, examining the effects of the variations in the scenarios on the
trips and questions asked to the participants after each trip. Chapter 9 continues
the presentation of the results, but focuses on the individual choices during the
experiments. This chapter also presents the various route choice models which
were estimated. Finally, the conclusions and a discussion of all results in regard to
the research objective is presented in chapter 10.

Even if you walk exactly the same route
each time - as with a sonnet - the events
along the route cannot be imagined to be
the same from day to day, as the poet’s
health, sight, his anticipations, moods, fears,
thoughts cannot be the same.
—A.R. Ammons

Chapter 2

Classification of traffic situations

2.1

Introduction

Traffic situations are often depicted from the viewpoint of the road network or its
operator. Congestion then can be recurrent or non-recurrent. Recurrence is defined
as being repetitive; happening again and again. Even though congestion shows
daily variation, the repetitive nature of a lot of traffic jams means that congestion
can often be regarded as recurrent. However, several different types of events create
variations (which can be repetitive) which can significantly influence the occurrence
of congestion. Examples of such events are accidents or bad weather. The resulting
congestion can be called non-recurrent, as these events are of a varying nature.
However, using the causes for congestion limits the definition of non-recurrence,
as the same traffic situation might be rated differently by different travellers. For
instance, a commuter with a long history for a trip has a different perception of
the road network and its traffic situation than a traveller who makes the same trip
without the same experience. The experience of the individual is expected to play
a significant role in rating a traffic situation to be recurrent or non-recurrent and
the ways an individual deals with such situations. However, a viewpoint which
includes both the viewpoint of the road network and the traveller is missing.
This chapter presents the resulting framework to classify traffic situations as
recurrent or non-recurrent based on the viewpoint of individuals and the road
network. The first research question Which traffic situations are non-recurrent?
can be answered using this framework. Section 2.2 starts with a overview of
congestion on a road network. Several causes are discussed as well as the effects of
congestion, particularly in relation to travel time. Next, the individual traveller
making a trip in a (congested) network is discussed in section 2.3. Especially
unreliability and uncertainty are important elements which relate the current traffic
patterns to the individual traveller, using his perception, experiences and familiarity.
Combining both points of view leads to the framework which allows us to classify
traffic situations with respect to their recurrence. This framework is presented in
section 2.4, together with three examples. The chapter finishes with a summary in
section 2.5.
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2.2

Classification of traffic situations

Traffic and congestion

Congestion is defined in a dictionary as an abnormal or excessive accumulation, or
over crowding (of traffic). In case of traffic flows, congestion can be defined as the
phenomenon that arises when the input volume exceeds the output capacity of a
facility (Stopher, 2004) and means an excessive use of that facility. Even though
congestion is a world wide issue, it generally occurs on individual road segments
and usually is not ubiquitous. A typical distribution of travel demand over a day
shows two peaks; that of the morning and evening commute (see figure 2.1).

Volume

Capacity

Time of day
Figure 2.1: Typical daily distribution of demand for travel (Stopher, 2004)

This increase of demand is a common cause of congestion. The second cause is
because of a bottleneck, which can be defined as a location where the capacity
(supply) of a road segment is reduced (for example by reducing the number of lanes).
Frequently, congestion is subdivided by its’ cause into two categories: recurring
and non-recurring. Recurring congestion is defined as the congestion caused by the
routine or regular traffic volumes operating at regular capacity, or in other words,
the congestion present on a normal day if nothing bad has happened on the road
network (Hallenbeck et al., 2003). This would result in a “stable” traffic flow, as
depicted in figure 2.2, excluding the shocks. Such a traffic flow is relatively stable,
as there are always slight differences within and between days regarding demand
(for example, differing composition of drivers and driver behaviour) which will cause
different congestion. Non-recurring congestion is defined as unusual congestion
caused by an event that is transient relative to the common or “stable” situation.
These relate to the endogenous or exogenous shocks as given in figure 2.2.
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Figure 2.2: Transport system with shocks (Emmerink et al., 1995)

Several causes for congestion (regardless of being recurrent or non-recurrent) are
often mentioned (Emmerink et al., 1995; Lomax et al., 2003; Hallenbeck et al.,
2003) which are summarized as:
• incidents such as collisions, vehicle breakdowns and debris on the main road
or just beside;
• road works;
• weather affecting the visibility or road surface;
• fluctuations in demand;
• special events, such as a concert;
• traffic control devices such as traffic lights;
• inadequate base capacity.
Another distinction is made by Wilmink et al. (2003). They distinguish between
the regularity and predictability of a traffic situation. Each situation has its own
characteristics. A resulting traffic situation can be caused by multiple sources,
both predictable and unpredictable, and regular and irregular table 2.1.
The Dutch highway operator Rijkswaterstaat also registers the causes for congestion
related to congestion weight (length of congestion multiplied by its duration). They
use the following causes:
•
•
•
•
•
•
•

temporary capacity reduction;
high demand (including regular bottlenecks);
incidents (such as demonstrations and people on the road);
accidents;
weather;
road works;
other.

The results for the past 11 years in relation to the congestion weight is given in
figure 2.3. An excess of demand is clearly the most registered cause of congestion
in 2010 (81%), followed by accidents (9%). Road works account for 7% of the total
congestion weight and incidents for almost 2%. Non-recurring causes for congestion
in total account for around 18% of all congestion weight.
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Figure 2.3: Congestion weight in km min per year and cause
Table 2.1: Types of traffic situations (Wilmink et al., 2003)

Regular

Irregular

Predictable

Unpredictable

Morning rush hour, evening rush hour,
non rush hour, weekend traffic, bridge
opening, small road works
Holiday traffic, large events, large road
works, special transport, weather

Small incidents

Large incidents, infrastructure failure,
crises

Regardless of the cause of congestion, it has effects on travellers and their trips.
Not all effects are negative. For example, Redmond & Mokhtarian (2001) show that
commuters can perceive congestion as a welcome time to spend some private time
in the car, enjoying music they like. However, the negative effects of congestion
are more apparent. As congestion involves lower speeds and more variation in
individual speeds, it has an impact on travel time, environment and costs (Stopher,
2004). Varying speeds directly cause an increase of fuel consumption and thus an
increase of emissions and noise. This partly increases the costs for an individual to
travel, but as the trip takes long, it also costs more time which might otherwise
have been spent with a different activity (working for example). In this section we
will focus on the effects of congestion on travel time.
Travel time and its key elements such as variation, reliability, predictability are
often studied (see for example Noland & Polak (2002); Lomax et al. (2003); Tu
(2008)). Travel time variability relates to the amount of variation or inconsistency
in operating conditions, often caused by congestion. Such inconsistency can vary
from day to day, within a day, from road segment to road segment and even from
vehicle to vehicle. Variability does not mean an unpredictable travel time, but it
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relates to the uncertainty of a prediction for a travel time. Unpredictable variation
of a travel time is caused by not knowing the laws which allows us to reproduce the
actual situations. Recurrent congestion can still show variation, but this variation
is predictable to a certain extent. Non-recurring congestion is often much harder
to predict, but with information on the exogenous and endogenous shocks, it is
possible to a certain degree. Other causes, such as accidents are much harder or
impossible to predict (Hilbers et al., 2004).
Variability and predictability are both related to space and time (and aggregation
level). Consider an accident on a highway, which means that the travel time for
drivers upstream of this accident are likely to have an increase in travel time, which
is unpredictable. Drivers entering the highway downstream of the accident have a
possible decrease in travel time, which is also unpredictable. Within each group,
the variability of travel time is expected to be low, but the travel time variability
over the highway as a whole is increased. The same concept applies to road works,
events, etc. Lomax et al. (2003) consider five levels of variation each with its own
spatial and temporal level of aggregation:
•
•
•
•
•

driver variation;
road segment variation;
time of day variation;
daily variation;
specific condition or event variation.

However, the previous discussion only concerns the highways. Urban traffic is
expected to exhibit the same causes for congestion, but the amount of transient
causes is expected to be higher, as there are many more events possible that cause
a temporary or spatial variation in the demand or supply. An overview of urban
traffic patterns is given in Weijermars (2007), which showed variations in patterns
caused by seasonal and week of day effects. Also road works were an important
factor in variation of urban traffic patterns.

2.3

Individual traveller

For an individual traveller it is important to have a reliable execution of a trip.
Related to travel time, it means a traveller is interested in being able to predict
the travel time for a trip with an specific amount of certainty. The amount of
certainty is defined by the expected travel time, its’ variation and stability and the
information and alternatives available (Snelder et al., 2004). Reliability of door
to door trips is considered a key objective for the Dutch Government (Ministerie
van Verkeer en Waterstaat, 2005). Bates et al. (2001) mention two reasons for
the importance of travel time reliability to travellers. The first is that travellers
are sensitive to the consequences which they associate with variability such as
late or early arrivals. The second explanation is that travellers value variability
itself independent of its consequences, as variability increases anxiety, stress or
additional cognitive burden with planning the trip.
The reliability of a trip is explained by Snelder et al. (2004) (see figure 2.4). The
regular circumstances determine the normal, “stable” network performance, which
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Figure 2.4: Reliability of trips (Snelder et al., 2004)

is affected by changes in demand and supply. This is a different relation as given
in figure 2.2, where the changes are related to the resulting traffic flows, instead of
demand and supply. These changes are determined by on one hand the robustness
of the road network, and on the other hand by the behaviour and type of disruption.
These changes in demand and supply have an effect on the travel time as such,
and the degree of uncertainty which is experienced by a traveller. The effects on
travel time can be described using expectations, variability and stability of the
travel time. For the traveller, the personal characteristics and trip context are of
influence on the degree of uncertainty, together with the information a traveller
has acquired or received and the alternatives which are (known to be) available.
For the trip at hand, these elements in turn determine the reliability.
Over the past years, reliability of travel time has been studied much (see for an
overview Van Lint et al. (2008); Tu (2008)). Reliability is said to combine both
predictability and variability of travel times, which can be quantified in various
ways (Bates et al., 2001). Van Lint et al. (2008) provide a short overview:
• statistical range methods, which consider travel time windows using an
expected travel time with a range based on the standard deviation;
• buffer times indices, which indicate the extra percentage travel time due to
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Figure 2.5: Relative use of information and experience as a function of driving frequency
(Stern, 2004)

travel time variability on a trip that a traveller should take into account in
order to arrive on time;
• tardy trip measures, which represent the travel time unreliability using the
amount of trips that result in a late arrival;
• probabilistic measures, which express travel time reliability in terms of
probabilistic measures, such as the probability that a trip can be made
successful within a specific time frame.
However, they argue that neither of these measures is consistent and there is no
definite conclusion regarding a measure for travel time reliability.
Regardless of the measure of reliability, they all relate the variability and predictability to expectations. Each traveller has its own valuation of reliability, depending
on (amongst others) personal characteristics and trip purpose. As argued by
Bonsall (2004b), a traveller bases a prediction on various sources of information:
• personal experience;
• second hand experience;
• information and advice.
Stern (2004) distinguishes two other forms of experience as provided in figure 2.5,
relating these together with information to the driving frequency. Specific information refers to the individual’s given surrounding road network, whereas global
experiences refer to general structures of cities. The more frequent a traveller uses
a road network, the more specific information one acquires.
Although Stern applies these concepts to just spatial information, they can easily
be transferred to travel time. The more frequent one uses a road network, the
more specific experience with the road network and its traffic patters a traveller
acquires and uses. Such an approach is confirmed by, amongst others, Adler (2001);
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Karl (2003). Driving frequency increases the familiarity of drivers and as such the
ability to predict the variability (and reliability) of the travel times (and traffic
patterns), which reduces the need and use of information. A traveller is able to be
more certain when having more experience.
As it concerns perceptions, it is not possible to just use objective measures of
reliability. Hilbers et al. (2004) distinguishes between the experienced reliability
for those that have used a certain route or modality and the image reliability
for those that have no real experiences with a specific alternative. Regardless of
the modality, the image reliability is almost always lower than the experienced
reliability. Especially those that do not use a modality perceive a low image
reliability of a modality, with the largest difference for public transport. They
argue that subjective reliability is mostly based on being in the hands of unforeseen
circumstances.
In case of a trip in which a traveller faces uncertainty (due to his or her perceived
unreliability), a traveller can use a number of strategies to reduce this uncertainty
(Bonsall, 2004b):
•
•
•
•
•

2.4

accessing additional information;
advance planning;
reducing consequences;
accepting;
capitalizing.

Framework

As already mentioned in Lomax et al. (2003), recurrent and non-recurrent traffic
congestion does not fully describe the situations a traveller experiences. Putting
focus on just congestion and its causes, diminishes the role of the traveller. In this
section we present a framework which combines the concepts mentioned in the
previous sections. This framework enables us to classify individual trips on a scale
of non-recurrence, whereas the previously discusses frameworks have a different
focus, or only classify causes of congestion.
The framework distinguishes the two main parts discussed in this section; the traffic
system and the travellers. The traffic system can be described using objective
elements, whereas the traveller is described using subjective elements. Both parts
are related to each other using certainty and reliability, which are both objective
and subjective. The relation of these parts and their elements is depicted in
figure 2.6, which focuses on traffic. The physical lay-out of a road network is
considered as input in the familiarity, perception and experience of the traveller,
and also is input for the congested and uncongested network.
A road network exhibits a specific traffic flow as a result of the current demand
and supply, with possible congestion. Such congestion can be described with the
cause, which still can be labelled as non-recurrent or recurrent. The effects are
also of importance, both of the congested and uncongested road networks. This
effect determines the variability and predictability of travel time, besides the other
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Figure 2.6: Framework for non-recurrent traffic situations

effects. The cause of the effect on travel time is also related to the predictability
and variability, as an accident has different impact compared to road works or a
bottleneck.
A traveller has a certain degree of familiarity and experience with a trip and the
road network or transport system in which this trip is planned. This is combined
with a perception of the road network (a mental map) and the traffic situations that
can occur on this road network. The perceptions of the traffic situations range from
very local knowledge (for example which lane is the fastest near a bottleneck) to
an overall perception of the congestion at specific times, and the consequences for
travel time and travel time variability (for example the notion that in the morning
rush hour, a city is hardly possible to reach without major delays). As such, a
traveller is able to predict the reliability of a trip, and a level of uncertainty herein.
Reliability and uncertainty relate the subjective elements (as considered by the
traveller) of the traffic situation to the objective elements (as described by using
the (un)congested road network and its cause and trip characteristics). Both sides
have their own dynamics, but meet each other in the middle by a certain degree of
reliability and certainty.
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Based on the framework, we argue that a traffic situation should be used as a
basis for describing as recurrent or non-recurrent in stead of congestion. A traffic
situation is the traffic pattern a traveller experiences in the current trip. A traffic
situation can then be defined as non-recurrent based on the traffic pattern with
different causes of congestion and the traveller and his familiarity, perception and
experiences. The degree of non-recurrence for a traffic situation is a continuous
scale, as it is not possible to determine discrete levels for, for example, familiarity
or experience. To answer the research question on which traffic situations are
non-recurrent, all elements in the framework are needed.
To describe the framework, three examples that are of interest for this research are
described in the following paragraphs. These three are:
• accidents;
• road works;
• large events.
2.4.1

Accidents

A large number of different types of accidents happen. They can be classified to
for example the cause, the number of vehicles involved, the results of the accident
(property damage, personal injuries or death), the number of lanes blocked, the
duration, the road type where the accident happened, etc. For non-recurrent traffic
situations with an accident not all of these classifications are important. Most
important are the duration and the effect on the local capacity.
These two factors describe the impact of an accident on the congestion that is
caused by the accident. Depending on the location of the traveller with respect
to the location of the accident, the travel time a traveller will experience can
be increased on decreased. In all cases, the location and time an accident occur
is unpredictable, even though most travellers expect accidents to occur. The
variability of travel time caused by the accident is thus increased. As a traveller
is not expected to have specific experience for this accident, the uncertainty and
unreliability are increased, making the traffic situation non-recurrent to a pretty
high degree. This applies to all travellers influenced by the accident.

2.4.2

Road works

Road works are different from accidents in the sense that in most cases they are
predictable, as road works are planned in advance by the road operator. This
allows travellers to acquire information before their trip, which means they have
a perception of the traffic patterns which will occur as a consequence of the road
works. However, the specific congestion which will occur is not known at the start
of the road works, but will increase with time in case of a traveller who makes
multiple trips during the road works. The degree of non-recurrence for a traffic
situations with road works thus depends on the experience of a traveller with the
ongoing road works as well as the information that is acquired about the road
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works (apart from the familiarity with the “regular“ traffic situations and the road
network).
2.4.3

Large events

Large events mean a different demand, often with travellers for a single location.
The resulting traffic flow will be different compared to regular traffic flows, because
these travellers are not all as experienced and familiar with the road network and
regular traffic situations on this road network. Next, even though the travellers
going to the event are aware of this event and can be expected to have acquired
information regarding their trip accordingly, other travellers might be unaware
of this event. Predictability thus differs between these groups of travellers. The
variability of travel times for both however is expected to increase, based on the
change of traffic flows. However, if a large event occurs more often, both type of
travellers build an experience and are able to better predict the traffic patterns and
their travel times. The degree of non-recurrence for a traffic situation with a large
event depends on the traveller under consideration and the specific experiences
and familiarity.

2.5

Summary

Congestion is a common product of the daily demand for mobility in an environment
with limited supply. Especially during the peak periods, the capacity of the road
network is insufficient, causing congestion. Congestion has sever impacts on the
mobility of travellers and accessibility of locations, as congestion increases the
travel time. However, not all congestion is similar. Congestion has different causes,
which are often classified as recurrent or non-recurrent. Recurrent congestion is
caused by routine or regular traffic volumes operating at regular capacity. Recurrent
congestion is relatively stable, whereas non-recurrent congestion is transient, caused
by exogenous or endogenous shocks. Examples of non-recurrent congestion are
incidents such as collisions, road works or large events. In 2010, around 18% of the
total congestion weight (in kilometer minutes) on the Dutch highways is caused by
non-recurrent congestion.
Regardless of the cause of congestion, it has effects on travellers, both positive and
negative. Especially travel times are of interest in this research. A possible positive
effect is a longer trip which means a longer private time for a traveller. However,
the negative effects are more prominent, as congestion increases travel time and
travel time variability and thus the unpredictability of the travel time for a specific
trip. Both variability and predictability are related to time and space as variation
can exist for one trip and driver, a road segment or between time of day or days as
a while.
For an individual traveller, the reliability or certainty of a trip is important. The
degree of reliability or certainty of a trip depends on the variability of the travel
time and the expectations of the traveller, which means that each traveller will have
a different perception of the trip to make. Causes for congestion and the resulting
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travel time variation are therefore not the only information needed to describe
the traffic situation of a traveller. The experiences and familiarity of a traveller
with the road network and the traffic patterns that occur on this network and the
perceptions of the traveller hereof are important in describing the reliability and
certainty of a trip. As a traveller acquires more experience with a traffic pattern, he
will be more certain about the expected travel time and thus he is able to predict
the travel time with increasing reliability.
Combining both the traffic patterns, including congestion and its cause and effects,
and the traveller with his familiarity, perception and experience, a new definition of
non-recurrent traffic situations is given. A non-recurrent traffic situation is defined
based on the traffic pattern with different causes of congestion and the traveller
and his familiarity, perception and experiences, on a continuous scale. A traffic
situation is used in stead of just a traffic pattern or congestion, and is defined as the
traffic pattern a traveller experiences in the current trip. Non-recurrence can then
be defined using the causes and effects of congestion, as perceived by the traveller.
This makes non-recurrence a continuous scale, as more experience or a different
perception leads to a different degree of non-recurrence. Using the framework it
is possible to determine the need for different kinds of traffic information, as is
expected that in case of uncertain or unreliability in a trip, there is more need for
traffic information or route guidance, which depends on both the traffic patterns
and the familiarity, perception and experience of the traveller. The framework is
described using three situations with different degrees of non-recurrence:
• accidents;
• road works;
• large events.
The framework situation is further used in this research in chapter 5, in defining the
elements of interest for the preferences for traffic information of drivers. Especially
the three previously mentioned situations are used in this research, as these are
quite common and can have a significant impact on travel times that drivers
experience.

Information is not knowledge.
— Albert Einstein

Chapter 3

Types, characteristics and impact
of traffic information

3.1

Introduction

Traveller information or Advanced Traveller Information Systems (ATIS) in general
serves a number of important roles. It can (Lyons, 2006):
• make the individual traveller aware of the travel options available to him for
a particular journey;
• empower the individual traveller to make more fully informed travel choices;
• assist the individual traveller in being able to successfully undertake and
complete the journey.
This chapter focuses on traveller information specific for car drivers, which means
that we focus on route- and departure time choice in particular and related choices
such as destination (for example when searching for a parking place).
In general, the following factors are influential in affecting the preferences for, need
for and use of traffic information and the effects hereof (adapted from (Wolinetz
et al., 2001)):
• uncertainty - if there is little to be uncertain of in a trip (such as no variability
in traffic conditions or a short remaining trip length) there is little need for
traffic information;
• information awareness, access and use - travellers who are aware of available
ATIS services and have access to these services are more likely to use them;
• situational and contextual characteristics - travellers with different trip purposes, or different flexibility in arrival or departure times have different
preferences for traffic information;
• personal characteristics - travellers differ with respect to socio economic characteristics such as age, gender, income, risk attitude and learning behaviour
and show different needs for and use of traffic information;
• information characteristics - the (perceived) characteristics such as quality of
information affect the use hereof.
In this research we are interested in the use of ATIS in relation to non-recurrent
traffic situations as given in research question 2: What traffic information do
drivers prefer in non-recurrent situations? This chapter presents an overview
of the available literature on traffic information and provides the basic elements
33
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necessary to answer this research question, which will be provided in chapter 5.
We start in section 3.2 with an overview of the contents and types of ATIS. In
section 3.3, the characteristics of traffic information which influence the preference
for and impact of information are presented. An overview of personal characteristics
which influence the preferences as well as the impact of ATIS is given in section 3.4,
followed by a presentation of the possible impacts of ATIS in relation to the
individual and the network performance. The chapter finishes with a summary in
section 3.5.

3.2

Contents and types of traffic information

The amount of possibilities for the contents or types of traffic information are
numerous. This makes it difficult to pinpoint the exact preferences of drivers for
content. Van Berkum & van der Mede (1993) distinguish between descriptive
and prescriptive information. Descriptive information provides information on
the current state or lay-out of the network, either qualitative or quantitative.
Prescriptive information tells a driver what to do. These types can very well be
mixed, in which case the descriptive information can be used as a motive for the
prescriptions. Schofer & Khattak (1993) also mention a difference between static
and dynamic information. Traffic information can also be classified according to
the importance of the information for an individual (Lyons, 2001):
• very important - information that is essential in determining the choice of
mode, route or destination and whether or not to make a trip;
• useful - information that does not affect the the travel choices above but which
enables a driver to make more convenient, comfortable trip with possibly
greater confidence and assurance;
• irrelevant - information that offers no value to the traveller in planning or
executing a trip.
The importance of and need for traffic information is found to depend on specific
characteristics of individuals, such as social class, gender, age and existing use
of information. Providing information that suits everyone is therefore a difficult,
perhaps even impossible task.
It is also possible to distinguish the information with respect to the time it is
received or acquired: pre-trip, en-route and post-trip. Each can have its own
contents and can relate to different choices. For example, pre-trip information can
be used to choose a modality or a destination; en-route information can concern the
route to take, or the decision to switch routes, post-trip information can be used to
update the perception of a road network to make a better choice in a new trip. ATIS
can also be classified according to the modality (Kenyon & Lyons, 2003). They
distinguish unimodal and multimodal. With respect to types of traffic information,
another difference is the origin of the data (Toledo & Beinhaker, 2006). Traffic
information can be based on either historic data, real-time data or predicted data
(Ben-Akiva et al., 1991). Traffic information based on predicted data is for example
an expected travel time for the complete journey, using the travel time at each
segment of the trip at the time you are expected to be there. When using real-time
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data, the travel time is based on the current travel time for each segment. Chorus
et al. (2006b) furthermore distinguish between the way the information is acquired
before a choice is made. They distinguish between active acquisition of information
as a traveller actively searches for information and passive acquisition where a
traveller uses the information available. The information available can either stem
from the active search or a service who may provide the traveller with information
unasked for. The first concerns information pull, while the latter concerns mostly
information push. An example of information pull is the acquisition of multimodal
information to find the alternative modes to get to a destination. Information push
can be the information provided via a radio service, or a variable message sign.
A combination of type of traffic information and contents of traffic is defined in
AGV & ITS (1996):
1. descriptive congestion information (length, location, cause of congestion,
etc.);
2. enriched congestion information (delay time, travel time, time of arrival, etc.);
3. descriptive network information (indicating one or more route alternatives);
4. enriched network information (indicating one or more route alternatives and
the expected travel time);
5. advising network information (advice for the best alternative route).
Results from this study in 1996 showed that 58% of the respondents who wanted
traffic information in their car (which was 66%), preferred the network information.
Of this group, 59% showed a preference for the enriched type, indicating they
want information that still allows them to choose by themselves. However, if more
reliable travel time predictions had been available, more respondents would have
chosen the enriched network information.
Relating the type of information to a choice between the usual route and an
alternative route, Dia & Panwai (2007) found that drivers are most influenced
to change their route by prescriptive information with over 50% indicating they
would definitely take their alternative route. In case of qualitative information on
unexpected congestion on the usual route, just 32% indicated they would definitely
take the alternate route.
Several studies are available that have taken a more detailed approach to the
contents of traffic information (Streff & Wallace, 1993; Wallace & Streff, 1993;
Penttinen et al., 2003; Mensonides, 2004; Ministerie van Verkeer en Waterstaat,
2004; Chorus et al., 2007a). The early results from Wallace & Streff (1993) are
presented in table 3.1. In this study a survey was undertaken with 2,764 respondents,
in which these respondents were asked to give ratings to information bits, in three
different conditions: (a) commute to work, (b) non-work trip in a familiar area and
(c) non-work trip in an unfamiliar area.
The top ten of the information bits chosen in these three conditions is depicted
in table 3.1. The information bits are rated on a scale from one to five, where
one is not at all important and five is extremely important. The resulting ratings
of all three conditions showed that there is no consensus among all respondents.
There was quite a large range in the ratings of individual information bits, but no
information bit is in the very important range. The amount of information bits
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Table 3.1: Preferences of road users concerning the subject of information (Wallace &
Streff, 1993)

1
2
3
4
5
6
7
8
9
10

Commuter survey

Familiar area
(Non-work)

Unfamiliar area
(Non-work)

Delay time on original
route
Predictability of delay on
original route
Level of congestion on
original route
Problems that will arise if
late
Type of problem

Condition of alternate
route
Congestion on alternate
route
Predictability of delay on
original route
Level of congestion on
original route
Delay time on original
route
Repair of alternate route

Condition of alternate route

Condition of alternate
route
Congestion on alternate
route
Ease of access to alternate
route
Distance to problem
Time on alternate route

Availability of directions for
alternate route
Congestion on alternate
route
Repair of alternate route

Type of problem

Ease of access to alternate
route
Level of congestion on
original route
Delay time on original route

Ease of access to alternate
route
Time of day of trip
Distance to problem

Predictability of delay on
original route
Time of day of trip
Type of problem

with an average rating above 3 was around 20 (total number of information bits
was 33). This indicates that respondents think most information to be important.
The top ten, however, show some consensus. Based on the complete listing, the
commuter and unfamiliar area condition are the most different. These results show
that it is important to provide for a large range of contents for traffic information.
It also indicates that a different need may exist in situations where the traveller is
unfamiliar with the situation.
In a internet survey from 2000, Nee et al. (2001) investigate the preferences of
drivers for traffic information. Survey results suggest that when planning a trip,
warnings of incidents, construction, and special events as well as possible alternative
routes can be a useful supplement to typical traffic measures which describe current
conditions. The results also indicated that users prefer a format that presents a
quick impression of general current traffic which does not require much time to
evaluate the information presented. The preferred option is to get an overview
from a color-coded flow map to obtain the big picture of traffic conditions.
A more recent study undertaken in Finland (Penttinen et al., 2003) concerned
the importance of several telematics services and the willingness to pay for these
surveys. Traffic information was seen as a part of these telematics services. The
services related to car drivers were ranked on their importance as follows:
1.
2.
3.
4.
5.
6.
7.

real time weather information (pre-trip);
incident information for drivers (pre-trip);
incident information for drivers (on-trip);
ISA (Intelligent Speed Adaptation) forcing for own car;
ISA warning for own car;
in-vehicle monitor (current traffic signs);
the fastest route by car (pre-trip);
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9.
10.
11.
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the closest available parking lot;
car navigation;
prediction of driving time (on-trip);
prediction of driving time (pre-trip).

The results indicate that the respondents do not see a great need for navigation or
route guidance. The most important type of information is the weather information,
followed by incident information pre- and on-trip, which differs from the normal
situation. However, car drivers who thought navigation to be important were willing
to pay the most for this, compared to other services. Also incident information (pretrip and on-trip) are valued highly. The respondents also think that for car drivers,
most of the public funding should go to incident information, whereas car navigation
should receive the smallest amount of public funding. Another interesting conclusion
can be drawn from this study. The fact that real time weather information was
ranked most important indicates a situation where changes in weather conditions
can greatly influence traffic (snow, ice, etc.). This would probably be different in a
area like Italy or California, where weather conditions might not be as influential.
The importance of services is thus related to the local context of these services.
In 2004 the Dutch government published a quantitative study on traffic information,
which aimed at extending insight into usage and preferences for traffic information
(Ministerie van Verkeer en Waterstaat, 2004). The study focused on two types of
car traveller: (a) commuters and (b) recreational traffic, heading to large events.
Commuters have a more strict time schedule because of meetings at work, while
the recreational travellers are more free in their time schedule, although it depends
on the sort of event they are heading for. Both groups were offered four options
for which they could indicate if there was an added value to the currently available
information and the willingness to pay for this extra information. The results are
shown in table 3.2 where the total for each group is the percentage of respondents
that see the option as added value (with the total number of respondents being
150). Recreational traffic sees all the options more as added value than commuting
traffic does. However, a greater willingness to pay is found among commuting
traffic. For both groups, the advice for the best route which takes account of
congestion was most often chosen.
The same study also investigated the current usage of information for commuters
and showed that many sources of information are available. The high percentage of
respondents mentioning the possession of a car radio equipped with RDS-TMC is
Table 3.2: Added value and willingness to pay of Commuters and Recreational traffic
(Ministerie van Verkeer en Waterstaat, 2004)
Information option

Information on expected travel time
Information on delay on chosen route
Information on the best route,
accounting for congestion
Being able to select your own
preferred information

Commuting traffic
Willing
Not willing
to pay
to pay

Recreational traffic
Willing
Not willing
to pay
to pay

12%
11%
16%

35%
32%
44%

7%
6%
18%

52%
72%
67%

17%

40%

13%

61%
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striking. The study considers this percentage too high, due to misinterpretation by
the respondents (they do not actually have RDS-TMC). Of the commuters, for who
the most important sources of information are teletext and the tv, 40% acquires
information before they travel. But also the internet and the radio are important
sources. The most important information sought is about congestion (location
and length). During the trip, 25% always uses information and 45% sometimes
acquires information. The most used source for this information is the car radio
(88%) while the mobile phone with an information number comes next with just
9%. The VMS (Variable Message Signs) are used in 5% of the cases. Again the
type of information they are looking for is on congestion. Interestingly, on the way
back from work, most respondents use the internet as their information source.
The respondents also suggest some points for improvement. The top three in this
list are:
1. the information is currently inadequate;
2. the information on short and daily congestion is not provided;
3. the information is too general and not specific for my trip.
Recreational traffic was also investigated in the same manner. Compared to
commuters, almost the same number uses information before the trip (42%), but
in this case the internet is more often used as a source. Teletext and radio come
second and third respectively. The sought information also changes: 50% is looking
for congestion information, while 32% wants to know information on the car routes
to use. During the trip, a lot fewer respondents use information compared to
commuters (only 38%). On the way back, just 5% acquires information, probably
due to difficulties finding the information.
The study also investigated the content of the information both groups would
want to have, but in a qualitative manner. Commuters prefer to have information
on their route, and the possible alternatives (personalized information). They
would also like to have more detailed information on congestion and travel times.
Commuters also prefer their traffic information to be personalized. They indicate
that they want the information to be more current and more complete. The big
difference between both groups is that the commuters want information that takes
away the uncertainty, while recreational traffic is looking for information that takes
away their unfamiliarity.
Another Dutch study aimed specifically at information for congestion caused by
incidents (Mensonides, 2004). The study consisted of two parts: one for a general
traffic information preference, and a second part for the incident situations. The
general part of the study considers three choices for information contents for
respondents, in order of importance. This resulted in table 3.3. The majority of the
respondents in the survey that was undertaken preferred to have information on
accidents, although a large group also choose daily congestion as a first choice. It is
also interesting to note that a large group choose information on road maintenance
as a second choice.
In the case of an incident, the preferred contents of information were surveyed
as well (Mensonides, 2004). This resulted in table 3.4. The results show that
people prefer information about length and location of congestion in the case of
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Table 3.3: General preferences of road users concerning the subject of information (Mensonides, 2004)
First choice

Second choice

Third choice

Total

79
18
46
4
12
0

47
58
20
12
13
9

14
42
26
31
28
18

140
118
92
47
53
27

159

159

159

Accidents
Road maintenance
Daily congestion
Events
Slipperiness
Fog
Total

Table 3.4: Accident specific preferences of road users concerning the subject of information (Mensonides, 2004)
First choice

Second choice

Third choice

Total

38
29
15
28
17
32

18
24
39
23
31
24

16
12
45
14
47
25

72
65
99
65
95
81

159

159

159

Length of traffic jam
Expected travel time
Alternative routes
Delay times
Cause of the incident
Location of traffic jam
Total

an accident. However, when looking at the total, the alternative route was most
often chosen. Also the cause of the congestion (more detailed information on
the accident) was chosen quite often, but not as a first choice. This implies that
information on length and location of congestion is not enough in most cases.
Chorus et al. (2007a) investigated the needs for information with respect to different
information types, distinguishing between car drivers and transit users. Based on
statements such as “I strongly need travel information concerning travel- (arrival-)
and departure times for trips towards frequently visited destinations”, respondents
in the websurvey chose their agreement with this statements on a 5 point scale (1
is very much disagree and 5 is very much agree). The results with respect to the
most-used mode are given in table 3.5.
Table 3.5: Need for specific types of information (Chorus et al., 2007a)
Information type
Early warning function in case of
disturbances
Full trip assistance
Time related information
Personalized information
Location specific information
Multimodal information
Cost related information
Information on than time and cost
related aspects

Frequently visited
destination

Destination never
visited before

3.85

4.08

3.54
3.46
3.38
2.98
2.92
2.78
2.75

4.03
4.54
3.89
3.43
3.63
3.85
3.57
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In case a destination is never visited before (which can be labelled as a non-recurrent
traffic situation) travellers indicate a largerd need for each type of information
compared to frequently visited destinations. Next, travellers are more interested in
information that makes choosing easier (such as full trip assistance or early warning)
than in information that just provides more search options (such as multimodal
information). In case of a frequently visited destination, the early warning function
is most often selected to be of importance, which also shows a need for information
that relates to non-recurrent traffic situations. With respect to unfamiliar trips,
the need for traffic information is expected to be largest. En-route information in
unfamiliar trips should make the execution of the trip as easy as possible.
The differing preferences with respect to traffic information caused by familiarity
is also mentioned by Lyons (2006), although he argues that there may be limited
demand for disruption alerts either pre-trip or en-route. Such information should
be pushed to the traveller, which indicates the need for the service provided to
know about the common or selected routes and modes of the traveller.
As summarized by Weisser & Horowitz (2002), drivers want to know if there is a
problem, what the problem is, if there is a delay and how long that delay is, what
the prescribed or alternate routes are and how these alternatives compare to the
currently selected alternative. The resulting information that is needed is however
dependent on the trip context and personal characteristics of the driver.

3.3

Characteristics of traffic information

Traffic information can possess a large difference in attributes, such as reliability
and costs. In 1993 it was already mentioned that it was necessary to include
attributes of traffic information when evaluating ATIS (Schofer & Khattak, 1993).
Attributes that were mentioned are: (a) credibility, (b) reliability, (c) accuracy,
(d) timeliness and (e) relevance. These kinds of attributes will be discussed in this
section.
First of all, a general list of requirements has been found in a Dutch study (Ministerie
van Verkeer en Waterstaat, 2003). The traveller wants:
•
•
•
•
•
•
•
•

accurate information;
information he can use;
information suited to his needs;
to be taken seriously;
to be able to choose;
an integrated complete story, not a small part of it;
simplicity (with optional extras);
information based on his knowledge.

Converting these requirements to attributes that are important for traffic information to be accepted and used (and perhaps paid for) results in a large list ranging
from quality to personalization. Such a list is reproduced by many other studies.
For example, Lappin (2000) reports results of a qualitative US study, in which
respondents were concerned with:
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•
•
•
•
•
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accuracy;
timeliness;
reliability;
cost (capital and operating);
degree of decision guidance and personalization;
convenience (ease of access and speed);
safety (of operation).

Reliability was expected to be the most important feature of traffic information
(Lappin & Bottom, 2001). However, it is also one of the most difficult ones, for
a number of reasons. Acquiring a reliable measurement of the current traffic
situations is a difficult task, especially in urban road networks. Other information,
such as cause of congestion, or expected clearance time of an accident location,
is often not even available. Also communication and computation are limiting
factors. Usability of convenience was also mentioned by (Golledge, 2002; Chorus
et al., 2006a), referring to the fact that travellers appear to prefer information that
makes travelling easier.
At first sight, reliability coincides with accuracy and timeliness. However, these
attributes do differ. Accuracy concerns the precision of the information that is
provided. For example, information on a traffic jam can be given as: (a) congestion
between two major cities (inaccurate) or (b) congestion between starting at a certain
location on the highway (km 56) with a certain length (7,6 km). Timeliness concerns
the delay between the measurement of traffic on the road (for example, using loop
detectors) and the delivering of information at the end user. Reliability defines if
the information provided is actually correct. For example if the information on
a traffic jam at a certain location with a certain length is the same as the road
user experiences. These concepts of course can be translated to other types of
information, or other modes.
Related to the attributes of the information itself are the attributes of a device that
has to be bought to use information. These are also important. Using a nationwide
survey with three user groups (dispatchers, private vehicle drivers and commercial
vehicle drivers) Ng et al. (1995) analysed the importance of six attributes using a
Likert scale of 1 to 7: (a) cost of the system, (b) accuracy, (c) timeliness of the
information received, (d) type of visual display, (e) system dimension and (f) audio
capabilities. All three groups showed significant differences over the attributes,
where accuracy was considered to be the most important, followed by cost and
timeliness. Audio capabilities were valued least important by all groups. Of these
groups, dispatchers were willing to pay the most for ATIS (mean of $2017), followed
by commercial drivers (mean of $400) and private drivers (mean of $275).
Relating attributes of the information to the source of information (Hato et al.,
1999) indicated that drivers value the information from different sources in different
ways. For example the scope of the information (related to the area covered in the
information) means that traffic information with a specific scope (such as travel
times on a Variable Message Sign or VMS along a route) are only useful in case a
traveller can use this information (the routes on the VMS coincides with the route
the driver is using).
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Table 3.6: Evaluation of traffic information aspects (Katteler & Broeders, 2002)
Quality aspect
Reliability
Accuracy
Timeliness

(really) bad
At start
2 months
22%
23%
44%

16%
22%
38%

neutral
At start 2 months
35%
40%
36%

32%
40%
38%

(really) good
At start
2 months
43%
37%
20%

52%
38%
24%

In an experimental study in the USA with an in-vehicle route guidance system,
Schofer et al. (1997) studied various features such as: (a) destination accuracy,
(b) route quality, (c) startup speed, (d) route replanning and (e) button controls.
The most important feature was the destination accuracy, closely followed by route
quality, overall reliability and route planning performance.
Another experimental study in the Netherlands (Katteler & Broeders, 2002) also
addressed certain attributes of an in-vehicle information system and traffic information. Three aspects were investigated shortly after starting and two months later.
The results in table 3.6 show that reliability is considered to be good by most
respondents, while timeliness is the opposite. After two months, the reliability has
been increasingly evaluated as good, whereas accuracy and timeliness show only
small or no differences.
Mehndiratta et al. (1999) also studied four attributes of traffic information, using
a stated preference approach. The respondents were participating in a test with
dynamic in-vehicle navigation systems. The studied attributes and levels were:
• update frequency: twice a day, several times an hour, every five seconds;
• prescriptive or descriptive messages: minimum time route recommendation
or information on current delays;
• geographic coverage: main expressways only, expressways and arterials, doorto-door; and
• price: free, $5/month, $10/month (Seattle), $15 or $25/month (Chicago and
Boston).
The results indicated that update frequency and geographic coverage were important
to travellers. A majority of the respondents preferred the descriptive information.
Respondents also indicated to be willing to pay at least some amount for the
information, depending on the other attributes.
The costs of traffic information are an important factor with respect to the willingness to pay for traffic information (Schofer & Khattak, 1993). This addresses the
costs and benefits involved in a decision to acquire traffic information as argued
by Chorus et al. (2006b). The willingness to pay is likely to differ over types and
contents of services and is likely to change in time, as reliability and thus demand
increases. The willingness to pay for traffic information in general however, is
low (Polydoropoulou et al., 1997; Kim & Vandebona, 1999; Wolinetz et al., 2001;
Khattak et al., 2003; Zhang & Levinson, 2008). The willingness to pay increases
with higher quality, accuracy or personalization of the information. It also depends
on the personal characteristics of the driver; especially younger males (who are
expected to be more tech savvy) are more likely to pay for traffic information.
Travellers prefer to pay per acquisition rather than a flat monthly fee.
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Most of the previous research also considered personal and other characteristics
that influence the driver preference for ATIS. These characteristics range from
socio-economic data, such as age, gender, level of education and income, to more
advanced concepts of attitude towards mobility. This section will provide a short
overview of findings in the available literature.
In general, the most likely users of traffic information are male, highly educated,
“connected”, high income travellers with longer than average commutes who face
high rates of congestion (Petrella & Lappin, 2004). In the study of Mannering et al.
(1995) several socio-economic characteristics were questioned in a nationwide survey
on traffic and travel information. These characteristics were used to build an ordered
logit model for importance of traffic information in an in-vehicle traffic information
system. The resulting model showed that several characteristics influenced the
importance, such as the average level of congestion experienced in commutes,
gender, annual household income and number of vehicles per household. The
same type of model has also been applied to the importance of visual display type
and preferred ahead-miles on information on alternate routes and road conditions.
These models also provide other important characteristics such as average number
of days driving on highways, average commute time, level of education, marital
status, age and whether the respondent is a flexible worker (no strict working
hours). This already shows the vast number of possible personal characteristics
that are important.
Other more conceptual characteristics of travellers are of importance in their
tendency to acquire and use traffic information. For example, flexibility in schedules
has been shown to be a significant factor in acquiring traffic information, where a
lack of flexibility means a bigger need for traffic information (Polydoropoulou &
Tsirimpa, 2010). Habit is also a very important factor in the decision to acquire
and use traffic information (see for instance (Lyons, 2001; Gärling & Axhausen,
2003; Parkany et al., 2004; Bogers et al., 2005)). Habitual behaviour often means
travellers do not consider other alternatives and thus are less likely to desire
information about alternatives. However, as argued by Chorus et al. (2006a), this
does not mean a traveller will never use traffic information. Contrary, in trips with
a different context (departure time, destination, purpose) the traveller is likely to
acquire and use traffic information, which might also affect the habitual choices.
Latent characteristics such as information processing capabilities greatly influence
the use and effect of traffic information (Hato et al., 1999). This coincides with the
need for easy to use information, as the capabilities of different travellers to actually
understand and use the traffic information varies. Other latent characteristics of
travellers are risk attitude and perception of alternatives (Bonsall, 2004b). For
example, as travellers have a better perception of a road network and alternatives,
they change the preference for information from prescriptive to descriptive (Adler
& McNally, 1994). A perception of high reliability of the often used alternative
also means a traveller is unlikely to change his behaviour when receiving traffic
information (Abdel-Aty et al., 1997). Travellers can further be described as being
risk-averse or risk-seeking, but depending on the trip and the information received,
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Table 3.7: Accident specific preferences of road users concerning the subject of information (Barfield et al., 1991)
Cluster

Description

%

Route Changers
Non Changers
Route and
Time Changers
Pre-trip
Changers

Willing to change route while and before travelling
Not willing to change at all
Willing to change both route and departure time

20.6%
23.4%
40.1%

Willing to change departure time, mode and route before travelling,
but not willing to change while travelling

15.9%

a traveller might reverse his risk attitude (Katsikopoulos et al., 2000). Ben-Elia
et al. (2010) indicate that less accurate information means that travellers prefer a
more reliable route and move towards being risk-averse.
Another important factor in the continuous use of traffic information is learning
behaviour of travellers (see for example (van Berkum & van der Mede, 1993; Chen
& Jovanis, 2003; Avineri & Prashker, 2006; Bogers, 2009; Ben-Elia & Shiftan, 2010;
Lu et al., 2011)). This learning concerns getting to know the dynamic nature of
the transport network with the help of information services, as well as getting
to know the potential of these information services to support choices in this
network. However, as mentioned by (Golledge, 2002), traffic information, especially
prescriptive information might hinder the learning behaviour of travellers, as the
information on the road network is transferred from the traveller to the service
provider. This might make the traveller dependent for decision making on the
service provider.
To describe the user of traffic information, or traveller in general, Barfield et al.
(1991) and Conquest et al. (1993) identify major groups of travellers. In a survey
they asked respondents how often they are influenced by traffic information regarding their departure time, mode choice and route choice. These results were
used in cluster analysis to identify major groups of commuters. This resulted in
four groups (see table 3.7) which then were analysed with other socio-economic
data of the respondents, such as age, gender, income, availability of information
sources and current usage of traffic information. However, most of these personal
characteristics were of no significant influence. It is thus not possible to use these
characteristics to say to which group a traveller belongs. The willingness to change
is therefore an extra description of the preferences for traffic information. The
source of information, number of sources used and frequency of using information
has confirms this finding that there are different groups with a different effect on
decision making (Khattak et al., 2008).
Attitude in general has shown to be another descriptive of individuals (see for
example (Parkany et al., 2004; Anable, 2005). One of the approaches is to use the
attitude towards mobility as a descriptive for the preferences (and possible effects)
of traffic information. Such a concept is equal to the concept used for willingness to
change departure time, mode and route, but on a higher level. Such a concept has
been developed by Need (2002) for the Dutch Ministry of Transport. The concept
defines five types of travellers based on their attitude towards mobility and a group
which does not belong to one of these attitude groups (11% of the population).
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These five types are:
Accepters They see mobility as necessary evil that is part of life. Travelling is
not pleasant for them, but they do not actively search for options to improve
their travel. Choosing a mode of travel is based on ease and practicality.
This group is 15% of the Dutch population.
Deliberates They see mobility as a functional method of getting from A to B.
They do not enjoy travelling, because they see travelling as a waste of time.
They thus try to limit and optimize the amount of travel as much as possible.
Their obvious need for certainty influences their choice of modes. They have
to be sure to arrive on a certain time. This group is 26% of the Dutch
population.
Conscious They see mobility as more than a method of getting from A to B.
Travelling is a goal in itself to them, for their physical and/or emotional needs.
They choose a mode that fits best to their current needs, such as destination,
company and weather. This group is 17% of the Dutch population.
Competitors They see mobility as a symbol of independence, the possibility to
go whenever and wherever they like. It is an expression of their social status.
Choosing faster routes or work during travelling shows that they are “better”
than others. This group is 14% of the Dutch population.
Enjoyers They see mobility as the method to visit friends. They especially see the
social function of mobility. They enjoy being on the road and deal with time
in a relaxed manner. They are good at putting congestion in perspective.
Their choice of mode is merely based on the absence of stress. This group is
17% of the Dutch population.
The concept of attitude towards mobility has been used as a variable in two studies
(Ministerie van Verkeer en Waterstaat, 2004; van den Broeke et al., 2004). In the
study by van den Broeke et al. (2004) the distribution of all types is significantly
different from the study by Ministerie van Verkeer en Waterstaat (2004). More
respondents were defined as Deliberates and Conscious. This is due to the setup of
the survey. In the study by van den Broeke et al. (2004) the respondents could
indicate which type they were, in contrast to the study by the Ministry of Transport.
In the study, for each type, a hypothesis was developed on the need for traffic
information. Conscious travellers probably acquire different types of information
before travelling. Competitors are expected to have the most need for information
concerning car travel. Accepters have a need for information on the fastest and
most efficient way to travel. Deliberates are expected not to differ much from the
Accepters, and need information on efficiency of travel options. Enjoyers, as last,
are expected to need information on uncertainty in their trip, and information on
alternatives in case of disturbances.
In the other study (Ministerie van Verkeer en Waterstaat, 2004) a qualitative and
quantitative research has been done for the need for traffic information. Not only
was the attitude towards mobility used in this study but also a difference between
two important motives; commuting and recreational traffic. The main conclusions
were that commuters use more traffic information and are more willing to change
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their routes. However, the actual preferences for traffic information between both
motives show a large overlap, but the motive for using traffic information is more
important than the attitude towards mobility.
The motive for travel was also used as explanatory variable in the study of Mensonides (2004). Commuting, business and other motives showed a different preference for contents of traffic information. Apart from motive, familiarity with
the road network and frequency of road use were used also. Preferences for all
characteristics were deemed to be important. Familiarity was also found to be important for route choices in a study by Lotan (1997). In this study, familiarity was
defined as familiarity with the road network and familiarity with the information
system. Familiarity with the information system, or the traffic information itself,
is especially important, as also suggested by Karl & Bechervaise (2003). Apart
from familiarity with traffic information and the road network, they also argue
that familiarity with the traffic situations are important. The familiarity relates to
the knowledge and availability of route alternatives, which is also found to be an
important factor in acquisition and usage of traffic information (Adler & McNally,
1994; Ramming, 2001; Peirce & Lappin, 2004; Chorus et al., 2007a).

3.5

Effects of traffic information

Effects of traffic information can be separated for the individual and the road
network. With respect to the individual we distinguish effects for the current trip
(short term) and over multiple trips (long term).
Chorus et al. (2006b) present a framework for the acquisition of information and
the update of perception with respect to long term effects. It is based on four
mechanisms:
• increasing the awareness of alternatives;
• altering the perception of the characteristics of alternatives;
• influencing the perception of the trip context and complexity of the choice
situation;
• influencing the perception of the degree of completeness of the traveller’s
knowledge.
In case of long term effects of traffic information, Khattak et al. (1993) already
mentioned that ATIS may change driver preferences over time, making them more
risk seeking. Abdel-Aty & Abdalla (2004) show that familiarity with the device
that provides the traffic information induces a higher degree of compliance with
both pre-trip and en-route advice. In case a traveller has no long-term experience
with the travel times and their distributions (a lower familiarity), the effect of
traffic information is more positive (Ben-Elia et al., 2007). The also conclude that
initially, traffic information increases risk-seeking behaviour.
Bogers (2009) defines long-term effects to be the effects on a traveller’s expectations
and perceptions. Even if a traveller does not choose a route, he may use this
information to adapt the overall expectation of the travel time and its’ distribution
on this route. En-route and post-trip information influenced the expected travel
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times. van Berkum & van der Mede (1993) found that without en-route information,
travellers hardly updated their perceptions of travel time. Once a VMS was used
to provide en-route traffic information, they updated their perceptions by giving
more weight to recent experiences. A traveller is also able to update the knowledge
of alternatives in the network, which is also mentioned by Chorus et al. (2006b).
However, as Golledge (2002) mentions, ATIS and especially guidance might also
influence the cognitive model of the road network and the ability of a traveller to
choose a route without information.
In general the effects of ATIS on the current trip (short term) are that the traveller
has made a better informed and more conscious decision and reduced travel time
and stress (Tsirimpa et al., 2007). The travel time under provision of traffic
information is reduced, depending on the type of traffic information. Abdalla &
Abdel-Aty (2006) find a reduction of up to 44% of the overall travel time when
drivers are equipped with both pre-trip and en-route advice. In an overview of the
possible travel time savings by Toledo & Beinhaker (2006), it is clear that there is
little agreement on the possible reduction in travel times, as this ranges from 1%
to 40%, depending on the type of traffic situation (recurring congestion, incidents,
average trip length, size of road network, etc.) and type of traffic information.
Depending on en-route and post-trip information, Bogers (2009) finds a reduction
of maximally 10% over multiple trips. In case of traffic information which reduces
the uncertainty caused by travel time variation, Ettema & Timmermans (2006)
find that day specific travel time information causes a reduction of scheduling costs
of a maximum of e 1.
With respect to non-recurrent traffic situations, Tsirimpa et al. (2010) find that
travellers are more likely to change routes if information on an incident or road
closure for the habitual route is provided. As mentioned by Ben-Elia et al. (2007);
Ben-Elia & Shiftan (2010), non-recurrent congestion are usually situations with a
high degree of variability, which makes it difficult to provide detailed and accurate
travel time information. Risk-seekers are more likely to respond to such information
by seeking new routes. Levinson (2003) notes that the largest travel time savins are
possible in situations with non-recurring congestion. However, the actual behaviour
of travellers during non-recurrent congestion is not detailed.
The short term (during a single trip) effects of traffic information are often studied
based on the compliance of drivers or their switching behaviour (see for example
(Mahmassani & Liu, 1999; Chen & Jovanis, 2003; Srinivasan & Mahmassani, 2003;
Chorus et al., 2009)). Compliance with advice is generally very high, for example
89% in the study of Chen & Jovanis (2003) using a simulator. In case of an advice
for straight ahead, the compliance even is 94%. Based on a survey of real behaviour,
Tsirimpa et al. (2007) find that 36% of travellers made changes during their trip, of
which most were performed to avoid congested areas in their regular route. Using
another travel simulator, Ben-Elia et al. (2010) find a compliance of 82% for high
accuracy information, and 59% for low accuracy information.
The transport system as a whole can describe the effects of ATIS. As presented
in the overview of Toledo & Beinhaker (2006), travel time savings are a very
important effect, but traffic information also reduces the travel time variability.
The effects do not just apply to individuals who use traffic information, but also
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show an effect for those who do not. For example, Emmerink et al. (1995) show
that the travel time of uninformed drivers reduces, although not as much as that
of the informed drivers. The overall reduction does however depend on the market
penetration of the traffic information and type of traffic information. In case of
post-trip information (information which is provided to a traveller after arriving,
for example on the travel times of the chosen route and one or more alternatives),
informed drivers only benefit if the market penetration is below 20%, whereas for
en-route information, for most levels of market penetration the informed driver
benefits, with up to 15% for the informed driver and a reduction of average network
wide travel time up to 5% depending on level of congestion (Emmerink et al.,
1995). Increasing levels of market penetration reduce the extra travel time savings.
Enrique Fernández L. et al. (2009) show that a 50% market penetration of ATIS,
already 90% of the gains have been achieved. This is also found in much earlier work
by Mahmassani & Jayakrishnan (1991) where they find little additional system
wide benefits with market penetrations between 25% and 50%.
However, the positive effects of ATIS have been questioned (Hall, 1993; Ben-Akiva
et al., 1991; Arnott et al., 1991). This is very easily explained as when drivers are
all guided to the fastest routes, these fastest routes are likely to be overloaded.
Ben-Akiva et al. (1991) distinguish three possible negative effects:
• oversaturation - when a driver is unable to process the (large) amount of
information in order to select the optimal alternative;
• overreaction - too many users respond to the information, causing some roads
to be busy and others to be quiet, continuously changing;
• concentration - without information, perceptions of alternatives and their
characteristics differ between travellers, leading to different travel choices.
Information increases uniformity of these perceptions and lead to similar
choices and possible higher levels of congestion.
Although the results of overreaction and concentration might be similar, the nature
of these effects is entirely different. Overreaction is caused by drivers or information
providers that are unable to accurately predict the choices of all travellers, whereas
concentration is an effect of having better informed travellers. Overreaction can
be prevented by having a more accurate and high quality information, whereas
concentration can only be avoided if the traffic information specifically directs
travellers over various routes in case of an equal origin and destination.
The underlying assumption in these potential disbenefits is questioned by Hall
(1996). He argues that traffic information is not to be used as a method to achieve
system optimal traffic distributions, but should be treated as a service to travellers
to first improve their confidence and comfort and second to try to improve their
perception of alternatives and characteristics which might lead to a better use of
available network capacity.
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Summary

Traffic information is a widely studied subject with a vast amount of publications.
In this chapter we presented an overview of the literature on traffic information
where we distinguish between:
• the content and type of traffic information;
• the characteristics of traffic information;
• the personal and contextual characteristics related to using and acquiring
traffic information;
• the effects of traffic information.
These items relate to research question 2 on the preference of drivers for traffic
information during non-recurrent traffic situations and its subquestions.
The overview of different types and contents of traffic information provided varying
classifications for traffic information, related to time, source and content. Drivers
show the largest influence of traffic information when this information provides them
with an advice, which is prescriptive information. However, if predictive information
was available and reliable, travellers would prefer such kind of information. The
content of the traffic information which is preferred greatly differs, although
information about disturbances are highly preferred by most. In general information
related to travel times is important to travellers. From section 3.3 it is clear that
also various attributes are important for traffic information. Examples are costs,
reliability and accuracy. However, in case of non-recurrent congestion, the reliability
and accuracy of traffic information might be perceived to be low by travellers.
When information is found to be more accurate or personalized, travellers indicate
they are willing to pay more for acquiring information.
A large range of personal and contextual attributes are of importance in the
acquisition and use of traffic information. In general, a well educated, high income
male with a longer commute is most likely to use and acquire traffic information.
However, depending on the context of a trip (for example, trip purpose), others
might be more inclined to use traffic information as well. Also familiarity is found
to be important in the acquisition and use of traffic information. Several latent
characteristics of travellers, such as risk attitude, habits and attitude towards
mobility are also of influence on the use of and preference for information.
The effects of ATIS are discussed for the individual and the road network. Individuals are likely to show both short term and long term effects of using traffic
information. The short term effects indicate a willingness to change routes (and
even modes or destinations) and reduce travel times by using traffic information.
In the long term, traffic information enables travellers to update their perceptions
of the network and its characteristics. On the level of the road network, also travel
times savings are found, ranging between 10% and 40%. Also travel time variability
is reduced. The largest effects of traffic information are expected in situations where
travellers are unfamiliar (or have no long term experiences) or where non-recurring
congestion occurs. The positive effects of traffic information might be questioned,
as it is possible that traffic information causes extra congestion as travellers are
concentrated on the same routes.
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However, no literature was found which specifically addressed several situational
characteristics together with preferences for contents of traffic information. Most research was dedicated to one-on-one relationships between preferences and situations.
The combination of personal and situational characteristics for non-recurrent traffic
situations when looking at preferences for traffic information are noticeable by
their absence. In case of effects on non-recurrent congestion, it was found that
more insights are necessary that show the reactions of travellers when receiving
and using traffic information.
The findings in this literature review are used in the research for the preference
for traffic information (chapter 5), as well as the impacts of traffic information on
route choice behaviour (chapters 8 and 9). The focus in these chapters is on the
non-recurrent traffic situations, as presented in chapter 2.

Nothing is more difficult, and therefore more
precious, than to be able to decide.
— Napoleon Bonaparte

Chapter 4

Discrete choice modelling

4.1

Introduction

Decision making, or choosing between alternatives, can be approached from three
different angles (Van Berkum & van der Mede, 1993; Suhonen, 2007):
• normative;
• prescriptive;
• descriptive.
Normative approaches express how a decision maker should behave when facing a
decision. The prescriptive approach is about helping the decision maker in making
good or better decisions. The descriptive approach is about how the decision
maker chooses (either rational or not rational) in real life. For this research we
are interested in an approach that describes the way an individual chooses. This
applies to both the preferences for traffic information as the choice for a route.
In the case of choosing for different types of traffic information and in the case
of a route choice it both concerns discrete alternatives, contrary to a continuous
alternative such as petrol. One of the theories applied to discrete choice modelling
in transport related cases is random utility maximization. This theory is chosen
as it allows to investigate the importance and significance of various alternatives
and attributes which can be easily related to real life situations. The relations
and behavioural implications are more important in this research. Next, random
utility maximization is a well described field in transport modelling and software
to estimate models is readily available.
This chapter starts with the basic theory behind random utility maximization as it
is applied to discrete choice modelling (section 4.2). This section starts with the
multinomial logit model as the basic model of this choice theory. This model however
has properties which are often violated in real life observations (section 4.2.2).
To this end, recent developments which relax the assumptions leading to these
properties, are described in section 4.2.3 to section 4.2.5. Route choice modelling
is a particular problem in discrete choice modelling, and is described in section 4.3.
This section describes the necessities for a route choice model: 1. path observations,
2. choice sets, and 3. choice model. Next, the proposed route choice model is given
in section 4.3.4, followed by a brief overview of the important factors in route
choice. The chapter finishes with a summary (section 4.4).
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4.2

Discrete choice modelling

Discrete choice modelling in the context of traffic and transport has been much
studied and described. We refer the reader to Ben-Akiva & Lerman (1985); Louviere
et al. (2000); Train (2009) for an in depth presentation. Discrete choice modelling
is based on a set of general assumptions regarding the following aspects:
•
•
•
•

the decision maker and its characteristics;
the alternatives and their availability;
attributes of the alternatives defining the (dis)benefits of an alternative;
the decision rule as the process by which the decision maker chooses.

An individual confronts a set of discrete alternatives, also known as the choice set,
from which he or she has to choose. A discrete choice set contains a finite number of
alternatives that can be explicitly listed. The identification of the list of alternatives
is a complex process usually referred to as choice set generation. For the decision
rule, it is assumed that the decision maker maximizes his or her personal benefit
or minimizes the disbenefit. The (dis)benefit is described in terms of utility, where
each alternative is given a utility based on (measurable) characteristics. However, a
researcher cannot observe or measure all characteristics or experiences measurement
error, which all mean a part of the utility of an alternative cannot be described. In
random utility theory, this is translated in a utility function (equation (4.1)).
Uin =Vin + εin

(4.1)

in which:
Uin = Utility for alternative i and individual n
Vin = Systematic utility for alternative i and individual n
εin = Random or unobserved utility for alternative i and individual n
The systematic or observed utility is defined as a function of attributes of the
alternative i and decision maker n and taste coefficients Vin = f (β, xin ). The
probability of choosing alternative i from choice set Cn by decision maker n is
given by:
Pn (i) =P r (Uin > Ujn ) ∀j ∈ Cn , i 6= j
=P r (Uin − Ujn > 0) ∀j ∈ Cn , i 6= j
=P r[Vin + εin > max (Vjn + εjn )]

(4.2)

j∈Cn ,j6=i

It is often reasonable to specify the observed part of the utility function to be
linear in parameters, together with a constant: Vni = βxin + ki in which ki is a
constants that is specific for alternative i. This alternative specific constant (ASC)
denotes the average effect of the unobserved attributes on the utility. This causes
the unobserved part of the utility function εin to have a mean of zero. As only
the differences in utility matter, only the differences in the alternative specific
constants are of interest (Train, 2009). To this end, the researcher must normalize
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the constants, by arbitrarily setting one of them to zero, which makes the remaining
constants relative to the normalized alternative. The same kind of issue is at hand
for socio-demographic variables, as these attributes (of the decision maker) do not
vary over the alternatives. Again, for one of the alternatives, the attributes for the
decision maker are normalized to zero, which means that the estimated coefficients
for the remaining alternatives denote the relative effect of a socio- demographic
variable to the normalized alternative.
The values of the attributes can be defined in two ways. The first way uses
the actual value of an quantitative attribute, such as costs or travel time. The
second way uses a selected type of coding, for qualitative or quantitative attributes.
Possible attributes are comfort, reliability, etc. There are several ways of coding
these attributes, of which more details can be found in Louviere et al. (2000) and
Hensher et al. (2005).
4.2.1

Multinomial Logit Model

Based on the given approach it is possible to estimate the relative importance of
various attributes of various alternatives. The estimates are provided by the β. By
assuming a certain distribution for εin it is possible to estimate these coefficients.
The distribution most used for this purpose is the Gumbel or Extreme Value Type
I (EV) distribution, which leads to the Multinomial Logit Model (MNL) proposed
by (McFadden, 1974). If εiq is Gumbel or EV(η, µ) distributed with µ > 0, then
the probability density and cumulative density functions are given by:
x−η
−
1 x−η
µ
f (x) = e− µ e−e
µ
Z c
c−η
−
µ
F (c) =
f (x)dx = e−e

(4.3)
(4.4)

−∞

in which µ is a positive scale parameter and η is a location parameter. The mean
of this distribution is given as η + γµ with γ being Euler’s constant. The variance
is π 2 /6µ2 . The density and cumulative distribution for different values of µ and η
are given in figure 4.1.
The Gumbel distribution is chosen because it leads to a structural solution of the
probability function in equation (4.2). The MNL model is expressed as:
eµVin
Pn (i) = P µVjn
(e
)
j∈Cn

where:
Pn (i) =
Cn =
Vin =
µ=

Probability P of choosing alternative i by individual n
Choice set of individual n
Systematic utility of alternative i for individual n
Positive scale parameter

(4.5)
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Figure 4.1: Plots of the density and cumulative distribution function of the Extreme
Value Type 1 distribution for different values of µ and η

In case of a linear-in-parameter utility function Vin the probability of choosing
alternative i is given by:
Pn (i) = P

eµβi xin
(eµβj xjn )

(4.6)

jCn

which can be estimated using maximum likelihood. As is clear by this equation
(4.6), it is not possible to distinguish the parameter µ from the overall scale of
the β parameters, as the combination µβ is estimated. As a convention, the scale
parameter is commonly assumed to be as µ = 1, which assumes the variance of
all random or unobserved parameters ε = π 2 /6. This does not mean the scale
parameter µ is of no importance. Contrary, by assuming it is equal for all unknown
parameters ε, we assume homoscedasticity, indicating that the variance is equal for
all cases, either alternative, choice moment or individual.
If we assume multiple segments in the dataset with different variance, it is possible
to estimate a scale parameter for all minus one of the segments (Train, 2009). This
scale parameter then indicates the relative variance of the other segments to a
segment that is chosen to be normalized. Assume a linear-in-parameters utility
function for two segments which uses the same alternatives and attributes but has
a different variance of the unobserved term:
1
Uni
=β 1 xni + ε1ni
2
Uni
=β 2 xni + ε2ni

Herein the variance of segment 1 ε1ni is different from the variance of segment 2 ε2ni .
V ar(ε2 )
µ22
If the ratio of the variance is given by r = V ar(εn1
1 ) = µ2 it is possible to rewrite
n1

1
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both equations assuming equal taste variations for both segments (β 1 = β 2 ):
1
Uni
=βxni + ε1ni
√
2
Uni
= rβxni + ε1ni

This shows that the variance of segment 1 ε1ni is now the same for all segments.
The parameter is estimated together with the other coefficients in the model. The
estimated value of r indicates the variance of the random factors in segment 2
relative to that in segment 1, in case the scale parameter of the first segment is
normalized to one.
4.2.2

Independent and identically distributed errors

The MNL model is often the basis of the discrete choice models, as it is relative
easily estimated using available software packages such as Biogeme (Bierlaire, 2008),
it is flexible in the attributes to be used and often results in taste parameters which
can easily be explained. However, the MNL model also has an important property
which might act as a limitation: Independence of Irrelevant Alternatives (IIA).
This property states that the ratio of the probabilities of any two alternatives is
unaffected by the systematic utilities of any other alternatives. This property can
be seen in equation (4.7), ignoring the scale parameter µ for alternative i and k:
P
eVni / eVnj
Pni
eVni
j
P V = V = eVni −Vnk
= V
(4.7)
Pnk e nk / e nj
e nk
j

No matter how simple this property may seem at first, the usage of it can lead to
obviously wrong results in an estimated model. A very famous example in this case
is the “Red Bus-Blue Bus” problem, in which a standard multinomial logit model
would lead to counter-intuitive results. Assume we have only two modes available
to choose from: car and a red bus, where both modes have a market share of 1⁄2.
When a new mode is introduced, namely the blue bus, which has exactly the same
attributes as the red bus, except for the colour, one would expect the market share
of the red and blue bus together to be equal to 1⁄2. However, the multinomial logit
model will give a different market share; 1⁄3 for all three modes, because of the
irrelevance of other alternatives. The ratio of car and red bus has to be equal in
both cases, which can only occur if the market share of cars and red buses is 1⁄3.
This is opposite of expectations, where the market share of car stays the same (1⁄2)
and the market share of either blue or red bus is 1⁄4. It is also possible to see that
this property will lead to erroneous results in a route choice with overlap in the
routes (Ben-Akiva & Bierlaire, 2003).
The IIA property of the MNL model can thus be interpreted as a failure to
account for similarities of the alternatives. The assumptions of the MNL model
(independently distributed random terms), mean that unobserved correlations (or
similarities) are not included in the model. If this assumption is not justified,
the estimated parameters are most likely biased. The IIA property also has its
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advantages, as it allows a researcher to estimate a subset of alternatives, as these
are independent of the alternatives excluded.
Another possible violation of the assumption of independent and identically distributed errors exist: repeated choices. Often, the choices of a decision maker are
sampled at multiple points in time. This can either be in real life, for example the
choice for an exit at each junction or for a route at each day, or in a hypothetical
environment, where a decision maker is asked multiple times to choose between
different alternatives. Data that captures multiple observations in time from one
decision makers is called panel data. If the unobserved terms in the utility function
are independent over these repeated choices, the assumptions for the MNL model
hold and can be applied as if it is cross-sectional data. However, one would expect
that some of the unobserved terms are dependent on the point in time. This
violates the assumption of independent errors, and introduces correlation over time.
This means the utility function includes a new index t for time:
Uint = Vint + εint

(4.8)

In general, three ways are available to relax the i.i.d. assumption of the MNL
model:
• allowing the random terms to be identically distributed while being nonindependent (being correlated);
• allowing the random terms to be non-identically distributed (having different
variances) but maintaining the assumption of independence;
• allowing the random terms to be both non-identical and non-independently
distributed.
The first way of relaxing the i.i.d. assumption allows for a correlation of the
unobserved terms, while maintaining the same distribution. Using the Generalised
Extreme Value (GEV) type models, it is possible to determine this correlation
between alternatives of a certain segment of which the nested logit model is the
most common. The nested logit model will be presented in section 4.2.3.
The second way introduces an unconstrained variance of the random terms, which
essentially means that the alternatives in a choice set can have different variances.
The heteroscedastic extreme value (HEV) logit model is based on this approach and
is presented in section 4.2.4. The third way relates to using a complex covariance
matrix which complicates the estimation as well as interpretation of the results.
However, when using the normal distribution for the unobserved terms it is possible
to estimate these values. Also the mixed logit model allows to deal with both
non-identical and non-independently distributed error terms. The mixed logit
model will be discussed in section 4.2.5.
In all cases, the researcher is interested in accounting for heterogeneity and heteroscedasticity. Heterogeneity refers to the variation across individuals in the propensity
to select different alternatives and responsiveness to independent variables. This
can be seen as a sort of taste variation, correlation or covariance of alternatives
and their attributes. Heteroscedasticity refers to the variance of individuals or
alternatives.

4.2 Discrete choice modelling

4.2.3

59

Nested logit

Nested logit was introduced by several authors independently (Daly & Zachary,
1978; McFadden, 1978; Williams, 1977). In nested logit, all the alternatives j are
partitioned into a number K of non-overlapping subsets, or nests Bk . In case of a
two-level choice model with a generic choice set (G) and an elemental choice set
(M ) the utility function can be given as (see for a simple example figure 4.2):
Ugm =Ug + Um|g , m ∈ M, g ∈ G
Ugm =Vg + Vm|g + µg + εm|g , m = 1, . . . , Mg , g = 1, . . . , G

(4.9)
(4.10)

The utility function is thus divided into a part for the utility of the generic choice
set, and conditional on the choice of the generic branch and a part for the utility of
the elemental choice set. The joint probability of choosing alternative gm is then
defined as a conditional probability of choosing alternative m, given nest g, and a
marginal probability of choosing nest g:
Pgm =Pm|g Pg
Pgm = P

e

(4.11)

λg
λg Vg + λm

eλg0 Vg0 +

g0∈G

log

λg0
λm0

P

e

λm Vm0|g

m0∈M g

log

P

eλm0 Vm0|g

·

eλm Vm|g
P λm0 V
m0|g
e

(4.12)

m0∈M g

m0∈M g

in which:
Vg =
Vm0|g =
λg =
λm =

Utility of generic alternative g
Utility of elemental alternative m given generic alternative g
Scale parameter of generic alternative g
Scale parameter of elemental alternative m

When the ratio of the scale parameters is equal to one, the nested logit model
collapses into the multinomial logit model. This also shows in the calculation of
the correlation between two nests, which is based on:
2

λg
(4.13)
Corr = 1 −
λm

1

1

2

2

3

Generic Choice Set G

4

Elemental Choice Set M

Figure 4.2: Generic nest structure for Nested Logit models
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When the correlation is zero, there is no common element in the utility functions of
the alternatives, which thus reduces to the multinomial logit model. For the nested
logit model to be consistent with random utility maximization, it is necessary that
the ratio of the scale parameters is between one and zero. This means that the
inequality λg ≤ λm must hold true.
In order for the model to be estimated, it is necessary to normalize one of the
scale parameters to one. There are two ways of doing this (Hensher & Greene,
2002b): from the bottom, called RU1, or from the top, called RU2. In RU1, the
scale parameter of the elemental alternatives are set to one, while in RU2, the scale
parameters of the generic alternatives is set to one. Normally both approaches will
give the same results. It is important to note that the scale parameters within a
nest or branch have to be equal (so λm for m = 1, 2 is equal). More information
about this can be found in several papers, of which Hensher & Greene (2002a)
is a good starting point. When estimating a nested logit model with degenerate
branches which means that a nest contains only one elemental alternative, the
scale parameter for this nest equals out. In other words, the utility function of this
alternative is not specified at the elemental alternative level, but at the level of
generic alternatives.
4.2.4

Heteroscedastic extreme value logit

The MNL approach is based on the assumption that the unobserved terms are
independently and identically distributed. This limits the variances to be equal for
all alternatives. However, this assumption might be invalid if the variance of an
unobserved (or not included) parameter differs over alternatives. For example, if
the unobserved parameter road type varies greatly for a left exit, while it is rather
stable for the straight ahead exit, the random terms in equation (4.1) will have
different variances for different alternatives.
In case of the heteroscedastic extreme value logit (Allenby & Ginter, 1995; Bhat,
1995; Hensher, 1997), the scale parameter is defined to be dependent on the
alternative (setting µ as µi in equation (4.3)), with the normalization that the error
terms of one of the alternatives have a scale parameter of one for identification.
This leads to the probability of choosing alternative i as:
Pi =P r (Ui > Uj ) ∀j ∈ C, i 6= j
=P r (εj ≤ Vi − Vj + εi ) ∀j ∈ C, i 6= j


 
Z εi =∞ Y
V i − V j + εi 1
εi
=
Λ
λ
dεi
µ
µ
µ
j
i
i
εi =−∞
j∈C,j6=i

Herein Λ is the cumulative distribution function and λ the probability distribution
function of the type I extreme value distribution. When substituting w = µεii this
results in:


Z εi =∞ Y
Vi − Vj + µi w
Pi =
Λ
λ(w)dw
(4.14)
µj
εi =−∞
j∈C,j6=i
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The HEV model thus allows for different scale parameters across alternatives. As
equation (4.14) shows, the larger the scale of alternative i, the smaller the difference
between alternative i and j will be. A change in the observed utility of alternative
j will thus have less influence on the probability of choosing alternative i, if the
scale parameter of alternative i is large (and hence, the variance of alternative i
is small). The cross elasticity between alternative i an j is thus dependent on the
scale parameters. The IIA property no longer holds for this model.
4.2.5

Mixed logit

Mixed logit models have been known for many years and saw the first applications
in 1980 (Boyd & Mellman, 1980; Cardell & Dunbar, 1980). Only in the more recent
years, the mixed logit model has been widely applied as the necessary simulation
is computationally much faster nowadays. For a detailed analysis of the mixed
logit model we refer to McFadden & Train (2000); Hensher & Greene (2003); Train
(2009). Mixed logit does not, contrary to multinomial logit, have the IIA property.
The ratio of two alternatives depends on all the data, whereas in multinomial logit,
only the data of the two alternatives is necessary.
The mixed logit model assumes that the observed portion of the utility function
depends on the parameters β, for which a distribution is assumed with a density
f (β | θ) where the parameters of the distribution are given by θ. For a given value
of β, the (conditional) probability of the choice of alternative i by individual n is
given in equation (4.15).
Lni (β | θ) =

eVni (β)
J
P
eVnj (β)

(4.15)

j=1

Integration over all values of β leads to the unconditional choice probability as in
equation (4.16).
Z
Pni = Lni (β)f (β | θ) dβ
(4.16)
The name of mixed logit is explained as the choice probability is a mixture of logit
with a mixing distribution f . Mixed logit assumes a general distribution for β; it
can take many different forms such as normal, lognormal, uniform or triangular.
Depending on this mixing distribution different substitution patterns may be
obtained for the alternatives. The first is known as random parameter or random
coefficients. In this approach, each element of the vector β is associated with an
attribute of the alternative i distributed with a mean and standard deviation (or
any other definition of a distribution). The second approach is known as error
components, which treats the unobserved terms as two separate error components.
In case of random parameters, the utility of person n for alternative i is described
as:
0

Uni = βn xni + εni

(4.17)
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where βn is a vector of coefficients of the observed variables xni , with a density
function f (β | θ). This is the same specification as for the normal logit model,
apart from the β that varies over individuals, instead of being fixed.
In case of error components, utility is defined as:
0

0

Uni = βi xni + ηn zni + εni

(4.18)

in which both xni and zni are vectors of observed variables related to alternative
i. βi is a vector of fixed coefficients related to each alternative and ηn is a vector
of random terms with zero mean. εni is i.i.d. extreme value type 1 distributed.
The terms in zni are named error components that together with εni described the
random portion of the utility. If the error components are nonzero, the alternatives
are correlated. Using error components it is possible to create various correlation
patterns, by selecting the appropriate variables. Both approaches are formally the
same, as both xni and zni can overlap.
The specification of the mixed logit model is easily generalized to incorporate
repeated choices over individuals, such as in the design for this research. The utility
function that describes these choice situations t is:
0

Unit = βn xnit + εnit

(4.19)

where εnit now is i.i.d. extreme value over individual, alternatives and choice
situations. The conditional probability of making a sequence of choices over the
alternatives is the product of logit formulas:


0
T
βn xnit t
Y

 e
(4.20)
Lni (β) =
 P β0 x 
n njt
(e
t=1
j

where ı = {i1 , . . . , iT }. The unconditional probability is the integral of equation (4.20):
Z
Pni = Lni (β)f (β) dβ
(4.21)
The main difference between the “normal” mixed logit model, and the mixed logit
model for panel data is that the integral is taken over a product of logit formulas.
An important issue for mixed logit is that an exact computation is not possible,
as was the case for multinomial and nested logit. Instead, simulation is necessary
to approximate the integral in the unconditional probability (Train, 2009). Using
simulation, a draw of β is taken from the density f (β | θ), with which the conditional
probability is calculated. By taking many draws, and averaging the results, a
simulated unconditional probability is calculated, which is an unbiased estimator
of the true probability. Several methods are available to generate the draws, of
which the Halton sequences provide the most “intelligent result”. Also the number
of draws is important. A recommended number of draws is 1000. Next, depending
on the approach chosen and the attributes used for taste variation, identification
issues are important, as stressed by Walker (2001); Walker et al. (2007). We refer
to these papers for further information of these issues.
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Test methods for discrete choice models

The first test that should be applied to the results of a random utility model is
an informal test. It comes down to merely looking at the sign of the estimated
parameter and the size of it compared to others. If these are in accordance with
what could be expected, the model provides at least reasonable results. However,
more statistical approaches are necessary to provide more insight into the results.
A number of statistics are available to provide insight into the significance of the
results. A first test is the asymptotic t-test, to check whether a particular estimate
is significantly different from a constant, which normally is zero. The critical value
for a significance level of 5% would be ± 1.96.
Another basic test is to see if the estimated parameters jointly differ from zero.
The likelihood ratio test can be used for this hypothesis. This test is defined as:
− 2(L0 − L∗ )

(4.22)

in which:
L0 = Null Log Likelihood for the estimated model with all
β’s and alternative specific constants being zero
∗
L = Final Log Likelihood for the estimated model with optimal
β’s and alternative specific constants
The resulting value of this test is χ2 distributed with degrees of freedom equal to
the number of estimated parameters. If the test value exceeds the critical value
of the χ2 distribution, the null hypothesis of all parameters being equal to zero
is rejected. This test can also be applied to check if two estimated models differ
significantly over all parameters. In that case the Null Log Likelihood is replaced
by the Final Log Likelihood of the other estimated model. The absolute difference
in number of estimated parameters then defines the degree of freedom for the test,
and enables one to look up the critical value.
To test for the IIA property of the MNL model, it is possible to estimate two
models: one for the complete choice set and one for a subset. If the model is
correctly specified, the estimated coefficient should be consistent over both models.
Denote the estimated coefficients for the full model to be βC and for the subset
βĈ . Several test statistics are developed (Ben-Akiva & Lerman, 1985; Cheng &
Long, 2007) for the null hypothesis that βC = βĈ , for instance:
X
X
(βĈ − βC )(
−
)−1 (βĈ − βC )
(4.23)
βĈ

βC

which is asymptotically χ2 distributed with K̃ degrees of freedom. K̃is the number
of elements in the subset of coefficients that is identifiable using the subset of the
complete choice set. Another test statistic is:
1
{−2[LĈ (βC ) − LĈ (βĈ )]}
1 − N1 /(αN )

(4.24)
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in which N is the number of observations in the complete choice set and N1 is the
number of observations in the restricted choice set and α ≥ 1 is a scalar. LĈ is
the log likelihood value calculated on the estimation sample using the subset of
the choice set. Again, this test statistic is asymptotically χ2 distributed with K̃
degrees of freedom.
Goodness-of-Fit measures are also available for estimated models. The ρ2 and
pseudo-ρ2 are available for this purpose, which are similar to R2 , which is used in
regression analysis. ρ2 is given by:
ρ2 = 1 −

`∗
`0

(4.25)

and the pseudo-ρ2 is given by (in which K is the degrees of freedom):
ρ2 = 1 −

`∗ − K
`0

(4.26)

If the values of ρ2 are between 0.2 and 0.4, the model is indicated to have a very
good fit (Louviere et al., 2000), which is more or less equivalent to 0.7 and 0.9 of
R2 .
A last test relates to the validity of the models that are estimated. This informal
test compares the observed market shares for the alternatives in the choice set
with predicted market shares based on the estimated models. This implies an
aggregation of the resulting choice probabilities. However, as often the only the
same dataset is available for comparison of the market shares, the prediction is
likely to be equal to the observation. By reducing the dataset which is used for
estimation (for example by randomly removing a choice situation), it is possible
to use these removed choice situations for prediction. As the actual choice is
observed, the predicted and observed market shares can be compared. The closer
the prediction, the better the model.
4.2.7

Validity, limitations and advantages

Regarding the use of discrete choice models it is important to discuss the validity
of the results and the approach. Validity in a discrete choice model can be either
internal or external validity. Internal validity concerns the expected signs of the
coefficients. The external validity concerns the predictive value of the results. It
can be separated into two items: (a) concurrent validity in stated preference and
revealed preference and (b) predictive validity. (Carson et al., 1994; Beaton et al.,
1998). The concurrent validity aims at determining whether there is a significant
difference between resulting choice probabilities which stem from choice models
based on either stated preference data or revealed preference data. The predictive
validity focuses on prediction; either a stated preference or revealed preference
model is used to predict choice probabilities, based on certain policies. Testing for
predictive validity thus occurs only after an actual change has happened, which
can be incorporated in a choice model. The difference in both types of validity is
obvious; a model that shows concurrent validity (and thus has much explanatory
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power in its estimates) does not necessarily have to have the ability to predict
future choices. Predictive validity is therefore the most restrictive type. In many
previous studies regarding validity of discrete choice models, the validity has been
investigated, for transport and traffic applications, as well as many other areas. In
these studies, results are often found to be valid, or have reasonably low prediction
errors (Carson et al., 1994; Beaton et al., 1998).
The approach of the discrete choice models presented in this section is based on
the choice for the alternative with the maximum utility. This assumption is often
debated, as humans are not likely to maximize the available options. Several other
approaches are available which for example are based on minimizing regret or
different valuation of gains and losses compared to a status quo (see for overviews
Chorus et al. (2009); Van de Kaa (2010)). These approaches are different to the
maximization principle, by accommodating several behavioural aspects such as
habit, regret or reference states.
Next to the validity of the underlying approach, there are some other limitations of
random utility maximization as described in this section, similar to those described
in Bogers (2009). First, in case of habit, there choice is automatic and the choice
maker is not aiming for maximization. Second, varying emotions or risk approaches
are difficult to incorporate directly, and are often only possible to determine in the
unobserved (random) terms. Last, each attribute is of a compensatory nature. A
bad value for an attribute can be compensated for by a good value for another
attribute, whereas in reality, the bad value of an attribute might cause a choice
maker to disregard that alternative as a whole.
However, the approach also has its advantages for modelling. First, the resulting
estimation of the utility functions provide information about the (relative) importance of attributes for decision making. For example, a value of costs which is higher
than zero and reliability, indicates that costs are of importance in decision making,
and more important than reliability. The resulting models can be compared using
the likelihood ratio test and on the pseudo ρ2 , which enables a researcher to
compare different specifications and select those that provide the best result. Last,
the theory behind utility maximization is well developed and continues to receive
attention, for its simplicity in modelling. Many models have been developed and
applied (of which a few have been presented here) and software for the estimation
of these models is readily available.
Even though, the approach of maximizing utility can be questioned on its validity,
the results of these models provide significant input about the choice behaviour
of humans. However, as with all models, the models are used as a means to an
end, in which the end is an indication of the importance and relations in the choice
making process.
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4.3

Route choice modelling

Routes are a specific instance of the alternatives for a discrete choice model. A
route is defined by Bovy & Stern (1990) as “a chain of consecutive road segments
connected by nodes. Such chains connect trip origins and destinations.” A route
choice is in principle the same as a discrete choice, as the alternatives meet the
requirements for such a choice set:
• the set of routes is exhaustive, meaning that it includes all alternatives
available (for an individual);
• the routes are mutually exclusive, as a person can only choose one route in a
single choice situation;
• the set of route contains a finite number of alternatives (when excluding
loops).
However, route choice as a discrete choice problem has its specific characteristics as
given by Ben-Akiva & Bierlaire (2003). First, the universal choice set is very large,
as the road network can provide a very large number of routes. Second, a decision
maker is unlikely to consider all these alternatives, but will use a subset, which is
often unknown to an observer. Third, the overlap in the alternatives means the
alternatives are correlated, violating the assumptions of the MNL model.
Route choice is a dynamic choice, as it can happen at different time instances and
different choice situations. A route choice can be described for:
•
•
•
•

day-to-day route choices;
within day route choices;
pre-trip route choices;
en-route route choices.

It is possible to even determine a fifth situation, related to en-route route choices,
which determines the choice to stay on the current route or switch to another
alternative route, which can be thought of as a binary choice.
Discrete choice modelling is not the only approach available for route choice
modelling. Other approaches such as intelligent agents (Bazzan et al., 1999; Dia,
2002; Dia & Panwai, 2007), fuzzy logic (Lotan & Koutsopoulos, 1993; Lotan, 1997;
Ridwan, 2003; Quattrone & Vitetta, 2011) and neural networks (Yang et al., 1993)
have been applied. We do not further discuss these approaches but focus on using
discrete choice modelling as discrete choice modelling enables us to estimate various
models and assumptions which can directly be related to the used approach. Next,
the estimated coefficients are of importance in determining effects of, for example,
traffic information on route choice behaviour.
Frejinger (2008) mentions three main steps before a route choice model can be
estimated (see figure 4.3). First of all, it is necessary to estimate a model based
on data. In the case of route choice modelling, this concerns trips undertaken by
drivers, for which a route was chosen. Second, the alternatives that are considered
by the driver have to be included in the choice set. These alternatives are generally
unknown to the observer. As the amount of possible alternatives is very large in
a realistic road network, this poses a difficult task for a observer. Third, before
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Figure 4.3: Route choice modelling overview (Frejinger, 2008)

estimating the choice model, it is necessary to account for the overlap of the routes
in the choice set. The routes in the choice set are likely to share some road segments,
and thus are correlated. As mentioned in section 4.2.2 this violates the assumptions
of the MNL model. All these subjects have been discussed numerous times in
transport and related literature. This section will not discuss all the available
theories, but focus on the route choice related to this research. We refer to Prato
(2009) for an overview.

4.3.1

Trips and route observations

A traveller makes numerous trips in his daily life. For each trip, multiple choices
are made, regarding activities, destinations, modalities and routes, sequentially
or simultaneously. Of interest for this thesis are trips made with a car, especially
in case of non-recurrent conditions. The routes chosen in these trips need to be
observed.
Depending on the type of route choice model to be estimated, the observation
needs to be adapted. In case of day-to-day route choice, multiple observations
of one driver are necessary, whereas for a pre-trip route choice, one could suffice
with just one observation of each driver. For modelling en-route choices, at least
a full trip is necessary. In all of the previous cases, an origin and destination are
necessary to define the start and end of the route. For observing route switching
decisions, one needs more than just observing the chosen route. It is necessary to
have additional information on the currently selected route, in order to know if the
driver changed his route.
Observations of actual routes can come from multiple sources. Surveys (using the
internet, phone, paper or interviews) are a conventional way of asking travellers
for the routes they chose. This often results in routes that are described at an
overall level, as it is a difficult and time consuming task to describe each individual
route in great detail. Next, it is often difficult or even impossible to acquire all
the necessary information for these route observations, which is important in non-
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recurrent situations. Another source of observations uses GPS to track travellers,
which can be combined with a survey. GPS is a passive monitoring technique,
which stores the location where a traveller has been, with a certain time or distance
interval between the locations. Based on these points, a route can be reconstructed,
which is however not a straightforward process. The difficulties and an approach
to reconstruct routes from GPS data is given in Schüssler (2010). A third method
would imply the tracking of license plates at multiple locations in the road network.
However, these observations do not include an origin and destination, which makes
it difficult to fully model the route choices. Outside of real world observations it is
also possible to observe hypothetical route choices, in surveys or simulations.
A route is difficult to give an unambiguous observable label (Bovy, 2007). This
implies that the route which is selected, cannot be described other than using its
generic attributes, together with the set of links. This is an important distinction
with many other applications of discrete choice modelling, in which the choice (and
the alternatives under consideration) are given explicit and observable labels, which
enables an analyst to the describe the alternatives with their specific (labelled)
attributes. In case of a route switching decision, this generic approach is avoided if
the choice is between staying on the current (pre-trip) selected route, or switch to a
different route. In case of selecting a specific link at each decision point (junction)
in the road network, it would also allow the analyst to describe the observations in
terms of left, right or straight ahead choices, and thus create labelled alternatives.
A full overview of the different sources and types of route choice data will be given
in section 6.2. For the route choice model in this study we are interested in the
en-route decisions at individual junctions. As this research concerns non-recurrent
traffic situations in an urban area, drivers are able to select routes which are off the
main routes. Together with ATIS, a driver is expected to reconsider route choice
at each decision point in the road network. The type of observations needed are
thus the choice for an exit at each decision point.
4.3.2

Choice set generation

The choice set is the set of alternatives which is used by the researcher to estimate
a route choice model, and is necessary in case of an application of such a route
choice model. As mentioned, in the case of route choices, the choice set of a realistic
road network is fairly large, as a large amount of routes can be constructed. A
choice set can be used for three separate purposes (Prato, 2009):
1. analyzing the travel alternatives to determine their availability, number,
characteristics, variety and composition;
2. estimation of disaggregate demand models to uncover behavioral parameters
of utility functions at the individual level, using observations of individual
route choices;
3. prediction of choice probabilities to determine route and link flow levels in
networks, using route choice models with estimated parameters.
In this research we are interested in the second purpose; the estimation of a
disaggregate model, which allows one to estimate the behavioural parameters of
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Figure 4.4: Simplified choice set overview Bovy & Stern (1990)

the utility function of routes.
Regardless of the purpose for which a choice set is “created”, choice sets with
respect to route choice modelling have a number of specific aspects (Bovy, 2007):
• the number of available alternatives (the universal or master choice set) in
real road networks is very large;
• the subset of feasible and attractive or considered routes is also fairly large
and difficult or even impossible for an analyst to acquire;
• the feasible, attractive or considered choice set is likely to be dynamic, as
the interaction of demand and supply change the attributes of the routes in
these choice sets;
• depending on the choice process (sequential, simultaneous or strategic), the
choice set has a different size and compositions and needs to be recreated at
each decision point.
An excellent discussion of the concepts related to the different choice sets and their
composition is given in Hoogendoorn-Lanser (2005). An overview of the different
choice sets is given in figure 4.4, based on the conceptual framework of a route
choice process given in Bovy & Stern (1990).
Based on the transport system or road network, for each origin and destination all
routes together form the existing route alternatives or the existing choice set, which
is the universal or master choice set. Travellers only have a limited knowledge
of the available routes. This knowledge is based on their previous experiences
and that of others (by asking) and other information sources such as maps and
navigation devices. Together with a different perception of these alternatives, the
set of known alternatives is specific for each individual. Based on the constraints
which are set by the travellers themselves and their preferences, the set of known
alternatives is reduced to the available set of alternatives. This set is further
reduced to the feasible alternatives by eliminating those alternatives which do not
match the conditions of that specific trip to be made, such as time or monetary
feasibility conditions. Eventually, not all the feasible alternatives are considered
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in the choice process, as the number of alternatives which is often subject to the
decision rule is relatively small. Around 5 alternatives are expected to be a common
size for the set of ordered alternatives. As pointed out by Hoogendoorn-Lanser
(2005), it is important to distinguish the view point of the choice set, as there
is a possible disagreement between the actual individual choice set, the reported
individual choice set and the generated individual choice set (by the researcher).
Bovy (2009) concludes that based on the processes involved in route choices we may
expect strong individual differences in behaviour caused by differences in knowledge,
perceptions and preferences for the alternatives and thus for the actual choice. The
separation of the choice set formation and the choice is often advantageous as the
process are different and it allows for a analysis of different impact studies on both
the choice and the choice set formation (for example giving route advice, which
influence the actual route choice, but also the knowledge of alternatives).
Regarding the use of a choice set to estimate a route choice model, different results
are found. Bovy (2009) argues, that it is not necessary to include all relevant
alternatives in the choice set, as satisfactory results for the estimated coefficients
in utility functions are obtained even for small well-sampled choice sets, based on
correction of the model for the sample. We refer to Ben-Akiva & Lerman (1985)
for more details on sampling correction in case of discrete choice. However, others
(Bekhor et al., 2006; Prato & Bekhor, 2007; Bliemer & Bovy, 2008) argue that the
size of the choice set and the alternatives it contains affect the estimated coefficients
and choice probabilities for several model specifications. Ideally, all relevant and
no irrelevant alternatives should be included in the choice set.
In order to generate the necessary choice set with only relevant alternatives,
numerous approaches are available. Prato (2009) and Bovy (2009) provide a
detailed overview of the current state of generation approaches and we refer the
reader to these papers for more detail. They both classify the generation approaches
as follows:
•
•
•
•

probabilistic;
constrained enumeration methods;
deterministic shortest path methods;
stochastic shortest path methods.

Probabilistic methods attach a probability to each route. For example Frejinger
(2007); Frejinger et al. (2009) calculate a probability for each link in the network.
The probability of a link depends on its distance from the shortest route according
to a certain cost function, which means that all links on the shortest route have a
probability of one and all other links a probability between one and zero. Using a
random walk, the probability of a route between origin and destination is found,
which is used to correct the sampling probability in case of estimation. The
constrained enumeration methods generate an exhaustive universal set given a set
of constraints, by building a full connection tree between the origin and destination
for which the additional links are added in case these satisfy the constraints, such
as cognitive, perceptual and behavioural. A sequence of links enters the choice set
if it connects the origin and destination and satisfies the conditions. As such, this
method relies on the behavioral assumptions of the travellers, which are expected
to be of importance by the researcher.
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The largest group of generation methods is based on a repeated shortest route
search. The computation of different paths is based on a modification of one or
more input variables such as search criteria or route constraints. The most straight
forward approach is to calculate K shortest paths. A different approach assumes
drivers have different objectives. These objectives may correspond with different
routes and each of these routes can be labelled according to a different objective
function. In all cases, the routes are deterministic which means they are the same
each time they are generated in the same network. In case of stochastic shortest
path methods, the path finding applies distributions to the cost functions of the
routes, making the routes that are found to be random. This is based on the
assumption that drivers perceive the route attributes such as travel time with an
error.
In all cases, these generation methods are important in case of a realistic road
network where the number of alternatives is large. In a stated preference research,
where the researcher is able to specifically design and present the alternatives, it is
expected to be of less importance, even though Bovy (2009) mentions the same
approach can be applied. This largely depends on the design of the experiment (by
the number of presentation of the alternatives). Another important aspect in the
generation of these methods is that they rely on a route between the origin and
destination. In case of a sequence of route choices (en-route), at each decision point,
a new choice set would be needed. This implies a huge impact on computation
effort in a realistic road network.
To avoid this problem one can resort to using a route switching model, where a
generation method for the choice set is not necessary, as the choice is a binary one.
Another possibility is to use the available links at a decision point as the actual
choices. This resorts to (on average) a maximum of three alternatives (excluding a
u-turn). Assuming a driver selects his/her route at each of these decision points,
it is possible to only use the routes starting at these alternatives. This greatly
reduces the computational effort, and one only needs to apply a search algorithm
to find the “optimal” route starting at that link towards the destination. This
approach is used in this research.

4.3.3

Route choice model

Once the alternatives are available, the modelling of the choice between the
alternatives is of interest. However, as depicted in figure 4.3, in case of route
choice modelling, there is bound to be overlap in the routes of the choice set. As
overlap in the links of the various routes violates the assumption of independence
of unobserved terms for alternatives which is used for the MNL model, this model
is theoretically not suitable for route choice situations. The same applies to
Nested Logit models, as these models assume an alternative to belong to one nest
exclusively, whereas a route often share links with many other routes. This overlap
problem is depicted in figure 4.5.
Three routes are available to get from A to C. If all routes are assume to have
equal utility (based on for example equal length or travel time), the probability of
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Figure 4.5: Overlapping routes

choosing each route is equal to 1/3 based on the MNL model. This is regardless of
the attributes of the common link 2. If this link is large (in length or travel time)
compared to the links 3 and 4, it is expected that the two routes using link 2 in
total will have a more or less equal probability compared to the route using link 1.
However, the MNL model will not predict such a result.
Describing the correlation of the alternatives in the choice set is possible in many
different ways. The first group is based on correcting the MNL model. The second
is based on the Generalized Extreme Value models and the third is based on mixed
logit.
In case of the MNL model, several correction factors are proposed, which all describe
the overlap of the routes in the choice set. The assumption of the choice set is that
it contains full routes towards the destination. The three factors presented here
are the C-Logit model, the Path Size Logit model and the Path Size Correction
Logit model.
The C-Logit model was proposed by Cascetta et al. (1996); Cascetta & Papola
(2001), in which a correction factor is introduced. This commonality factor (CF)
is used to correct for correlated routes and should always be negative. In case
no correlation (and thus no overlap exists), the CF will be zero. The resulting
probability of choosing route k from the choice set C is given by:
eVk +βCF CFk
Pk = P V +βCF CF
l
e l

(4.27)

l∈C

Herein, Vl and Vk are the utility functions of routes l and k, each with a specific
commonality factor and the coefficient βCF which is to be estimated. An example
of the calculation for the commonality factor is given:
!
X La X
CFk = ln
δal
(4.28)
Lk
a∈Γk

l∈C

where Lk and La are the lengths of the routes k and a, Γk is the set of links
belonging to route k, δal is the link-path incidence dummy which is equal to one
if route l uses link a and zero otherwise. The calculation of the available factors
however lack a theoretical guidance for which of the different formulations to use.
A different approach is given by Ben-Akiva & Ramming (1998), also presented
in Ben-Akiva & Bierlaire (2003) and Ramming (2001): Path Size Logit. Path
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Size Logit is based on the theory of Ben-Akiva & Lerman (1985) for aggregate
alternatives. The probability of selecting route k is given by:
eVk +βP S ln P Sk
Pk = P V +βP S ln P S
l
e l

(4.29)

l∈C

in which P Sk and P Sl are the path sizes of routes k and l and βP S is a coefficient
to be estimated. This form thus resembles that of the C-Logit model, but the path
size factors are formulated differently.
P Sin =

X La
1
P
Li
δaj

a∈Γi

P Sin

(4.30)

j∈Cn

X La
1
=
∗
P
L
Cn
Li
δaj
a∈Γi

j∈Cn

P Sin =

Lj

X La
1
 ϕ
P
Li
Li
δ

a∈Γi

j∈Cn

(4.31)

Lj

(4.32)
aj

where Γi is the set of all links in path i, La ios the length of link a, Li is the length
of path i and L∗Cn , δal is again the link-path incidence dummy and φ is a parameter
equal or greater to zero.
Ramming (2001) compares the C-Logit and the Path Size Logit (PSL) approaches
for estimation results and concludes that the PSL model with the generalized
formulation (including ϕ) outperforms the C-Logit model. Hoogendoorn-Lanser
(2005) found that with a value of 14 for ϕ, the best model fit is found. However,
Frejinger & Bierlaire (2007) argue that the original formulation of the PSL model
(equation (4.30)) is preferred, as the generalized formulation may produce counterintuitive results.
The Path Size Logit model is again discussed by Bovy et al. (2008), who derive the
correction factor analytically. The Path Size Correction Logit (PSCL) is given by:
eVk +βP SC ln P SCk
Pk = P V +βP SC ln P SC
l
e l

(4.33)

l∈C

in which P SCk and P SCl are the path sizes of routes k and l and βP SC is a
coefficient to be estimated. Herein, the formulation of P SCk is given by:


X  La
1 
P SCk =
ln P
(4.34)


Lk
δal
a∈Γk

j∈C

The PSCL model differs from the PS model with the way the logarithm enters the
formulation. The resulting values for the PSC formulation vary between −∞ and
0, whereas the original PS formulation varies between 0 and 1.
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Regardless of the specific model, the coefficient for each of the correction factors
can be estimated. In the original formulation by Ben-Akiva & Bierlaire (2003) for
the PS factor, no coefficient however was included. Ramming (2001) argues that
according the theory behind the MNL model, the coefficient should be fixed to
one. The estimations for the βP S in his case do significantly differ from both zero
and one. Both Hoogendoorn-Lanser (2005) and Frejinger & Bierlaire (2007) argue
that the correction factors can have a behavioural interpretation (for example,
routes with more overlap can be preferred) and suggest that the coefficients should
be estimated. Both also find negative values for estimated coefficients, indeed
indicating that alternatives with a higher overlap are preferred over alternatives
with less overlap.
With respect to the values for the link lengths it is possible to use the actual
length, but also other link attributes related to travel time. Ramming (2001) shows
that the PS factor based on the freeflow travel time provides a better model fit.
Also Frejinger (2008) applies freeflow travel time for the link attributes. However,
neither concludes that the correction factors should be based on lengths or travel
times.
Next to the corrections for the MNL model, several models based on the Generalized
Extreme Value model (McFadden, 1978) are applied to the route choice situation.
Such models are the Paired Combinatorial Logit Chu (1989); Koppelman & Wen
(2000) which assumes that routes are chosen among a pair of alternatives within
the choice set. This model has not been applied to large size networks. Another
model is the Cross Nested Logit model, proposed by Vovsha (1997) and adapted
to the route choice situation by Prashker & Bekhor (1998) which assumes routes
are chosen within nest which physically correspond to the links in the network.
Cross Nested Logit has been applied to full size networks by Ramming (2001), but
does not provide satisfying results, neither behaviorally nor computationally. A
generalization of the Cross Nested Logit model is presented in Wen & Koppelman
(2001); Bekhor & Prashker (2001) and is the Generalized Nested Logit model. This
model shows similar results as the Cross Nested Logit models.
Application of Mixed Logit to route choice models concerns both the random
coefficients and error components approaches. The first however only accounts
for heterogeneity of the drivers regarding the important attributes and heteroscedasticity of the attributes and alternatives. Using a factor analytic specification
(see also Walker (2001) for more information on this formulation of Mixed Logit),
Bekhor et al. (2002) define a covariance matrix for the error components based
on the overlap of all paths in the choice set. They assume the link-specific errors
are i.i.d. normal distributed. Frejinger & Bierlaire (2007) adapt this approach
by specifying subnetwork components, which does not necessarily mean that two
routes using the same subnetwork may share unobserved attributes and have
correlation, even without using the same links. For each subnetwork component a
covariance parameter is estimated. This model is shown to outperform the PSL
model, in terms of model fit. However, as it involves simulation, the time needed
for estimation is much higher.
In all of these cases, the route choice models are assumed to be non-adaptive; they
are applied to the choice situation at the origin of the trip, and assume that drivers
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choose a route for this complete trip. However, route choice is made an uncertain
environment with many disturbances such as incidents. Traffic information is
expected to have a positive effect by enabling drivers to make better route choices
as the uncertainty is reduced. However, the previously mentioned models do not
reflect the dynamics in the route choice as a driver acquires information on the
disturbances for the current trip. This is confirmed by the finding of several
authors (Gale et al., 1990; Prato, 2004; Frejinger & Bierlaire, 2007) that drivers
choose at anchor points in the road network. Recently, multiple approaches are
described which incorporate these sequential choices Gao & Chabini (2006); Gentile
& Papola (2006); Gao et al. (2008); Frejinger (2008); Fosgerau et al. (2009). In
these approaches, the estimation is not based on the route, but on the individual
links. The choice for a route is not interpreted as the choice for a joint route, but
as the result of the choice sequence at decision points.
For a route choice model, the individual choices are related to each other, as the
choice at a specific junction (apart from the very first junction) is related to the
choices at previous junctions. As put forward as an adaptive route choice model in
Frejinger (2008), each driver is assumed to choose a route p to the destination at
the source node s in the road network, where the node is the source node of the
observed link l. This link is part of an ordered set of links Li , which is observed
as i. At each node, there is the individual n and time t specific choice set Cstn .
In this model, the choice set only contains the three routes each leading to the
destination with a minimum travel time, based on the exits at the source node s
The probability of observing the route is then defined as the product of the
probabilities of choosing each link l in the observed route, conditional on the arrival
of the individual at time t at node s.
Y
Y X
Pn (i) =
Pn (l | t, s) =
P (l | p)P (p | Cstn ; β)
(4.35)
l∈Li

l∈Li p∈Cstn

Herein, P (p | Cstn ; β) is the route choice model, where β is the vector of coefficients
to be estimated in this model. P (l | p) is a dummy, which equals one if link l is
the first link in the route p, and zero otherwise. This is a so-called adaptive route
choice model, as it includes the possibility for a traveller to be adaptive in his/her
route choice, by re-evaluating the routes at each intermediate decision point. As
pointed out by Gao & Chabini (2006); Frejinger (2008); Gao et al. (2008), this does
not take into account the future states of the road network, as these are expected
to be time dependent too. They present an approach taking the future possible
states into account, called a routing policy.
These approaches however do need the alternatives at each decision point, for
which a choice set needs to be generated. As the choice set is time dependent,
the generation is more complex and expected to have bigger impact on the choice
itself. Especially in case of provision of information the choice set assumptions are
of importance, as the driver can be aware of the actual travel times, in stead of
knowing a historic (perceived) based travel time.
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4.3.4

Discrete choice modelling

Proposed exit choice model

For this research we assume a driver makes a choice at each decision point in
the road network, choosing one of the direct alternatives at that location. These
are the links which have the current decision point as the source node, excluding
the link which concerns a u-turn. In general, no more than three alternatives are
available at each decision point. We label these alternatives according to the angle
with the entry link (the link having the decision point as the sink node); right,
straight ahead or left. We further assume that the choice at each decision point is
independent of the previous decision point; in other words, the route towards the
current decision point does not affect the current choice for the exit or following
choices. As a driver does need to get to his destination, we further assume that
the shortest path (based on actual travel times) is used for the route starting with
the exit at the current decision point. The choice set at each decision point thus
consists of a maximum of three labelled alternatives and is time dependent. The
alternatives will always have a certain amount of overlap, which will always occurs
at the end of each route. In order to account of this overlap it is possible to include
a correction factor, for which we propose to use the PS or PSC approaches.
The decision rules leading to the choice model can be based on several choice models
mentioned above, amongst which the MNL and mixed logit models. Which of these
models performs best and provides for consistent estimates will be answered in
chapter 9.

4.3.5

Route choice factors

Next to the
attributes of
which are of
(2007). Each

models which are needed to estimate the choice for a route, the
the routes or alternatives are important. An overview of attributes
importance is given in table 4.1 based on the report of Van Dijck
of these main characteristics is discussed briefly.

Driver characteristics
The characteristics of the driver are an important aspect for all time instants
where a route choice is evaluated. For example, age and income show a significant
impact on the route choice for a morning commute (Li et al., 2005). Srinivasan &
Mahmassani (2003) focused on the heterogeneity for the propensity of switching
routes under information provision, based on effects of age and gender. Habit or
inertia is often investigated and expected to be an important aspect in route choice,
as drivers are less likely to optimize their route choice in case of a habitual route
(see for example Polydoropoulou et al. (1996); Srinivasan & Mahmassani (2000);
Gärling & Axhausen (2003); Peeta & Yu (2005)). Bogers et al. (2005) also include
the learning behaviour of a driver, which also relates to the experiences with traffic
information en route and post trip. Learning also has received much attention in
the field of route choice (Adler, 2001; Klügl & Bazzan, 2002; Ben-Elia & Shiftan,
2010). The risk attitude of a driver is related to the time constraints, or the utility
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Table 4.1: Factors influencing route choice behaviour (Van Dijck, 2007)
Pre trip

En route

Post trip

Driver
characteristics

•
•
•
•
•
•
•

• Experience with
traffic information
• Experience with
network
• Location in the
road network

• Experience with
traffic information
• Experience with
network

Network
characteristics

• Feasible paths
• Non-recurrent
conditions
• State of network
• Design of network

• Feasible paths
• Non-recurrent
conditions
• State of network

Traffic
information
characteristics

• Source

• Source
• Information
strategy
• Quality
• Cost

Socio economic
Trip purpose
Inertia & Habit
Compliance
Time constraints
Risk attitude
Learning behaviour

related to early or late arrival, due to variability in the travel time (Noland &
Polak, 2002; Bonsall, 2004b).
Network characteristics
The lay-out or design of the road network obviously influences the route choice and
the amount of alternatives. If just two routes between origin and destination are
available, a driver has not much to choose from. In an urban road network, the
amount of routes is much larger, but not all routes are as likely to be used. The
design of the road network, with respect to the junctions, traffic lights, highways,
one-way roads, speeds, etc. can greatly influence the route choice. For example, the
amount of left-turns or speed bumps were significant in the route choice models of
Frejinger (2008). Also the current traffic state is of importance, for example with
respect to the travel time variability, or incidents. In general, the non-recurrent
conditions that occur are expected to influence the route choice of a driver.
Traffic information characteristics
With respect to the traffic information characteristics, the source of the traffic
information is of influence on the route choice. For example, a Variable Message
Sign (VMS) provides different information than a personal navigation device, or
traffic information received via the radio. A VMS will only provide information on
a certain location in the road network, whereas a navigation system continuously
provides a route advice (based on current or freeflow traffic conditions). The
characteristics of the information, such as quality, cost and type of information
are also very important (Van Berkum & van der Mede, 1993; Adler & Blue, 1998;
Chen et al., 1999; Srinivasan & Mahmassani, 2003; Jou et al., 2005; Chorus et al.,
2006b).
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4.4

Discrete choice modelling

Summary

Discrete choice modelling is a popular modelling approach in the context of traffic
and transport. Discrete choice modelling is based on assumptions regarding the
decision maker, the alternatives, the attributes hereof and a decision rule. One of
the most used assumptions is that of random utility maximization, which assumes
a decision maker will acquire a certain (dis)benefit of choosing an alternative and
which he or she tries to maximize (or minimize). Since the analyst cannot observe
all the characteristics of the alternatives, a random error is introduced in the
utility function. The most common (and most restrictive) approach for modelling
the choice probability is the Multinomial Logit (MNL) model, which assumes all
random terms to be independent and identically Extreme Value Type 1 distributed
which leads to the following probability of individual n to choose alternative i from
the set of alternatives Cn :
Pn (i) = P

eµVin
(eµµVjn )

(4.36)

j∈Cn

Estimating the systematic utility functions Vin can be done using maximum
likelihood.
The MNL model has advantageous properties, as it is easily estimated using
available software packages and is flexible in the formulation of the utility functions.
The results of the estimation are often used and provide consistent estimates and
are easily explained. However, the assumption of independent and identically
distributed random terms lead to the property of Independence of Irrelevant
Alternatives. This property means that the ratio of the probability of any two
alternatives is unaffected by any other alternatives, which not holds true if there is
correlation in the alternatives. The famous “Red Bus-Blue Bus” is a clear example
hereof. There are several approaches to relax the underlying assumption. We
presented the Nested Logit, Heteroscedastic Extreme Value Logit and Mixed Logit
approach.
Route choice is presented as a distinctive case of discrete choice modelling, as the
choice set is fairly large which is not expected to be complete considered by the
decision maker. Next, the alternatives in the choice set are likely to be correlated
(have overlap). To this end, several methods have been presented that generate an
appropriate choice set, and various models that are dealing with the correlation of
these alternatives.
Based on these models, we propose a route choice model which is based on distinct
alternatives at a decision point: the exit links. We assume a driver makes a decision
at each decision point, contrary to a choice at the start of the trip. This enables us
to model the route choice during the trip as well. The alternatives are described
using the exit link as label (based on the angle with the entry link) and the current
fastest route to the destination starting at this exit link. As the alternatives are
based on the current situation and decision point, the choice set is time and location
dependent. With respect to the decision rules, we assume the familiar MNL model,
together with a correction factor for the possible overlap in the alternatives.
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In chapter 5 a stated preference research using random utility maximization is used,
to investigate the choice of drivers for different types of information, together with
three important attributes of this information. The proposed exit choice model
will be estimated using data from a route choice simulator, also using the random
utility maximization approach. The estimated models are presented in chapter 9.

Some prefer carrot while others like cabbage.
— Irish saying

Chapter 5

User preferences for traffic
information

5.1

Introduction

This chapter presents the approach and results of a survey undertaken to study
the preferences of drivers for traffic information. The results of the survey provide
an answer to research question 2: What traffic information do drivers prefer in
non-recurrent situations? This research question has several aspects related to it.
We are interested in differences caused by varying traffic situations, but also by
varying types of drivers. We also study the choice of varying attributes of traffic
information and the differences between types of drivers.
We start with providing a conceptual model which relates the attributes and contents
of traffic information to the situations and individual characteristics (section 5.2).
Based on the conceptual model we designed a internet survey, including a stated
preference study related to discrete choice modelling. The results of the survey are
presented in section 5.3. We finish the chapter with a discussion (section 5.4) and
a summary (section 5.5).

5.2

5.2.1

Approach

Conceptual model

The conceptual model describes the relationships between the following elements
that influence the preferences for traffic information as presented in figure 5.1:
•
•
•
•
•

situations;
personal characteristics;
information attributes;
information types;
information contents.

Three elements are of specific interest, in terms of preferences of drivers. These
are the information attributes, information types and information contents. When
looking at the conceptual model provided, these preferences are influenced by the
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Situations

Information
attributes

Personal
characteristics

Information
types

Information
contents

Figure 5.1: Conceptual model

two other factors. However, to explain the internal relationships that are also
involved it is necessary to further describe the five elements that are used.
Situations describe the context of travel, for example the road network, time of day,
motive and specific traffic situations. The three important non-recurrent situations
(accidents, road works and large events) are contained within this element. Personal
characteristics describe the traveller, which include, for example the standard socioeconomic or socio-demographic values as well as familiarity with traffic information,
attitude towards mobility and current usage of traffic information.
The conceptual model distinguishes three related elements concerning traffic information:
• attributes;
• types;
• contents.
Attributes of traffic information concern things as costs, accuracy and reliability.
Types can be defined as descriptive or prescriptive, whereas contents deal with
the actual information provided to the traveller, such as length and location of
congestion, or advice on the fastest route. For all three elements, a traveller
is expected to have a certain preference, based on the situation and personal
characteristics. For both contents and types, the attributes are important too.
Travellers are expected to have preferences for levels of these attributes, and these
attributes influence the preference for certain types of traffic information.
The situations and the personal characteristics are expected to influence the preference of travellers (or drivers) for types of traffic information and their preference
for (levels of) attributes of traffic information. These attributes again influence the
preference for types of traffic information, but this relationship also works the other
way around; the type of traffic information influences the preference for attributes.
The preference of drivers for types of traffic information determine the preference
for certain contents of traffic information.
Based on the conceptual model, several hypotheses can be made. For these
hypotheses, specific elements have also been selected for the personal characteristics
and situations. To start with, it is expected that for the information contents (or
information types) a number of socio-economic and socio-demographic variables
influence the preferences for traffic information. Especially age, gender, level of
education, current usage of traffic information and attitude towards more mobility
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are expected to have significant influence. In this case, attitude towards mobility
can be a proxy for other socio-economic or socio-demographic variables, which is
partly suggested by Need (2002). It is also expected that the situation influences
the preferences for contents or types traffic information in a significant way. Of
course, the traffic situation encountered is part of the situation and expected to
show a very important relationship. Trip purpose is also expected to be significant
with respect to the preference for type and contents of traffic information.
Concerning the preference for attributes of information, it is expected to be related
to the types of information, the personal characteristics and the situations. The
same basic elements for all relations will be used here, as for the investigation of
preferences of types of traffic information.
5.2.2

Survey design

Based on the findings in chapter 2, as well as the conceptual model, a survey was
expected to be the best available method to acquire results to test the mentioned
hypotheses. This section will describes the development and design of this survey.
In total the survey consisted of five sections:
1. general information - background information of the respondent, such as age,
car possession, most used motive for car use, etc.
2. attitude towards mobility
3. current traffic information usage - is the currently available traffic information
used, which sources for traffic information are used, and to what extent are
users satisfied with this information?
4. traffic information contents - which contents of traffic information are chosen
in different situations?
5. traffic information attributes and types - which attributes for different types
of traffic information are important?
General information
Several socio-demographic and socio-economic variables are expected to be important as determinants for the preferences for traffic information. The survey therefore
started with questions on these topics for all respondents. This also provided a
selection question to allow only respondents with driving licenses. There were
several questions on age, gender, level of education, household size and possession
of vehicles. Respondents were also asked about the amount of kilometers they drive
per year and the distribution of these kilometers over highways, regional roads and
urban roads.
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Attitude towards mobility
This section of the survey was dedicated to the respondents’ attitude towards
mobility, based on the definitions of Need (2002). It contains 17 statements on
which the respondent has to indicate to which extent he agrees. A five point scale is
used for this purpose, together with the ”no opinion” and ”not applicable” options.
A given rule set determines which respondent belongs to which group.

Current traffic information usage
It was expected that familiarity with traffic information could be a major issue
in preferences for new or other types of traffic information. Therefore this section
was added to the survey. It also enabled an overview of the most used sources
for traffic information. Respondents were asked to indicate if they possessed a
navigation system (and which type) and whether they use traffic information before
and during travelling. If they did, they were also asked to provide the source for
traffic information they used most often. The section ended with the satisfaction
of respondents on the traffic information they used, as this could be an indication
for improvements in traffic information.

Traffic information contents
This section of the survey concerned the last element in the conceptual model (see
figure 5.1). As given in this model, the preference for contents of traffic information
is expected to vary over travellers and situations. The personal characteristics of a
traveller have been mentioned in the three previous sections and are expected to
be the same in different situations. A situation however, can change and thus more
directly relates to the preference for contents of traffic information. Because of this
direct expected relation, situations were used as a starting point for determining
the preferences for traffic information contents.
The starting point for the situations are the three non-recurrent traffic situations:
(a) accidents, (b) road works and (c) large events. Other elements that described
the situation are, for example, trip purpose or motive (also changing, compared to
personal characteristics), time of day, and familiarity with the network and traffic
situations that can occur. Because of certain relationships within the situations
(for example, a large event relates to a recreational motive and road works cause
unfamiliarity with the traffic situations) not all possible combinations were used.
The situations were described textually to the respondent. They were asked to
choose as if they were in such a situation. An example of such a question is given
in figure 5.2.
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The respondents could choose from eleven pre-defined contents for traffic information. These eleven options were created following an analysis of currently available
traffic information from radio bulletins and navigation systems, together with
discussion on this subject with colleagues. The eleven options were:
• location and length of traffic jams on the complete road network;
• location, length, cause and expected duration of traffic jams on the complete
network;
• advice for the fastest route towards the destination;
• advice for the shortest route towards the destination;
• advice for the route with the prettiest scenery;
• advice for a parking place and the route towards it;
• expected time of arrival with a margin of 5% for a personal standard route;
• expected time of arrival with a margin of 5% for an advised route;
• gas stations, hotels and restaurants in the vicinity, with routes towards them;
• points of interest in the vicinity with routes towards them;
• alternative means of transport towards the destination.
The options did not provide the actual information, but were a short description of
it. To minimize errors caused by respondents always choosing the same option, the
order of the eleven options was randomized between questions. Respondents were
forced to make deliberate choices regarding the contents of traffic information.
In this part of the survey, the attributes of the traffic information were not
considered. This also includes the presentation device and format. All contents
can be used on various devices such as navigation systems and mobile phones. The
presentation format, although important, is not included in the survey. This can
change from graphical, textual or audio.

Figure 5.2: Example of the survey for information contents
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Traffic information attributes and types
The last part of the survey considered the relationship between information types
and their attributes. Situations should be incorporated in this section, but because
of practical reasons, just one “normal” situation has been used to prevent respondent
fatigue. This part of the survey is based on the theory of discrete choice modelling,
presented in chapter 4.
For the design and modelling of the choice for different types of traffic information
and different attributes hereof we assume the following utility function:
Vi =ASCi + βcost Costi + βtimeliness T imelinessi
+ βreliability Reliabilityi

(5.1)

where:
ASCi =Alternative specific constant of alternative i
βk =Coefficient for attribute k
Equation (5.1) provides the attributes that are used in this study, namely:
• costs;
• timeliness, and;
• reliability.
These attributes were chosen based on the findings in chapter 3. No other attributes
were chosen because it would greatly increase the size of the stated choice part
of the survey. Costs concern the purchase of a device capable of receiving traffic
information and if necessary providing advice. It also includes costs of receiving
the traffic data, when this information is transmitted using the GSM network.
Timeliness concerns the delay between the measurement of data at the road and the
moment the traffic information is received. In this period, all kinds of calculations
and transformations of the data can take place, in order to create usable information.
Reliability shows the level to which the traffic information agrees with the actual
situation the driver experiences on the road. For each attribute three levels were
defined. These can be found in table 5.1. The number of three levels per attribute
is of influence on the design of the stated choice experiment.
Besides the attributes and their levels it is also necessary to define the alternatives
which could be chosen by the respondents in the single situation. It would be
advantageous for analysis to also use the same eleven alternatives as presented
earlier (see item 5) because in both cases, the alternatives are the same. However,
this would make a very difficult choice for respondents, because they have to
evaluate 11 alternatives based on their contents and their attributes before they
can choose. Therefore the alternatives have been condensed into four types of
traffic information and the opt-out option (chosen because of the introduced costs
for alternatives). This results in the following five types:
Informing information information on the length and location of congestion,
and possibly causes
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Table 5.1: Attribute levels and their descriptions
Attribute

Level

Description

Costs

-1
0
1

e 0.10
e 0.55
e 1.00

Timeliness

-1
0
1

No delay
Around 5 minutes delay
Around 15 minutes delay

Reliability

-1
0
1

Is sometimes correct
Is often correct
Is always correct

Advising information information in the form of a general advice
Personalized information information in the form of a personalized advice,
based on the important personal criteria
Predictive information information based on the personalized information alternative, but also including predictions of future traffic situations
No information no information at all
Only the first four alternatives have attributes, because it is not possible to provide
costs, timeliness or reliability to the “no information” alternative.
The next step in the development of the stated choice experiment is the design
of the experiment. In other words, which combinations of attribute levels are
used to develop the alternatives used in questions, together with the number of
questions used in the experiment. Several methods are available to design this
experiment, but based on the approaches presented in Louviere et al. (2000) and
Hensher et al. (2005), a fractional factorial design was chosen. In a full factorial
design, all the available combinations of attributes and attribute levels are used
to develop the choice questions. The more alternatives, attributes and attribute
levels are used, the larger the design will be. For this study, a full factorial design
would lead to having 531,441 questions (based on three levels, and 12 attributes,
which leads to 312 combinations). The full factorial design allows to estimate all
the interaction effects that might exist (simultaneous effects of two attributes,
for example an interaction between costs and reliability). However, because the
number of questions is very large, it burdens the respondents. In order to reduce
the number of questions, a fractional factorial design is used.
For a fractional factorial design it is necessary to select the interaction effects that
are of interest, based on the utility function that needs to be estimated. In this
thesis no interaction effects are used, which resulted in 25 degrees of freedom (based
on (L − 1)M A + 1 where L is the number of attribute levels (3), M the number
of alternatives (4) and A the number of attributes (3)). In a fractional factorial
design, this results in an orthogonal array of 27 rows by 13 columns. The rows
are treatment combinations (or questions) of varying levels of attributes for all
alternatives. The columns represent the attributes for the alternatives and one
column which is used for blocking. Blocking means that the number of treatment
combinations presented to a respondent can be reduced. Three blocks of 9 questions
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are used to question the respondents. In order to maintain orthogonality in the
analysis of the results, it is necessary to have an equal number of blocks with data.

5.2.3

Survey method

The survey was designed to be an internet survey for various reasons. First it
allowed for special routing and randomization of the questions, which was necessary
for the part in the characteristics of traffic information. Second, an internet survey
allows for easy collection of the data because it is already stored in a database.
The data does not have to be manually entered into a database. Third, it provides
a quick and cheap method to collect the necessary data.
Based on this, a choice was made to use so called Open Source software. A
large number of systems are available as Open Source, but based on functionality and adaptability, as well as good documentation, Mod Survey was selected. Mod Survey is licensed under the GPL v2 (GNU General Public License,
see http://www.gnu.org/copyleft/gpl.html) and can be found at http://www.
modsurvey.org/. Mod Survey is a modperl module for Apache and can be run
on any webserver that runs these two programs. The final survey was set up on
http://www.kenniscentrumaida.nl/enquete/survey.survey. The resulting survey as
it could be viewed online can be found in appendix A.
The estimation of the various discrete choice models will be done by using Biogeme
(Bierlaire, 2003, 2008).
The survey was targeted at the Dutch owner of a driving license. Respondents
were able to take part if they did not possess a car, as long as they possessed a
driving license. The survey did not aim at the professional (truck) driver, as this
is beyond the scope of the total research project. Professional drivers could take
part, but from a personal point of view.
The sample strategy used for this study is Simple Random Samples (Louviere et al.,
2000). In a simple random sample study, each member of the population has an
equal chance of being selected for the sample. For each of the selected individuals,
the personal characteristics and choices are recorded. This means that the sample
will be more or less an equal representation of all the groups in the population.

Sample strategy
Based on the sample strategy mentioned above a sample size can be calculated.
Two different formulas were used for this calculation. The first is more generic,
while the later is specifically based on the part of the information attributes (the
stated choice part). The first equation is:
n =z 2

p(1 − p)
a2

(5.2)
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in which:
n=
z=
p=
a=

sample size
standard score for the given confidence level a
an estimate of the proportion falling into the group of interest
accepted error

This equation (Buijs, 2008) can be used when the population N is large compared
to the sample n because of the use of the normal distribution. In this case
equation (5.2) may be used because the population is almost ten million. When
using a confidence level of 95%, z becomes 1.96. The most conservative value for p
is 0.5 which would result in the largest sample size necessary. The accepted error
was set on 0.05. The resulting sample size is 385.
The second equation is:
2


1−p
1+α
−1
n=
Φ
rpa2
2

(5.3)

in which:
Φ=
α=
a=
r=

inverse cumulative normal distribution function
accepted error level
allowable deviation between true and estimated choice proportion
the number of questions per participant

Equation (5.3) is applied to the stated choice part of the survey. Equal proportions
for all 5 options have been assumed, which means p = 0.2. α is set on 5%, while the
accepted error a is the same as in the previous equation. The number of questions
per respondent is 9. This results in a sample size of 683 respondents. Results for
different accepted error levels are presented in table 5.2. With both values in mind,
a sample of at least 700 respondents seems to be appropriate for at least the stated
choice part.
Table 5.2: Sample size with different accepted error levels
Error level
5%
6%
7%
8%
9%
10%

Sample size
683
475
349
267
211
171

User preferences for traffic
information

90

5.2.4

Invitation, response and check

Respondents for the survey were found in two ways. One was via a market agency
with an internet panel. The other way used personal and business contacts. The
market agency that was used was RM Interactive, which has an internet panel of
more than 25.000 members. RM Interactive has to date performed more than 1000
online surveys.
RM Interactive agreed to guarantee at least 300 completed surveys, for which a
contract was signed. The members of the internet panel received 2 euros for filling
in the survey. Apart from that, they could win a prize (20 euros) with a 1/25
chance. RM Interactive selected members of their panel based on the target group
of “the Dutch car driver”. The members of the panel were invited by email to
participate in this research with a personal link to the survey. The invitation for
members of the panel was open from 31 October to 22 November (2005). Halfway
through this period a reminder was sent to the invited members who had not yet
completed the survey.
The second way of finding participants consisted of sending an email with a link to
the online survey to various groups, such as family, friends, colleagues and business
contacts. They were all asked to forward the invitation to participate in the survey
to their own contacts (a snowball method). The invitation to participate in the
survey was also placed on the intranet of research organization TNO and the
website of Knowledge centre AIDA. The survey was online from 21 October 2005
to 8 January 2006.
Before the data were analysed, a check was performed on the integrity of the data.
First the origin of the data, in the form of an IP address was examined. It seemed
as if some respondents had sent the data twice or even more times. The answers of
these respondents were checked. It showed that they either came from a company
where a proxy was used, or a private address where a family had filled in the survey,
giving more than one respondent per IP address. No data had to be deleted.
The next check on the data concerned the time respondents needed to fill in the
survey. The average time needed was more than 20 minutes, which is due to
the large amount of time that was registered for some respondents. This is also
indicated by the median, which was around 14 minutes. The complete data set was
divided in two groups. One of the groups consisted of answers with a fill out time
of less than 600 seconds (which consisted of 141 sets of answers), while the other
group had a fill out time of more than 600 seconds (454 answer sets). The answers
of these two groups were compared with respect to the basic sample characteristics
such as gender, age and education. It showed that the characteristics from the
group with a low fill out time did not differ significantly on most characteristics
from the other group (the characteristic that differs significantly is household size).
Because of this and the need for as much data as possible, all the answers were used
in further analysis. This resulted in a total data set of 598 answers, apart from
a few questions where a respondent did not provide any answers. These failing
answers were set to missing values in the analysis.
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Results

Participants

In total 598 respondents filled in the survey. The sample was compared to the
population of Dutch owners of a driving license, (taken from Statline (CBS, 2011)),
in terms of age, gender and level of education (see table 5.3). The respondents had
an average age of 42, and most respondents had a higher level of education. 372 of
the respondents were male and 226 were female. Based on the results of Chi-Square
tests for age, gender and level of education, the sample differed significantly from
the target group (p<0.001).
More background information on the sample is provided in tables 5.4 and 5.5.
Most respondents live in a household of three or more persons. The average
respondent has had a driving license for 21 years and his or her own car. 15.1% of
the respondents possessed a lease car, which is high compared to the Dutch average
of 7%. Most respondents drive between 10,000 and 20,000 kilometers each year,
which is in line with the Dutch average of 15,500 kilometers per year. Owners of a
lease car, however, drive many more kilometers per year. This also coincides with
the respondents having a business motive for car travel. However, most respondents
used their cars for private travel.

5.3.2

Attitude towards mobility

Part of the description of the sample is the attitude towards mobility (see section 3.4
for a presentation of the different attitudes). Table 5.6 shows a comparison of the
sample and the population in percentages. The population is taken from Need
(2002); Ministerie van Verkeer en Waterstaat (2004) where 1832 respondents took
part in the survey. The results in their study were then weighed by age, gender,
level of education, social class, household size, province and degree of urbanity, to
acquire a proper representation of the total Dutch population. According to the
Table 5.3: Characteristics of sample and population
Characteristic

Sample

Population

Gender

male
female

62.2%
37.8%

54.2%
45.8%

Age

18-24
25-44
45-64
65 and older

6.7%
51.3%
37.3%
4.7%

8%
44%
36%
12%

Level of education

primary education
lower secondary education
higher secondary education
higher education/university
other/unknown

1.0%
7.7%
33.6%
57.0%
0.7%

4%
24%
44%
28%
-
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Table 5.4: Characteristics of sample (1)
Characteristic

#

%

Household size

one person
two persons
three persons or more

104
224
270

17.4%
37.5%
45.2%

Car possession

none
one or more

57
541

9.5%
90.5%

Lease car possession

none
one or more

457
81

84.9%
15.1%

Total kilometers

0-10,000
10,000-20,000
20,000-30,000
more than 30,000

160
225
114
99

26.8%
37.6%
19.1%
16.6%

Motive for car use

commute
business
private

217
96
285

3.,3%
16.1%
47.7%

Table 5.5: Characteristics of sample (2)
Characteristic
Years of possessing driving license
Percentage kilometers per road type

Mean

SD

21 years

13 years

45
28
25

24
18
18

highway
provincial road
urban road

Chi-Square test, the sample differs significantly from the population (p<0.001).
The sample has a large group of respondents that can be described as Deliberates.
The attitude towards mobility for the sample has been investigated for the basic
characteristics of the sample. The resulting table can be found in table 5.7. In the
different groups, no significant difference in gender can be found according to the
Chi-Square test. However, for age and level of education, significant differences
exist in the sample. For age, the group of 25 to 44 is over-represented for the group
of Deliberates, while for the ages of 45 to 64 and 65 and older, the Conscious and
Enjoyers are over-represented. For the level of education, the group of higher or
university educated respondents largely makes up the group of respondents with
the attitude Deliberates. In general, one can assume that the over-representation of
the Deliberates in the sample is caused by a high number of young higher educated
respondents.
Table 5.6: Attitude towards mobility
Group
Accepters
Deliberates
Conscious
Competitors
Enjoyers
No group

Sample %

Population %

29.9%
28.1%
13.3%
15.2%
13.4%
6.7%

26%
18%
17%
21%
18%
11%

5.3 Results

93

Accepters

Deliberates

Conscious

Competitors

Enjoyers

No group

Table 5.7: Attitude towards mobility for basic characteristics

male
female

64%
37%

59%
41%

69%
31%

61%
39%

61%
39%

58%
43%

18-24
25-44
45-64
65 and older

5%
53%
38%
3%

11%
59%
29%
1%

7%
52%
35%
6%

7%
32%
47%
14%

3%
45%
45%
7%

3%
58%
38%
3%

primary education
lower secondary education
higher secondary education
higher education/university
other/unknown

1%
5%
35%
58%
1%

1%
5%
23%
71%
1%

0%
7%
35%
55%
2%

1%
11%
41%
47%
0%

3%
12%
43%
43%
0%

0%
15%
38%
48%
0%

Characteristic
Gender

Age

Level of education

5.3.3

Current information usage

According to available research, familiarity with traffic information plays in important role in the understanding and acceptance of new types of traffic information. It
can also influence the preferences for traffic information. This section presents the
results of the survey, regarding the familiarity with the currently available types of
traffic information in the Netherlands.
In tables 5.8 and 5.9 the results of questions on this topic can be found. Already
26% of the sample possess a navigation system (in 2006), which would mean that
around 2 million vehicles in the Netherlands will be equipped with such a system
(if the group of respondents is representative for the Dutch population). However,
most of the systems are portable which means that these can be used in more than
one vehicle. Quite a lot of the navigation systems are, however, not portable.
Most respondents use information both before and during their trip, although
during the trip more information is used. Both before and during their trip, the
radio is the most used source of traffic information. During the trip, the radio
is even more important as source for traffic information, probably because all
vehicles are equipped with a radio. Before travelling, teletext and internet are also
important sources of traffic information. Both provide “complete” information,
by presenting a list of all known traffic jams, or even showing a map of all the
locations where traffic jams occur (internet). Often mentioned by the respondents
is the website of the Royal Dutch Touring Club, the ANWB, which provides such
a graphical overview of congestion.
During their trip, respondents also show a high usage of RDS-TMC. It is expected
that this high percentage is caused by a wrong interpretation of the term RDSTMC by the respondents. In all modern car-radios a system is available which
switches channels when a traffic information bulletin is available (this system is
called RDS-TA, which stands for Traffic Announcement). RDS-TMC however,
does not switch channels, but uses available bandwith to send text messages with
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Table 5.8: Current usage of traffic information
Question

Answer

#

%

Possession of a navigation system

yes
no

155
443

25.9%
74.1%

Information usage before travelling

yes
no

356
242

58.5%
40.5%

Information usage during travelling

yes
no

446
152

74.6%
25.4%

Satisfaction over used information

very satisfied
satisfied
neither satisfied or unsatisfied
unsatisfied
very unsatisfied
no opinion

22
312
111
68
5
42

3.9%
55.7%
19.8%
12.1%
0.9%
7.5%

Table 5.9: Available and used information sources (multiple answers possible)
Question

Source

#

%

Type of navigation system

PDA
Smartphone
TOMTOM (Go)
In-car (from production)
In-car (retrofitted)

47
6
28
46
27

7.9%
1.0%
4.7%
7.7%
4.5%

Information source pre trip

Radio
Teletext
GSM or SMS
Navigation system
RDS-TMC
Internet

259
166
10
26
69
110

43.3%
27.8%
1.7%
4.3%
11.5%
18.4%

Information source during the trip

Radio
Teletext
GSM or SMS
Navigation system
RDS-TMC
DRIP
Internet

410
3
15
51
113
84
5

68.8%
0.5%
2.5%
8.5%
18.9%
14.0%
0.8%
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the length and location of congestion. RDS-TMC is mainly used in navigation
systems. A third rather important source of information are the DRIP’s (Dynamic
Route Information Panel). These are large text displays above the highway at
certain locations where two or more routes to one destination are available. The
panels show the amount of congestion or the travel time to the destination.
It is also interesting to see the satisfaction of the used information. Most respondents
indicated that they were satisfied or very satisfied with the traffic information they
used. This contradicts the often heard complaints of traffic information, especially
concerning radio bulletins, that the traffic jam they are in is not mentioned on
the radio bulletins. The assumption that travellers are looking for new and other
types of traffic information because of a low satisfaction over the currently available
information is therefore not valid.
The current usage of traffic information can also be looked upon in more detail
by looking at the relationship between the usage of traffic information and the
other sample characteristics. By using contingency tables (see appendix B) and
Chi-Square statistics it is possible to identify the sample characteristics that
significantly influence the possession of a navigation system, and the usage of traffic
information before and during travel. The sample characteristics taken into account
are: (a) gender, (b) age, (c) level of education, (d) kilometers per year, (e) motive
for car use and (f) attitude towards mobility .
For gender, a significant influence is found for the usage of traffic information, both
before and during travel. Males use more traffic information before and during
their travel, which might be due to the fact that more males work away from home
compared to females. For age, also a significant difference has been found between
the age groups compared to the usage of traffic information before and during
travel. No difference was found for the possession of a navigation system. The older
a respondent is, the more likely he or she is to use traffic information, both before
and during travelling. This might be due to the fact that the younger respondents
are mostly students, who do not travel that much by car, and thus have a lower
need for traffic information. For the level of education only a significant difference
was found for the usage of traffic information during travel. Respondents with a
higher education or university background are more likely to use traffic information
during their trip, compared to the other levels of education.
The amount of kilometers a respondent drives per year showed a significant relationship to the possession of a navigation system. The more kilometers one drives,
the more navigation systems are owned (and used). The same relationship was
found for the usage of traffic information during travel, but not before travelling.
The same relationships were found for the most mentioned motive for using a
car. The respondents with a business motive, have a higher degree of possessing
a navigation system. Before the trip, the motive does not significantly influence
the usage of traffic information. During the trip, again the business motive shows
a higher usage of traffic information, compared to the commute and recreational
motive. Last but not least, the attitude towards mobility shows a relationship to
the usage of traffic information before travel. Enjoyers as well as Accepters show
less usage of traffic information before their trip, while the Conscious show a higher
usage. For Enjoyers and Accepters it is easy to see that because they are not
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really interested in optimizing their travel, there is less need for traffic information.
Conscious, on the other hand want to optimize their trip in terms of safety and
environment, and thus seek detailed information on the trip to be made.

5.3.4

Traffic information contents

Preferences for contents of traffic information were expected to be related to both
situational and personal characteristics (see section 5.2). This section will present
the results of the survey for which eleven situations were defined. The situations
were aggregated based on specific characteristics that define the situations. This
means that there still are differences with other characteristics, which could influence
the results. Three characteristics will be presented here, which are (a) non-recurrent
traffic situations, (b) motives and (c) familiarity. But first the total results for all
eleven situations combined will be discussed (these can be found in tables 5.10
to 5.12). Most respondents preferred to have traffic information in the form of
advice on the fastest route, irrespective of the traffic situation at hand. Second
and third most chosen were extended traffic information (location, length, cause
and expected duration of traffic jams) and expected time of arrival with a margin
of 5% for an advised route. Striking is the large amount of respondents who chose
advice for the shortest route. This can be explained when respondents do not see
a difference between the shortest and the fastest route. The most preferred traffic
information is thus related to travel time.

Non-recurrent traffic situations and preferences
In section 5.2 we hypothesized that the traffic situations that (can) occur during
a trip influence the preferred contents for traffic information. Therefore, the
survey presented several situations to the respondents, which varied according to
the specific type of non-recurrent traffic situation that occurred during that trip.
Respondents had to choose among eleven options for their preferred contents of
traffic information. The total results are displayed in table 5.10, for all eleven
situations combined and for the three combined non-recurrent situations. According
to the Chi-Square test the three non-recurrent traffic situations are significantly
different from each other and all the situations combined (p<0.001).
For traffic situations with accidents, respondents have a greater preference for
extended traffic information, compared to other situations. Drivers do like to know
the cause and expected duration of traffic jams due to the accident, and want to be
able to make their own route choice based on this information. During road works,
however, respondents show a greater preference for advice on the fastest route
and a much lower preference for extended traffic information. For the situation
with a large event, the respondents clearly have a higher preference for other types
of information, for example advice for a parking place or advice for alternative
means of transport. For all three situations, the specific characteristics of the
non-recurrent event influence the preference of drivers. For accidents, deviation
from the average situation seems to be important. For large events, people often
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All situations

Accident situations

Road works situations

Large event situations

Table 5.10: Traffic information contents for different traffic situations in % and absolute
numbers

6.6%
421

7.8%
182

5.4%
158

6.9%
81

Location, length, cause and expected duration of
traffic jams on the complete network

19.7%
1261

24.6%
572

16.1%
468

18.8%
221

Advice on the fastest route towards the destination

33.3%
2134

29.6%
689

36.4%
1056

33.1%
389

Advice on the shortest route towards the destination

10.9%
699

10.4%
242

12.6%
367

7.7%
90

Advice on the route with the best scenery

3.2%
204

3.2%
74

3.4%
98

2.7%
32

Advice on a parking place and the route towards it

1.3%
86

0.6%
14

0.5%
14

4.9%
58

Expected time of arrival with a margin of 5% for a
personal standard route

6.7%
432

6.0%
140

7.3%
213

6.7%
79

Expected time of arrival with a margin of 5% for an
advised route

13.6%
871

14.3%
332

13.8%
400

11.8%
139

Gas stations, hotels and restaurants in the vicinity
with routes towards them

0.8%
49

1.1%
26

0.7%
19

0.3%
4

Points of interest in the vicinity with routes towards
them

0.7%
43

0.7%
17

0.7%
20

0.5%
6

Alternative means of transport towards the
destination

3.2%
207

1.7%
40

3.1%
90

6.5%
77

Location and length of traffic jams on the complete
road network
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All situations

Recreational situations

Business situations

Commute situations

Table 5.11: Traffic information contents for different motives in % and absolute numbers

6.6%
421

6.5%
153

4.8%
112

8.9%
156

Location, length, cause and expected duration of
traffic jams on the complete network

19.7%
1261

17.4%
406

16.8%
391

26.6%
464

Advice on the fastest route towards the destination

33.3%
2134

31.3%
730

37.8%
878

30.1%
526

Advice on the shortest route towards the destination

10.9%
699

10.3%
240

11.7%
273

10.6%
186

Advice on the route with the best scenery

3.2%
204

6.7%
156

0.5%
11

2.1%
37

Advice on a parking place and the route towards it

1.3%
86

3.0%
69

0.3%
7

0.6%
10

Expected time of arrival with a margin of 5% for a
personal standard route

6.7%
432

6.3%
146

7.3%
170

6.6%
116

Expected time of arrival with a margin of 5% for an
advised route

13.6%
871

11.0%
258

18.2%
422

10.9%
191

Gas stations, hotels and restaurants in the vicinity
with routes towards them

0.8%
49

1.2%
28

0.4%
9

0.7%
12

Points of interest in the vicinity with routes towards
them

0.7%
43

1.2%
28

0.3%
7

0.5%
8

Alternative means of transport towards the
destination

3.2%
207

5.2%
122

1.9%
44

2.3%
41

Location and length of traffic jams on the complete
road network

go to areas which they are not very familiar with, and thus want other information
or information that provides more comfort to their travel.

Motives and preferences
It was expected that motives used in traffic situation also have an influence on the
preference of drivers for traffic information content. In the survey, three motives
were used: (a) recreational, (b) business and (c) commute. The results of the survey
for these motives are presented in table 5.11. The preference for contents of traffic
information differed significantly from the motives according to the Chi-Square
test (p<0.001).
For the recreational motive, respondents showed a higher preference for other
types of information not directly related to travel times. For example, advice on
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a route with the best scenery or alternative means of transport. Because of the
recreational motive, fewer time constraints apply to the trip, thus allowing for other
routes or modes. Interestingly, however, the increase found for advice on a parking
place, although such advice would perfectly match the recreational motive, is only
moderate. The business motive shows clearly that time constraints apply. The
respondents preferred both advice on the fastest route and the expected time of
arrival for an advised route, as can be expected for such a motive. With a commute
motive, most respondents still prefer advice on the fastest route, but the preference
for extended traffic information is much greater compared to the other motives.
During a commute, drivers probably have more knowledge on the available routes
and want to be able to make choices themselves.
Familiarity and preferences
Familiarity was also expected to be of importance for the preference of drivers for
contents of traffic information. Situations differed on the hypothetical familiarity of
drivers with the road network, but also on the “normal” traffic situation that occurs
on this road network. Respondents were considered to be either fully familiar, or
not familiar at all. The results of the survey can be found in table 5.12. Again, a
significant difference was found among the groups of familiarity according to the
Chi-Square test (p<0.001).
As was expected, drivers who are considered to be familiar prefer information that
enables them to make choices themselves. This results in above-average numbers
of respondents choosing the (extended) traffic information. Unfamiliar drivers,
however, show the opposite, with higher than average choices for advice on the
fastest and shortest route. However, for both groups, the expected time of arrival
for an advised route is preferred equally.
Influence of personal characteristics
As with the current usage of traffic information, the relationship between the
choice for contents of traffic information with the basic sample characteristics are
investigated to find out wether there are certain groups that prefer certain types of
traffic information. The analysis starts with the influence of sample characteristics
for all situations combined.
For all the situations combined, a significant relationship was found between the
attitude towards mobility and usage of traffic information during the trip and the
choice for contents of traffic information. The results can be found in tables 5.13
and 5.14.
The big differences between the groups of attitudes towards mobility occur in
advice on the fastest route. The Deliberates clearly have the highest preference
for this type of information. Strikingly, the Competitors show a relatively high
preference for advice on a route with the best scenery, which doesn’t match the
principles of this group. This group also has the lowest preference for information
on alternative modes of transport, which coincides with the individual nature of

User preferences for traffic
information

100

All situations

Knowledge of road network

No knowledge of road network

Table 5.12: Traffic information contents for different familiarity in % and absolute
numbers

6.6%
421

7.6%
310

4.8%
111

Location, length, cause and expected duration of
traffic jams on the complete network

19.7%
1261

23.0%
940

13.8%
321

Advice on the fastest route towards the destination

33.3%
2134

31.6%
1293

36.3%
841

Advice on the shortest route towards the destination

10.9%
699

9.6%
394

13.2%
305

Advice on the route with the best scenery

3.2%
204

1.9%
76

5.5%
128

Advice on a parking place and the route towards it

1.3%
86

1.7%
69

0.7%
17

Expected time of arrival with a margin of 5% for a
personal standard route

6.7%
432

6.8%
279

6.6%
153

Expected time of arrival with a margin of 5% for an
advised route

13.6%
871

13.5%
551

13.8%
320

Gas stations, hotels and restaurants in the vicinity
with routes towards them

0.8%
49

0.5%
20

1.3%
29

Points of interest in the vicinity with routes towards
them

0.7%
43

0.4%
16

1.2%
27

Alternative means of transport towards the
destination

3.2%
207

3.4%
141

2.8%
66

Location and length of traffic jams on the complete
road network
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Accepter

Deliberate

Competitor

Conscious

Enjoyers

Table 5.13: Choice for information contents vs Attitude towards mobility

Location and length of traffic jams on the complete road network

9.9%

10.4%

9.3%

9.7%

7.2%

Location, length, cause and expected duration
of traffic jams on the complete network

16.2%

19.3%

18.9%

16.7%

16.3%

Advice for the fastest route towards the destination

22.6%

25.7%

21.8%

18.8%

19.9%

Advice for the shortest route towards the destination

12.6%

11.0%

13.1%

13.9%

14.4%

Advice for the route with the best scenery

3.4%

2.4%

8.3%

8.7%

7.8%

Advice for a parking place and the route towards it

3.4%

2.0%

3.5%

1.0%

3.6%

Expected time of arrival with a margin of 5%
for a personal standard route

8.9%

8.6%

7.7%

7.6%

10.1%

Expected time of arrival with a margin of 5%
for an advised route

12.8%

13.7%

11.5%

12.5%

13.4%

Gas stations, hotels and restaurants in the vicinity with routes towards them

1.7%

0.8%

1.6%

2.4%

0.7%

Points of interest in the vicinity with routes
towards them

2.2%

0.2%

1.6%

2.1%

1.3%

Alternative means of transport towards the
destination

6.2%

6.0%

2.6%

6.6%

5.2%
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Table 5.14: Choice for information contents vs usage of traffic information during travel
Are you using
traffic information
during your trip?

Yes

No

Location and length of traffic jams on the complete road network

9.5%

9.6%

Location, length, cause and expected duration
of traffic jams on the complete network

18.3%

15.6%

Advice for the fastest route towards the destination

22.1%

22.1%

Advice for the shortest route towards the destination

12.1%

13.9%

Advice for the route with the best scenery

5.6%

5.5%

Advice for a parking place and the route towards it

2.9%

2.6%

Expected time of arrival with a margin of 5%
for a personal standard route

8.7%

9.2%

Expected time of arrival with a margin of 5%
for an advised route

13.8%

10.2%

Gas stations, hotels and restaurants in the vicinity with routes towards them

1.1%

2.3%

Points of interest in the vicinity with routes
towards them

1.0%

2.6%

Alternative means of transport towards the
destination

4.9%

6.0%

this group. Also the Conscious and Enjoyer have a large preference for a route
with the best scenery, which can be explained by the background of both groups.
When taking into account whether respondents use traffic information during their
trips, it becomes clear that those who are using traffic information have different
preferences, especially regarding the congestion information. When one uses traffic
information during their travel, they prefer the extended congestion information,
significantly more than those who do not use traffic information. This also applies
to the expected time of arrival for an advised route. In contrast, respondents not
using traffic information have a higher preference for an advice on the shortest
route. It seems as if the respondent who uses traffic information is more demanding
in the preferred content of the traffic information.
Based on analysis of all the types of traffic situation (non-recurrent, various motives
and familiarity) three characteristics seem to be the most important in relation to
the choice of contents for traffic information. These three are:
• attitude towards mobility;
• age;
• usage of traffic information during travel.
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Table 5.15: Types of information
Alternative

Type of traffic information

1
2
3
4
5

Informing information
Advising information
Personalized information
Predictive information
No information

#

%

705
860
872
693
2045

13.6%
16.6%
16,9%
13.4%
39.5%

The results indicate that the groups defined by their attitude towards mobility
all have significant differences in respect of specific contents of traffic information,
usually related to the background of these groups. For example, a respondent in
the conscious group is more likely to choose advice on the route with the best
scenery, while a respondent in the deliberate group is more likely to choose advice
on the fastest route. For age, one major item was found. The older a respondent,
the more likely he is to choose advice on the shortest route. This is most likely
caused by a misinterpretation of the shortest route, because the older people expect
the shortest route to be the same as the fastest. As already mentioned, respondents
who are using traffic information during their travel have more demands regarding
the content of traffic information, especially when it comes down to expected time
of arrival or congestion information.
5.3.5

Traffic information attributes

As described in the approach (section 5.2), the attributes of information were also
used in the survey, using a stated choice approach. In this approach, five types
of traffic information were used, in contrast to the previous section, where eleven
different contents for traffic information were used. Respondents made nine choices
each, resulting in a total number of 5175 choices. The distribution of these choices
over the alternatives can be found in table 5.15. It is obvious that most respondents
chose to have “no information”, probably caused by the costs that were attributes
of the other alternatives. Of the four other alternatives, the “advising information”
and the “personalized information” show equal choices, as do the “informing
information” and the “predictive information”. These differences are probably
caused by the fact that “informing information” is not much different from the
currently available information, except for costs. “Predictive information” probably
shows a smaller amount of choices because of its predictive nature. Respondents
might not trust these predictions.
With discrete choice estimation software Biogeme, several models were estimated.
The starting point here is the multinomial logit model, given in equation (4.5). The
multinomial logit model was first applied to the equation given in equation (5.1)
and again repeated for convenience.
Vi =ASCi + βcost Costi + βtimeliness T imelinessi
+ βreliability Reliabilityi

(5.4)

In the first application of the multinomial logit model (MNL1) the coefficients for
the attributes of the information were dropped, resulting in a model that only
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Table 5.16: Estimated MNL models
Variable
ASC1 (informing)
ASC2 (advising)
ASC3 (personalized)
ASC4 (predictive)
ASC5 (none)
βcost
βtimeliness
βreliability
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
a

MNL1
Estimate
t statistic
0
0.198
0.212
−0.017a
1.065

3.91
4.20
−0.32a
24.38

5175
−8328.84
−7793.6
1070.48
0.0643
0.0637

MNL2
Estimate
t statistic
0
0.211
0.227
−0.039a
0.240
−2.339
−0.481
0.988

3.72
4.02
−0.67a
4.44
−35.80
−18.16
33.71

5175
−8328.84
−6241.61
4174.47
0.2506
0.2498

Non-significant estimate at a 95% level.

captures the average preference for a certain type, with the alternative specific
constant. The second model (MNL2) fully used equation (5.1) for all alternatives
apart from the “no information” alternative (which has no attributes). The results
of the estimation are presented in table 5.16. The values of the alternative specific
constant are valued relative to the base alternative, which was chosen as the first
alternative, “informing information”.
The first model, only using the alternative specific constants, does not show a good
model fit according to the pseudo ρ2 although the likelihood ratio test indicates
that all parameters jointly differ from zero (Chi-Square, p<0.05). It is clear that
alternative 5, “no information” is the most preferred option relative to the others,
as it has the highest positive value. Alternatives 2 “advising information” and 3
“personalized information” also have a positive value, which indicates that these two
alternatives are also preferred to the base alternative. For all these alternatives,
the t-test also shows that the values that are estimated are significant. The
preference for the “no information” alternative is easily explained. First of all,
traffic information is considered to be freely available. Drivers do not pay for
receiving information via radio bulletins. Second, the survey showed that most
respondents were satisfied or very satisfied with the information they used, so no
improvements seem necessary.
The second model shows a much better fit, as indicated by the higher pseudo ρ2 .
The likelihood ratio test again indicates that all parameters jointly differ from zero
(Chi-Square, p<0.05). All the estimated coefficients have the expected sign. Again,
the alternative “no information” is preferred to the other alternatives; however, the
differences are much smaller compared to the first model. The alternative specific
constant of alternative 4 (predictive information) is not significantly different from
zero according to the t statistic, indicating no different preference compared to the
informing information. The difference in alternative specific constant for alternative
5, between both models, is striking, caused by the existence of the extra information
carried in the estimated attribute coefficients.
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ASC1 (informing)
ASC2 (advising)
ASC3 (personalized)
ASC4 (predictive)
ASC5 (none)
βcost
βtimeliness
βreliability
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
a

Enjoyers

Competitors

Conscious

Accepters

Variable

Deliberates

Table 5.17: Estimated MNL models for all attitudes toward mobility

0
0.35
0.31
0.03a
0.21
−2.33
−0.42
0.95

0
0.03a
0.07a
−0.18a
−0.10a
−2.84
−0.55
1.06

0
0.18a
0.11a
−0.20a
0.12a
−2.34
−0.51
0.82

0
0.19a
0.36
−0.01a
0.68
−1.82
−0.54
1.04

0
0.30a
0.35
0.13a
0.40
−2.00
−0.41
1.02

1454
−2340.12
−1787.38
1105.48
0.236
0.233

1346
−2166.30
−1539.16
1254.28
0.289
0.286

718
−1155.58
−884.54
542.08
0.235
0.228

652
−1049.35
−787.29
524.12
0.250
0.243

647
−1041.31
−804.66
473.29
0.227
0.220

Non-significant estimate at a 95% level.

The coefficients for costs (βcost ) show a strong negative relationship. When the
costs of an alternative increase, the number of choices for this alternative decreases
quickly. This again concurs with the fact that traffic information is freely available
at the moment. Drivers obviously do not want to pay (much) for their information.
The coefficients for timeliness (βtimeliness ) also show a negative relationship, in
line with the coding used for the levels. When information is provided in real time
the utility of the alternative will increase. For large delays, the utility will decrease.
Timeliness, when compared to costs, is valued less negative by the respondents.
The coefficients for reliability (βreliability ) also show signs matching expectations.
If the reliability is increased (a positive level), the utility increases and vice versa.
The size of the coefficients shows that reliability is valued more than timeliness.
The overall importance of the characteristics thus shows that costs are the most
important, followed by reliability and timeliness.
Attitude towards mobility
One of the extra explanatory variables, also used in the study of the contents of
traffic information, is the mobility type. In the case of multinomial logit models,
several options are available to incorporate such a variable in the model. One
of those involves using dummy variables, each which has its own β. In this case,
however, separate models were estimated for each mobility type. In essence, this
provides the same results. The estimated parameters are presented in table 5.17.
First of all, all the different models show more or less equal fits, and the likelihood
ratio test for all models show that the estimated parameters jointly differ from
zero. However, when looking at the specific estimates, a number of those are not
significantly different from zero (these values are emphasized in the table).
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The estimated variables also show some interesting differences between the attitudes
toward mobility. First of all, only the accepters have a significant value for the
alternative specific constant of advising information, meaning that the accepters
prefer advising information to informing information. Personalized information
is significantly preferred to informing information again by the accepters, but
also by the competitors and enjoyers. This seems reasonable when looking at the
description of these mobility types. Enjoyers, for example, see mobility as fun, as a
way to socialize. This could mean that travelling is not bad, and that they want
to be able to have nice routes, which is possible if the information is personalized.
More or less the same applies to competitors, where the need to be better than
others is important, also indicating a need for personalized information. Predictive
information is never significantly preferred over informing information. Accepters,
competitors and enjoyers also show a significant preference for no information,
compared to informing information. This means that they would rather not pay
for information and thus won’t have any information available. The mobility types
might thus be more sensitive to costs than other types.
For the estimated β’s too some interesting differences are found between the
attitudes toward mobility. Regarding costs, the competitors show the least negative
value, meaning that costs are the least important to this group compared to others.
Deliberates, on the other hand, have a much higher negative value, which means
that cost is very important for this group. Timeliness is most important for the
deliberates, conscious and competitors, because these groups have the most negative
estimates (which is in line with the coding used, where real-time information has a
negative coding). Real time information is thus appreciated most by these groups,
which is easily explained for the competitors because they want to be faster than
others, which is easier if the information available is current. More or less the
same applies to the deliberates who want to minimize their time spent in traffic.
Reliability is more or less equally important to all groups, apart from the conscious
who show a slightly lower value. Reliability is not as important to them as it is to
other groups. This could coincide with the fact that conscious travellers are more
prone to use public transport, which is said to be less reliable than car traffic.
Similar alternatives
The MNL models as estimated in the previous section all use the assumption
of independent and identically distributed errors. However, except for the no
information alternative, the alternatives are likely to violate this assumption which
is explained in section 4.2.2. The alternatives concerning information are likely to
differ from the no information alternative. Accommodating this violation of the
i.i.d assumption is possible using the nested logit model. In this approach, the four
alternatives with information are expected to be correlated, within a partition (the
information nest), but not with the no information alternative (the other nest).
The resulting estimates given in table 5.18 are based on a partially degenerate
nested logit model given in figure 5.3.
A first look at the results show that the estimated parameter signs are all in
accordance with expectations, which gives a first validation of the estimated model.
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Information

Informing
information

Advising
information

No information

Personalized
information

Predictive No information
information

Figure 5.3: Nest structure used for NL
Table 5.18: Estimated NL model (using RU2)
Variable
ASC1 (informing)
ASC2 (advising)
ASC3 (personalized)
ASC4 (predictive)
ASC5 (none)
βcost
βtimeliness
βreliability
NestA (information alternatives)
NestB (no information alternative)
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
a

NL
Estimate
0
0.136
0.125
−0.036a
−0.103
−1.377
−0.285
0.595
1.971

t statistic
4.24
3.82
−1.10a
−2.28
−14.04
−11.98
14.15
(0) 13.56
(1)
6.68

1
5175
−8328.84
−6179.3
4299.19
0.2581
0.2571

Non-significant estimate at a 95% level.

A better look shows that the parameters are jointly different from zero (Chi-Square,
p<0.05). The model fit, in terms of the pseudo ρ2 is approximately as large as
in the MNL2 model. However, another likelihood ratio test to compare the final
log likelihoods of the MNL2 and NL model indicates that there is a significant
difference in both models. The nested logit model thus provides a significantly
better estimate.
The big difference in the estimates is caused by the nest parameter. As described in
section 4.2.3, this parameter describes the correlation of the alternatives within a
nest, when used in equation (4.13). In this case, because of the applied normalization
(which is RU2, or normalization from the top), the nest parameter estimated here is
λm . This results in a correlation of 0.74, which indicates a pretty strong correlation
of the alternatives in nest A. The t-statistic for the nest parameter also shows that
this parameter is significantly different from both zero and one. This indicates that
the nested logit model provides a better estimate than the multinomial logit model.
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The parameter estimates for all the β’s are as expected (see table 5.18). Compared
to the previously estimated MNL2 model, the size of the parameters is somewhat
smaller. This is, of course, caused by the introduction of the two nests and their
scale parameters. Interestingly, the results for the alternative specific constants
do show a bigger difference, especially for the “no information” alternative. This
alternative is no longer preferred to the “informing information”, compared to the
MNL2 model. This indicates that “no information” is not really an option for the
respondents. However, the negative utility of costs of the information alternatives
eventually makes them choose no traffic information. The “predictive information”
alternative again shows no significant difference from the “informing information”
alternative, while the other two alternatives more or less have the same preference
to this “informing information” alternative.

Mixed panel logit
The next estimated model concerns the panel version of mixed logit, as explained
in section 4.2.5 and equation (4.20). In the survey, a participant made a series
of nine consecutive choices. This series of choices violates the i.i.d. assumption
of the MNL model, as the same respondent is likely to be influenced by previous
choices. The same respondent might favor one of the alternatives, and thus show
correlation in the choices in one series. Accommodating this violation is possible
using the panel mixed logit model. In this model it was chosen to use the normal
distribution, where the average is given by the alternative specific constant, with a
variance added. With 1000 Halton draws, the results are as given in table 5.19.
Each alternative specific constant has its own associated variance, which allows for
alternative specific variations between people in the panel, except for the alternative
that is given a constant for the ASC. The variances are given by σ in table 5.19.
The results show an enormous increase in model fit, compared to the standard
multinomial logit model as provided in table 5.16. The Pseudo ρ2 increases from
0.25 to 0.45, almost double. The likelihood ratio test also shows that the panel
mixed logit model is significantly better than the multinomial and the nested
logit models. The inclusion of taste variation by allowing for heterogeneity in the
alternative specific constants thus greatly improves the model fit. Respondents
clearly differed in their preference for both the alternatives and the parameters,
simultaneously and separately.
The parameter estimates are all in accordance with the expected values, but they
do show some differences to the previously estimated models, especially for the
alternative specific constant of the “no information” alternative. In the multinomial logit model it was significantly preferred over the “informing information”
alternative. In this case, it is significantly different, in the sense that is valued
less than the “informing information”. However, the variance of this estimate is
significantly different from zero, and has the largest value of all estimated variances.
This shows that there is a large taste variation among the respondents who chose
this alternative, of which around half have a positive preference, and the other half
have a negative preference for having no information available at all.

5.3 Results

109
Table 5.19: Estimated Panel Mixed Logit model
Variable
ASC1 (informing)
σ1 (informing)
ASC2 (advising)
σ2 (advising)
ASC3 (personalized)
σ3 (personalized)
ASC4 (predictive)
σ4 (predictive)
ASC5 (none)
σ5 (none)
βcost
βtimeliness
βreliability
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
a

Panel Mixed Logit
Estimate
t statistic
0
0
0.17
−0.57
0.10a
0.61
−0.11a
0.91
−0.45
5.19
−3.21
−0.66
1.38

2.23
−5.01
1.22a
−6.72
−1.31a
9.68
−2.51
17.51
−36.01
−19.96
33.55

5175
−8328.84
−4502.59
7652.49
0.4594
0.4581

Non-significant estimate at a 95% level.

Not surprisingly, the variance of the other alternatives is much lower without
being insignificant, which indicates that although taste variations exist among the
respondents, the variations are not large at all. The alternative with the highest
variance is “predictive information” which can be explained by the trust of the
respondents in prediction. One who believes that predictions provide reasonable
and reliable results is much more likely to choose this alternative, whereas one
who doesn’t believe in predictions is biased against this alternative. Because no
parameter for trust is included, the variance for this alternative is higher.
The estimated values for the attribute parameters all are in accordance with
expectation, regarding their direction and size. The most important attribute
remains the cost, and compared to the previous models, the size is larger. Taking
into account taste variations around a mean, in the form of an alternative specific
constant, this shows an increase in sizes of the attribute values, which is in extra
indication that there is at least some taste variation in the population. Costs thus
became more important to respondents. The same applies to the reliability and
the timeliness of the traffic information.
Also a combination of the nested logit and mixed panel logit has been applied
to the dataset. These results however did not provide an improvement in the
estimation. Besides, the estimation did not find a significant difference between
both nests. Therefore, the mixed panel logit is deemed to have the best fit, while
accommodating for the possible measurement effects using the sequence of choices.
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5.4

5.4.1

Discussion

Survey, model and data integrity

Internet and respondents
The results in this report are based on an Internet survey. Apart from the many
benefits of such a survey, there is also one important drawback. Access of the survey
through internet introduces a bias because only people who have a connection to
the internet can fill in the survey. According to the Bureau for Statistics in the
Netherlands, 83% of the Dutch population (between 12 and 75 years old) is able
to access internet (CBS, 2011). Of this group, 54% uses internet on a daily basis,
for various purposes. Although these figures indicate that a large group of the
Dutch population could participate in this survey, the results are probably still
biased because important groups (people older than 65, and people with a lower
education) have a much lower percentage of internet access. These two groups are
also under-represented in the sample of the survey.
Another drawback exists, namely the way in which respondents were asked to
participate. The self-gathered group consists of personal and business contacts
which can lead to a bias because of their familiarity with the subject of study. The
other group was invited via an agency which provided an internet panel. Both
groups belong to the target group because of their possession of a driving license,
which was checked within the survey. They both faced the same questions in the
survey. However, for the internet panel it was possible to specify the characteristics
of the sample in terms of the average Dutch possessor of a driving license. This of
course was not possible for the personal and business contacts. This could have
introduced a difference in the results between both groups of respondents.
Both groups of respondents were first compared on the basic sample characteristics,
with the Chi-Square test. Results of this test show that only the most used motive
for car use did not differ significantly between both groups whereas all other
characteristics (age class, sex, level of education, mobility type, household size and
kilometers per year) are not the same in both groups. For example, the internet
panel consisted of more females, more older age groups, less highly educated
respondents, more large households, and more respondents with fewer kilometers
per year. The same kind of tests were also performed on the information usage. In
this case possession of a navigation system and use of traffic information before
travel were not significantly different between both groups. Using information
during travel and satisfaction with the information used is different. For example,
the internet panel has more respondents not using information during travel and
in general are more satisfied with the traffic information used. When looking at
the choice of information contents, a combination of all situations is used. In this
case again a significant difference is found between both sources for advice on the
fastest and shortest route, as well as the estimated time of arrival for an advised
route. The internet panel has fewer respondents who choose the fastest route and
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the estimated time of arrival, but has more respondents choosing the shortest route.
The differences that occur between both groups are expected to be caused by the
actual respondents in each group. This would indicate a difference in basic sample
characteristics (age, gender, level of education).
Survey design
Apart from these drawbacks of the internet survey, other, more general causes
for bias may exist in the survey. First of all, it is not known to what extent the
respondents completely understood all the different situations (eleven in total) and
the different options for contents of the traffic information (the fourth part of the
survey). The description of the situations were quite precise, with the important
characteristics of the situation in bold. This also caused the description to be rather
long, especially if eleven situations need to be described. This way of describing
was based on the remarks received after pilot testing the survey. For the options
the respondents could choose from, no further description was provided. This may
have caused some problems with respondents not understanding the difference
between the shortest and the fastest route. Randomization of the options per
situation at least guaranteed that respondents had to look at all the options to
find their preferred one for each situation.
Of course, some elements that can influence the choice of respondents were not
part of the survey. Examples are their experience with congestion and more
questions on their experiences with traffic information. This would have meant
more personalization of the survey, which would make the analysis more difficult.
Such elements need to be taken into account with further study in the route choice
simulator (see also chapter 7).
Choice models
As already mentioned in the approach (see section 5.2) it is assumed in the multinomial logit model that the choices of all respondents are independent. However,
because one respondent has to make nine choices, this assumption is violated. The
results of the MNL model therefore have to be used with great care. Another
assumption is that the alternatives are independent of each other. This assumption
can also be questioned when looking at the alternatives. Four alternatives present
information, while the fifth alternative does not. This indicates a relationship
between the first four alternatives, which violates the assumption of independence.
Both violated assumptions were relieved by using other models, such as nested
logit and mixed logit for panel data.
The introduction of these more advanced models causes other points of discussion.
First of all, the nested logit model that was applied still assumes independent
choices of the respondents, which is violated. It does allow for similarity between
the alternatives, by putting the relevant alternatives in one nest. In this study, not
all possible variants of the nests were used. The model that performs best does not
necessarily have to be based on assumptions of similarity made by the researcher.
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The mixed logit model presents a number of great advances in modelling stated
choices, but these advances also introduce a number of problems. First of all,
the researcher has to define which of the possible approaches is used: (a) error
components or (b) random coefficients. In essence, the results of the approaches
are the same, but the way one looks at the utility function differs. The second
issue is the selection of the random parameters or, in other words, the attributes
which are allowed to have a mean and variance. This also introduces the third
problem, the selection of the distribution for this parameter. Each distribution
has its own implications. For example, a Normal distribution has long tails on
each side, which implicates that some individuals in the estimated distribution
will either have an extremely high or low value given for that attribute. It is clear
that this is not always realistic. Other distributions do not show this problem,
and can be tuned to not allow negative values, such as the triangular distribution.
The Normal distribution was used in this research because of time constraints in
the modelling. In further research, the results of different distributions should be
investigated.
The fourth issue is to take into account the correlation between choice situations. In
this research the approach was taken to use a random coefficient for the alternative
specific constant, but other options are also available, which might have an influence
on the outcome of the estimation. The fifth issue discussed here is the number of
draws used in the estimation. In this case it was chosen to use 1000 draws, based
on recommendations in the literature.
Another, last issue, not taken into account in this research, is the correlation between
the parameters. Several options are available here. One can use interaction, where
a parameter is estimated for two (or more) multiplied attributes. This has effects
on the number of questions necessary for the survey, which increases fast. Another
option, introduced by the mixed logit model, is to change the variance-covariance
matrix. This is a very complex approach, but can provide very good results.
However, because of the complexity, this has not been undertaken in this research.
In the research for the attributes of traffic information, it is also possible to use more
socio-demographic attributes than are currently used. Separate models have been
estimated for the different attitudes toward mobility, but also age, level of education
etc. can be used here. Several options are available here. First, one can estimate
separate models for each group, as was done for the attitude towards mobility.
Second, one can use different scale parameters for each group. For more than one
socio-demographic attribute, this would mean a large number of scale parameters.
The third option, which is the preferred option, is to introduce dummy variables
for each attribute level. For an attribute with two levels (for example, wether one
owns a car or not) this would mean one dummy, either zero (no vehicle) or one (one
or more vehicles). For a three level attribute, two dummies are necessary, etc. This
approach means that the data that is used has to be redefined, to allow for these
dummy variables to be measured. Since this procedure is very time consuming,
the dummies have not been created, and hence not estimated. In future research,
the creation of dummy variables in the data should be done earlier on.
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Results

For the results of the survey for the contents of traffic information all results make
sense. As was expected, the situations are of significant influence on the choice
of contents of traffic information, although the most preferred option stays the
same over the different alternatives. The advice for the fastest route that was most
preferred is also a logical finding. Overall, one can say that the results from the
survey are logical.
Compared to the presented literature, the results of this survey are in line with
previous findings. The basic preferences of drivers are with traffic information
related to travel times, either directly in the form of an advice or estimated time of
arrival, or indirectly by receiving detailed information on location, length, duration
and cause of traffic jams. Interestingly, however, the percentage of respondents
interested in advice is higher than could be expected from previous studies, where
the extended information seems to be preferred (see for instance the results of
(Mensonides, 2004)). Another important issue here is that the results provide
more insight into differences in information preferences between different traffic
situations, either with a different non-recurrence, motive or familiarity. The findings
regarding personal characteristics in the presented results also are in line with
findings in previous research. For example, the attitude towards mobility is an
important factor and is of significant influence on the choices of information types
and contents of traffic information. Also familiarity and motive are important
factors, which were also found in other studies.
The attributes of traffic information, as presented in section 5.3.4 are overall as was
found in previous studies. The attributes used here are all significant in choosing a
type of information, with costs being the most important. However, in a previous
study, accuracy was found to be more important than costs (Ng et al., 1995).
However, from the study it is not clear how accuracy was defined, which means
that there could be some overlap between reliability in this study and the accuracy
defined in the study of Ng et al. (1995).
60% of the respondents is willing to pay for a variant of traffic information, with
varying levels of reliability and timeliness and 40% of the respondents chose not
to have any information. This is a very high percentage of travellers paying for
traffic information. It is expected that this value is an overestimation of the actual
willingness to pay, since in the survey there was no actual cost involved for the
respondents, reducing the reliability of such an survey. However, without costs
as an attribute, each respondent would expected to be always choosing the best
option. With costs, a trade-off must be made between costs and other attributes.
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5.5

Summary

In this chapter the focus was on the results of the survey as designed in section 5.2
that presented a conceptual model, which led to a number of hypotheses regarding
the preferences for traffic information. First of all, the relationship between
information contents and situations was investigated. This showed that the situation
a driver is facing influences the choice of traffic information contents. The influential
characteristics of the situation are the actual traffic situation at hand (accidents,
road works and large events), the motive a driver has (commute, business or
recreational) and the familiarity of the driver with the road network and traffic
situations. The most preferred content of traffic information for all situations is
advice on the fastest route, followed by extended traffic information and expected
time of arrival. This clearly shows that irrespective of the situation, drivers prefer
information that concerns travel time or is related to that. Depending on the
actual situation, other types of information are chosen more often, for example
information concerning comfort.
The personal characteristics, together with the situational characteristics were also
investigated in relation to the choice of information contents. Based on the analysis,
three main personal characteristics are important, irrespective of the situation:
• attitude towards mobility;
• age;
• usage of traffic information during travel.
Partially related to the contents of information, the stated preference survey
investigated the choice of types of traffic information together with the important
attributes of these types. Based on the total choices made, the driver is most
interested in advice or even a personal advice. The predictive and informing
information are a little less preferred by the respondents. A total of 60% of the
respondents were willing to pay for traffic information whereas the remaining 40%
choose not to have traffic information. This striking fact is due to the costs involved
in the other types of traffic information. The fact that advice was most often
picked, relates to the previously found preferred content for traffic information,
which also mentioned the advice on a fastest route.
The data of the survey for information attributes was used to estimate several
discrete choice models: multinomial logit, nested logit and mixed logit for panel
data. The results of these models indicate that the most important attribute for
traffic information is the cost. Increasing cost deters a respondent from using an
alternative. Next most important is the reliability, followed by timeliness. This
order of importance for the attributes stays the same in all applied models. The
multinomial logit model was also used for the different attitudes towards mobility.
The results indicate that there are differences in valuation of the attributes and
alternatives between the groups, which is in accordance with the results of the
relationship between contents of traffic information and attitude towards mobility.
The nested logit model showed that there is a significant correlation between the
alternatives that provide information, which means that they have something in
common, which of course is in accordance with the description of the alternatives.
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The four alternatives in which there is information available can be grouped together,
with a correlation of 0.74. The last applied model, which is based on mixed logit
for panel data, showed that there is great variation between the respondents for the
attributes when looking at the alternatives available, especially the variations in
taste for the ”no information” alternative that were very large. Of all the models
that were applied to the dataset, the mixed logit model for panel data performed
the best in terms of the pseudo ρ2 and likelihood ratio test.
Based on these results, it is clear that the preference for traffic information changes
according to situations, motives, knowledge and drivers. The choice for information
also depends on its attributes, especially costs. It indicates a need for personalization
of traffic information which is specific to the different preferences and situations.
The results are used in designing an experiment for route choice behaviour during
non-recurrent traffic situations (see chapter 7).

Errors using inadequate data are much less
than those using no data at all.
— Charles Babbage

Chapter 6

Route choice data collection

6.1

Introduction

This chapter presents the collection of data for the estimation of route choices
models to be estimated (based on discrete choice). It provides a partial answer
to research question three, especially part a: How can route choice behaviour be
measured? Measuring route choice is possible with various methods, each with its
advantages and disadvantages. For this research, data is needed to estimate a route
choice model that indicates the behaviour of car drivers during non-recurrent traffic
situations in the presence of traffic information. Based on a literature review a
choice is made to use a route choice simulator. Several items are of importance for
the design of a route choice simulator, especially for the non-recurrent (accident)
traffic situations. These items are all discussed and dealt with in the design of the
route choice simulator in this chapter.
The chapter starts with a discussion of the possibilities for collection choice data
in general, and route choice data in particular (section 6.2). We will discuss
the possibilities and suitability of revealed and state preference for this research.
The choice for a route simulator as having the advantages of both stated and
revealed preference is further explained with its design in section 6.3. For route
choice simulators (RCS) (and stated preference data in general) it is important
to investigate the validity of the resulting data, models and coefficients that are
estimated using this data. For route choice simulators and the AIDA RCS, validity
is discussed in section 6.4. The chapter finishes with a summary in section 6.5.

6.2

6.2.1

Route choice data types and sources

Data types

Choice or preference data in general come in many forms and can have many
sources. The data can generally be classified in three types:
• data generated using models;
• data of what people actually do (revealed), and;
• data of what people intend or say they will do (stated).
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X2
SP

Technological

RP

X1
Figure 6.1: The technological frontier and Revealed and Stated Preference data (Louviere
et al., 2000)

The first of these types concerns a specific type of data compared to the other
two. This so called synthetic data is generated using a predetermined model
and is most often applied to present developments or variations in modelling
approaches. For example, when applying different hypotheses to a discrete choice
model which assume heteroscedasticity and/or heterogeneity, it is very helpful
to create a synthetic dataset for which you know (because you have set them at
specific values) the correct estimates. Because of these known estimates, various
modelling approaches can be compared not just based on model fit, but also in
difference between the actual and estimated parameter values. An example of such
an approach can be found in Munizagaa et al. (2000); Hess (2005). Another type of
application concerns route choice modelling. In case of overlap in routes, a simple
hypothetical network can be used to explain the different approaches that deal
with this overlap (see for example Ramming (2001); Frejinger (2008); Bovy et al.
(2008); Fosgerau et al. (2009)).
The other two types of data are called revealed and stated preference or choice.
Revealed preference (RP) data concerns events or choices that have been observed
to have actually occurred. For route choice it would for example be a sequence of
choices at all junctions a driver passes in a trip. Each choice is observed. Stated
preference (SP) data is about choices made in hypothetical situations. It is not an
observation of a choice that actually occurred, but an observation of the intention
to make such a choice when facing the same situation in reality. Revealed choice
data can only represent data on choice made in actual situations, whereas stated
choice data allows for both actual and non-existing situations. This can also be
understood using figure 6.1, which shows two random attributes X1 and X2 with
different levels. This figure indicates the so called technological frontier which makes
the difference between actual market situations that can be used for observations
of choices, and the not (yet) existing market situations where no actual choices can
be observed, simply because the situations or alternatives do not exist. Revealed
choice can only include existing alternatives with know attributes and attribute
values. This relates to the actual market situation. Stated preference can also
include new alternatives and other or new attributes which cannot be found in the
market, and as such crosses this technological frontier.
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Table 6.1: Summary of RP and SP data (Louviere et al., 2000)
RP

SP

• Depict the world as it is now
• Possess inherent relationships between
attributes
• Have only existing alternatives as observables
• Embody market and personal constraints on the decision maker
• Have high reliability and face validity
• Yield one observation per respondent at
each observation point

• Describe hypothetical or virtual decision contexts
• Control relationships between attributes
which permits mapping of utility functions with technologies different from
existing ones
• Can include existing and/or proposed
and/or generic choice alternatives
• Cannot easily represent changes in market and personal constraints effectively
• Seem to be reliable when respondents
understand, are committed to and can
respond to tasks
• Quite often yield multiple observations
per respondent at each observation
point

A summary of characteristics of RP and SP data is given by Louviere et al. (2000)
and reproduced in table 6.1.
Stated preference research allows for much more controllability, because the experiment is designed with a specific context and alternatives with their attributes
are provided by the researcher. This enables a researcher to design an experiment
which targets the research objectives that are of interest. A revealed preference
approach lacks this controllability, because the research is (normally) not able to
design the situations and alternatives in the choice situations. This means that
although a choice itself is a valid choice, it is not necessarily a choice of interest for
the research, as the alternatives or context does not suit the research objectives.
Next to that, the revealed preference approach has no influence on or control of the
levels of knowledge of individuals, which makes it difficult to know the participants
choice set (as just the chosen alternative is observed).
The amount of observations per respondent is a big difference between RP and SP
approaches. As for RP data, just a single observation at each point can be found,
it is a time consuming (and therefore costly) approach to get enough variability
in the choice data. SP data on the other hand allows for multiple observations
at each point, even from one participant. It is easier to get the amount of data
necessary with less participants. This makes the SP approach less time consuming
and more cost effective.
The biggest disadvantage of SP data is the validity. SP research makes use of a
situation in which respondents are placed by the researcher, it is important they
completely understand this hypothetical context and the tasks they have to perform
(Carson et al., 1994). Revealed preference approaches do not have this disadvantage,
as the choice is actually made. The participant does not have to imagine a certain
situation and think which choice would be made in that situation. SP data can (and
perhaps should be) interpreted as a stated behavioural intention (Fujii & Gärling,
2003). Habits, for example, can overrule the stated intention. As mentioned by
Bogers (2009) two important issues with validity concern the (usually) lacking of
consequences of choices made and the difficulty to convey certain attributes of
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alternatives such as reliability. In reality, a choice will have a certain consequence
in terms of travel time and costs. In a hypothetical context, such a consequence
is difficult to implement. It is possible for a researcher to reward a subject with
money for good choices, and penalize subject for bad choices (or late arrivals), but
by doing so, the researcher influences the choice behaviour of the participant. This
can have a significant impact on the validity of the data (Carson & Groves, 2007),
as in most cases, the structure and amount of incentives for the choice situation are
not known. It is likely that the incentive structure influences choice behaviour in
such a way that the resulting data is not valid. However, using an incentive can also
increase the realism of the choice situation, which provides for more valid results.
The other issue concerns vague or difficult to grasp concepts such as reliability. The
way individuals interpret such a concept influences the choices they will state, but
as this interpretation is not known, the actual behavioural rule for such a choice is
not known. Next, if a concept is not used to describe alternatives and attributes in
every day life (such as the reliability of travel time, which is almost never provided
as part of traffic information), people do not have a common experience with such
a concept. This makes it less likely that they use this information in their actual
choice.
Even though the validity of SP research is a real issue, it has seen many applications,
as the advantages of this approach provide the possibilities for scientists and
analysts to investigate new concepts and alternatives, or situations which would be
impossible, too costly or time consuming to study using RP research.
6.2.2

Data sources

In case of route choice, the acquisition of the data is an important element to
address. For both SP and RP data, several options are available to acquire the
necessary data for route choice modelling. An absolute minimum for the data is
to have a selected alternative. Attributes of this alternative, as well as the choice
set, can be generated using simulation and modelling. However, the more data is
available on the chosen alternative and the choice set, the more valid and better
the model will be.
Observing route choice in the real world can be done using several methods. They
can be grouped into using surveys and tracking vehicles, where methods can be
combined to improve data quality and add more information. The tracking methods
are based on observing vehicles and their routes in a road network. This tracking
can be done using GPS data (where a GPS devices is located in the vehicle), GSM
or bluetooth data (from smartphones) or license plate recognition. Using GPS,
GSM or bluetooth data involves a lot of processing before it can be used as route
choice data. A thorough examination of this subject can be found in Schüssler
(2010). Another approach is to use the concept of domain of data relevance, which
corresponds to a physical area in the road network where measurement is relevant
(Bierlaire & Frejinger, 2008; Bierlaire et al., 2010; Frejinger, 2008). Using license
plates to reconstruct routes is also a possibility, but has other issues. This method
only uses a few (depending on the density for observations) locations where a license
plate can be observed. Between the observed locations, the route is reconstructed,
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assumed on certain goals, such as shortest or fastest route. An application of using
license plates for route choice is given in Thomas & Tutert (2009). In all cases,
only the chosen route is observed, which means that all other information deemed
necessary for a specific route choice model needs to be generated or acquired in
other ways.
Surveys as the other method for acquiring real route choices allows for a description
of the chosen routes, but also enables researchers to acquire more data on, for
example the choice set, the important attributes of route, motives for travelling
and characteristics of the traveller. This method uses surveys (online, telephone
based, paper based, etc.). As such, the data allows to provide a wider spectrum of
information. Chosen routes in surveys however have a reliability problem, as it is
difficult for participants to describe the route at the necessary level of detail. Often,
certain parts of the route are left out, for which a choice have to be made how
they are dealt with. Ramming (2001) uses data gathered using a paper survey and
uses the shortest route to fill in the missing parts of the route, where the data was
gathered using a survey. Another example of using an internet survey for acquiring
route choice data is given in Prato et al. (2011), which uses an innovative way to
acquire the data for the routes in an urban area, using a digital map with coded
junctions. Also recently, a toolkit is developed which aids the researcher in the
route choice analysis (Papinski & Scott, 2011).
Retrieving data on real route choice using surveys is a big burden for participants.
It is a complex task to describe a complete route on paper or online, which has
to be taken care of when designing a survey. Respondent fatigue can be an issue,
causing unreliable and incomplete data. Combining the sources of data using a
GPS tracking device and an online survey for additional data reduces the burden
of the participants a great deal and seems to be the best way to acquire data on
real route choices.
For SP data, it is obviously not possible to observe real life route choice behaviour.
As a consequence, surveys or simulated environments are the only methods to get
route choice data in the stated preference context. At one extreme there is the
driving simulator such as those owned by TNO or the University of Leeds. These
environments can be compared with a flight simulator and are often used to instruct
new drivers or study driving behaviour in great detail, for example car following
distance, merging, lane choice, etc. These environments also allow researchers to
study new technologies such as adaptive cruise control in a realistic but controlled
environment, whereas the same experiment in real traffic would introduce lots of
issues, for example regarding safety and liability. A driving simulator provides an
environment which is close to reality, as participants are actually driving a vehicle.
At the other extreme is the survey. Surveys do have different forms, but the most
simple variant would ask respondents to select a route based on certain attributes
and attribute levels. Such a survey is expected to have issues with validity, as
it is difficult for participants to imagine the situation they have to make a route
choice in. Next, the attributes used to describe the alternatives might be difficult
to grasp for the participants, and they will never experience the consequences of
their choices. Such a simple survey for route choice might not provide realistic
results.
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Figure 6.2: Interface of the VLADIMIR route choice simulator (Bonsall et al., 1997)

However, the internet and its dynamic webpages allow for interaction with the
participant in a route choice experiment. It is possible to have them experience
to some extent the consequences of their choices, particularly for travel time (by
increasing the load time of the next webpage). It also allows for easy generation
of the different scenarios in the experiment to get sufficient and equal amounts of
data. Such a kind of survey is more of a controlled environment. An example of
such an environment is the TSL (Travel Simulator Laboratory) as used in Chorus
et al. (2007b); Chorus (2007); Bogers (2009).
A route choice simulator is an alternative that can be positioned between the fullscale driving simulators and the (interactive) surveys. Bonsall (2004a) defines route
choice simulators as computer based tools for the collection of data on travellers’
choice of routes. They involve asking individuals to make one or more trips through
an artificial environment in which they are asked to make their way through the
road network by choosing at each decision point. The route choice simulator keeps
a detailed record of the choices. An example of the VLADIMIR route choice
simulator (Bonsall et al., 1997) is given in figure 6.2. These simulators differ from
the driving simulators, as the route choice simulators do not record the driving
behaviour itself, but the route (and perhaps destination, modality and departure
time) choices, while maintaining a certain degree of context as provided by a driving
simulator. Compared to an (interactive) survey, the route choice simulator provides
a more realistic view of the trip made, which make it easier for a participant to
understand the situation and context of a trip. A route choice simulator combines
the advantages of both SP and RP data, as it can observe “real” choices in a
fictional situation which can be controlled by the researcher. Even though validity
remains an issue with route choice simulators, they provide an environment which is
closer to reality and therefor expected to be better understandable by participants.
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In this research, a route choice simulator is chosen as the tool to acquire the data
for the modelling of route choice behaviour during non-recurrent traffic situations
in the presence of traffic information. This choice is based on:
• the need to include non-recurrent traffic situations such as incidents, road
works or large events;
• the need to vary the traffic situations a driver experiences;
• the need to vary the type of traffic information a driver receives;
• the need to acquire the individual choices at each decision point (each junction)
in the network, in order to estimate the model proposed in chapter 4;
• the need to use a cost and time efficient way to acquire the necessary data
on route choice behaviour.
Route choice simulators are capable of simulating varying conditions, both in
respect to the traffic situation and the trip purpose of the driver taking part in
the experiment. The researcher can control the situations and make sure the
participant will actually experience these conditions, especially in case of accidents.
Using a route choice simulator it is also possible to create various kinds of traffic
information and assure that a driver has received information on certain conditions.
Using revealed preference data means that none of the above is possible. For
example traffic information available in reality does not include information on
accidents in urban environments, combined with information on congestion in
urban areas.
Even though an SP approach using a survey would allow for a researcher to control
the conditions and types of traffic information, it is a very difficult task to have a
participant in such a survey experience the consequences of the choices or ask for
a choice at each decision point. Route choice simulators are capable of tracking
all choices at each individual location, together with the current traffic state of
the network and traffic information available. This would also be possible using
a full scale driving simulator, but these environments are costly. Next to that,
experiments with driving simulators will take a long time if multiple trips are
needed to be made with around 20 minutes of travel time.
A route choice simulator is thus the best approach to acquire data on route choice
behaviour as it mimics reality but focuses on the choice data to be gathered in stead
of driving behaviour data. Bonsall (2004a) concludes that route choice simulators
have great potential as source of choice data. Compared to (online) surveys they
offer:
• access to data on the choice process as well as on the choice itself;
• a means of allowing perception of key attributes to be part of the choice
process rather than artificially excluded from it;
• a means to experience consequences of choices;
• reduced exposure to strategic response bias and unconstrained response bias;
• reduced exposure to good subject effects and to respondent fatigue or indifference effects, and;
• a mechanism for including a very wide range of potential behavioural stimuli.
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Compared to a driving simulator, a route choice simulator offers:
• access to a wider range of subjects;
• considerably reduced costs, and;
• more rapid collection of data.
When looking at monitoring real world behaviour, a route choice simulator offers:
• much greater experimental control, and;
• easier access to a wide range of contextual data.
With so many advantages, route choice simulators have received a lot of attention
in the study of route choice behaviour in the presence of information. An overview
of capabilities of route choice simulators is presented in table 6.2, adapted and
further completed with new route choice simulators from the overview made by
Abdel-Aty & Abdalla (2006). The route choice simulator that will further be
presented is based on the one presented in Raadsen & Muizelaar (2005).
The overview is based on characteristics and possibilities of route choice simulators.
For this research, the important possibilities are the realism, en-route choices
and multiple trials per subject. The realism can be further divided in a complex
and realistic network and animation during the trips. These three necessary
characteristics are further discussed in the design of the route choice simulator in
the next section.

6.2 Route choice data types and sources

125

X

X

X

X

Allen et al.

91

C

X

X

X

X

Adler et al.

93

C

X

X

X

X

Iida et al.

93

S

Polak & Jones

93 NA

Vaughn et al.

93

Chen & Mahmassani
Kantowitz et al.

X

X

X

S

X

93

C

X

93

C

Yang et al.

93

S

Koutsopoulos et al.

94

C

Vaughn et al.

95

C

Bonsall et al.

97

C

Lotan

97

C

Mahmassani & Liu

99

C

X

Chen & Mahmassani

99

C

X

Kraan et al.

00

C

X

Ozbay et al.

01

C

Mahmassani et al.

03

C

X

Raadsen & Muizelaar

05

C

Abdel-Aty & Abdalla

06

Avery et al.

07

Bogers

09

C

X
X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

C

X

X

C

X

X

S = Simple network (2-node-2-link)
C = Complex network (more than 2 links)
X = Included

X

X
X
X

Multiple users

C

Multiple trials per
subject

91
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S
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S
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Table 6.2: Overview of route choice simulators based on Abdel-Aty & Abdalla (2006)
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6.3

AIDA Route Choice Simulator

The starting point for the development of the route choice simulator for this research
was the ability to incorporate accidents and their effects on traffic situations. It
thus needs to be able to accurately model “normal” traffic, and represent this
traffic to a participant. Another important element for the design of the route
choice simulator was the ability to have multiple participants in the simulated
environment at the same time. This would enable to acquire data on route choice
behavior faster, but if enough participants would be in the same environment, it
could also generate the effects described by Ben-Akiva et al. (1991):
• overreaction: too many users respond to the information, causing some roads
to be busy and others to be quiet, continuously changing;
• concentration: too many users will use the same route, causing one route to
be very congested.
However, for these effects to occur in a simulated environment a lot of participants
are necessary. Such an amount would not work, without much extra care for the
experimental setup. It is also not the specific goal of this research to investigate
these effects. Next, the flexibility of the simulator was important. It should be easy
to use different road networks, with different traffic situations, with for example
accidents, road works or large events, without rebuilding the route choice simulator.
The same applied to the type of traffic information and/or route guidance used
in the simulator. These should be easily adapted to investigate effects of different
kinds of route guidance or traffic information on the route choice. A combination
of these requirements for a route choice simulator has not been found in any of the
developed route choice simulator at the time of the design.
Traffic situations can be created by a range of models varying in temporal and
spatial resolution, ranging from microscopic vehicle based models to macroscopic
flow based models. Both are able to create realistic situations, calculate travel
times, average speeds, and derive traffic information based on the traffic situation.
In both types of models it is be possible to allow many participants simultaneously,
although the workings will be different. Both types of models are also capable
of simulating individual vehicles, where the macroscopic models use a dynamic
approach and the microscopic models simulate individual vehicles. A microscopic
model can be used for research into detailed behaviour as it includes individual
movements of all vehicles. An advantage of a microsimulation model in a route
choice simulator is the effect the controlled vehicles can have on the other vehicles
in the road network. The other vehicles can adapt to the situation caused by
the choice behaviour in the controlled vehicles, at any level in the simulation. A
disadvantage of a microscopic simulation is the computing power needed to simulate
an average size road network with lots of vehicles in faster than real time speeds.
However, by providing a computer that is capable of running these situations, this
can be circumvented.
Because of these capabilities and the level of detail, the choice was made to base
the route choice simulator on a microscopic traffic simulation model. Such a
model allows to create the various traffic situations, while using the abilities of
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the simulation model for moving the vehicles through the network, gathering the
necessary data for traffic information and storing the traffic data for further analysis.
At the time of the choice for a simulation model, Quadstone Paramics was one of
the few that offered an interface (Application Programming Interface or API), with
the most capabilities to access the inner workings of the microscopic simulation
model.
For the design of the route choice simulator, further on called the AIDA RCS,
much attention has been given to the work done in Koutsopoulos et al. (1995);
Firmin (1995); Bonsall et al. (1997); Bonsall (2004a); Chorus (2007); Bogers (2009).
All these studies investigated the use of route or travel simulators for acquiring
data, which was otherwise impossible or very difficult to retrieve. Especially the
overview presented in Bonsall (2004a) raises the issues that need to be addressed
when designing a route choice simulator or an experiment based on a route choice
simulator. These five issues are:
1.
2.
3.
4.
5.

whether to represent a real network;
how to set traffic conditions in the simulator;
how realistic should the interface be;
the inclusion of questions to supplement the decision log, and;
how important is portability.

The items 2 to 5 are addressed in the design of the AIDA RCS, where the first
item is part of the design of the experiment, not of the simulator. Both types
of networks (a real, or a not existing) can be created in Paramics. The traffic
conditions in the AIDA RCS are set by using a microscopic traffic simulation model.
This model allows to vary the traffic conditions between several trips, either by
using varying random seeds or completely different OD matrices. And because
many participants can simultaneously make a trip in the simulator, it is even
possible to have the traffic conditions reflect the choices of these participants. The
choice made regarding this item can be found in section 7.2.1.
Item three about the realism of the interface concerns not just the drivers view, but
also the presence and/or complexity of the driving task and the representation of
time in the simulator. A view for the driver which is ”natural”, or closely resembles
the view from an actual car, is found to be important (Firmin, 1995). However,
the extent to which extra information is included, such as a preview of upcoming
links, influences the choices by the participants to a certain extent. For the AIDA
RCS it was chosen to include a view of the dashboard and windscreen, and present
a map of the road network, including the traffic conditions. The interface should
also be able to present traffic information and a route advise in a realistic way.
Based on the results of the study of Firmin (1995) it was chosen not to include an
alternative driving task in the AIDA RCS. In a route choice simulator, a participant
does not have to steer, accelerate or brake. This means that the participant would
have more time for making a choice. An alternative task, such as keeping a square
in a certain area of the screen with the keyboard, could represent a driving task.
However, such a task might become more important than the task of choosing a
route. Therefore, the AIDA RCS does not have such a task, but uses the possibility
to speed up the time.
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The third element of realism is the representation of time. Previous research (Bonsall
et al., 1997; Bonsall, 2004a; Bonsall & Palmer, 2004; Firmin, 1995) indicates that a
link between elapsed time and time in the simulation is important. If a simulator has
no such link, it might be very well possible that a participant is not making choices
to minimize the time in the simulation, but the elapsed time, which is unwanted
behaviour. However, if the simulated and elapsed time are equal, experiments will
take too much time and thus mean a large burden on the participant, particularly
because no alternative driving task is to be performed. The AIDA RCS therefore
aims at speeding up the simulated time to a certain amount. Simulation time is
thus proportional to the elapsed time by a constant:
Simulation time = c ∗ Elapsed time

(6.1)

in which c is a constant between 0 and 1.
Related to the realism of the simulator is the realism of the experiment. This is
important for the validity of the simulator and the experiments. An important
element in this validity is the inclusion of costs. For example, if a participant selects
a long route each time, the experiment takes more time. A participant however
only experiences this longer duration, but does not experience the effects of a slow
route as he would have done in reality (too late arrivals at work or meetings, missed
events). Such an undesired effect can be prevented by including costs. For example,
for every minute a participant would be too late at the designated location (in a
commute scenario it would be a work location) a certain amount will be deducted
from the participant’s fee. However, what amount would be deducted? Which
weight to impose? These values are difficult to obtain and it is not agreed upon
that the inclusion of costs in the experiment yields better results (van der Mede &
van Berkum, 1991). Contrary to other experiments with route or travel simulators,
it was chosen not to incorporate such costs in the AIDA RCS. It is expected that
participants are able to make realistic choices if the scenarios in the experiments
are properly set up and if the simulator itself makes the trip realistic. This last
assumption is targeted by the design of the AIDA RCS, while the scenario’s are
part of the experimental design (see chapter 7).
The inclusion of questions to supplement the decision log is also addressed in the
AIDA RCS. Based on the conclusions made by Bonsall (2004a), it is important
to ask questions to participants of a route choice simulator study, because such
a simulator only allows for passive observation. It thus does not observe the
reasoning behind the choices made. A number of questions that do not interrupt
the simulation itself allow for more or better of the observations. The inclusion of
questions and their answers with the observations from the route choice simulator
are thus very important. Possible questions are about the validity of the route
choice simulator, by asking participants about their experienced realism and if
they would make an equal choice in reality. Of course, the answers, as well as the
observations should be stored and be easily available for analysis.
The portability of a route choice simulator is also important, because it makes it
easier to attract different participants to the study. A full-scale driving simulator
for example is usually located at a car manufacturer, university or a research
institute, which makes it more difficult to attract a range of different participants.
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A portable route choice simulator can also be used at different locations, for example
office or factory workers. This ensures a higher representation of the different
groups in society. It does come at a cost however, because certain items such as
multiple screens and sound are more difficult to be portable. Another issue is
that the location cannot be as controlled as in a dedicated research room. For our
research purpose, portability was considered to be more important than a controlled
experimental environment. The AIDA RCS is therefore chosen to be a portable
simulator. Another advantage of the AIDA RCS would be that it is possible to
participate without actually being present at a certain location. Because of the
advanced networking capabilities of today’s computers, it is possible to participate
over the internet, using a client/server architecture.

6.3.1

AIDA RCS architecture

Based on the issues described in section 6.3, an architecture for the AIDA RCS
was made (see figure 6.3). The architecture shows the different components that
are used in the AIDA RCS. The initial design was done by Raadsen (2005) and
further developed for this research.
On the left side the Paramics Modeller (Quadstone, 2007) is placed. The Paramics
Modeller is part of the Paramics Suite (of which version 5.2.2 was used) which
consists of several parts:
• Modeller: tool to create the road network and run the simulation (with
graphical user interface);
• Analyser: tool to analyse data generated by the simulation;
• Processor: runs simulation without graphical interface to speed up the
application;
• Programmer: contains the developer API;
• Monitor: interface to monitor the generated pollution;
• Estimator: contains the OD estimation model;
• Designer: the 3D design tool;
• Viewer: a viewer for the created network.
Paramics
Programmer
& Ceejazz
Client

AIDA RCS
Server

Paramics
Modeller

AIDA RCS
Client 1

..
.

AIDA RCS
Database
(MySQL)

AIDA RCS
Client n

Figure 6.3: AIDA RCS architecture (Raadsen & Muizelaar, 2005)
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The modules of interest are the Modeller module to design the network and to run
the simulation, and the Programmer module which is used to connect the plug-in
to the RCS. The programmer is the connection to the outside world as it provides
functionality to write plug-ins. This API is split into four functional parts:
• QPO: Override function, if these functions are implemented they will override
the default Paramics procedures. Examples of these kind of functions are:
– car following
– lane changing
– route choice
• QPX: Extended functions to add extra functionality to the current behavior
like:
– start/stop simulation
– detection of released vehicles
• QPS: These are the ”set” functions that can be called by the plug-in such as:
– set the speed limit on a link
– set the current speed of a vehicle
• QPG: These functions define the provide ”get” functionality to retrieve
important data from the simulation like:
– the number of vehicles on a link
– if a car is involved in an incident
– what the destination zone of a vehicle is
The API available from Paramics Programmer requires making plugins in C++, as
.dll files. There is also an interface to this API available for the Java programming
language, which is the Ceejazz Client (Azalient, 2007). For the AIDA RCS, the
Ceejazz client is used, because of the advantages of Java.
In addition to the use of the programmer API, there is another source of manipulating a Paramics network. Paramics uses ASCII files to store all data defining its
road network and traffic situation. These files can be interpreted and manipulated
by the AIDA RCS to extract data on route guidance, special events, incidents
etc. without being limited by the Paramics plug-in functionality. Each Paramics
network consists of a number of files. These files can be categorized into five
different groups; each group has a number of files. The files which are of interest
to the AIDA RCS are indicated below:
• Network
– Nodes
– Links
– Categories
– Priorities
• Demand
– Demands
– Incidents
– Profile
• Infrastructure
• Statistics
• Initialisation
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Figure 6.4: AIDA RCS Database structure

Based on the requirements for storing data on trips from the simulator, as well
as storing data from questions before and after trips, Paramics itself could not
fulfill the storage needs. The easiest solution for storing data of the experiments is
using a database. The requirements were translated into a database design (see
figure 6.4). This database design shows several tables related to the simulation
(storing data of the trip, the links and the information), several tables related
to before the trip and/or the simulation (storing information on the user, and
selecting a scenario and special event) and tables related to after the trip (storing
data on the questions). In other words, the database is also used to configure and
set up the scenario’s.
For the server and clients, the Java programming was selected, although also
C++ was available. The main advantage of Java over C++ was the availability
of communication between the server and the clients. For the database, MySQL
was chosen. MySQL is freely available and supports concurrent access, which is
important in the design of the server, because the server needs to store data and
retrieve data simultaneously. Communication between Java and MySQL is possible
by the MySQL JDBC driver.
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(a) No message

(b) Traffic information

Figure 6.5: Driver’s view of the AIDA RCS

6.3.2

AIDA RCS Client

The client is the interface of the experiment with the participant, as described
in section 6.2. The graphical user interface or driver’s view of the AIDA RCS is
represented in figure 6.5. In these screenshots of the simulator, three distinctive
elements can be found:
1. the windscreen with a view of the upcoming junction;
2. the dashboard with speedometer, and;
3. the navigation information.
The windscreen shows a picture of the upcoming junction. It is possible to use
realistic pictures or screenshots from Paramics (in its 3D view). It loads the
background directly when a vehicle starts on a new link, and is static. It is also
possible to show a picture even if the junction only has one exit (straight ahead),
because it is based on the network files of Paramics. In other words, for each node
and each link leading to that node, a picture can be shown to the participant. If
no picture is available, the windscreen remains black.
In the bottom of the windscreen, the congestion on the current link is shown, based
on the density on that link and converted into three categories (see table 6.3). These
categories are also related to three colors (used throughout the client): (i) green for
freeflow; (ii) orange for medium traffic; (iii) red for heavy traffic. The windscreen
is also used to display messages (figure 6.5b). The contents of these messages are
either on traffic jams or special events, such as accidents.
The dashboard is always shown once the participant starts the trip. It shows the
current speed of the vehicle that is selected, which is controlled by the car following
model of Paramics. On the dashboard the current time in the simulation is also
shown, taken directly from Paramics. Based on the type of traffic information
that is selected for the trip, the estimated time of arrival is also shown, below the
current time. This estimated time of arrival is based on the current fastest route
with the current travel times of each link.
The large area on the right of the screens is the information that would normally
be presented in the personal navigation device. For most car drivers, the place of
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such a device is to the right of them (except perhaps for countries which drive on
the left), hence the navigation information is presented on the same location in the
AIDA RCS. The area consists of four elements:
1.
2.
3.
4.

a
a
a
a

map of the road network;
map of the upcoming junction;
list of the roads, and;
blue bar indicating the time left to choose.

The map displays the origin and destination, both as blue dots. The current
location of the vehicle is shown as a white dot. The colors of the links are again
based on the density of these links, but there is an issue with these colors. Because
most roads are two-ways streets, there are two links between nodes (apart from
on-ramps). However, the map is to small to display these two opposing links next
to each other. Only one of these links is shown on the map; the link that is drawn
last. Which link is drawn last and thus overlaps the opposing link is based on the
way the road network is constructed and read into the RCS. The order in which
the links are parsed (and thus are drawn) is based on the start node of the link.
Because the way in which the nodes are constructed and numbered cannot be
controlled, eventually, the order in which the links are drawn cannot be predicted
or controlled. This implicates that although the density of the links is shown in the
map, it is not clear which direction is actually shown. It gives an indication of the
congestion status of a link, but a participant cannot be certain about its direction.
The map does not show any route guidance if that information is selected. The
map is also not rotated towards the orientation of the driver.
The map of an upcoming junction is rotated to the orientation of the driver, and
always shows the approaching link on the bottom. This resembles the view from
the windscreen and the normal view in personal navigation devices. The exits to
choose from are proportionally drawn, based on the angles from the map of the
complete road network. The exits are numbered, and the exit that is currently
selected by the participant is made blue. If route guidance is selected, the advised
exit is also drawn with an arrow at the end, indicating the best option at that
moment. The exit links are also given a color, again based on the three congestion
levels defined in table 6.3.
The list of roads show the names of the exits to choose from, with the same
numbering as the map from the upcoming junction. The selected exit is again
shown in blue. In front of the exit numbers, three small triangles can be seen.
Table 6.3: Congestion categories, based on (May, 1990, p. 194)
Density (vehicles/km)

Level of service

0-8
8-12
12-19
19-26

A
B
C
D

Flow conditions

Uncongested or freeflow

26-47

E

Near capacity or medium traffic

47-62
>62

F

Congested or heavy traffic
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These indicate again the congestion level on that exit, in the form of a color and
an extra triangle. On top of the exit names, the current link is always shown.
Depending on the selected type of traffic information, also the advised link is shown,
together with its number, which allows for easy selection in case of multiple roads
with the same name.
A blue bar is displayed below the list of roads. This blue bar indicates the time
left to choose, before the currently selected exit is communicated to the server
and to Paramics. Because a certain time is necessary to parse the selected exit
and communicate it to the server and change the route choice for the vehicle in
Paramics, the time is less than the total time a vehicle needs to traverse the link.
This is also due to the fact that the client does not continuously have information
on its current position, is this information is only communicated at regular intervals.
Hence, the threshold distance that is used in the client is based on equation (6.2), in
which the buffer time needs to be larger than the regular update interval (Raadsen,
2005).

threshold distance =speed limit × time ratio × buffer time
number of steps
time ratio =
real time difference

(6.2)
(6.3)

in which:
threshold distance (m) = the distance at which the selected exit
is communicated
speed limit (m/s) = the speed limit of the current link
buffer time (s) = the amount of time the client has before it has
to communicate the choice
number of steps (s) = the amount of simulation steps taken (equal to
the simulation time step, which is 1 second)
real time difference (s) = the time difference in reality between the
simulation steps

If a participant does not make a choice in time (the blue bar reached its end), it is
not possible to stop the simulation and force the participant to choose. The fact
that multiple clients can be connected, makes it impossible to stop, because all
participants would see no progress or updates in their clients, while they do not
see any reason for that behavior. Thus, it is necessary to make a choice in order to
allow the controlled vehicle to continue its path. This choice is Paramics choice; it
is based on the link that Paramics would have chosen for this vehicle based on its
own routing algorithm. This routing algorithm is further discussed in section 7.2.1.
However, it is recorded that this choice was not a user choice, to able to distinguish
real from automatic choices in the analysis.
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Figure 6.6: AIDA RCS Client pre trip screen for entering personal data

As already mentioned, navigation is part of the client. Navigation takes care of
calculating a specific type of route from origin or current location towards the
destination. The client is capable of using multiple navigation algorithms to decide
on these routes, by allowing a configuration to select the specific type. In the
AIDA RCS currently only one routing algorithm is implemented, which is the A∗
algorithm (Hart et al., 1968). In the A∗ algorithm, the heuristic costs between
nodes is based on the crow fly distance between nodes and a speed of 50 km/h.
For the actual costs between two nodes, the current travel time is used, which is
the freeflow travel time with the delay time measured in Paramics.
The results from the A∗ algorithm are twofold. First, the results are used to inform
the participant if the scenario involves dynamic route guidance. Each new link, the
route is recalculated, as well as when the traffic situation from Paramics is updated.
The user is only informed about the advised next link, based on the current fastest
route. Second, the A∗ algorithm is also used to calculate the fastest route towards
the destination for each exit from the current link. In other words, all options on a
junction are evaluated for their fastest route. These routes, including the overlap
between them, their specific total and freeflow costs and their lengths, are sent
to the AIDA RCS Server for storage in the database. This data can be used for
analysis of the route choice.
As part of the complete sequence in the AIDA RCS client, each trip starts with
pre-trip questions. An example of such a screen is found in figure 6.6. All screens
can be found in appendix C.
The pre-trip questions asked to the participant concern:
•
•
•
•
•
•

gender;
age group;
level of education;
current occupation;
years owning a drivers license, and;
amount of kilometers driving per year.

These questions are only asked once, when a new participants registers in the AIDA
RCS. Subsequent trips can be made with just their name and user ID. Once a
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participant is registered, a choice has to be made regarding the scenario and the
type of traffic information. Finally, the selections are returned to the participant
in order to ensure the right choices.
Once the participant has arrived at any destination (whether it is the correct
destination or not, more on this in section 6.3.3), he is informed about his departure
and arrival time, and the travel time, followed by a set of questions. These questions
and their answers are easily changeable because they are communicated from the
AIDA RCS Server. The questions are available in the database, and once a car has
arrived, the server retrieves the proper questions and answers from the database
and sends it to the client. The chosen answers are then send to the server, which
stores it in the database.
6.3.3

AIDA RCS Server

The AIDA RCS Server takes care of the communication between the database, the
clients and Paramics. The server is started from within Paramics, because this is
the easiest way a plugin (which the AIDA RCS Server is for the API) can be run.
The server needs to be configured on four elements (figure 6.7):
1. network (defines the update intervals and buffer time, as well as information
for the clients to be able to connect);
2. simulation (describing the setup of the current simulation, including minimum
lengths for traffic jam detection and communication);
3. database (describing the setup of the communication with the database),
and;
4. special events (defining if and which special event will take place during the
simulation).
Communication between the server and the clients takes place on two instances.
The first instance is the regular data. Regular data consists of information on:
• current vehicle speed (m/s);
• distance left until end of the link (m);
• current ratio between elapsed and simulation time;

Figure 6.7: AIDA RCS Server configuration screen
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current geographical position of the vehicle (x, y and z coordinates);
density of the current link (vehicles/km);
destination reached boolean, and;
special event related messages.

The second instance is a semi-regular data communication. This data concerns:
• number of vehicles on every link of the network;
• delay in seconds of every link of the network, and;
• all traffic situation related messages at the current time;
This separation of data packages that are communicated is based on the size of the
second instance. The semi-regular data is of much larger size than the regular data.
The interval of both instance needs to be defined before the simulation and cannot
be changed meanwhile. It is important to choose the intervals carefully, because for
example, the semi-regular data informs the participant of congestion. If the interval
is very small, the participant can get traffic jam messages every few seconds. It is
also dependent on the size of the network and the rate of change for congestion on
the various links. Another issue that needs to be taken into account is the latency
of the network between the client and the server. For the regular update interval,
the buffer time is also important, as described in equation (6.2). The default for
the regular package is every 2 seconds, while the semi-regular package is send every
60 seconds.
Both the semi-regular and regular data package have an element which needs further
explanation. The regular data package contains information on special events,
which are configured before starting the simulation. The original setup enabled
three types of special events: (i) large events; (ii) road works, and (iii) incidents.
For a large event, the OD matrix has to be adjusted. Road works means that a link
will be turned into a one-way street, or completely closed. For incidents, Paramics
has the possibility to create an incidents file which describes the time, duration,
location and effect of incidents. However, these files can only be loaded when the
network is loaded in Paramics. This means that it is not possible to dynamically
create incidents, but only use a preselected incident. This incident needs to be
described in the database (see tables concerning special events in figure 6.4).
An important element in the semi-regular data package concerns the traffic situation
related messages. These are basically messages on traffic jams in the network. The
traffic jams are detected on a link by link basis in the AIDA RCS Server when
the density is higher than 47 vehicles per kilometer (see table 6.3). Paramics in
itself is not capable of defining traffic jams, which meant that the detection and
description of traffic jams needed to be realized in the AIDA RCS. For this purpose
an algorithm was made, which checks for links larger than a certain distance, and
if this link has a density larger than mentioned. These links are entered in a list.
Next every link is checked for exit links which also have a higher density. These
links then are joined together. However, this also presents problems for links which
have two or more links upstream that are also jammed. A choice needs to be made
to select which of these links belongs to the same traffic jam, whereas the other is
a new traffic jam. This rather arbitrary selection is necessary to prevent double
counting of the same link as a traffic jam. The same issue applies to downstream
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jammed links. Currently, for a T junction, the exit with index one is chosen. For a
four legged junction, the exit with index two is chosen, which is usually straight
ahead. Neither choice takes the actual road network layout into account, and is
independent of type of road.
Once a full list of traffic jams is created, these traffic jams are checked against a
defined length, which is configured when the AIDA RCS is started. Traffic jams
shorter than this length are discarded. The other traffic jams are communicated to
the clients, in the semi-regular data package. These traffic jams are also stored in
the database, whereas the shorter traffic jams are not stored. It is not possible to
see where short traffic jams have occurred during the simulation, and if these short
jams could have been connected to another longer traffic jam.
The traffic jam algorithm is not necessarily correct or complete. For example,
there is no check on a gridlock situation, where a traffic jam forms a complete
circle. Such a situation would now lead to an infinite traffic jam, which obviously
is not right. As already mentioned, a not necessarily correct choice is made for
the connection of links with traffic jams. This could lead to a situation where the
traffic jam connects a highway link to an off-ramp link, while the most obvious
choice would be to connect the highway link to another highway link (when both
are jammed). This needs to be taken into account when analyzing the influence of
traffic jam messages. However, it is not possible using the stored data to check if
these kind situations have occurred.
Paramics, as a microscopic simulation model, simulates individual vehicles. At
every time step in the simulation, for every vehicle certain parameters are calculated,
such as its speed, lane choice, and next link. Since the AIDA RCS is targeted at
route choice at link level, it is necessary to control the next link of vehicles. To
this end, when a client connects to the server, a vehicle needs to be selected, and
brought under control of the AIDA RCS while Paramics will maintain the control
over the speed, lane, etc. of the vehicle. The participant now controls the next
link of this selected vehicle. This presents two problems. First of all, a vehicle
cannot be created dynamically in Paramics. This means that it is necessary to wait
for the normal release of a vehicle, which is based on the OD matrix in Paramics.
If very few vehicles depart from that location, it can take quite a while before a
vehicle can be taken over. Every vehicle that departs is checked for its origin and
its type. If the origin and type match (only normal cars are selected), a vehicle
is taken over. Only when a vehicle is taken over, the trip in the client actually
starts. A participant will be able to notice such a delay. The other problem in
Paramics is that a vehicle does not necessarily start at the end of the link. This is
due to the way Paramics releases vehicles from an origin. Origins in Paramics are
defined as zones, which can have more than one link. This means that Paramics
can arbitrarily choose a link to which to release a vehicle, but also on which exact
location on that link, as long as it inside the zone. When one link exists inside the
zone, Paramics randomly distributes its starting location on that link. This is not
what a participant would expect. Therefore, once a vehicle is released and claimed,
it is immediately moved to the starting point of the link. This is taken care off by
the AIDA RCS Server.
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Every time a choice is made, this is parsed by the AIDA RCS Server, communicated
with Paramics and stored in the database. Normally, a vehicle in Paramics makes
his choice for a link, two links ahead. This allows the vehicle to choose his lanes
on these links appropriately. However, for a route choice simulator, this means
it is difficult to route a vehicle through the road network properly. Luckily, the
API allows for a last moment call of the function that determines the next link. It
means that lane choice might not be the best possible, but a participant usually
does not see the consequences. In some cases, it might result in a longer delay
before the controlled vehicle will move to the chosen link, because a queue exists.
Roundabouts in Paramics are however more difficult, because a roundabout is
made of several sub links. Each of these links needs to be chosen first, before the
final exit can be chosen. This is quite impossible for a participant to do, and very
unrealistic. However, in the AIDA RCS it turned out to be very difficult to choose
the appropriate route over the roundabout. Because of this difficulty, roundabouts
are left out in the AIDA RCS.
Once a claimed vehicle has arrived at its destination, a flag will be set. The client
controlling that vehicle will notice this destination-reached-flag and start the posttrip phase. However, it is not guaranteed that a participant will arrive at the proper
destination. It is possible that a dead end street is chosen, different from the actual
destination. Paramics will detect that this vehicle reached a zone, and remove the
vehicle from the network. No functionality is available to instantaneously put the
vehicle back on the link in the opposite direction. This means that even when the
wrong destination is reached, the post-trip phase will commence for the client. At
the end of the trip, the data of the trip and the post-trip questions are stored in
the database.
6.3.4

ATIS

The AIDA RCS is developed to collect data on route choice behaviour under
information provision. Because it is a virtual environment, it is possible to define
new types of information. Paramics as the component in the AIDA RCS architecture
providing the road network and traffic situation is also capable of providing
numerous details of the network, the traffic situation and individual vehicles.
All such data can be used to create traffic information.
For the AIDA RCS two elements are previously described that are of importance
for traffic information. The first is the semi-regular message between the server
and the clients. This message contains all traffic situation related message for a
current time stamp. In the used implementation of the AIDA RCS, these message
can be used to communicate traffic jams and information on accidents, but also
other events can be used. This message contains the links it concerns, a possible
text describing the event and in case of traffic jams the total delay, average speed
and length. The last element is the status of the event, whether it is new, already
reported, or cleared. This data is stored in the database, while the client processes
this data to create a message for the participant in the windscreen. An example
of a displayed message is: “Traffic jam on Ring; standstill; NEW”. These traffic
messages, either on events or traffic jams, are defined as Textual information.
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Another type of traffic information, extended the Textual information. It uses
the same information and presents this information in an equal manner. It is
extended with navigation. The other elements in the semi-regular message contain
information about the average speed and delay per link. This information is used
to provide a route towards the destination based on the smallest current travel
time. To this end, the A∗ is used to find the fastest route in a short amount of
time. This type of traffic information is defined as Dynamic Route Guidance.

6.4

Validity

The AIDA RCS was developed using the requirements and the issues mentioned
for the design of a simulated environment in Bonsall (2004a). These issues are
important as they are likely to influence the validity of the resulting data. The
validity of these environments has been discussed in Koutsopoulos et al. (1995);
Firmin (1995); Bonsall et al. (1997); Palmer et al. (1998); Mahmassani & Jou
(2000); Bonsall (2004a); Chorus et al. (2007b); Bogers (2009).
Koutsopoulos et al. use the following definition: “Validity of a simulator refers to
the correspondence between the results acquired by using the simulator and a set of
outcomes that are needed or desired and constitute the objectives of its use.” This
resembles external validity and relates to behaviour of drivers during non-recurrent
traffic situations while they are presented with different forms of ATIS, compared
to the same behaviour in real life. Such comparison is only possible if real life data
for the same situations is available. As this research is focussed on non-recurrent
traffic situations, especially in urban environments with traffic information on these
situations, the real life data does not exist. This makes it impossible to verify the
results of the AIDA RCS as a form of external validity.
However, as mentioned by Mahmassani & Herman (1990) external validity concerns
the relation between the results which are obtained by experiment and the real
world, or in other words the transferability of the obtained results. They divide
the results into four elements which can be transferred:
1. principal theoretical constructs, which concerns theoretical developments
which are necessary before data can be obtained;
2. methodology for model specification and estimation, which concern the
formulation of models and their estimation that capture the appropriate
behaviour dynamics;
3. behavioural insights, which concerns the relative importance of various attributes or variables in an estimated model, and;
4. specific models, which concerns the application of the same model and methods in a real life and simulated environment where the relative magnitudes
and signs of parameters are of interest, opposed to the individual values.
Validity can be separated to three types:
• external validity;
• internal validity, and;
• face validity.
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External validity is a a measure for generalization of the (causal) inferences based
on the experimental data to real life. Internal validity defines the degree of
causal inference that can be made. High internal validity means that there is a
(statistically) proven relation between a cause and effect for which no alternative
plausible explanations are available. Face validity describes wether the experiment
looks valid and is quite often based on self-reported assessments by participants
and intuitive judgment by the participant or research. Face validity is the weakest
form of validity, but together with internal validity often the only form available if
no real life data can be used to compare experimental findings.
All types of validity mentioned have been studied for other route choice simulators.
Internal validity is often the result of the model development itself in terms of
test for alternative hypotheses. Bonsall et al. (1997) tested the validity of their
VLADIMIR route choice simulator on one aspect face validity and two aspects of
external validity. Face validity was based on questions asked to participants after
completing their journey. They were asked if they think they would have followed
the same route if they had been making the same trip in real life, together with
possible reasons for discrepancy between the trips in VLADIMIR and their real
life trips. The network used in VLADIMIR was a real one (North-West Leeds),
for which participants were provided a realistically specified trip. Overall, the
trips made without guidance are given high ratings (between 70% and 100%) for
making the same journey in real life whereas trips with guidance show a lower level
(around 50%). Familiarity with the road network was found to be important in the
confidence in the chosen routes in the simulator. As such, guidance might cause
participants to experience less familiar areas which means a lower confidence in
their route choice.
The external validity is investigated by comparing models based on simulator and
real life data, as well as the test whether choices in the simulated environment are
indistinguishable from choices made in equivalent real life situations. The results for
the first part show that there is hardly any difference between the models from both
sources of data. Combining the models with a different scale parameter also shows
there is no significant difference in variance of the underlying error. Leaving out
trips where a participant stated a low confidence in making the same route choice
in reality, does not have a big impact on the models or the underlying variance of
the error. The data from a route choice simulator thus are very well applicable to
real life route choices. The comparison of routes made in real life circumstances
with route made in VLADIMIR with equal circumstances neither show a difference
for participants with a high degree of familiarity. For 54 journeys made, 47 followed
the exact same route in the simulated environment. This addresses the third and
fourth element of the list by Mahmassani & Herman (1990) and indicate that both
specific models and behavioural insights based on VLADIMIR as a route choice
simulator are very well applicable in real life circumstances. This applies to both
guided and unguided trips.
Mahmassani & Jou (2000) investigate all the elements regarding the transferability
of findings. They conclude that a behavioural framework which was developed
for day-to-day commuter behaviour was valid for both experimental and real
life observations, where the resulting estimated variables are having valid signs
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for different observations from both real life and experimental conditions. The
parameter values themselves are not identical to real life situations, in which it
differs from the findings of Bonsall et al.. However, the variance is of the same
range, which indicate the model can be compared for both data sources.
Chorus et al. (2007b) focus on face validity and convergent validity as a specific
form of external validity. In this research a multimodal travel simulator with
next-generation ATIS is used to study travel decision making. In this case a
purely fictional network is used. The validity was first studied using a self-reported
judgment by the participants. They indicate that the environment was easy to
understand and they had no difficulty identifying with the different (fictional) travel
situations. Next, the face validity and convergent validity are determined using
intuitions. For face validity they look at the kind of choice that would be made
in real life under comparable conditions, where convergent validity is studied by
investigating if the choices relate in meaningful ways to choices made in real life
under different conditions. The latter suggests that some elements of use and effects
among travellers for currently available ATIS may relate to the next-generation
ATIS. As it concerns intuitions, they were aware of the fact that new insights
should not be ruled out because new technologies might show use or effects that
are counterintuitive.
The convergent validity is based on the concept that car users in real life are more
likely to choose the car option in the simulated environment. It does not directly
relate the choices in the simulated environment to those in real life, but is based on
consistent behaviour. Next, travellers who acquire more information in real life are
also more likely to acquire more information in the simulator. The face validity is
based on choices for modality, information acquisition and information effect. They
relate for example the travel time of a mode to the probability of being chosen. In
both cases, the intuitions are shown by comparing data based on current behaviour
(acquired as revealed preference data in the survey). Both types of validity are
concluded to be high, as the intuitions formulated are statistically proven. For
example, car users were indeed more likely to chose the car option. Chorus et al.
(2007b) conclude that although the environment concerns hypothetical situations
and not yet existing types of information, the environment appears to generate
valid data.
Results from previous research using route choice simulators suggest that a well
designed choice simulator will result in data and observations that are valid. These
studies also show that varying model frameworks can be developed, estimated and
shown to have valid results, either with similar parameter values or with relative
values and appropriate signs. They have shown to produce valid results for various
types of traffic information and guidance, and even show a high level of validity for
results in multimodal environments.
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Summary

For this research, stated preference data is selected as the best alternative, as it is
possible to combine the necessary context of route choices and control this context.
The main issue for such data is the validity. Data generated using predetermined
models is not possible in this research, as the goal is to create a model that provides
behavioural insights for route choice. Generated data are better applicable to show
certain new approaches for route choice or model estimation. Revealed preference
is neither useable for this research, as the combination of traffic information and
non-recurrent traffic situations is impossible to control in real life, where it would
also be difficult to acquire sufficient data on the context of the observed choices.
Simulated environments have been used for the generation of stated preference data
regarding traveller behaviour. These environments have received much attention
in the field of ATIS and route choice behaviour, but also have seen applications for
multimodal choices. An overview of the capabilities of many of these environments
is given in table 6.2. Using the recommendations and issues in Koutsopoulos
et al. (1995); Bonsall (2004a) the AIDA RCS was developed. The AIDA RCS is
based on a client-server architecture, where the server connects to both Paramics
for its microscopic traffic simulation and road network and a relational database
for storage and logging. The server allows to be connected over any ip network,
making it capable to be used over the Internet. Multiple clients can be connected
simultaneously and will be travelling in the same traffic simulation. The client
itself has a windscreen and dashboard, and shows various information regarding
the location in the network, the upcoming junction and time left to make a choice.
The AIDA RCS allows for pre trip and post trip questions in which it is possible
to ask participants for their real life behaviour as well as their opinion about the
environment and trips made herein. It is capable of representing real networks
and realistic traffic situations, although it is possible to create any kind of road
network and traffic situations, using Paramics to create these. The interface is
not as realistic as it would be in a driving simulator, but resembles the location
of information as often found for vehicles in a right-hand driving country. In the
AIDA RCS an link between the time travelled and the time elapsed in reality is
maintained, with the aid of a speedup factor to prevent overly long trips. The
link increases the realism as participants will experience the consequences of their
choices with longer travel times and longer elapsed times. Because of this link and
possible issues, no incentive structure in the AIDA RCS is used. Various other
studies have shown that simulated environments and route choice simulators in
particular have a high degree of validity, in terms of internal, external and face
validity. This lead to a list of five issues which should be addressed when designing
a route choice simulator. Because the AIDA RCS has been designed with this list
in mind, including the importance of valid results, it is expected that a high level
of validity is achieved for this research.
The AIDA RCS is used in an experiment to determine the impacts of both nonrecurrent traffic situations and traffic information on route choice behaviour. The
experiment design is further discussed in chapter 7. The results of the experiment
are presented in chapters 8 and 9.

What’s in store for me in the direction I
don’t take?
— Jack Kerouac

Chapter 7
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7.1

Introduction

In this chapter we describe the experimental set-up of the route choice simulation
experiments. We focus on route choice behaviour during non-recurrent traffic
situations caused by accidents. We use the AIDA Route Choice Simulator described
in chapter 6. The setup of the experiment and its elements are described in
section 7.2. The results from the experiment are presented in chapters 8 and 9.
The chapter will finish with a summary in section 7.3.

7.2

Experiment setup

Based on the capabilities and design of the AIDA RCS a route choice experiment
was setup based on a number of requirements. Recall the five issues given by
Bonsall (2004b):
1.
2.
3.
4.
5.

whether to represent a real network;
how to set traffic conditions in the simulator;
how realistic should the interface be;
the inclusion of questions to supplement the decision log, and;
how important is portability.

The items 3 to 5 have been addressed in the design of the AIDA RCS (see section 6.3).
The first two of these issues are elements that will be discussed here.
The AIDA RCS is a virtual environment based on Paramics capable of simulating
a wide range of different road networks and traffic situations. To focus the development of both these elements in the environment, a high level set of requirements
are defined, for which the guidelines from (Bonsall, 2004b) regarding the network
and traffic conditions, have been used. These are combined with the scope of this
research. The requirements are as follows:
• the road network should consist of varying road categories, at least including
highway, provincial, and urban road with matching speeds and lanes;
• the road network should have a city centre and suburbs;
• the road network should use no roundabouts or traffic lights, as these cannot
be used in the AIDA RCS;
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• the traffic situation without accidents needs to be representative for an
average morning rush hour, which means that at certain locations (on a ring
road and the city centre) congestion occurs;
• the traffic situation and road network need to allow modelling of temporary
local capacity reductions caused by accidents;
• the accidents should have an impact on the traffic situation, without deadlocking the network;
• the accidents should be placed in such a way that a participant is likely to
experience the effects;
• the trip of a participant should last around 20 minutes in normal conditions
and around 30 minutes in an accident situation (in simulation time).
These requirements are used in the design of the experiment. They are separated in
four major elements: (i) road network and Paramics, (ii) scenarios, (iii) participants
and (iv) procedure.

7.2.1

Road network and Paramics

For the experiment a fictional road network is used. A fictional network has the
advantage that it allows for a a greater experimental control compared to a real
road network, as it is possible to control the traffic flows and thus traffic jams,
the knowledge of the road network and the traffic conditions. It also means it
is possible to control the knowledge and experience of participants of the road
network, the traffic situations and possible traffic information. Paramics allows for
an easy development of such a fictional road network, including parameters such
as the maximum speeds of links, priorities at junctions, route choice algorithms,
accidents, etc. This reduces the effort to create a road network, compared to a real
road network.
The advantages of using a fictional road network outweigh the disadvantages for this
research. The two advantages of a real road network are the use of real photos of
junctions and roads and the possibility to compare behaviour in the simulator and
in the real word. However, in order to prevent differences between the (perceived)
traffic conditions of the real road network and the traffic conditions in the choice
simulator, a huge effort would be required to retrieve all the necessary data at the
necessary quality. This would be required, as a participant that is familiar with
the used road network, will immediately spot any differences in the road network
and the photos of intersections. A participant also has a certain familiarity with
and perception of network conditions such as location of jams, average speeds, etc.
and is likely to use this in the route choices. Such previous knowledge decreases
the validity of the outcomes, because it cannot be controlled for.
The hypothetical network means that no photos of existing intersections can be
used to display the upcoming junction in the AIDA RCS client. In stead Paramics
was used to create a visualization of all entry links for all nodes in the network.
These images were created using the 3D viewer of Paramics. However, no buildings
or other landscape features of Paramics have been used in these images. There
are no landmarks available, although in a real environment, these are often used
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Figure 7.1: Virtual road network

for navigation (Burnett, 1998). As no knowledge of the landmarks was available
for the participants, it would mean no advantage. The guidance information was
not targeted at using landmarks either, which means these are less important.
Furthermore, the time need to create a network with a complete city with buildings
is not expected to pay off in the results or validity of the experiment.
An overview of the hypothetical road network is given in figure 7.1. The network
consists of 58 Origin-Destination zones, 404 links and 175 nodes.
The road network is situated in a city, with a busy city centre in the middle, an
inner ring road and an outer ring road, which consists of a highway (northern half)
and a provincial road (southern half). As can be seen in figure 7.2, there are four
different speed areas. It is easy to recognize the highway and provincial roads, with
their respective speeds of 120 km/h and 70 or 80 km/h. There are three areas in
the city where the speeds are reduced to 30 km/h. The rest of the road network
has an allowed speed of 50 km/h.
Four maps of the road network have been provided to participants before the
experiment, to provide them with information on the road network. These are the
above mention map of maximum allowed speeds (figure 7.2), a map of the most
important street names figure 7.3) and a map with the different neighborhoods
(see figure 7.4). The fourth map (not shown) showed the participant his/her origin
and destination. All roads in the network have been given a name. For example,
the inner ring road is called Ring. The minor roads all have names which match
with their appropriate neighborhoods. Participants could position themselves in a
certain neighbourhood, but were not able to look up all the individual streets, apart

148

Route choice experiment - Setup

Figure 7.2: The allowed maximum speeds in the network

from the major roads. These maps allow a participant to acquire basic network
information which is expected to supply the information a participant will need in
an unknown road network.
The traffic situation in this network has been created with the tools available in
Paramics: the OD matrix, vehicle type distribution and route choice functions.
A traffic situation was created in which a limited amount of congestion occurs at
logical locations in the road network, such as important junctions on the ring road
or exits of the motorway. This congestion is further aggravated as a consequence
of accidents. Participants would be likely to encounter the “normal” congestion
and/or the consequences of the accidents. To this end, the OD matrix has been
tuned, together with the routing algorithm used, to create a traffic situation that
matched the targeted situation. Next, the generalized cost algorithm of Paramics
for route choice was adapted (see equation (7.1)). Travel time has a much larger
importance compared to distance, as it is expected that in a morning rush hour,
minimizing travel time is the most important. Distance is still used in order to
prevent unreasonably long trips (as this relates to fuel cost).
costs =2T + 0.5D
in which:
T = Travel time for link (min)
D = Distance of link (km)

(7.1)
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Afslag 2
Noorderweg

A222

A222

Ring

Ring
Afslag 3

Ring
Westerstraat

N15

Oosterstraat

N15

N88

N88

Oosterstraat

Afslag 1

N486

N486

Zuiderweg

Figure 7.3: The streetnames of the network (in Dutch)

Bomenbuurt

Ridders van de
Ronde Tafel buurt
Overig
buurt

Bomenbuurt

Scandinavië
buurt

Internet
buurt

Koningshuis
buurt

Alfred Jodocus
Kwak buurt

Figure 7.4: The neighborhoods of the network (in Dutch)
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During the simulation, this function is evaluated every minute, leading to an
updated generalized cost for each link, as the actual travel time is part of this cost
function. The updated generalized costs are used by familiar vehicles, whereas
unfamiliar vehicles will remain using the initially calculated costs. Because the
setting for the route choice experiment is a morning commute, a high percentage
of familiarity was chosen (85%). Two other factors are also of importance: the
feedback smoothing factor and the feedback decay factor. The feedback smoothing
factor describes how much of the previous periods is taken into account for the
new cost, which is set to 0,8. The feedback decay factor describes how much the
costs decays over time if no measurements of travel time are recorded, which was
set to 0,995. It only returns to the freeflow travel time. Paramics was also set to
use perturbation, which adds a random factor to the total costs. This causes a
perceived cost of a trip, in stead of the real costs. The function to calculate the
perceived costs is provided in equation (7.2).


100 − P
0
C =
+N C
(7.2)
100
in which:
C0
C
P
N

=
=
=
=

Perceived cost
Original cost
Perturbation factor set to 5
Random number in the range of 0 to 0.1

After setting the routing algorithm, the demand was tuned between the various
origins and destinations to create reasonable traffic situation. It resulted in a static
matrix, with a total of just over 36.000 vehicles per hour. This demand matrix is a
total over all available vehicles. In total 14 vehicle types have been used, of which
around 10% are lorries, 2% coaches and the rest a variation of passenger vehicles.
The virtual starting time of the simulation was set to 7:20 and the maximum
duration of the simulation set to two hours. Because in each scenario, the starting
time of a participant is around 7:30, the road network has already been warmed
up for around 10 minutes, including a build-up of small congestion. The timestep
of Paramics describes the number of discrete intervals or time steps per second. It
influences the speedup factor (ratio of simulation time to elapsed time) of Paramics,
and can be changed during the simulation. During the simulation, the timestep is
updated manually by the experiment supervisor, to prevent large deviations of the
speedup factor as this factor is influenced by the amount of vehicles in the network.
Regarding the detection of traffic jams, the minimum link length necessary to be
taken into account was set to 50 metres, while a traffic jam needed to be more then
1000 metres long before it was to be put forward as information to participants.
The update intervals for the regular and semi-regular information were set to
100 milliseconds and 60 seconds respectively. The buffer time was set to 2000
milliseconds and the number of time steps to 5 (refer to equation (6.2) for more
information).
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Table 7.1: Network performance
Variable
Average travel time (min)
Vehicles released
Average speed (km/h)
Total km travelled
Total hours travelled

No incidents
8:49
24,189
66.5
236,469
3,555

The overall network performance of the road network is given in table 7.1, which
displays the overall results for a simulation period of 40 minutes, between 7:20 and
8:00. The results for the situation without incidents shows a relative high average
speed, mainly because of the large number of vehicles on the highway around the
city. Most trip durations are around 9 minutes.
A small amount of congestion occurs at several locations in the network, for example
on the Noorderweg joining the Ring, some congestion occurs, as on the Oosterstraat.
Some delays also occur on the Ring. The size of the congestion various slightly
in this period. This is expected to be a reasonable traffic situation for a normal
morning rush hour between 7:30 and 8:00.

7.2.2

Scenarios

In this experiment, each participant will be assigned to a scenario. A scenario is
defined here as the sequence of trips a participant will undertake, in which during
a trip a specific set of events will take place. As mentioned by Bonsall (2004b),
it is important to create a situation for a participant that is both realistic and
understandable. The experiment will represent a morning commute, which means
that a participant will act as if driving to work, where they are due to arrive at a
certain time.
The following restrictions were defined for the development of the scenarios. First,
it is important that a participant is able to finish the experiment within 2 hours
elapsed time, in order to prevent too much burden on the participant. Second, a
participant needs to experience all kinds of traffic information, including no traffic
information. There are three kinds of traffic information defined which means that
a participant needs to make at least three trips. Third, for each type of traffic
information, there must be at least one trip with an accident. Fourth and last, a
participant has to have the chance to get acquainted with the AIDA RCS and the
way it works.
Based on these restrictions three scenarios have been defined. All three scenarios
are a commute trip, starting at around 7:30 (simulation time) and with travel times
between 15 and 20 minutes on average, without accidents. The participant is due
to arrive at work at 8:00. A speedup factor of 3 was targeted, which means that a
trip of 15 minutes simulation time, will take 5 minutes in reality. With around 10
choices per trip, this results in an average of 30 seconds per choice. This means
there is enough time available for participants to make a choice, while keeping them
concentrated. The duration of the trip in real time also means that respondents
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Table 7.2: Experimental trip setup
Trip
0
1
2
3
4
5
6
7
8

Scenario

Random Seed

Accident

Traffic information

1
3 or
3 or
3 or
3 or
3 or
3 or
3 or
3 or

2
2
4
2
4
2
2
4
4

None
None
None
1
2
1
2
1
2

Dynamic route guidance
None
None
None
None
Textual information
Textual information
Dynamic route guidance
Dynamic route guidance

2,
2,
2,
2,
2,
2,
2,
2,

4
4
4
4
4
4
4
4

are expected not to experience much experimental fatigue. These three scenarios
are used to collect the experimental data.
Before actually starting the data collection a fourth scenario (scenario 1) is used,
which was created to let participants get acquainted with the AIDA RCS and the
way they should operate. Each participant made 9 trips in total, of which the
first was scenario 1 and the remaining 8 trips of one of the three other scenarios.
An overview of the total setup is given in table 7.2, which shows that for each
scenario two accidents are defined, and two different random seeds for the various
models using statistical distributions, which cause a slight difference in the traffic
situations.
The order of the trips is the same for all participants. This means no counter
balancing or randomization of the order has been performed for the experiment.
This was done on purpose, because the effect of any kind of information on the
knowledge of the road network, traffic situation or accidents, will influence the
remaining trips. For example, if a participant first makes a trip with dynamic
route guidance, it becomes clear which route is the fastest, even though an accident
has occurred. This knowledge will be used in the next trips. It is assumed that
when participants start with no information at first, they will actually consider the
information that is presented. This might have an unintended effect of learning
during the experiment, which has to be accounted for in the analysis.
All scenarios have different origins and destinations. Scenario 2 has its origin on
the highway, scenario 3 on the provincial road, while scenario 4 starts in a suburb.
All destinations are in or near the city centre. Each combination of origin and
destination has at least two reasonable or logical routes. These routes are more or
less equal in travel times. They are also based on the direction of the links and
the usage of different link types, such as the highway or ring road. For these two
routes, accidents have been defined, which cause a major disturbance of the traffic
flows. The three scenarios for data collection can be found in figures 7.5b, 7.6b
and 7.7b together with the location of the accidents per scenario.
Each accident consist of certain characteristics. These are presented in table 7.3.
Accidents are linked to a certain scenario. Each scenario has a number of routes
that are more or less equal, and accidents should be placed on these routes. As the
scenarios have different routes, the locations of accidents should also be different.
Each accident thus has an associate scenario, linkID and location on that link
(not visible in table 7.3). Each accident also has a specific start time, in minutes,
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Table 7.3: Accident setup

ID Label
1
2

3

4
5

6

Scenario Start time (min) LinkID Type

Accident with 3 cars on A222,
between exit 3 and exit 2
Accident with 2 cars on the
Ring, between Noorderweg
and Plataanstraat
Accident with 3 cars on the
Ring, between Plataanstraat
and Buxuslaan
Accident with 2 cars on A222,
between exit 2 and exit 1
Accident with 2 cars on the
Ring, between Plataanstraat
and Noorderweg
Accident with 3 cars on Oosterstraat, between Laplanderf
and Zuiderweg

2

3

31

Heavy

2

2

209

Simple

3

4

214

Heavy

3

5

51

Simple

4

4

216

Simple

4

4

160

Heavy

Table 7.4: Accident types
ID
Simple
Heavy

Label
Simple car
crash
Heavy car
crash

Duration
(min)

Passing speed
(km/h)

Opposing speed
(km/h)

10

15

20

25

5

10

which describes the time the accident will happen, once the simulation has started
(7:20). Each accident also has a label, which is the text which will be presented to
a participant once the accident has happened (thus, once he starts the trip).
Paramics allows each accident to be described in terms of linkID, starting time
and location on that link. However, this is not enough to describe the accident.
The extra characteristics are given in table 7.4. Wait time describes the duration
of the accident. Passing and opposing speed describe the maximum vehicle speeds
of vehicles passing the accident (on a different lane) or vehicles on the opposing
lanes. Because of the possibility that a respondent selects a route which leads to
an accident, each accident is placed on a two lane link. This means that vehicles
will still be able to pass the accident location, albeit with a reduced speed. It will
still cause congestion, but not completely stop the traffic. A participant will also
be able to pass the accident and not experience extreme delays. These locations
are chosen to increase the reliability of the experiments.
Placing incidents on the network has effects for all trips, as is shown in table 7.5.
In all cases, the average travel time increases, while the average speed decreases.
As a results, less kilometers are travelled in the network. All incidents cause extra
congestion, in some cases with more impact than in other situations, depending
on the location and duration of the accident. For example, incident 1 in scenario
2, causes a traffic jam to extend to the edge of the road network, which heavily
influences the average speed of the total network. The largest increase in average
travel time occurs with incident 6.
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Incident 6

Incident 5

Incident 4

Incident 3

Incident 2

Incident 1

Variable

No incidents

Table 7.5: Network performance

Average travel time (min)
8:49
9:21
9:09
9:03
9:11
9:07
9:25
Vehicles released
24,189 23,932 24,141 24,224 24,237 24,237 24,175
Average speed (km/h)
66.5
55.9
63.1
64.7
61.7
63.9
61.4
Total km travelled
236,469 208,498 232,384 236,348 228,788 234,914 232,874
Total hours travelled
3,555
3,371
3,684
3,652
3,709
3,679
3,793

For each of the three scenarios of interest and all the accidents within these scenarios
an investigation has been made on the travel time of the most reasonable routes at
different time instances, between the origin and destination of that scenario.
For the travel times in scenario 2 (see figure 7.5a) it is clear that the location of
the incident has a large influence for a route that runs past this incident location.
For example, incident 1 is located on route 1, which results in a travel time at 7:50
of more than an hour. This is more than three times the travel time without an
incident on that route. Incident 1 also shows an effect on the travel time for all
routes, because the location of the accident causes congestion to push backwards
onto these routes, before the exit on the highway. The location of incident 2 has
the most effect on route 2, and slightly on route 1, because both routes use the
link which has this accident. Of these three routes, route 3 only shows an effect
with incident 1, and does not experience much effects of rerouting traffic because
of the other incident.
For route 4 it is clearly visible that incident 4 has a large effect on its travel time
(see figure 7.6a), although the effects are not as large as for route 1 and incident 1
in scenario 2. The difference is caused by the location of the incident, not close
to the edge of the network. Routes 5 and 6 show no big differences for incident 4,
although route 5 shows an upwards trend between 7:50 and 8:00, which is most
likely caused by rerouting traffic avoiding the highway. Incident 3 has no effect on
the travel times for route 4, but a large impact on route 5, because the incident
is directly on this route. This incident shows a larger effect for route 6, as the
travel time increases more than in the other situations. This is not necessarily due
to congestion blocking the entry of this route, but by rerouting traffic. Without
accidents, the travel time for route 6 also increases, because of the amount of traffic
moving through the city center.
Scenario 4 has two reasonable routes which are expected to be used by participants
(see figure 7.7b). The resulting travel time for these routes are given in figure 7.7a.
Without accidents, both routes show a small increase of travel time at the start of
the simulation, but are relatively stable for the rest. Route 8 is slightly faster than
route 7, but just with a margin of around 30 seconds. This is not very likely to be
perceived by participants. For both situations with incidents, the effects on both
routes are clearly visible with marginal effects on the other route. Route 7 runs
over the location of incident 5, whereas route 8 passes the location of incident 6.
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Accident situation
No incident

Incident 1

Incident 2

Route 1

Route 2
1600

3000

1500
2500

1400
1300

2000

1200

Travel time (s)

1500

1100
1000

1000
7:30

7:40

7:50

8:00

7:50

8:00

7:30

7:40

7:50

8:00

Route 3
1450
1400
1350
1300
1250
1200
1150
1100
7:30

7:40

Time

(a) Travel time

(b) Possible routes

Figure 7.5: The travel time of the three routes for scenario 2
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Accident situation
No incident

Incident 3

Incident 4

Route 4

Route 5

1800

1800

1600

1600
1400

1400

1200
1200

Travel time (s)

1000
1000

800
7:30

7:40

7:50

8:00

7:50

8:00

7:30

7:40

7:50

8:00

Route 6
1250
1200
1150
1100
1050
1000
950
900
7:30

7:40

Time

(a) Travel time

(b) Possible routes

Figure 7.6: The travel time of the three routes for scenario 3
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Accident situation
No incident

Incident 5

Incident 6

Route 7

Route 8

1800
2400

1700
2200

Travel time (s)

1600
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1200
7:30

7:40

7:50
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(a) Travel time

(b) Possible routes

Figure 7.7: The travel time of the three routes for scenario 4
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Participants

The participants for the experiment were selected amongst colleagues, students
and friends. Because of time constraints for the actual experiment, no explicit
sampling strategy has been used. Participants did not receive any fee for taking
part in the experiment. For each scenario, ten participants are expected to provide
for enough data to allow various analysis. With an estimated average number of
twelve choices per trip, this means a total of 2880 choices at junctions over all
trips, scenarios and participants. For each combination of traffic information and
accident situation, 10 complete trips are available, and an estimated 120 choices.
However, the total amount of 30 participants means it is not possible to achieve an
appropriate representation of Dutch car drivers.
7.2.4

Procedure

The AIDA RCS was conducted with at least two computers. One which was running
Paramics, the database and the RCS Server. The other computers were connected
to this computer, and ran the RCS client. It was made sure participants did not
see the screen with Paramics, as this would have influenced their choices and trips.
Each participant was given a introduction to the experiment (see appendix D),
and was given some time to ask questions. The participant also received four maps
of the road network (OD map, speed map, neighborhood map and street map) and
a table in which all the settings a participant had to enter in the RCS client (type
of traffic information and scenario). During the first trip, participants could ask
additional questions. For the 8 trips of interest (see table 7.2), participants were left
to focus on the experiment. Of each trip, apart from the database logging, also a
log with the exact ID’s of simulation and trips was made for each participant. This
log serves as a check for the database logging and the experiment and problems
during trips, as Paramics occasionally halted during the trips. After finishing
each trip, the participant answered the post-trip questions. Once all participants
finished their trips and questions, Paramics and the RCS server were configured for
the next trip. The total duration of the experiment for one participant is between
2 to 2.5 hours.

7.3

Summary

The AIDA RCS is used to facilitate an experiment to acquire route choice data in
situations with accidents where participants received traffic information. The trips
are made in a hypothetical road network, to certify that all participants started
with the same level of knowledge of the road network and traffic conditions. Each
participant (30 in total) was assigned to one of three scenarios, where each scenario
consisted of 9 trips. The first trip was used to let participants get accustomed
to the AIDA RCS, where the following 8 trips all had the same order of types of
traffic information. The scenarios differed with respect to the origin, destination
and locations of the accidents. Before the scenario, each participant had to provide
personal data, and after each trip the participant answered three questions regarding
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the level of realism and route choice. During each trip, the choices are logged in
the database, together with information on the traffic situation in general, and the
specific traffic information and/or route guidance a participant has received. This
data enables us to investigate effects of both incidents and traffic information on
the route choice in general, as well as the estimation of various route choice models.

Success is not final, failure is not fatal: it is
the courage to continue that counts.
— Winston Churchill

Chapter 8

Route choice experiment - General
results

8.1

Introduction

This chapter presents the results of the route choice experiment using the AIDA
Route Choice Simulator (RCS). The results of the experiment are used to provide
an answer to research question 3: What are the effects of traffic information on
route choice during non-recurrent traffic situations? Within this research question,
a number of items are of specific interest. These are:
•
•
•
•

the realism of the AIDA RCS and the experiment;
development of a preference for a route;
differences in route choices in case of incidents and guidance;
the effects of incidents on the characteristics of the chosen routes in terms of
length, travel time, delay and number of routes;
• the effects of traffic information and/or route guidance on the characteristics
of the chosen routes in terms of length, travel time, delay and number of
routes.
The chapter starts with an overview of the participants who took part in the
experiment (section 8.2), followed by the results of the self-reported realism by the
participants (section 8.3). Section 8.4 presents the routes chosen by the participants
for various situations, using graphical overviews and amount of routes and choices
for these situations. The characteristics of the chosen routes and the effects of
incidents and AITS are presented in section 8.5 followed by a discussion of the
AIDA RCS, the experiment and the results in section 8.6. The chapter finishes
with a summary in section 8.7.
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8.2

Route choice experiment - General results

Participants

An overview of the characteristics of the participants is presented in table 8.1.
In total 33 participants took part in the experiment, of which the data of three
participants could not be used, due to technical malfunctioning. This resulted in a
total of 30 participants of which the data is used in the analysis.
Most participants were male, between 22 and 30, with a Master title, possessed
their drivers license between 5 and 15 years, and drove between 0 and 5000 km per
year. In other words, most of the participants were young professionals who recently
graduated. This means, when compared to the internet survey, the difference with
the total Dutch driver population is larger.

Table 8.1: Participant overview
Variable

Amount

%

Gender

Male
Female

21
9

70%
30%

Age

18-21
22-30
31-40
41-50
51-60
61-70

1
15
7
1
5
1

3,3%
50.0%
23,3%
3,3%
16,7%
3,3%

Education

High school (MAVO)
High school (VWO)
HBO
University, Bachelor
University, Master

1
1
6
3
19

3,3
3,3%
20%
10.0%
63,3%

Drivers license

0-2 years
2-5 years
5-10 years
10-15 years
15 years or more

3
2
8
8
9

10.0%
6,7%
26,7%
26,7%
30.0%

Kilometers per year

0-5.000 km
5.000-10.000 km
10.000-15.000 km
15.000-20.000 km
20.000-30.000 km
30.000 km or more

13
6
3
2
3
3

43,3%
20.0%
10.0%
6,7%
10.0%
10.0%

years
years
years
years
years
years
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Self-reported realism

After each completing a trip, each participant was asked three questions about
their experiences of that specific trip. Two of these questions are related to the
realism of the AIDA RCS and the experiment. These are indicators of the validity
of the experiment, as perceived by the participants. These questions are:
1. What was your general experience of this trip?
2. Would you make the same route choice in real life?
The results for the first question on the general experience is given in table 8.2. A
total of five responses are missing (because of an undetected bug at the start of
the experiment) although the participant did finish the trip, the AIDA RCS did
not present the post trip questions to the participants.
The responses indicate that most participants report a realistic or very realistic trip
experience (78,1%), whereas only 14,5% indicate the trip to be (very) unrealistic.
The type of ATIS that was available in each trip had no significant influence on
the realism. Scenarios however did have a significant impact on the reported
realism, as in scenario 4, more participants said the general experience was very
realistic. Scenario 3 has the lowest reported realism, but still has most participants
experiencing each trip as realistic. Specific incidents have a small impact on the
realism, and as these are related to the scenarios the responses are significantly
different between the incidents.
The next questions asked participants if they would make the same route choice
in a real life situation. The results are given in table 8.3. Again 5 answers are
missing.
Table 8.2: Answers for the question “What is your general experience of this trip?” per
incident situation

Scenario

Incident situation

Very realistic

Realistic

Not realistic

Very unrealistic

No opinion

I had troubles
during the trip

Missing

Answer

2

No incident
Incident 1
Incident 2

20%
23%
10%

65%
57%
63%

5%
10%
17%

0%
0%
0%

10%
10%
7%

0%
0%
0%

0%
0%
3%

3

No incident
Incident 3
Incident 4

0%
13%
10%

60%
67%
70%

30%
17%
13%

0%
0%
0%

0%
0%
0%

10%
0%
0%

0%
0%
7%

4

No incident
Incident 5
Incident 6

40%
37%
40%

40%
50%
37%

20%
10%
10%

0%
3%
0%

0%
0%
0%

0%
0%
7%

0%
0%
7%

22%

57%

14%

0%

3%

2%

2%

Total
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Table 8.3: Answers for the question “Would you make the same route choice in real
life?” per incident situation

Scenario

Incident situation

Yes, certainly

Yes, possibly

No

Missing

Answer

2

No incident
Incident 1
Incident 2

40%
67%
47%

55%
27%
33%

5%
7%
17%

0%
0%
3%

3

No incident
Incident 3
Incident 4

40%
37%
30%

20%
50%
50%

40%
10%
13%

0%
3%
7%

4

No incident
Incident 5
Incident 6

30%
37%
47%

65%
53%
50%

5%
10%
7%

0%
0%
7%

40%

45%

13%

2%

Total

In 40% of the trips made, the participants responded they would certainly make the
same route choice in real life. 45% said they would possibly make an equal route
choice, which results in 85% of the trips which are likely to have equal route choices
in real life. Scenario 2 has the highest amount of responses for a certain equal route
choice, whereas scenario 3 has the largest amount of responses saying they would
not make such a route choice. This difference is significant (p<0.05). The type of
traffic information caused no significant difference between the responses, although
in case of dynamic route guidance, most participants were certain about a similar
route choice. Incidents neither caused a significant difference in the responses,
although some variation exists, again for scenario 3.
Combining the results of both questions, in total 35 trips were made which were
said to be unrealistic and 29 trips where the same route choice will not be made in
real life (out of a total of 240 trips). Of these trips 13 trips combine a low level of
realism and a different route choice, which can be shown on a map to be “weird”
route choices, which are not likely to be made in real life. Of these trips, 8 were
made by two participants. This indicates two of the thirty participants had more
than average difficulty in taking part in the experiment in the AIDA RCS.
In general, the participants reported to have a realistic experience with the experiment in the AIDA RCS. They said the trips were (very) realistic and they
would certainly make an equal route choice in real life. The face validity of the
experiment and the AIDA RCS are similar to previous findings on face validity of
route choice simulators in general. However, as the questions did not use a strict
definition of “general experience” and “route choice in real life”, the results depend
on the perception of the participants on these terms. It is not expected to cause
large differences, and as such will not have a significant impact on the face validity.
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Chosen routes

This section provides an overview of the routes that participants chose in the AIDA
RCS. The routes are depicted using maps, and are analysed using the counts of
different routes. The overviews are presented for all scenarios, and for the variations
with type of guidance and incident situations. The section starts with an analysis
of the “preferred” routes in section 8.4.1 in relation to the “reasonable” routes.
The differences which are caused by incidents and type of guidance are presented
next, in section 8.4.2.
8.4.1

Preferred routes

The routes chosen by each participant in each scenario are pictured in figure 8.1.
These overviews consist of all trips made, including all variations with and without
incidents and the various types of information. In scenario 2, it is obvious that
three main routes were chosen by participants, one of which consisted mainly of
highway and two others used roads in the city, of which one actually went straight
through the city centre. In a few cases, participants made other choices, perhaps
because they mixed right and left turns at intersections. Scenario 3 shows a different
pattern, where two obvious routes are chosen most often. One of these routes is
the highway, while the other uses the ring road of the city. The variation in routes
around the ring road are possibly due to either mixed right and left turns, or choices
for routes that avoid the effects of the incidents themselves. Scenario 4 shows much
more variation in the most chosen routes. Two of them can be considered to be
the main alternatives: either the southern route using the Oosterstraat, or the
northern route using the ring road. However, various alternatives have been used,
possibly to avoid congestion because of incidents or the incidents themselves.
In all three scenarios, these maps indicate that participants were able to find a
“preferred” route. These preferred routes are a close match with the predetermined
“reasonable” routes in figures 7.5b, 7.6b and 7.7b. Scenario 2 shows the highest
overlap with these routes, whereas for scenario 3 one of the “reasonable” routes
(heading south using the Noorderweg) is not perceived by the participants as
such. Of the other “reasonable” routes, the one using the ring road is likely to be
preferred most. The map of scenario 4 shows that the “reasonable” route using
the Oosterstraat is preferred over the other route, but participants did have a
larger difference in the preferred routes here. These results are confirmed by the
popularity of the different routes per scenario (see table 8.4). This table shows the
amount of times a route is used; for example 31 times for one route or 1 time for
five routes in scenario 2.
The results for scenario 2 clearly show that three routes are used most, with 5
different routes being driven just once. This matches the results of figure 8.1a and
indicates that the participants have a clear preference for three routes. Scenario 3
shows a larger variation in number of routes selected. In this case, only two routes
show a large number of uses, whereas 19 other routes are only used once. Two
routes in this scenario are preferred, but participants show a lot of variation in
route selection (as can be seen in figure 8.1b). This variation is most likely due to
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(a) Scenario 2

(b) Scenario 3

(c) Scenario 4

Figure 8.1: Overview of used routes per scenario (color indicates number of trips using
a link)
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Table 8.4: Number of routes and their popularity per scenario
Scenario 2

Scenario 3

Scenario 4

Popularity of
a route

Number of
routes

Popularity of
a route

Number of
routes

Popularity of
a route

Number of
routes

31
26
18
1

1
1
1
5

23
22
5
3
2
1

1
1
1
2
2
19

13
11
7
6
5
4
2
1

1
1
1
2
1
1
6
16

the orientation of the map in the AIDA RCS client and the position of the origin
and destination (which was mentioned by participants as a reason for wrong choices
during the experiment). Scenario 4 is different from the other two scenarios, as
the number of times the most often routes are used, is lower (13 and 11 times for
scenario 4, compared to 23 and 22 for scenario 3 and 31 and 26 times for scenario
2). A likely reason is the availability of a larger number of viable and equivalent
alternatives which causes participants to differ in their route choice. One of the
areas where participants clearly had differed in their “preferred” routes is the last
part, when they had to choose their route through the Koningshuis buurt, or use a
part of the N88. Figure 8.1c clearly show the variation of routes.
The diagrams suggest that most participants have determined a preferred route.
Even with only 8 trips, participants are able to select a route which suits their
personal preferences. The preference coincides with the predetermined “reasonable”
routes. This is confirmed by the amount of routes used by a particular participant.
Some only use 2 or 3 routes for these 8 trips, with an average of 5 routes used
per participant. The variation in the routes used per participant are largest for
scenario 3, which is confirmed by the graphic overviews.

8.4.2

Effects of incidents and guidance on routes

Whereas in section 8.4.1 the aggregated routes are presented, this section concerns
the routes under different circumstances. Apart from the scenarios, incidents and
type of guidance varied. This section presents the findings on the effects that
incidents and type of guidance have on the chosen routes.
The routes which are chosen for the different incident situations are given in
figure 8.2. The results are aggregated over the type of guidance that was available
for the participants, so in total 30 trips are available for each incident situation. The
specific incident locations are shown with a red dot on the map. Once a participant
started the trip, the available traffic information on incidents or congestion were
displayed on the windscreen (in case traffic information or dynamic route guidance
were available).
For the incidents in scenario 2 (figures 8.2a and 8.2b), the impact of the incident is
obvious. The incident on the highway means most participants selected the ring
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(a) Incident 1

(b) Incident 2

(c) Incident 3

(d) Incident 4

Figure 8.2: Overview of most used routes per incident; a red dot denotes the incident
location (color indicates number of trips using a link)
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(e) Incident 5

(f ) Incident 6

Figure 8.2: Overview of most used routes per incident; a red dot denotes the incident
location (color indicates number of trips using a link) - continued

road (only 5 trips use the highway), whereas the incident on the ring road shows
more participants select the route through the city centre. Less than 10 trips pass
this incident location.
For the incident on the ring road of scenario 3 (figure 8.2c) the first choice is made
at the on ramp for the highway. The amount of trips using either is almost the
same (a difference of 2 trips). However, the route through the city shows quite
some detours, once participants realize they are running into an accident and
its consequences. A number of the chosen routes are also completely out of the
directions that can be expected. This may be due to the difficulty participants had
with orientation during their trip from north to south. In case of the incident on
the highway (figure 8.2d), it is obvious that the preferred route is the one using
the ring road, with only five trips using the highway. Again a few routes indicate
that participants had trouble in selecting the “right” exit at an intersection.
The most used routes for the incidents in scenario 4 are shown in figures 8.2e
and 8.2f. The influence of the location of incidents in this scenario is striking. The
most used route for the incident on the ring road is very much alike for most trips
(with over 25 trips using this route), avoiding the incident from the start, and using
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Table 8.5: Average number of routes used per participant per incident situation, weighed
by the number of trips made for a combination of scenario and accident
situation
Scenario

Accident situation

2

No incident
Incident 1
Incident 2

1.5
1.9
2

1.13
1.20
1.33

3

No incident
Incident 3
Incident 4

1.9
2.5
2.1

1.81
2.08
1.47

No incident
Incident 5
Incident 6

1.8
2.4
2.8

1.62
1.92
2.61

4

Average number of routes

Weighed average

the main arterial (the Oosterstraat) through the city centre in the south. None
of the participants actually traversed the link with the incident. For the incident
on the Oosterstraat, the variation between the used routes is much larger. More
trips start with another first choice, and most of these prefer the ring road for the
rest of their journey. Of those that pick the southern side of the city, most reroute
through the city centre, avoiding the incident itself.
These maps show that the incidents have a large impact on the chosen routes.
Based on these maps the routes found for incident 1, 4 and 5 are most likely to
be the “preferred” routes, as the number of routes with a high usage are found
for these situations. The effects found for the other incidents are easily explained
using these “preferred” routes, as all three situations the incident is located on this
route. This causes participants to differ in the routes chosen.
This result is confirmed by the average number of routes a participant used (see
table 8.5). Herein, the average number of routes is weighed to compare the averages
for the trips with and without incidents. Incidents 1, 4 and 5 have the lowest
weighed average number of routes, compared to the other trips with incidents. This
is most clear for incidents 3 and 6, which is the same as found in figures 8.2c and 8.2f.
This indicates that the location (and effects) of these incidents cause participants
to re-evaluate their route choices and try to improve their routes. Apart from
scenario 3, it also shows that incidents have an effect on the number of routes used.
In case of incident 4, this is likely due to the fact that participants learned how
to navigate in the AIDA RCS with the north-south orientation, together with the
chosen route to be really the best route.
For the effect of the different types of ATIS used, the popularity of different routes
is given in table 8.6. Compared to the overall route popularity given in table 8.4,
the number of times a route is used is lower for all types of ATIS. Part of this is
due to the fact that the results for the different types of ATIS are aggregated over
all scenarios with different routes. The differences between textual information and
dynamic route guidance indicate there is much more agreement in the routes used
when dynamic route guidance is available, especially for the routes that are used only
once. Dynamic route guidance influences the routes chosen, and is likely to make
participants select the same (advised) routes. Without dynamic route guidance,
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Table 8.6: Number of routes chosen per type of guidance
Type of guidance

No information

Textual
information

Dynamic route
guidance

Popularity of a route

Number of routes

17
14
12
9
8
7
4
3
2
1

1
1
1
1
1
2
1
1
3
32

10
8
7
5
3
2
1

1
1
1
1
1
5
17

9
6
5
3
2
1

2
1
2
3
4
7

there is much more difference between the used routes, and thus the amount of
used routes increases. No information again has a larger variation in chosen routes,
also due to the larger amount of trips made without information. Both textual
information and dynamic route guidance however cause a concentration effect.
The same results are presented for the different types of traffic guidance, combined
with the three scenarios (see table 8.7). In this case each participant had four trips
with no information and two trips with both textual information and dynamic
route guidance. These results show that participants used two different routes
in most cases for dynamic route guidance and, apart from scenario 2, also for
textual information. This indicates that participants change their route based on
the information they receive about congestion and/or accidents, and the guidance
they receive. Scenario 2 is a little different from the other scenarios, as the average
number of routes for no information and textual information is different from the
other scenarios. In this scenario, the lack of information clearly is of no problem for
participants, as they hardly have to vary their route, even with an incident. Textual
information also has no effect on the weighed average number of routes, while
route guidance makes them use more routes on average, comparable to the other
scenarios. For textual information and dynamic route guidance, each scenario had
two incidents, with for each incident a different fastest route. If the participants
would follow the route guidance advice in these scenarios, the average number
of routes would be 2. This only happens in scenario 4, which means that in the
other scenarios some participants chose another route than the advice provided by
dynamic route guidance. Still, the concentration effect found for the total number
of routes used can be confirmed with the average number of routes per participant.
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Table 8.7: Average number of routes used per participant per type of traffic guidance,
weighed by the number of trips made for a combination of scenario and type
of guidance
Scenario

Type of guidance

2

No information
Textual information
Dynamic route
guidance

Average number of routes
2.1
1.4
1.9

Weighed average
1.10
0.98
1.81

3

No information
Textual information
Dynamic route
guidance

3.2
2
1.9

2.56
2
1.81

4

No information
Textual information
Dynamic route
guidance

3.4
2
2

2.89
2
2

In general, both incidents and ATIS have an impact on the routes that are chosen
by the participants. The location of incidents is very important. If a location
is located on the “preferred” route, participants show a larger variation in their
chosen routes as they try to find a route without effects caused by the incident. An
incident which is not located on such a “preferred” route, hardly has an effect on
the chosen routes. ATIS allows for the participants to select a route which is fastest.
As such, they know early on if they need to chose for a route differing from their
“preferred” route. Especially dynamic route guidance also shows concentration
effects, as participants are likely to comply with the advice provided.

8.5

Route characteristics

All the routes chosen by the participants can be described using their characteristics
in terms of length, (freeflow) travel time and delay. These characteristics are
discussed here, with respect to the different scenarios, incidents and types of
guidance. This section starts with the actual characteristics in section 8.5.1,
followed by a more in depth discussion of travel time and delay in section 8.5.2.
8.5.1

Overview of route characteristics

Table 8.8 shows the information of the total travel time, freeflow travel time, delay
and trip length for each combination of scenario, type of information and accident
situation, aggregated over all trips.
In the three scenarios, the average travel time (without incidents and information)
is between 18 and 24 minutes, with an average delay between two and five minutes.
The overall reduction of travel time for the trips with incidents is 13,45% and
19,25% respectively for textual information and dynamic route guidance. Providing
information, regardless of the incident and scenario, thus has a rather large influence
on the travel time the participants experienced. The reduction of the travel time is

4

3

2

Scenario

969.4
1179.5
962.1
1136.3
1199.1
1289.2
967.3
1178.0
906.7
1073.6
858.1
1404.3
1476.5
1640.3
1360.2
1436.7
1247.1
1282.0

Incident 1
Incident 2
Incident 1
Incident 2
No incident
Incident 3
Incident 4
Incident 3
Incident 4
Incident 3
Incident 4
No incident
Incident 5
Incident 6
Incident 5
Incident 6
Incident 5
Incident 6

Textual info

Dynamic Route Guidance

No info

Textual info

Dynamic Route Guidance

No info

Textual info

Dynamic Route Guidance

Mean

45.3
121.9

140.1
236.0

214.5
183.4
318.0

195.6
112.9

250.0
70.7

657.7
364.3
229.9

32.3
282.8

41.7
211.9

166.9
589.3
314.9

SD

Travel time
(s)

1095.9
1414.8
1328.4

Accident
situation

No incident
Incident 1
Incident 2

No info

Type of
guidance

1104.2
1160.0

1203.0
1220.4

1226.3
1246.2
1443.3

897.8
698.5

930.5
714.5

978.0
1011.7
762.0

857.7
1028.5

883.1
935.7

824.4
819.6
925.5

Mean

27.5
57.7

137.3
97.7

159.9
155.2
288.6

147.0
67.3

94.4
76.0

516.6
208.7
181.7

25.4
191.4

41.5
134.7

99.3
58.9
216.7

SD

Freeflow
travel time
(s)

142.9
122.0

157.2
216.3

178.0
230.3
197.0

175.8
159.6

247.5
192.2

221.2
277.5
205.3

104.4
107.9

86.3
243.8

271.5
595.2
402.9

Mean

48.7
72.6

35.4
198.5

104.3
99.4
203.1

128.2
61.7

241.3
50.1

162.1
235.7
96.9

32.3
93.5

19.2
213.8

182.2
637.2
274.0

SD

Delay
(s)

16.4
16.6

17.4
18.5

18.0
20.2
22.5

17.7
17.7

18.9
12.3

22.1
20.7
15.2

15.7
19.0

15.7
16.8

18.5
17.4
17.9

Mean

0.3
0.8

3.2
4.1

4.5
6.9
8.9

4.2
4.2

3.7
0.9

12.4
6.7
5.6

0.0
7.3

0.0
2.3

2.5
2.1
4.1

SD

Length
(km)

Table 8.8: Average and standard deviation of route characteristics, per scenario, type of guidance and accident situation.
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significant (t-test with p<0.05) for both textual information and dynamic route
guidance compared to no information. The addition of route guidance to the textual
information does not significantly reduce the travel time (t-test with p>0.05).
The average delay over all scenarios, incidents and types of traffic information
is around 3.5 minutes, which is 17,8% of the total travel time. Without traffic
information, the average delay over all scenarios and incidents is over 5 minutes.
Traffic information and dynamic route guidance reduce the average amount of delay
with 2 minutes and 3 minutes respectively. This is a 40.2% reduction with just
textual information and 57.5% reduction with textual information and dynamic
route guidance. Both reductions are statistically significant (p<0.05), and the
addition of route guidance to textual information also is significant. The reduction
of travel time is mainly caused by the reduction in delays. 70.3% of the reduction
in travel time is caused by a reduction of the delays when textual information is
provided and 70.1% of the reduction of travel time between textual information and
dynamic route guidance is caused by a reduced delay. The other cause of reduction
is a change in free-flow travel times. Traffic information causes a reduction of
around 1 minute and dynamic route guidance further reduces the free-flow travel
time by 20 seconds. ATIS in general thus allow participants to reduce the delay
experienced by incidents and congestion, but also improve the route with respect
to the free-flow travel time.
For the trips where textual information has been provided, it is clear that the
average trip length is decreased compared to the situation without information
(but with incidents). Also the standard deviation decreases. Participants are more
likely to be in agreement, as already shown in section 8.4. The same decrease
in average trip length and standard deviation of this length can be found when
dynamic route guidance is provided. Especially the standard deviation is decreased
to close to zero, which means that there is hardly any difference left between the
used routes of all the participants. This coincides with the results for the freeflow
travel time, where a reduction of the standard deviation means more overlap in
the different routes chosen by participants.
The results are further detailed for the various scenarios and incidents. In scenario
2, 25% of the travel time is caused by delay aggregated over all trips. For scenarios
3 and 4, this is respectively, 18% and 11%. These percentages are quite large.
Scenario 3 also has a very large standard deviation for the travel time, which is
almost half the average. This indicates a lot of variation in the routes and thus in
the travel times of the participants. This matches the large standard deviation of
the trip length in this scenario. The most plausible reason for this large variation
is the problems participants had with having a route from north to south through
the road network, which made it hard for some participants to match right and
left turns.
For the situations without traffic information with incidents, scenario 2 and 4 both
show in increase of average travel time and in most cases an increase of standard
deviation. It is clear that without information, participants experience the effects
of incidents, as they were unable to select a route without incidents beforehand. As
a result, the delay is also increased, together with its standard deviation. However,
the freeflow travel time in scenario 2 has not increased as much as the delay, which
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shows that participants used the same route as before. This results in a travel time
with a larger delay (between 30% and 42%). For scenario 4, the percentage of the
travel time consisting of delay is hardly increased. This indicates that participants
were able to select other routes around the incident, which increased their total
travel time, but not their delay.
Scenario 3 is different in this case, because for one of the incidents, the average
travel time and the standard deviation is much lower than without an incidents.
This effect was also found for the trip length. The most likely cause is a learning
effect, because participants are better able to make choices for their route and
distinguishing right from left when moving from north to south. This especially
applies for incident 4, where the average travel time is significantly lower compared
to the situation without incidents. The location of the incident is in this case not
on the most preferred route of these participants, while incident 3 is, because there
is an increase in average travel time and in delay for this situation. The fact that
the standard deviation of the freeflow travel time is also decreased, means that
there is much more agreement in the routes that participants used. This is also
confirmed by the routes that are depicted in figure 8.2d.
Regardless of the scenario, the start time of the participants varied based on
a combination of Paramics releasing the controlled vehicle and the participant
pressing the spacebar. The actual start time of the participants were within a
minute of the proposed start time of 7:30. As this variation could have influenced
the information available as well as the advised route, the correlation with travel
time, delay and amount of choices has been investigated. In neither of these cases
a significant correlation was found, which indicates that the start time has not
influenced the choices participants made or the outcomes of their trips in terms of
travel time or delay.

8.5.2

Details of travel time and delay

The travel time is shown as boxplot in figure 8.3. The line in the middle of the
box represents the median and the box contains the middle 50% of the data. The
range of these middle two quartiles is known as the inter quartile range or IQR.
The whiskers at both ends extend to 1.5 times the IQR, with the dots indicating
outliers in the data. For scenario 2 both incidents cause a larger variation for
trips without information, because the difference between the 25% and the 75%
quartiles is much larger compared to the trips without incidents. This also applies
to incident 3 and 6. Incidents 4 and 5, however, show only a small difference. This,
again, is most likely caused by the incident not being on the preferred route, which
meant participants did not have to select a new route, even though they had no
explicit information on the incidents.
When providing information the travel times show a reduction of standard deviations. It is clear that the colored areas between the 25% and 75% quartiles is
much smaller than in the case of participants having no information. In general,
there even is another improvement between textual information and dynamic route
guidance, where the latter has a lower median.
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Figure 8.3: Boxplot of travel times (s) per scenario, type of guidance and accident
situation

When looking at the boxplot for delay (figure 8.4), scenario 2 differs from scenarios
3 and 4. Scenario 2 has a large increase in variation in the delay for the situations
with incidents and a large increase of the median for incident 2 without information,
whereas this is not the case for scenarios 3 and 4. This indicates that for scenario
2, participants still used the same route as without incidents, whereas for the other
situations, participant adapted to the specific circumstances. The fact that the
freeflow travel time for scenario 2 is almost the same, is also proof for this.
Interestingly, the boxplot for delay shows that there is not much difference between
the various types of information, apart from the situations in scenario 2. Scenario
3 and 4 both show only small differences in median for having information or not.
An improvement in travel time thus is not caused by having a lower delay, but
by having a lower freeflow travel time, which is in agreement with the results in
table 8.8. Scenario 2 is different in this case, where especially for incident 2 and
dynamic route guidance a large difference is found in terms of variation. The
average and median are not that different for the overall travel time, but the
freeflow travel time is. This means that participants selected a longer route, but
this route has less delay.
To show the effects of type of traffic information on the travel time or delay for
the trips with incidents Analysis of variance (Anova) is used. Because of the
experimental setup with multiple trips for each participant with the combination
of traffic information and incident it resulted in a repeated-measures Anova. For
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Figure 8.4: Boxplot of delay (s) per scenario, type of guidance and accident situation

the various incident situations, the outliers have been removed to represent the
right measurements. The trips where the right destination was not reached, or
where a participant obviously (and noted during the experiment) made a wrong
choice, have been removed from the dataset. This resulted in an unbalanced dataset
for the various incidents. The type of information is used as a within subjects
factor. No between subject factors have been used, since these variables (such as
gender or amount of kilometers per year) were not available for all trips (because
of the removal of the outliers), or in too low number to calculate valid statistics.
Therefore it was a one-way Anova. For these variables a Shapiro-Wilks test and
Levene’s test were performed to respectively test for normality and equality of
variances. Although the results of the Shapiro-Wilks test indicate that the results
are in most cases not normally distributed, it was chosen to continue with the
Anova’s, as this is the least critical assumption and a non-parametric test cannot
be used for unbalanced datasets. Levene’s test for homogeneity of variances showed
a significant difference for incidents 2 and 5. This means that for the three types of
information, the variance is not equal in these cases. A non-parametric variant of
the Anova would be more appropriate in these cases, but this test (Friedman’s Test)
is not capable of repeated measures experiments. Therefore an Anova for these
two situations has been conducted. The results of the Anova are given using the
calculated value for F with the degrees of freedom for the treatment combination
and the degrees of freedom for the errors as Fdf treatment,df error . This value is
checked against the critical values of the F-distribution.
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When looking at the effects of traffic information of the various incident situations, a
significant effect has been found for incidents 2 (F2,23 =5.3, p<0.05), 4 (F2,24 =11.4,
p<0.01) and 5 (F2,23 =8.5, p<0.01). The boxplot for travel time with these incident
situations shows that indeed in these situations traffic information had a substantial
effect. The largest differences between the incidents show a significant different
mean when looking at the effects of type of traffic information. For delay the same
significant effects of traffic information have been found for incident 2 (F2,23 =5.5,
p<0.05), 4 (F2,24 =14.1, p<0.001) and 5 (F2,23 =6.7, p<0.05).
The situations where traffic information was available (either as textual information
or dynamic route guidance) are showing clearly that being able to use information
has an effect on average trip lengths, travel times, delays and their respective
standard deviations. In all scenarios, the average travel time for trips with textual
information and dynamic route guidance is lower compared to the situations where
no information was available, but had incidents. For example, for incident 5, the
difference between having textual information and no information is almost two
minutes. Dynamic route guidance again improves this average travel time by almost
two minutes. In total, a participant could reduce his travel time by almost four
minutes, on a trip of 25 minutes, which is around 16% improvement in travel time.
For incident 6, this improvement is even larger (over 5 minutes). The experienced
delay is also reduced for both incidents, but the main improvement is caused by
participants selecting routes with a lower freeflow travel time, thus a faster route.
Traffic information thus not only allows participants to select routes that go around
incidents, they are also more rapidly improving their routes in terms of (freeflow)
travel time. Since in some incident situations the average travel time is lower than
in the situations without incidents, there is some learning effect of the participants,
also induced by the traffic information. Overall, not just the averages are reduced.
Also the standard deviations for the travel time, freeflow travel time and delays
are reduced by having traffic information compared to having no information, for
the situations with incidents. This decrease indicates participants selecting more
of the same routes.
The average delay has also been calculated as percentage of the average total travel
time which can be found in figure 8.5. For situations without information and
incidents, the delay is between 25 and 13% of the total travel time.
Apart from incident 6, an incident increases the delay in the travel time, where
especially scenario 2 shows a large increase for incident 1. This is most likely due
to the fact that the incident has a large influence on the travel time on the highway
route which 4 participants used. For this incident, it is clear that information caused
all the participants to avoid the highway, thus greatly reducing the percentage of
delay in their travel times. Incident 2 shows an increase of participants selecting the
fastest route, which avoided the incident, therefore reducing the delay. Incidents
3 and 4 show only a small increase in the delay as percentage of the total travel
time when no information was available. Traffic information hardly improves this.
These small differences are partly due to the mistakes participants made because of
the north-south issue. Scenario 4 also only show small differences in the percentage
delay has in the total travel time. Incident 6 in this case shows curious results, as
participants experience more delay in their total travel time for textual information.
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Figure 8.5: Delay as percentage of the travel time

8.6

Discussion

The AIDA RCS was tailored for the experiment described in chapter 7 to investigating the effects of traffic information on route choice when accidents occur in
the urban road network. To this end, the route choice simulator has proven to
be a valuable method for gathering the necessary data. The architecture used,
based on the microscopic traffic simulation model Paramics provided a detailed
simulation environment, which is capable of creating realistic traffic environments.
Together with the API of Paramics, it is possible to extract all the necessary data
of the traffic simulation and ask pre and post trip questions to the participants.
Paramics also served as a valuable environment to build the road network and
traffic situations.
In this experiment, a hypothetical network was used. The choice locations were
depicted using screenshots of these junctions from Paramics, in which the junction
could be seen. As no surrounding buildings were used, it was not possible to navigate
in the road network using striking buildings for participants. The information
available was the maps they were given beforehand and the information in the
AIDA RCS client itself. The maps are expected to offer enough information for
participants to perform their wayfinding in the network. However, the experiment
did not focus on wayfinding during non-recurrent traffic situation, but targeted
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the effects of these situations combined with traffic information on route choice
behaviour. Based on this goal, we feel that the lack of realistic screenshots (including
surroundings) does not mean the results are invalid.
As mentioned, in scenario 3, the orientation of the routes was from north to south.
This caused some participants to have difficulties distinguishing left and right,
resulting in “wrong” or “weird” choices. In these situations, the AIDA RCS client
presented contrasting information. The map of the total road network did not
rotate with the direction of the participant, but always had north at the top. The
map of the upcoming junction did rotate with the direction of the participant,
which thus shows opposite of the other map if the participant is driving south. The
results of scenario 3 are thus different compared to the other scenarios. However,
the number of routes used in total and per participant, and the averages of these
routes with respect to travel time, delay, length are equal to the other two scenarios.
This indicates that for an aggregated level, the difficulty of the orientation has not
caused significant differences.
The number of traffic messages a participant received were rather high, especially
in scenario 4. This is partly due to the high update frequency of one minute, but
is also due to the traffic jam detection, as mentioned in section 6.3.3. It is very
well possible that a traffic jam which was visible as one traffic jam was detected as
two separate traffic jams. The minimum length for a traffic jam to be reported
partly resolved this issue, because a traffic jam had to be at least 1000 m in length.
Short links which lead to a traffic jam but were not selected as part of it, would
be ignored for creating the traffic messages. Based on this workaround, and the
possibility for a participant to combine the messages with the overview of the road
network, it is expected that there has been no influence on the routes selected by
the participants.
The three scenarios were different with respect to their origin and destination
and the locations of the accidents. With respect to the other elements (type of
guidance, random seed and incident or not), they were all equal, and used the
same order of these elements for all participants. In order to prevent learning
behaviour by using traffic information and/or route guidance, together with the
knowledge of incidents and their locations, the order was not randomized between
participants. For instance, if a participant started with a trip with route guidance
and traffic information, he/she would be informed of the fastest route automatically,
together with information of a possible incident. This information is very likely to
be used in consecutive trips, which makes it impossible to retrieve the participants
behaviour if no guidance or traffic information is provided. The order that is used
in the scenarios is now providing more information to the participants, which is
confounded with the learning because of previous trips and experiences in these trips.
This means the results for traffic information cannot be completely distinguished
from a possible learning effect, when looking at aggregate statistics of complete
trips. Using individual choices, where the number of the trip in the sequence of all
trips is one of the explanatory variables, will show if there is some learning (see
chapter 9).
In total three scenarios are used for data analysis, each with two incidents. For each
scenario, at least two reasonable routes were determined, on which these accidents
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were located. If a participant has a different perception of the road network and
selects other routes, it is likely he or she will not directly experience the incident,
or indirectly its consequences for surrounding roads. To minimize this possibility,
incidents were placed on the two most reasonable routes, so a participant was very
likely to run into such an accident at least once. As the overview of routes showed,
this indeed happened, as just a few trips did never run into an incident. However,
it also means that using this combination of incident locations, it is not possible
to see if participants are influenced by incidents that are not anywhere near their
reasonable routes.
The sequence of trips made by a participant starts with two trips in which neither
information nor accidents are used. These two trips were meant to allow for a
participant to find a certain preference for a route. It is expected that two trips
are not enough to enable a participant to fully determine his or her preferred route,
which is more likely to need around 10 trips. To acquire such a preferred route,
the experiment would last more than twice the current time. This would mean
a big increase on respondent fatigue, which is undesirable. This also means that
incidents could not be located on a preferred or habitual route, which would allow
for the estimation of route switching behaviour. The data that is gathered with this
experimental setup allows for a possible rerouting if the participant selected on of
the reasonable routes on which the accident is located, but not if the other route (or
any other route) was chosen. As the goal of the research is not to investigate such
route switching, it was chosen not to relate the routes selected to the reasonable
routes.
The experiment focused on the possible effects of traffic information and/or route
guidance and incidents. This means that many other items of interest of ATIS
are not studied, such as reliability and timeliness of traffic information. Neither
are multiple algorithms implemented in the route guidance, apart from the fastest
route. It is assumed that participants are interested in the fastest route, as the
scenario concerns a morning commute, which was also found as the most important
type of information in chapter 5. For route choice behaviour, the interest is with
the effects of both ATIS and incidents on the total routes and individual choices.
Although behavioural aspects such as risk aversion can be of influence on the
choices and routes, it would increase both the duration of the experiment and the
number of participants necessary for valid results, which was not possible for this
research.
For the route choice study, an invitation was send to friends and colleagues.
The sample is not based on a sampling strategy, and the participants are not a
representative selection of the Dutch population of car drivers. The results cannot be
interpreted as a true representation of what would be found in a real life situation.
Together with the small sample size, it is not possible to achieve statistically
significant effects of gender or age on routes selected and the characteristics of these
routes. The results are only given for the whole group of participants, regardless of
the socio-economic characteristics of the participants. The consequence of this is
that the results as such cannot be transferred directly to real life situations. The
behavioural implications and the overall size and direction of effects are however
possible to transfer. This is based on the assumption that the AIDA RCS provides
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a realistic environment in which the participant would behave as they would in
real life. The post-trip questions that each participant answered once arrived at
the destination are a proof of this validity (face-validity). Together with the strong
effects found for both incidents and traffic information in each scenario (internal
validity), also indicate that the AIDA RCS is a valid tool, which provides results
which can be transferred to real life.
The results show a significant reduction of travel time when participants are able to
use a form of ATIS. As no habitual behaviour is estimated, the reduction of travel
time cannot be related to the travel time which a participant otherwise would have
experienced. As such the direct influence of a possible rerouting is not described,
or the probability a participant will reroute based on the combination of incidents
and/or traffic information. When looking at the overview presented in Toledo &
Beinhaker (2006), the range of travel time reduction found in this study is in line
with the findings of other studies. In Bogers (2009) a reduction of average travel
time for a highway network with three alternatives was found of around 8%, when
participants received both en-route and ex-post traffic information. However, no
accidents are used in this case. Compared to the reductions found in this research,
this reduction is smaller.
In a study which did include incidents (Emmerink et al., 1995), there is a reduction
of maximally 20% (for a market penetration of 50%). However, this result is
achieved by simulation in which various assumptions are used in the models route
choice and information usage. It differs from this study, as here the travel times
are experienced by the participants. In a more recent study using a simulated
environment Abdalla & Abdel-Aty (2006), the amount of travel time savings range
from 20.7% to 44.7% for pre-trip information without advice and en-route traffic
information with advice respectively. In this situation no incidents are used, in stead
different weather conditions are influencing the traffic situation. As the participants
were familiar with the road network, the amount of travel time reduction is rather
large, compared to the reductions found in this study.

8.7

Summary

This chapter focused on the general results of the experiment undertaken with the
AIDA RCS. This provides an answer to the research question from section 1.2.3
on the effects of traffic information on route choice during non-recurrent traffic
situations. As explained in chapters 6 and 7, only accidents are used for the
non-recurrent traffic situations, and they occur during a morning rush hour.
First an overview of the participants in the experiment was given. The participants
are not a proper representation of the “average” Dutch car driver, as it differs for
all variables. Especially age, gender and level of education are different, which is
caused by many direct colleagues taking part in the experiment. However, it is
not expected that this caused significant differences in the choices made during the
trips.
To investigate the face-validity of the AIDA RCS, each participant was asked a few
questions after finishing the trip. These questions concern the general experience
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and whether the participant would make the same choice in a real life situation.
Both of these questions indicate a high level of validity of the AIDA RCS and
the experiment. Most participants said the trips to be either realistic of very
realistic, and most also would make the same route choice in real life situations.
Just scenario 3 with a north south orientation had a lower level of validity, which
is easily explained as participants had trouble to navigate with this orientation.
A graphical overview of the routes, showed that the participants selected a different
route when first receiving traffic information, and further seem to “improve” on
their route choice when driving with dynamic route guidance. The number of routes
used and the frequency hereof is also reduced with extra traffic information. Traffic
information and route guidance both cause a change in route choice, as participants
show less variation in their choices. This indicates that a form of concentration
occurs. The amount of routes used varied per scenario and per incident, as in each
scenario one of the incidents was on the route that most participants seemed to
prefer. These accidents caused participants to reroute and seek a way around the
incident or the congestion caused by it. Scenario 2 had the most obvious routes,
as only 8 routes were used. Scenario 3 and 4 were different in that respect, as in
scenario 3 a total of 26 routes was used and 29 routes in scenario 4. This is most
likely due to the location of the origin and destination in scenario 3 and 4, and
also to the orientation in scenario 3.
Incidents caused an increase of 9.7% in the experienced travel times in general
when no information was provided. The amount of delay increased by 30%. As
participants were not informed of the accidents, they were not able to anticipate
the possible delays, and often experienced the congestion of the accidents or the
accidents themselves, hence the increase in travel times and delays. The freeflow
travel time did not show a significant increase, nor did the length of the routes
used.
Traffic information allows participants to reduce their average travel time in incident
situations by more than 13%, and dynamic route guidance further reduces their
travel time with 6%. This is a reduction of over 4 minutes on a travel time of 22
minutes. Depending on the specific incident situation, dynamic route guidance can
reduce the travel time with 32%. Without any information, there is an average
delay of around 5 minutes, regardless of the scenario or the specific incident. Traffic
information reduces the delay with 40% and dynamic route guidance shows a total
decrease of 58%. The largest contribution (around 70%) to the reduction in travel
time is thus caused by a reduction of the amount of delay, because participants
avoid the incident or the congestion caused by it. The travel time in the trips
made with dynamic route guidance consists for around 10% of delay. In case of
three incidents, which all are on the preferred route of participants, both types of
traffic information have a significant effect on both travel time and delay. Traffic
information and dynamic route guidance also reduce the variation of travel time,
delay and length of routes, which confirms the concentration effect found in the
graphical overview of the used routes.

You must keep your mind on the objective,
not on the obstacle.
— William Randolph Hearst

Chapter 9

Route choice experiment - Choices
and choice models

9.1

Introduction

This chapter focusses on the individual choices of the participants in the experiments
with the AIDA RCS and thus concerns a more detailed level of understanding
the effects of incidents and/or traffic information. At each junction in the road
network, the choice was recorded, together with the possible alternatives, and, if
provided, the advice provided by the dynamic route guidance. This enables us to
investigate a possible relation between the choices and the circumstances of the
trip.
The individual choice is a choice between a discrete number of alternatives or
exits at a junction. Each exit has at least one route which leads towards the
destination. Using discrete choice models, it is possible to relate the choice made to
the attributes assigned to an exit. The theory behind these models was described in
chapter 4 with paying explicit attention to discrete choice models in a route choice
context (see section 4.3). The choice models will provide an answer to subresearch
question 3c: Which attributes are important in route choice behaviour? and the
main research question: What are the effects of traffic information on route choice
during non-recurrent traffic situations?
In section 9.2 the individual choices are discussed and related to the attributes of
the exit chosen. The choices are also discussed for the various incidents, types of
traffic information and scenario. The choice models are presented in section 9.3.
This section starts with the response to one of the post trip questions regarding the
most important factor in the route choice of that trip (section 9.3.1), follow by a
description of the datasets used and the approach for the development of the models
in section 9.3.2, followed by the development of a base model, based on a linear
utility function for the alternatives (section 9.3.3). It applies this utility function
to a complete dataset and a dataset in which only the strategic junctions are used.
The base models are further extended with two specific correction factors for the
amount of overlap of the alternatives: the Path Size and Path Size Correction factor.
This section also introduces three variables for the inclusion of traffic messages,
incidents or advice to the base models. Next is a discussion of the internal validity
of the estimated models (section 9.3.4), by comparing the predicted and observed
probabilities for choosing a certain exit. The last part of this section concerns
185
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relaxing the assumptions of a multinomial logit model (MNL), by accounting for
heterogeneity and heteroscedasticity (section 9.3.5). The results will be discussed
in section 9.4, followed by a summary in section 9.5.

9.2

Choices

During each trip, a choice had to be made at each junction. Three types of choices
were possible:
1. no choice possible;
2. participant choice;
3. no participant choice.
In case no choice was possible, it meant that a link in the RCS was connected to
only one other link, essentially giving no choice. It was also possible for participants
to make no choice. If the participant did not make a choice (in time), Paramics
made the choice for the participant. This choice was automatically the fastest
route, which was mentioned by some of the participants, but never reported as
problematic. Of course, if a participant made a choice, this was also recorded. An
overview of the amount of different choices is given in table 9.1. In total 2.945
choices have been recorded excluding the choices in the warm-up scenario and the
non participant choices. 42% of these choices were made in scenario 4, 27% in
scenario 3 and 31% in scenario 2.
In this case, the results for the warm up scenario have explicitly been taken into
account. Comparing the amount of ”no participant choice” for this warm up
scenario with the other three scenarios, it is obvious that the warm up scenario
has a much higher number of missing choices. This is most likely due to a learning
effect. During this first trip, participants had to get accustomed to the AIDA RCS
and the speed with which they were expected to make choices. It is therefore likely
that many participants would miss one or more choice moments. In the consecutive
trips, this is less likely to happen. However, as previously discussed, scenario 3
meant an extra complication for a lot of participants, because the trip was in a
different direction then the map in the RCS client, which caused them to have
more trouble choosing. This is also visible in a higher percentage of missed choices.
Interestingly, this percentage decreases when more information becomes available.
In the case of dynamic route guidance, it is reasonable to expect that in case a
participant was not able to choose by himself on time, he would select the advised
Table 9.1: User and missed choices per scenario and type of guidance
Type of guidance Participant
choice

Warm up Scenario 2 Scenario 3 Scenario 4

No information

No
Yes

22
414

5.1% 50
94.9% 382

11.6% 18
88.4% 629

2.8%
97.2%

Textual
information

No
Yes

5
240

2.0% 17
98.0% 212

7.4%
8
92.6% 304

2.6%
97.4%

Dynamic route
guidance

No
Yes

46 11.8%
1
344 88.2% 249

0.4% 13
99.6% 215

5.7%
4
94.3% 300

1.3%
98.7%
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exit. In the case of textual information, the reduction in missed choices is more
likely to be caused by a learning effect, as participants learned how to navigate
”upside down”. Aggregated over all types of information and scenarios, an average
of 3.56% missed choices were recorded.
For the choices where a participant made his or her own choices, a more in depth
analysis has been performed. First, the choices made by participants have been
compared with the exit of the fastest route at that time. A participant could either
choose the fastest route or not. The results are give in table 9.2.
In general, when looking at the various scenarios, it is clear that the more advanced
the information is, the more a participant is likely to select the exit at a junction
which matches with the fastest route at that time. Without information, participants selected the fastest exit in 84.3% of the choices. For textual information,
where information on the incidents and traffic jams was provided, this increases to
87.2%, whereas for the dynamic route guidance, where an exit was advised, based
on the current fastest route, 94.2% of the choices matched the fastest route.
Scenario 4 shows a slightly different pattern between no information and just textual
information compared to the other scenarios. In these cases, the percentage of
participants that did not choose for the fastest exit is more or less equal. This might
be due to the many possibilities for this scenario, especially at the “Koningshuis”
area. The difference in travel times in this area is very small, so it is likely that
participant did not select the fastest of the routes available here. The increase
for the same scenario when looking at the Dynamic Route Guidance, shows that
participants were much more likely to follow the advice given, and selected the
fastest routes, even in the “Koningshuis” area. For scenario 3, the increase for
choices on the fastest route is smaller. This can be explained with the “wrong”
choices participants made, because of the north-south orientation. However, even
with these problems, participants are quite capable of selecting the fastest exit.
For scenario 2, this is even more obvious. For the trips made with Dynamic Route
Guidance in this scenario, as little as 2% of all choices did not select the fastest
exit. It means that participants trusted the route guidance to a very high level, as
the route guidance always provided advice for the fastest exit at the moment of
choice.
The results for choices aggregated per incident (table 9.3) clearly show an influence
of incidents on the choices for the fastest exit. Incidents 2 and 3 have a much lower
percentage of choices for the fastest exit, regardless of type of information. The
location of these incidents thus greatly influence the behavior of participants. For
Table 9.2: User choices for the fastest exit per scenario and type of guidance
Type of guidance

Fastest exit

Scenario 2

Scenario 3

Scenario 4

No information

No
Yes

52
362

12.6%
87.4%

72
310

18.9%
81.1%

101
528

16.1%
83.9%

Textual
information

No
Yes

19
221

7.9%
92.1%

29
183

13.7%
86.3%

48
256

15.8%
84.2%

Dynamic route
guidance

No
Yes

5
244

2.0%
98.0%

26
189

12.1%
87.9%

13
287

4.3%
95.7%
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Table 9.3: User choices for an exit matching the fastest route per incident situation
Scenario

Incident situation

Amount

Percentage

2

No incident
Incident 1
Incident 2

176
315
336

90,2%
96,0%
88,4%

3

No incident
Incident 3
Incident 4

159
258
265

82.4%
79,8%
91,4%

4

No incident
Incident 5
Incident 6

272
396
403

86.3%
88,0%
86,1%

incidents 1 and 4, participants were more able to select the fastest exit, compared
to the situations without incidents (for all scenarios). For incidents 5 and 6, this
difference is only small.
For trips in scenario 2 and 3 without information one of the incidents (either 2
or 3) is likely on the preferred route (as discussed in section 8.4), because the
percentage of choices for the fastest exit is lower than the trips without incidents (see
table 9.4). The percentages for the fastest exit in scenario 2 with no information are
significantly different (p<0.05) between the incidents, based on the Kruskal Wallis
Rank Sum test. Scenario 3 without information shows no significant differences
for the two accident situations. Interestingly, the percentage for the fastest exit
with the other incidents (1, 4, 5 and 6) in all scenarios is not significantly (p>0.05)
different from the trips without incidents. This indicates just a small learning effect
for trips made without information, as the trips with incidents are made after the
trips without incidents.
For each incident situation (figure 9.1), the differences between the percentages
of choices for the fastest exit between the three types of information have been
investigated. Incidents 2, 4, 5 and 6 show a significant difference (p<0.05), which
means that traffic information and dynamic route guidance had a significant effect
on the propensity of the participants to choose the fastest exit. When comparing
the individual combinations for the incident situations with a significant difference,
the differences are largest between the trips without information and the trips with
dynamic route guidance.
A further analysis can be made of the choices, for the trips where dynamic route
guidance was available. During these trips, the participants received advise on
which exit to take, which was based on the fastest route. For the choices made,
a comparison was made for the chosen exit and the advised exit (table 9.5). Of
the incidents, those scenario 3 show the smallest percentage of choices where
participant selected the advised route. Again, this is most likely due to the
problems participants had with the orientation, in particular for incident 3. For
the other incidents the percentage of choices of participants matching the advice is
very high, close to 100%. Combined with the other results and the self-reported
validity of the experiment, it is likely participants trusted the advice given.
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Table 9.4: Percentage of choices for the fastest exit.
Scenario

Type of guidance

Accident situation

No info

No incident
Incident 1
Incident 2

91.71%
91.04%
77.70%

Textual info

Incident 1
Incident 2

96.92%
86.73%

Dynamic Route Guidance

Incident 1
Incident 2

99.23%
97.57%

No info

No incident
Incident 3
Incident 4

82.31%
78.00%
83.14%

Textual info

Incident 3
Incident 4

80.90%
94.37%

Dynamic Route Guidance

Incident 3
Incident 4

84.56%
94.40%

No info

No incident
Incident 5
Incident 6

86.23%
83.16%
79.43%

Textual info

Incident 5
Incident 6

84.81%
83.69%

Dynamic Route Guidance

Incident 5
Incident 6

96.00%
95.53%

2

3

4

Percentage

Table 9.5: Amount of user choices for a next link matching the advised link (with dynamic
route guidance) per incident situation
Incident situation
Incident
Incident
Incident
Incident
Incident
Incident

1
2
3
4
5
6

Amount

Percentage of all choices

110
134
98
91
142
145

99,1%
97,1%
83,1%
93,8%
95,9%
95,4%
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Figure 9.1: Percentage of choices for the exit on fastest route, per scenario, accident
situation and type of guidance (for choices made by the participant)
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Choice models and attributes

This section concerns the individual choices of the participants in the route choice
experiment. Data of each choice at a junction is used in estimating the proposed
route choice model (see section 4.3.4. The section starts with a presentation of
the attributes for route choice that were reported by the participants themselves
(section 9.3.1). These were a starting point for the utility function that is used
to describe the three alternatives in the exit choice model. In the approach, the
data, the utility functions and the available attributes are described (section 9.3.2).
This section also describes the assumptions used in the utility models that were
applied in the estimation of the models. The first step in the approach is to
find and estimate the base utility functions (section 9.3.3). The second step is
to expand the basic utility function with additional attributes (section 9.3.4) for
which two different sets are used. The first relates to one of the assumptions of
the multinomial logit model (i.i.d.), which is violated in routes that have overlap.
Two correction factors have been applied and tested for using the base model. The
second set of attributes concerns attributes for accidents, traffic information and
route guidance. The resulting utility functions have been used to predict choices
for a part of the dataset not used in the estimation, which is a measure of the
internal validity of the estimated model (section 9.3.5). The last part presents the
results of the estimation with other approaches in the modelling, which relax the
assumptions made in the MNL model (section 9.3.6).
9.3.1

Self-reported attributes

One of the questions asked to each participant after a single trip is the question on
the most important factor in the route choice of that trip. As such it indicates the
reasons behind the route choices made. The results are given in table 9.6, where
a distinction is made between the three types of guidance a participant received
during each trip.
As expected, the type of traffic information is of significant influence on the most
important factor in route choice (Chi-square test shows p<0.05). This also applied
to the different incident situations, where especially the trips without incidents
(and thus without information) are of significant influence. The scenarios did not
have a significant impact on the selection of the most important factor.
Overall, traffic information or route guidance is the most important factors, which
increases to 63% of the responses when dynamic route guidance was provided.
This indicates that participants have a high level of trust of the traffic information
and/or route guidance. The information must have been interpreted as reliable
by the participants, otherwise it would not have been the most important factor
in their route choice. In the case of no information, there is a spread over all
options, where previous experiences, allowed speed and distance are selected most
often. Interestingly, an accident on the network was selected only 5.9% of the trips
as the most important factor (especially for trips with incident 3 and 6). This
could indicate that participants are quite indifferent to accidents on the network.
However, because no definitions have been provided to the participants, it could
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Table 9.6: Answers for the question “What was the most important factor in your route
choice?” per type of guidance

Allowed speed on
this route

Distance of this
route

Travel time of this
route

I don’t know

Missing

Total

Previous
experiences

No information
Textual information
Dynamic route
guidance

Traffic information
or route guidance

Type of guidance

Accidents on the
network

Answer

4.2%
10.0%
5.0%

8.3%
45.0%
63.3%

21.7%
16.7%
16.7%

22.5%
0.0%
1.7%

22.5%
13.3%
0.0%

13.3%
13.3%
10.0%

4.2%
1.7%
0.0%

2.5%
0.0%
3.3%

5.9%

31.4%

19.2%

11.7%

14.6%

12.6%

2.5%

2.1%

also mean that most participants chose for traffic information instead of accidents,
because the accident was made known to them by means of traffic information.
Adding to that, accidents are chosen also as a factor in trips where no information
was available, but most often in trips with traffic information available.
The importance of traffic information and route guidance was also found for the
compliance rates found in section 9.2. The participants also mentioned this when
specifically asked. It is expected that having an advice or traffic information for a
route using that exit will be a very important attribute of the routes in the choice
models.
9.3.2

Datasets, approach and linearity

Datasets
Using the individual choices at each junction it is possible to estimate the exit
choice model proposed in section 4.3.4. Such a model will estimate the probability
of choosing one of the alternatives available at that location. In this application,
the alternatives are the exits at a junction. A U-turn is not available. The road
network was designed to use no more than four links for a node, which makes a
maximum of three alternatives.
These alternatives are labelled as:
• left;
• straight;
• right.
As not all junctions have right-angled exits, the exits which are closest to the
right-angled values, are set to the respective label. The exit with an angle closest
to 180° is labelled as the straight exit, etc.
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Table 9.7: Availability and choices for each dataset
Complete dataset
Available
Chosen
Right
Straight
Left

1850
2252
2010

521
1580
416

Strategic dataset
Available
Chosen
820
815
605

324
415
166

The choice set thus consists of a maximum of three alternatives (in a T-junction,
one of the alternatives was set to unavailable), for which it is necessary to describe
the characteristics or attributes. It is expected that drivers select an exit based on
the characteristics of the route that starts with that exit. For each exit, the fastest
route towards the destination was calculated, using the A∗ algorithm based on the
actual travel times, as it is expected that for the morning commute scenario, all
participants are interested in the fastest route (based on the findings in chapter 5).
For each of the routes that are calculated, the following attributes are defined:
(freeflow) travel time, delay, length, amount of junctions, number of left turns and
existence of incidents, traffic information or advice. These attributes are to be
used in the utility function of the choice model.
The resulting choice model is a model that predicts the probability for an exit, not
for a route for the (remaining part of the) trip. At each junction, the same approach
is used to predict the probability of choosing an exit, based on the attributes of
the routes that start at that exit.
Two datasets are used for estimation. The first consists of all choices at junctions
with two or more exits (note that by design, no junctions exist with more than four
arms) that provide a route that reaches the destination. Some junctions with three
exits have an exit that is a dead-end street, which renders that exit unavailable for
the choice set at that junction. The second dataset consist of a selection of all the
choices, called the strategic dataset. The selection is made using the predetermined
possible routes for a scenario (see figures 7.5b, 7.6b and 7.7b). This lead to a total
of 8 junctions from scenario 2, 9 junctions from scenario 3 and 11 junctions from
scenario 4. For the complete dataset it means that 2517 observations are available,
whereas for the strategic dataset this reduces to 905 observations (see table 9.7).
Utility functions
As there is a huge number of utility functions possible to be estimated from the
dataset and the attributes, a step-by-step approach is used. The first step is to
start with a number of basic attributes, which are often used in route choice models.
These attributes are analysed with respect to their values and distribution, if it
concerns continuous values such as travel time or delay. If deemed applicable, these
attributes are selected for a transformation, to create a linear set of values. This
model is further applied to both datasets, with and without extra attributes. The
first concerns attributes of the routes, followed by the correction factors described
in section 4.3.3. The final addition concerns the attributes for incidents, traffic
message and advice. The final set of attributes is then applied to different datasets
for estimation and prediction, as an indicator for the internal validity of the model.
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The same base model is also used to account for heterogeneity and heteroscedasticity
in the dataset.
The following basic linear-in-parameters utility function is used to determine the
most appropriate attributes of the alternatives.
Vi =ASCi + βxi Xi

(9.1)

in which:
ASCi =Alternative specific constant for alternative i
βxi =Vector of utility coefficients for attribute x and alternative i
Xi =Vector of attributes for alternative i
For this function the vector of parameters Xi consist of variations of (based on
Ben-Akiva & Bierlaire (2003)):
TTi

Travel time from the current junction to the destination, including
delay;

FFTTi

Freeflow travel time from the current junction to the destination using
allowed speed and length;

Di

Delay from the current junction to the destination (travel time −
freeflow travel time;

JCi

Amount of junctions between the current junction and the destination
(equals the number of choices to make);

LTi

Amount of left turns between the current junction and the destination;

Ci

Dummy describing if the alternative decreases the crow fly distance
to the destination;

Si

Average speed of the alternative, using the speed limit, averaged over
the length.

Non-linearity
For the continuous attributes (TTi , FFTTi and Di ) a transformation can be applied,
as these attributes are not necessarily linear in itself as is assumed for the MNL
model. Non-linearity means that the value of an attribute is not on a straight line
but has a non-linear effect on the dependent variable (utility in this case) as a the
effect of an additional unit of travel time for a low value of travel time is different
from a high value of travel time. Such a non-linearity can be overcome using a
transformation. Most known examples are the log and Box-Cox transformation
(Box & Cox, 1964). The Box-Cox transformation is given in equation (9.2).
 λ
 Xi − 1
if λ 6= 0;
Xi (λ) =
(9.2)
λ

log Xi
if λ = 0.
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x(λ)
λ = 3.0

λ = 2.0
λ = 1.5
λ = 1.0
λ = 0.5
λ = 0.1
1

λ = −1.0

1

x

Figure 9.2: Box-Cox transformations for x with several values for lambda

The parameter λ is a measure of influence of additional effects. If λ is below 1, it
means that the effect of an addition unit of for example travel time at a higher
level of this travel time is smaller than at lower levels. The other way around,
a λ of over 1 means that the effect of an additional unit of travel time will be
higher at higher levels of this travel time. The Box-Cox transformation is often
applied to reduce anomalies in a variable, such as non-additivity, non-normality or
heteroscedasticity. In the case of travel time, it is clear that it cannot be normally
distributed, because it is strictly positive. This is confirmed by the Shapiro-Wilk
test for normality (p<0.05) which makes it a proper candidate for a transformation.
The Box-Cox transformation has been used in discrete choice studies before and is
easily estimated using BIOGEME (Bierlaire, 2008).
The Box-Cox transformation is a generalization of various power transformations.
For example with λ = 0.5 equation (9.2) turns into a square root transformation.
The effects of various values for λ are given in figure 9.2. It clearly shows that
for λ = 1 the Box-Cox transformation retains the original values, minus 1. For a
parameters such as travel time it is expected that λ will be less than 1, as an extra
unit of travel time with already large travel times is not as much of influence as
that same extra travel time for a small remaining travel time.
The log transformation is a special case of the Box-Cox transformation when λ = 0.
If the continuous variable is lognormally distributed, a log transformation will
return a normal distributed variable, with the same mean and standard deviation.
For all mentioned continuous parameters a density plot was devised. These are
given in figure 9.3.
All three parameters are non-normally distributed, where especially the delay has a
very high positive skewness and kurtosis, indicating a distribution with a high peak,
and skewed towards the lower values. All three are thus appropriate candidates for
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Figure 9.3: Density plots of continuous variables

a transformation, of which the delay parameter is most closely represented with a
log transformation. All three variables are also scaled by multiplying them with
0.01, which means that the estimated values are given for 100 seconds as value of
1. As the log transformation is only valid for values > 0 a value of 1 was used if
the variable to be transformed was 0 (in case the log transform was applied).
Approach
The approach in developing a complete exit model start with the investigation of
the most appropriate set of attributes of routes, which can be used in the base
utility functions. In this step, several combinations of the available attributes are
used, together with transformations of the above mentioned non-linear attributes.
This step is necessary to investigate the impacts of additional attributes and test
for violations of the multinomial logit model, especially that of independent and
identically distributed (i.i.d.) unobserved error terms. Firs, the base model is tested
for overlap in the routes. This overlap violates the i.i.d. assumption as for the part
of routes which uses the same links, the error terms are correlated. Based on the
available literature, two corrections for this overlap have been tested, of which the
results are presented. The base model is then estimated with additional attributes
for accidents, traffic information and guidance on the (relative) importance of these
basic route attributes. These attributes show the impact of traffic information and
non-recurrence on the route choice behaviour of the participants, and also provides
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an indication of the (relative) importance of these attributes in relation to those
of the base exit choice model. The resulting utility functions together with the
assumptions of the multinomial logit model are used to predict the choices for
a part of the dataset which is not used of estimation. This is a measure of the
internal validity of the estimated choice models. The last step in the approach is
to use different modelling assumptions, which relax the restrictive assumptions of
the multinomial logit model. These models also test for the assumptions in the
exit choice model, such as the independence of previous choices in the same trip.
9.3.3

Exploration of a base model

Basic utility functions
The results for the exploration of an “optimal” basic utility function are given in
table 9.8, based on the complete dataset. These models serve as a starting point
and a reference for other models. It provides an overview of the attributes which
are of importance to the participants in choosing one of the exits at a junction. If
no value is provided for an estimated coefficient, the related attribute was not used
in the estimation. The two basic combinations that are tested are either based on
travel time and delay (TTsimple) or freeflow travel time and delay (FFTTsimple).
Since the values of delay are calculated using the difference between travel time and
freeflow travel time, it does not contain extra information in the TTsimple model.
Accordingly, the final log likelihood and pseudo ρ2 values are equal. The difference
between the models is in the sign of βD , which is i positive in the TTsimple model.
This is inconsistent with normal behaviour, whereas a higher delay would mean
that an alternative would be less attractive to a traveller. Next both models also
show that freeflow travel time is more important in choosing an alternative than
delay. However, the fact that the travel time consists of the freeflow travel time
and delay, explains the difference between the two models. The FFTTsimple model
would be the more preferred of these two models, because of the sign βD which
allows for an easier interpretation. The ASC’s show that for both models, the left
exit is not significantly different from the right exit, but the straight exit always
has a higher preference. Both the number of junctions and the number of left
turns have a negative sign for the estimated coefficient, which is consistent with
expectations. A more complex route (more junctions and more left turns) has a
smaller probability of being chosen.
The next two models (TTlogD and FFTTlogD) use a log transformation for the
delay parameter. In both cases the model shows an improvement in model fit with
a lower final log likelihood and higher pseudo ρ2 compared to the models without
transformations. In both cases, the sign of βD is negative, as could be expected.
For the model using travel time, the change in ASC’s is small, still rendering the
left exit not significantly less preferred than the right exit. The FFTTlogD model
however indicates that the left exit does significantly differ from the right exit
in preference and has a lower utility and thus probability of being chosen. Both
models also show a difference in estimated values for the parameters they both use.
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FFTTsimple

TTlogD

FFTTlogD

logTTlogD

0
0.737
−0.053a
−2.86
0.259
−0.125
−0.120
0.375

BCTT

0
0.724
−0.071a
−1.99
−0.446
−0.154
−0.123
0.512

BCFFTT

Table 9.8: Exploration of basis route choice models
TTsimple

0
0.846
0.010a
−3.60
−0.370
−0.252
−0.137
-

−2180.932
−986.845
2388.147
0.548
0.544
7

2517

0
0.588
−0.285
−0.766
−0.915
−0.232
−0.100
-

2517
−2180.932 −2180.932
−958.032 −951.617
2445.801 2458.630
0.561
0.564
0.558
0.560
6
7

2517

0
0.771
−0.073a
−0.437
−0.500
−0.377
−0.143
-

−2180.932
−949.714
2462.436
0.565
0.562
6

2517

0
0.673
−0.106a
−0.844
−0.476
−0.211
−0.131
2517
−2180.932 −2180.932
−1000.206 −991.241
2361.451 2379.382
0.541
0.545
0.539
0.543
6
6

2517

0
0.673
−0.106a
−0.844
0.368
−0.211
−0.131
2517
−2180.932
−1000.206
2361.451
0.541
0.539
6

Non-significant estimate at a 95% level.

Number of
observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
Number of parameters

ASC1 (right)
ASC2 (straight)
ASC3 (left)
βT T
βlog T T
βT T (λ)
βF F T T
βF F T T (λ)
βD
βlog D
βJC
βLT
λ

Variable

a

−2180.932
−943.821
2474.222
0.567
0.564
7

2517

0
0.619
−0.258
−1.52
−0.878
−0.191
−0.094
0.620

BCTTlogD BCFFTTlogD

0
0.803
−0.036a
−2.58
−0.325
−0.253
−0.126
0.235

2517

−2180.932
−953.364
2455.137
0.563
0.560
7
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βD is lower in the FFTTlogD model, indicating a higher influence of delay on the
choice for an alternative, with less importance for the amount of junctions or left
turns. Of these two models, the FFTTlogD has the best fit, and compared to the
two simple models, also has the most sound estimation.
For travel time also a log transformation has been applied, basically restricting λ
to 0 in a Box-Cox transformation, which makes it possible to compare it with an
unrestricted Box-Cox transformation. This logTTlogD model shows a better fit
compared to the TTlogD model, with a higher pseudo ρ2 . The estimates for the
other parameters still show the same sign, although the ASC for the left exit is
just positive, but still insignificantly different from zero.
For both travel time and freeflow travel time a Box-Cox transformation was applied,
where the value of λ was part of the estimation, introducing a new parameter.
Again for the model using travel time and no transformation for delay, it shows an
inconsistent sign for the estimated coefficient βD , whereas the BCFFTT model does
show the appropriate sign. This indicates the same problem as in the TTsimple
model, where delay is double counted in the model. For the ASC’s, the values are
consistent with the previous models, with the straight exit still having the largest
intricate preference. Both estimates for number of junctions and number of left
turns are also consistent with previous estimates, although the are showing less
difference in value. The value for λ is in both models significantly different from
both 1 and 0, indicating that it is neither linear nor log-normally distributed, where
the value of λ for the BCFFTT model is slightly higher. This indicates that an
extra unit of travel time is slightly less of impact compared to an extra unit of
freeflow travel time. Interestingly, of both BCTT and BCFFTT models, the first
has the best fit, even though the inconsistent estimate of βD .
The last two estimated models combined the Box-Cox transformation for travel
time or freeflow travel time with the log transformation of delay. Of these two
models, the BCFFTTlogD model has the best fit of all estimated models (highest
pseudo ρ2 and lowest final log likelihood). Both models show estimated coefficients
which are consistent with respect to the signs and values with previous models,
whereas the BCFFTTlogD model also shows a significant value of the ASC of the
left exit (less preferred compared to the right exit). Both models have estimates
for λ that are significantly different from 0 and 1. For the amount of left turns
the BCFFTTlogD model has the lowest value, but it is still significantly different
from zero, and rather close to the value estimated in the FFTTlogD model. The
same applies to the other estimated coefficients. This indicates that the Box-CoX
transformation adds extra explanatory value to the freeflow travel time, improving
the model fit. This is also shown using the Likelihood ratio test of the FFTTlogD
and BCFFTTlogD model, which shows a significant difference.
Based on these explorations a base utility function can be set, including the
following attributes:
•
•
•
•

(Box-Cox transformation of) freeflow travel time (s/100);
(log transformation of) delay (s/100);
amount of junctions, and;
amount of left turns.
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Table 9.9: Exploration of additional parameters using the base models
Variable

Complete dataset
Base
Additional

Strategic dataset
Base
Additional

ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βLT
βS
βC
λ

0
0.619
−0.258
−1.52
−0.878
−0.191
−0.094
0.620

0
−0.167a
−0.306a
−3.36
−0.754
−0.128
0.042a
0.221a

Number of observations 2517
Null log likelihood
−2180.932
Final log likelihood
−943.821
Likelihood ratio test
2474.222
Pseudo ρ2
0.567
Adjusted pseudo ρ2
0.564
Number of parameters
7
a

0
0.587
−0.192a
−1.08
−0.780
−0.273
−0.075a
−0.011a
0.601
0.597
2517
−2180.932
−933.842
2494.181
0.572
0.568
9

905
−800.432
−480.771
639.321
0.399
0.391
7

0
−0.211a
−0.257a
−3.51
−0.617
−0.241
0.079a
−0.015a
0.360a
0.023a
905
−800.432
−477.824
645.216
0.403
0.392
9

Non-significant estimate at a 95% level.

Expanded basic utility functions
Using this base function, two additional parameters are investigated, using both
the complete and strategic dataset. The additional parameters are the average
speed and a dummy for being closer to the destination as the crow flies. The results
are given in table 9.9.
First, when comparing the functions for the complete dataset, the Likelihood ratio
test shows a significant improvement, although the model fit is not much better.
The addition of the extra two parameters average speed and “closer” renders
the ASC for the left exit and the coefficient for the number of left turns βLT
insignificant. The estimated coefficient for speed is also insignificant, which is likely
because the average speed of an alternative is expected to be correlated to the
freeflow travel time. The coefficient for being closer to the destination βC however
is significant and has a positive sign, which is consistent with expectations. As
the alternative brings the traveller closer to the destination, that alternative is
more likely to be chosen than an alternative which brings the driver further away,
which is a likely response of most drivers. The addition of the two new parameters
also causes a reduction of the value for the coefficients of delay and freeflow travel
time. The value of λ is more or less equal. The estimated coefficient for amount of
junctions is increased, making it more important. In combination with the other
estimates, it indicates that because being closer is important, the complexity of a
route is also becoming more important, whereas the values for delay or freeflow
travel time are more or less equal.
Both utility functions have also been applied to the dataset with the strategic
junctions. This results in a lower pseudo ρ2 compared to the models fitted with the
complete dataset and the likelihood ratio test also shows lower values, although this
indicates that all estimated coefficients together are still significantly different from
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zero. When looking at the ASC’s the results indicate that neither the straight or
the left exit has a significantly different preference from the right exit. This differs
from the complete dataset which indicates a preference for the straight exit. The
locations of the strategic junctions are thus influencing the choice of participants,
removing any preference for a certain type of exit. In both models, four other
coefficients show an estimate with significant value, with the λ not significantly
different from zero, but from one. The estimates for average speed and “closer”
are not significantly different from zero, which makes the additions not provide
much better model fit, which is also given by the likelihood ratio test using both
models (p>0.05). Because the λ value is not significantly different from zero, the
Box-Cox transformation applied to the freeflow travel time more or less reduces
to the log transformation. Both models show consistent signs for the significant
coefficients. Apart from the value for freeflow travel time, the values for delay and
amount of junctions are in the same range as in the models estimated with the
complete dataset. With the coefficients for delay and amount of junctions more or
less equal with the complete dataset estimates, it indicates that at the strategic
junctions, the freeflow travel time of the alternatives is more important, regardless
of the specific exit.
The base models also have been estimated using alternative specific coefficients,
such as βDi . Although the estimated coefficients varied slightly, using a t-test
showed that neither of these alternative specific coefficients are significantly different
from each other. Together with the increased number of parameters, the use of
alternative specific coefficients is not used.
The results show that the proposed exit choice model is possible to estimate and
provides estimates for a basic set of attributes which are reasonable and have a
relative difference and sign as might be expected. The assumed MNL model used
for the estimation already provides results with a high model fit. The two resulting
utility functions are equation (9.3) for the complete dataset and equation (9.4) for
the strategic dataset.
Vi =ASCi + βF F T T F F T Ti (λ) + βlogD log Di + βJC JCi + βC Ci
Vi =ASCi + βF F T T F F T Ti (λ) + βlogD log Di + βJC JCi

(9.3)
(9.4)

In these models, freeflow travel time is the most important attribute, which is
transformed using a box-cox transformation. With longer travel times, an additional
unit of travel time is of less influence on the choice, compared to shorter travel
times. This is reasonable behaviour, as for a short trip, a small difference in
freeflow travel time is considered to be more noted, then for a long trip. Travel
time (both in terms of delay and freeflow) is always decreasing the utility of an
alternative, which means the participants prefer shorter and quicker routes with
less delay. Less complex routes, with less choices (junctions) means the route is
more likely to be chosen by the participants. The direction of the exit is also an
important attribute, which indicates that participants prefer routes that brings
them towards the destination. Especially in case of accidents on this route, it
would be interesting to see if this preference holds. However, it is necessary to
investigate the assumptions underlying both the MNL model, and the proposed
exit choice model, which is presented in the next section.
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Additional effects

Correcting for overlap
Using the exits as the alternatives in the choice set did mean one of the basic
assumptions of the MNL model is violated. As the alternatives still have overlap
(in terms of links and thus length and travel time), the error or unknown terms are
not independent (see also chapter 4. This overlap leads to correlations, which can
significantly influence choice probabilities, as discussed in Bovy et al. (2008). Of
the available definitions for the correction factors, just two (Path Size and Path
Size Correction, see section 4.3.3) have been used, as these have been shown to
perform the best (Ramming, 2001; Prato & Bekhor, 2007). The two factors are
repeated here for convenience.
P Sin =

X La
1
P
δa j
Li

a∈Γi

P SCin

(9.5)

j∈Cn



X La 
1

=
ln  P

δa j
Li
a∈Γi

(9.6)

j∈Cn

The La and Li are defined as length in metres in this research (for example as in
Frejinger (2008)), but could also be used with values for freeflow travel times (for
example as in Ramming (2001)). The total linear-in-parameters utility equations
are as given in equations (9.7) and (9.8) in which the subscript for the individual n is
dropped. Vi refers to the utility function given in equation (9.3) and equation (9.4).

Vi0 = Vi + βP S ln P Si
Vi0 = Vi + βP SC P SCi

(9.7)
(9.8)

In this specific application there are either two or three routes available, depending
on the type of junction where a choice is made. Because the choice set is created
using all the available exits at a junction, the overlap or commonality of the two or
three routes never occurs at the start of the route. Next, the routes always lead to
a single destination, which is only reachable using a single link. This causes all
routes to always have at least one link in common at the end of the route. The
values for both the Path Size and the Path Size Correction factor are displayed in
figure 9.4, where a distinction is made for the values for routes that are chosen and
the other routes. The histograms are providing the stacked values.
The Path Size (PS) values range from 0.333 to 0.994, with a mean of 0.711. A
PS value of 1 would indicate an unique route, with a PS value of 0 a route with
complete overlap. The resulting histogram is quite different from those presented in
(Frejinger, 2008; Schüssler, 2010), where both have values for the complete range of
PS values. This is due to the fact that the choice set in this approach is fairly small
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Figure 9.4: Histograms of overlap factors for the complete choiceset
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and using the different exits at a junction. For lower PS values, the histogram
indicates that routes with a higher overlap are chosen more often, compared to
higher values.
The Path Size Correction (PSC) values range from -1.099 to -0.008 with a mean
of -0.438. The values of PSC are negative because it already contains the ln
transformation. A PSC value close to zero indicates a route that is unique, whereas
the PSC values approaches −∞ the overlap of the route increases. Again, the
histogram indicates that routes with more overlap are more often chosen.
For both the Path Size and Path Size Correction factors an extra parameter can be
estimated, although theory suggest these parameters should be 1, as these are just
correction factors. However, as previously suggest by (Hoogendoorn-Lanser, 2005;
Frejinger, 2008) the estimated parameters (βP S or βP SC ) also have a behavioural
interpretation. They capture the attractiveness of the overlap of the routes, which
would allow for the possibility to switch routes. This explanation however is not
valid for this choice set, as the overlap always occurs at the end of the routes, which
does not relate to the possibility to switch. In this case it is more likely to concern
routes that are intrinsically faster compared to all others, which might explain any
behavioural implications of the correction factors.
The results for the estimated models for both datasets are given in tables 9.10
and 9.11. For both datasets, the addition of the correction factor (either as Path
Size or Path Size Correction) have a similar effect on the other parameters. In both
cases the estimated values for βF F T T (λ) and λ are significantly different compared
to the model without the correction factors. The value for freeflow travel time is
reduced, indicating a much smaller impact on the (dis)utility of the route. In the
case of the complete dataset λ is increased to a value close to one, and it is no
longer significantly different from one. The Box-Cox transformation for freeflow
travel time is therefore no longer necessary when applying the correction factors.
In case of the strategic dataset, λ is both insignificant from one and from zero.
This also renders the Box-Cox transformation of freeflow travel time not applicable
to this model, whereby the reasonable approach would be to use the unity values.
The other variables in both datasets are in the same range and have consistent
signs. This indicates a big explanatory value of freeflow travel time and the added
correction factors.
For both datasets and both correction factors, the estimated correction coefficients
have a negative sign. An increase in overlap would accordingly decrease the disutility of an alternative (for Path Size a lower value indicates more overlap, which
becomes more negative after the log transformation, the same applies to the Path
Size Correction factor although the log is already used in the calculation of the
factor). As mentioned before, this would indicate that travellers have a preference
for route with more overlap, which is inconsistent with the (theoretical) derivation
of the Path Size Correction factor.
The other possible explanation that the increase in overlap would allow for travellers
to prefer that alternative is caused by the possibility to switch to other alternatives
later, is difficult to apply in this case. First of all, the overlap in the routes is
always located at the end of each alternative, caused by the use of the possible

9.3 Choice models and attributes

205

Table 9.10: Base models with the addition of a correction
factor for the complete dataset
Variable
ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βC
βP S
βP SC
λ

Base

PS

PSC

0
0.539
−0.285
−1.18
−0.859
−0.223
0.611
0.637

0
0.510
−0.285
−0.489
−0.763
−0.189
0.674
−1.70
0.971

0
0.512
−0.280
−0.467
−0.770
−0.198
0.662
−1.89
0.991

Number of observations 2517
2517
2571
Null log likelihood
−2180.932 −2180.932 −2180.932
Final log likelihood
−937.439 −922.219 −922.934
Likelihood ratio test
2486.987
2517.427 2515.996
Pseudo ρ2
0.570
0.577
0.577
Adjusted pseudo ρ2
0.567
0.573
0.573
Number of parameters
8
9
9
a

Non-significant estimate at a 95% level.

exits at a junction. This eliminates the possibility of having overlap at the start of
an alternative. The algorithm that calculates the routes also reduces the possibility
that there is a diversion between the alternatives further on the route to zero,
because it used the same information for its’ wayfinding (the current travel times).
Second, the choiceset at each junction consists of two or three alternatives. This
amount of alternatives is very low compared to other studies, and the size of the
choice set is assumed to be fairly large in the derivation of the correction factors.
The choice set does have a great influence on the correction factors, and the choice
modelling in general (see for instance (Schüssler, 2010; Prato & Bekhor, 2007;
Bliemer & Bovy, 2008). Next, as the alternatives are labelled, the systematic utility
is not necessarily equal (as for example, the alternative specific constant differs).
Third and last, the usual application of the correction factor is in a single route
choice between origin and destination. In this case, the route choice is evaluated at
all locations where a choice was possible. If the choice is then related to just the
exit at a junction, overlap is never possible for these exits. The possible explanation
of having a route that is intrinsically faster than all other alternatives still holds.
This also explains the overlap with the freeflow travel time attribute.
Although the likelihood ratio test for both datasets and both correction factors
indicate a significant model improvement (p<0.05) and have higher pseudo ρ2 , for
the investigation of the effects of accidents, traffic information and route guidance,
the correction factors are not applied. Also just using the value of the correction
factor, without estimating a coefficient is not used, as these models provided a
worse model fit compared to the base models. This choice is based on the difficult
explanation for the coefficients of the correction factors, and the possible overlap
with the freeflow travel time. It is preferred to use the freeflow travel time over the
correction factors.
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Table 9.11: Base models with the addition of a correction
factor for the strategic dataset
Variable
ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βP S
βP SC
λ
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
Number of parameters
a

Base

PS

0
−0.110a
−0.244a
−3.43
−0.745
−0.122
0.197
905
−800.432
−481.125
638.613
0.399
0.391
6

0
−0.115a
−0.270a
−1.70a
−0.672
−0.102
−1.43
0.513a
905
−800.432
−475.975
648.914
0.405
0.397
7

PSC
0
−0.151a
−0.272a
−1.80a
−0.686
−0.110
−1.42
0.489a
905
−800.432
−477.264
646.336
0.404
0.395
7

Non-significant estimate at a 95% level.

Incidents, traffic information and guidance
As a next step, the effects of incidents, traffic information and route guidance on
the choice for an exit are studied. These parameters are dummies, indicating if
either of these parameters is available or exists for a specific alternative. If traffic
message is valued as one, it indicates that for this exit and the route that belongs
to that exit, a traffic jam is reported to the traveller for one of the links of that
route. The same applies to the dummy for the incident. Advice is given as one,
when the alternative or exit is being advised to the traveller based on the fastest
route from that location.
For these three variables the amount of choices with respect to the two datasets
and choices are given (see table 9.12). For example, in the strategic dataset, 905
choices were made for an exit with a route where no traffic message was provided
for (and thus no traffic jam existed on that route). For traffic messages, a possible
problem arises, as for the strategic locations, there is no exit chosen with a route
which had a traffic message about a traffic jam. This makes it difficult to estimate
a coefficient for this variable, as no data is available for this combination. When
looking at the total amount of traffic messages for all exits, regardless if these are
chosen, it sums up to 85, compared to 6027 alternatives without a traffic message.
This amount is fairly low, which is also a result of the applied route generation
algorithm.
For incidents, more choices are available in both the complete and strategic datasets.
In total 150 alternatives were generated which contained a link which had an incident
at that time. Interestingly, the route generation algorithm created routes that were
fastest for that exit, but still passed the location of an incident, and in a number
of cases (44) this alternative was also chosen by the traveller. The parameter of
advice contains the most data for positive values (advice was available). It also
shows that in case an advice was available (just in two trips per participant), the
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Table 9.12: Contingency tables for parameters of the alternatives
(a) Traffic messages

(b) Incidents
Strategic

Traffic message

Chosen

No

Yes

No

No
Yes

2228
1609

1285
905

Yes

No
Yes

35
3

47
0

Strategic
Incident

Chosen

No

Yes

No

No
Yes

2250
1595

1239
878

Yes

No
Yes

13
17

93
27

(c) Advised
Strategic
Advised

Chosen

No

Yes

No

No
Yes

2238
1218

1307
696

Yes

No
Yes

25
394

25
209

advised exit is quite often selected (92,3% of all cases). For the strategic dataset,
the choice for the advised exit reduces to 89,3%.
The results of the estimation of the newly added coefficients are presented in
table 9.13, where the base models are included for reference. In case of the
complete data set, the results provide a significantly better fit with the model
including the added effects, based on the likelihood ratio test (p<0.05). Also
the pseudo ρ2 is higher, compared to the base model. The addition of the extra
parameters for traffic messages, incidents and advice thus provide extra information
about the choice for an exit. The same applies to the strategic dataset, where the
pseudo ρ2 also is higher compared to the base model. The likelihood ratio test also
shows a significant improvement (p<0.05).
The complete dataset allowed to estimate a coefficient for all three parameters.
All of the new coefficients have the appropriate sign, with the coefficient for the
alternative that is advised having a positive value, as this alternative is based on
the fastest route at that choice. The values for incidents and traffic messages are
both negative, with the value for incidents not significantly different from zero
(p>0.05), but this parameter will still be used in the model, as it shows the effect
of incidents. The value of the coefficient for traffic messages is large compared
to the others, but this is most likely due to the small amount of available traffic
messages and choices for alternatives with a traffic message. The value of advice is
as expected also rather large, which can be explained by the high number of choices
for exits which were advised. The other coefficients are in the same range as in
the base model, apart from delay. Although still significantly different from zero,
this value is smaller. This indicates that the addition of the new parameters add
a lot of explaining value to the model, part of which was explained by the delay.
Regarding the ASC’s, the ASC for the left exit is reduced as well, and became
insignificantly different from zero.
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Table 9.13: Base models with the addition parameters for incidents,
traffic messages and advise
Variable
ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βC
βI
βT M
βA
λ

Complete dataset
Base
Effects
0
0.539
−0.285
−1.18
−0.859
−0.223
0.611

0.637

0
0.577
−0.194a
−1.05
−0.574
−0.237
0.597
−0.618a
−3.88
1.39
0.633

Number of observations 2517
2517
Null log likelihood
−2180.932 −2180.932
Final log likelihood
−937.439 −878.793
Likelihood ratio test
2486.987
2604.277
Pseudo ρ2
0.570
0.597
Adjusted pseudo ρ2
0.567
0.592
Number of parameters
7
10
a

Strategic dataset
Base
Effects
0
−0.110a
−0.244a
−3.43
−0.745
−0.122

0
−0.049a
−0.040a
−3.25
−0.491
−0.148
−0.778

0.197a
905
−800.432
−481.125
638.613
0.399
0.391
6

1.28
0.138a
905
−800.432
−458.174
684.516
0.428
0.418
8

Non-significant estimate at a 95% level.

The model applied to the strategic dataset with the additional effects does not
include the parameter for traffic messages. As mentioned, no data is available
for this parameter combined with a choice for the alternative containing a traffic
message. This renders the model unidentifiable. Therefore, just the incidents and
advice are used for the strategic dataset. Both of these coefficients have a consistent
sign, and the values are also in the same range as for the complete dataset. This is
different from the ASC’s and the coefficients for freeflow travel time which had a
different value between both datasets. The specific location is thus less of influence
on the size of the added effects. The coefficient for incidents is significant in this
model and more important than the delay. Freeflow travel time still is the most
important parameter in this model with the highest value.
The resulting utility functions for both datasets are given in equations (9.9)
and (9.10), which will be used in further analysis.
Vi =ASCi + βF F T T F F T Ti (λ) + βlogD log Di + βJC JCi + βC Ci
+ βI Ii + βA Ai + βT M T Mi
Vi =ASCi + βF F T T F F T Ti (λ) + βlogD log Di + βJC JCi
+ βI Ii + βA Ai

(9.9)
(9.10)
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Table 9.14: Probability of selecting an alternative aggregated for observations not used
for estimation
Exit
Right
Straight
Left

9.3.5

Predicted

Observed

0.183
0.631
0.185

0.200
0.616
0.183

Prediction and internal validity

One of the possible applications of a discrete choice model is to predict choice
probabilities. To this end, the utility function with previously estimated coefficients
is evaluated for a specific set of values for the variables of this utility function. This
results in a value of the utility for a specific alternative, which is used in the MNL
model to predict the probability that the alternative is chosen. This allows one to
predict market shares, or the in this case, the probability a driver will select a left,
right or straight exit at a junction.
It also allows to test for the internal validity of a utility function and discrete choice
model. To this end, a part of the dataset is used for estimation of the coefficients
in the utility function, using a number of assumptions for the choice model, such
as for the MNL model. The resulting utility function can then be applied to
predict the probability of the alternatives for the remainder of the dataset (the part
not used for estimation). These probabilities can be compared with the observed
probabilities. This comparison is a measure of the internal validity of the model
used.
This approach has been applied in two ways. The first excluded every 8th choice
in the complete dataset, which resulted in a total of 2212 observations which were
used for estimation of the utility function in equation (9.9). The remaining 305
choices were used for a prediction, which was compared with the observed choice
for an alternative. The second approach estimated the same utility function for
each scenario, applying it to the other two scenarios for prediction.
Prediction of 1⁄8 of the observations
The estimated coefficient for the first approach, using 7⁄8 of the observations, showed
that reducing the amount of observations does not have a large influence on the
estimated parameters or the model fit. The estimated values for pseudo ρ2 are
even equal to the model with all observations. The only real difference is in
the significance of having an incident on the route of the alternative, which is
significantly different from zero in this estimation.
Using the estimated parameters, the choice for the remaining observations are
reproduced. The probability of choosing a certain alternative almost perfectly
matches the percentage of observations of these choices. The resulting probabilities
are given in table 9.14. As the model fit is very good, since the high pseudo ρ2 , it
is not surprising that the prediction of the unused observations is good.
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Table 9.15: Base model estimated on each scenario
Variable
ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βC
βI
βT M
βA
λ
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
Number of parameters
a

Scenario 2
0
0.913
−0.411a
−3.56
−0.234a
0.348
0.824
−1.48
−5.16a
2.11
0.450
732
−673.061
−180.075
985.971
0.732
0.718
10

Scenario 3
0
−0.066a
−0.914
−0.891
−0.322
−0.121a
1.47
−1.59
−25.6a
0.667
0.209
680
−574.734
−258.562
632.343
0.550
0.533
10

Scenario 4
0
0.818
−0.083a
−1.32
−0.604
−0.305
−0.336a
2.01
−3.61
1.79
0.924
1083
−933.138
−365.571
1135.133
0.608
0.598
10

Non-significant estimate at a 95% level.

Prediction of the scenarios
Table 9.15 shows the resulting estimated coefficients for the different scenarios.
The estimated coefficients are quite different between the three scenarios. The
results suggest that the combination of origin, destination and viable routes have
an important role in the estimates of the route choice model, as a different scenario
provides different results for the estimated coefficients. For example, scenario 3
shows no significant difference between the alternative specific constants for straight
ahead and right exits, which is different from both other scenarios where the straight
ahead exit is preferred over the right exit. The three scenarios also show different
estimates for the freeflow travel time parameter and the parameter for the Box-Cox
transformation. In case of scenario 4, there is hardly any non-linearity in the
freeflow travel time, whereas scenario 3 is the opposite. However, the transformed
value of freeflow travel time is the smallest in scenario 3, which means in this
scenario an effect of an additional unit of freeflow travel time is larger for low values
of freeflow travel time compared to the other scenarios. However, as the value of
freeflow travel time is the lowest of all scenarios, it is likely to have less effect on
route choice in general.
There are also major differences in the additional parameters. In scenario 4,
incidents have a positive sign, which is hardly reasonable. This might be caused
by a limited amount of choices for an exit with incidents on the route. The same
applies to the number of junctions, which has a positive value in scenario 2. Also
interesting to note is the difference in the estimated coefficient for advice, which
is lowest in scenario 3. This is most likely due to the effect of the north-south
orientation of this scenario which caused the given advice to be trusted less by the
participants. Scenario 3 also has the smallest value of pseudo ρ2 , which means it
has got the worst model fit of the three models, albeit still rather good.
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Table 9.16: Probability of selecting an alternative aggregated for observations not used
for estimation
Exit
Right
Straight
Left

Scenario 2
Predicted Observed
0.158
0.667
0.175

0.176
0.630
0.194

Scenario 3
Predicted Observed
0.303
0.561
0.136

0.213
0.636
0.151

Scenario 4
Predicted Observed
0.205
0.653
0.141

0.238
0.614
0.149

The three separately estimated models for the three scenarios have been used
to simulated the choices for the remaining scenarios. For the estimated model
using scenario 2 it means that scenario 3 and 4 have been used for simulation, etc.
The resulting predicted probabilities and observed probabilities are presented in
table 9.16.
The predicted probabilities from scenario 2 and 4 applied to the unused scenarios
are closest to the observed probabilities. Especially scenario 4 is able to reproduce
most of the choices in the other scenarios, with an overestimation of straight
ahead and underestimation of right exits. Left exits are quite close with just 0.008
difference in probability. The results of scenario 2 show some bigger differences
between prediction and observation, but still is quite able to reproduce the choices.
Scenario 3 however, as expected, has more trouble reproducing the choices from the
other two scenarios. The straight ahead exits are underestimated with a difference
of 0.075, which is quite a lot. The right exits however are strongly overestimated
by 0.09. These results indicate that scenario 3 is different regarding the participant
choices compared to the other scenarios. This was also indicated by the different
scale parameter for scenario 3, compared to scenario 2 and 4. The results of
scenario 3 are thus not easily transferable to a different combination of origin and
destination. Scenarios 2 and 4 however, are capable of reproducing choices in other
combinations of origin and destination. The internal validity of these two scenarios
is thus quite high, whereas it also could indicate the results of these scenarios are
applicable in other cases as well.
9.3.6

Relaxing the MNL assumptions

Using both base models from equations (9.9) and (9.10), various other explorations
have been made which try to relax the assumptions made for the MNL model,
regarding the unobserved utility or error terms or the assumptions of the exit
choice model (as a sequence of choices is unlikely to be independent). In the
previous estimated models, these assumptions, especially that of independent and
identical distribution of the unobserved or error terms, are most likely violated. The
following models are each used to investigate the degree in which these assumptions
are violated. The first model investigates the assumption that the unobserved
terms in the utility function have the same variance for different segments in the
dataset (identical distribution), by estimating different scale parameters for each
segment.
The assumption that the unobserved utility is independent between alternatives,
(consecutive) choices and decision makers is also investigated. This assumption
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is violated as each participant made a sequence of trips and within a trip a
sequence of choices, for which it cannot be assumed they are independent. Two
different approaches were used to relax this assumption: error component logit
with normalization of one of the error components and error component logit with
independent errors over alternatives and participants. Fourth, the heteroscedastic
logit model has been applied, which resembles the error component logit with
normalization, but ignores the sequence of observations. As such, it assumes
different variances for the alternatives. Fifth and last, the assumption that each
estimated coefficient in the utility function has the same value for each observation
is relaxed, by assuming a distribution for these coefficients. For this distribution,
the parameters are estimated, in case of a normal distribution the mean and
standard deviation. This is called random parameter logit.

Scale parameters
Using these segmentations allows to estimate the scale parameter µ, with one
of them normalized to 1. Recall that the variance of the Extreme Value Type 1
distribution is given by µ2 (π 2 /6). The scale is thus a measure of variance. As given
in section 4.2.1, it is possible to estimate a different scale parameter for different
segments, compared to an arbitrarily set scale parameter of one for one segment,
as long as the utility functions are linear in parameters. The difference in scale
parameters then indicates a difference in variance of the segments over all the
coefficients in the utility function, regardless of the alternative. While this is most
often used in combining stated preference with revealed preference data, it is easily
applied to this dataset. The scale parameters show how various segments in the
dataset are showing the same variation in their choices. As such, it is an indication
of the homogeneity of the different elements in the experiment, such as scenarios,
accidents and participants.
A number of segments have been defined, using the gender, the individual participant, the trip of the participants, the specific scenario, the index of the incident
and the type of information provided, all for the complete and strategic dataset.
If the scale parameters that are estimated are significantly different from 1 (the
normalized scale), it indicates a significant difference in variance of choice making
between these two groups. The estimated coefficients for the complete model are
provided in appendix F for reference, whereas the estimated scale parameters
are presented here (tables 9.17 and 9.18). The results of the scale parameters
for all individual participants have been omitted here, but can also be found in
appendix F.
In case of the complete dataset, often the scale for a group is found to be insignificant
from one. This basically indicates the variance of the segments are not significantly
different. In the case of the scenario’s, scenario 2 was taken as the reference group.
The scale parameter for scenario 3 (indicated by a) is significantly lower. A lower
scale means a larger variance, which is easily verified with the amount of “problems”
participants had in this scenario because of the north-south route between the
origin and destination.
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Table 9.17: Estimated scale parameters for various segments (complete dataset)
Scale
a
b
c
d
e
f
g
a

Scenario
0.617
1.01a

Incident
1.84
1.31a
0.798a
1.21a
1.49
1.25a

Information
1.47
1.47a

Trip

Gender

Age

License

2.01
1.47
1.33a
2.26
1.83
1.79
2.53

1.15a

0.581

0.663

Non-significant estimate at a 95% level.

In case of incidents, the trips without an incident, regardless of the scenario, were
taken as the reference group. Only two specific incidents show a significant scale
parameter compared to the trips without incidents: incident 1 and incident 5. With
a larger scale parameter, this indicates a smaller variance or in other words less
difference in route choice between the participants. When looking at the images of
the trips for incident 1 (figure 8.2a) and incident 5 (figure 8.2e), this finding can
be confirmed, because almost all participants made the same route choice in these
circumstances.
The scale parameter for having textual information is also significantly different
from one, where the reference group is the trips without information. A larger scale
parameter also means that in this case the variance is reduced between the trips
made by the various participants. Interestingly, the scale parameter for the trips
made with route guidance is not significantly different from one, which means that
the same variance exists for the trips with route guidance and no information. This
finding is not confirmed by the other findings, such as the percentage of choices
which are the same as the advice.
The results for the specific trip made by a participant (aggregated over all participants, such that trip 1 are all first trips, trip 2 are all second trips, etc.) show
a large increase of scale parameters for all but one trip. In all cases the variance
thus is reduced compared to the first trip made by the participants. This indicates
a very fast learning effect, which however is not consistent for all trips, as there is
no trend in the increase of the scale parameter. Since these scales are for groups
aggregated over the participants, it is confounded with information, which varied
in a consistent manner over the trips, whereas the specific scenario defined the
incident. As such, it does indicate that the last two trips have a smaller variance
in the various trips.
When looking at the effects of gender, there is no significant difference between
men and women (men were used as the reference group). Even though, the positive
value is interesting as it indicate that women agree more in their route choice.
Age as a segmentation shows a significant difference between both groups, where
the participants aged below 30 are used as a reference. Older participants have a
smaller scale parameter and thus exhibit more variance in their route choice. The
amount of years possessing a divers’ license also shows a significant difference for the
participants which possess a drivers’ license for more than 10 years. This indicates
the same effect as age, since one has to be older to be able to possess a drivers’
license over 10 years. The results for participants individually also indicate a few
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Table 9.18: Estimated scale parameters for various segments (strategic dataset)

Scale
a
b
c
d
e
f
g
a

Scenario

Incident

0.706
1.15a

1.19a
1.40a
0.762a
1.19a
2.05
1.08a

Information

Trip

Gender

Age

License

1.94
1.71a

1.32a

1.12a

0.602

0.714

0.930a
0.995a
2.02a
2.04
1.94a
1.72a

Non-significant estimate at a 95% level.

users having a significantly different scale compared to the first participant. In all
of these cases, the scale parameter is lower, indicating a higher variance. When
combining this with the experiment notes, it is verified that these participants had
indeed difficulty making choices during a few trips. Not surprisingly, this applies
to most that participated in scenario 3.
Table 9.18 shows the same scale parameters for the strategic dataset. Apart from
the scale parameters for the trip indicator, there are not much differences between
the two datasets. Variance is thus not directly related to the location of the choices
for which the scales are calculated, apart from the number of the specific trip. In
case of the complete dataset, participants showed less variance in the later trips,
compared to the first trip, whereas in the case of the strategic dataset, only the 6th
trip shows a significant decrease in variance. However, even though the individual
scale parameters show insignificance from one, the later trips, especially the four
where traffic information or route guidance was provided, have a larger value,
compared to the previous trips. Besides, the two trips (3 and 4) during which no
information was provided show a (albeit tiny) decrease in scale compared to the
first trip. The direction of change in the scale parameter thus does imply a certain
relation to the circumstances under which a trip was made, and that this had an
effect on the route choice of the participant in a certain trip.
Error component logit and repeated observations
As in the survey for the preferences for traffic information (see chapter 5), the
route choice experiment had multiple responses from one participant, essentially
making the data that of a panel. As already described in the segmentation, using
the specific index of the trip a participant made, as well as the participant itself
gave indications of having unequal variances between participants and between the
trips. However, this does not mean the sequence of choices of the same participant
has been accounted for. As described in section 4.2.5, the mixed logit approach
enables a researcher to account for multiple choices by the same participant. In
this case, three definitions of multiple or repeated choices have been used, which
all have different assumptions about the correlation between observations. These
three are:
1. the participant (UserID);
2. the index of the trip made by each participant (UserTripID), and;
3. the index of the individual trip (FullTripID).
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The first indicates 30 different individuals, the second 8 different trips, and the last
gives 269 different trips. The last one essentially takes a single route as a set of
correlated observations, and is closest to a “normal” route choice model.
Two different approaches were used to apply these three definitions. Both approaches use the standard normal distribution. In the first approach (also given in
equation (9.11), the distribution is independent over the three alternatives, where
the alternative with the lowest variation is normalized for identification (see Walker
(2001); Walker et al. (2007)).
UR =VR + σR ξR + εR
US =VS + εS
UL =VL + σL ξL + εL

(9.11)

In the second approach (described in Hess & Rose (2006); Hess et al. (2008), see
equation (9.12)), the standard normal distribution is used, but is assumed to be
independent over the alternatives and participants, but not across observations of
the same respondent. This is different from the previous approach, as it does not
create correlation between some of the alternatives which happens in the previous
approach (see also Yáñez et al. (2010)).
UR =VR + σξR + εR
US =VS + σξS + εS
UL =VL + σξL + εL

(9.12)

In both ξi is the standard normal distribution N(0,1) and εi is the type I extreme
value distribution.
These results indicate by the σ parameter the size of correlation across the choices of
the same participant, over all the participants. It is thus the size of inter-participant
variation, regarding the left or right alternative in the first approach, and regardless
of the alternative in the second approach. The results are given for the complete
dataset and the three definitions of repeated observations (table 9.19).
The results show there is hardly any effect of having repeated observations, regardless of the definition used. The additional estimated parameters σ or σi are
close to zero, with just one case it being significantly different from zero (using
the homoscedastic approach with UserTripID). Neither of the models provide a
significant better fit according to the likelihood ratio test (p>0.10). These results
indicate that there is no or very little correlation of choices across observations
of participants. This is contrary to the expectations, especially for the definition
of full trip, where essentially the sequence of choice leading to a certain route is
modelled. This was expected to be important, as the current choice is conditional
on the choices made at the previous locations. Adding correlation to the sequence
of observations between participants thus does not add any extra explaining value
in the model.
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a
b

2517
−2180.932
−878.282
2605.300
0.597
0.592
12

0.263a
0.020a

−0.555
0
−0.778
−1.10
−0.558
−0.224
0.617
−0.666a
−3.88
1.40
0.619

2517
−2180.932
−878.793
2604.278
0.597
0.592
11

−0.577
0
−0.772
−1.05
−0.574
−0.237
0.597
−0.618a
−3.89
1.39
0.633
0.007a

UserID
Approach 1
Approach 2

2517
−2180.932
−878.708
2604.448
0.597
0.592
12

0.096a
0.07a

−0.581
0
−0.771
−1.04
−0.576
−0.239
0.598
−0.617a
−3.89
1.39
0.635

2517
−2180.932
−878.363
2605.137
0.597
0.592
11

−0.583
0
−0.769
−1.04
−0.574
−0.240
0.596
−0.624a
−3.93
1.40
0.638
0.097

UserTripID
Approach 1
Approach 2

2517
−2180.932
−878.329
2605.207
0.597
0.592
12

0.002a
0.442a

−0.577
0
−0.814
−1.04
−0.582
−0.237
0.622
−0.621a
−3.98
1.40
0.654

2517
−2180.932
−878.793
2604.278
0.597
0.592
11

−0.577
0
−0.772
−1.05
−0.574
−0.237
0.597
−0.618a
−3.98
1.39
0.633
0.004a

FullTripID
Approach 1
Approach 2

Table 9.19: Models applying the error components approaches for repeated observations
Variable
ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βC
βI
βT M
βA
λ
σ
σR
σL
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
Number of parameters

Non-significant estimate at a 95% level.
Simulation has been performed with 1000 Halton draws
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Table 9.20: Comparing the base model with the heteroscedastic alternative model
Variable
ASC1 (right)
σright
ASC2 (straight)
ASC3 (left)
σlef t
βF F T T (λ)
βlog D
βJC
βC
βI
βT M
βA
λ

Base

Heteroscedastic

−0.577
0
−0.772
−1.05
−0.574
−0.237
0.597
−0.618a
−3.89
1.39
0.633

Number of observations 2517
Null log likelihood
−2180.932
Final log likelihood
−878.793
Likelihood ratio test
2604.277
Pseudo ρ2
0.597
Adjusted pseudo ρ2
0.592
Number of parameters
10
a

−0.561
0.009a
0
−0.929
1.06
−1.06
−0.607
−0.240
0.777
−0.560a
−4.39
1.49
0.672
2517
−2180.932
−877.866
2606.131
0.597
0.592
12

Non-significant estimate at a 95% level.

Heteroscedastic logit
Disregarding the repeated observations, a model was applied assuming heteroscedasticity (different variances) in the alternatives. This indicates if the choices for
the alternatives all had the same attractiveness. It is basically the same model
as used in approach 1 described above, but in this case, there is no sequence of
choices assumed. In this approach, the alternative with the lowest variance is used,
which was again the straight ahead exit. Because there is no sequence of choices,
the resulting standard deviations can be given as variation around the mean of the
unobservable elements in the utility, the alternative specific constants.
The results given in table 9.20 show no improvement in model fit (likelihood ratio
test has p>0.10) with the added heteroscedastic errors in two alternatives. The
alternative with the lowest variance has been selected as the one normalized, where
the variance is set to zero. The right and left exit thus have a variance independent
of the straight exit (both independently normal distributed), of which that of the
right exit is not significantly different from zero. The additional variance around
the mean also has hardly any influence on the mean itself for the right exit. The
left exit is a different story, where the mean has become more negative, showing
less preference compared to the straight ahead exit. With a standard deviation of
1.06, this indicates a significantly different value from zero (with a variance of 1.11).
This indicates that in around 18% of the observations there is a preference for the
left exit (cause by the symmetry of the normal distribution). There is thus quite
some taste variation for the left alternative, compared to both other alternatives,
which was not found when the variation was measured for different participants
(sequence of observations).
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The taste variation for the left exit is something that is not constant for a participant,
but varies within the participants. Allowing for taste variation in the alternative
causes a few of the parameters to have quite some difference in estimated coefficients
(wether the exit brings the participant closer and the effect of traffic message on
jams on the exit route), while the others show almost no difference. This indicates
that these parameters are not confounded with the variation with the left (and
right) exit, but are very well estimated on their own. The other two coefficients
are thus now expected to be closer to their real (scaled) values, as the confounding
is reduced and transferred to the taste variation for the exits. The effects of the
route bringing the participant closer and traffic messages of a traffic jam on the
route both are increased compared to the base model.
Random parameter logit
The last models involve applying the other approach in mixed logit; random
parameters. Using the base models given in table 9.13, equation (4.17) is used
in three instances. The first assumes the coefficient for freeflow travel time
(maintaining the Box-Cox transformation) is applied, using the normal distribution. βF F T T (λ) is then distributed with N(βF F T T ,σF F T T ), which is the same as
βF F T T + σF F T T N (0, 1). The second instance assumes a lognormal distribution for
the coefficient of freeflow travel time. This allows for this coefficient to be strictly
negative, as it is expected that travel time cannot have a positive utility. This
restriction is of course violated by the normal distribution. The third instance
assumes all coefficients in the base model are normally distributed. The fourth and
last instance considers both the correlation of a sequence of choice by the same
participant (using userID) and a normal distribution for all coefficients, which
are assumed to be independent of the sequence of observations. A fifth model,
assuming heteroscedasticity, together with taste variation (either for all parameters
or for freeflow travel time) did not converge after 1000 iterations. Examination of
the results after 1000 iterations showed the model to be unidentifiable as there is
not enough information available over the combination of parameters, especially
for traffic information. In all cases, the estimated σx is assumed to be equal for all
alternatives.
The first model in table 9.21 applies taste variation for the freeflow travel time
parameter. This model shows a significant improvement in model fit (p<0.05). The
Box-Cox transformation of the freeflow travel time is maintained and estimated
simultaneously. Adding taste variation for the coefficient of freeflow travel time has
quite an impact on both the mean of the coefficient and the estimated transformation
factor λ. The mean is decreased to -3.83 compared to -1.05 for the model without
taste variation. The standard deviation of the normally distributed coefficient is
estimated to be 2.39, which indicates that around 5% of all observations indicate a
positive utility attributed to freeflow travel time. Even though it is just 5%, it is
still unreasonable to expect participant to prefer a longer route. The λ parameter
also is quite low, indicating a larger effect for longer freeflow travel times.
In order to accommodate taste variation which is limited to negative values, a
lognormal distribution was applied. The lognormal distribution is related to

b

a

0.920

−0.736a
−4.57
1.25
0.241
2517
−2180.932
−858.104
2645.657
0.607
0.601
11

0.597
−0.618a
−3.88
1.39
0.633

Number of observations
2517
Null log likelihood
−2180.932
Final log likelihood
−878.793
Likelihood ratio test
2604.277
Pseudo ρ2
0.597
Adjusted pseudo ρ2
0.592
Number of parameters
10

Non-significant estimate at a 95% level.
Simulation has been performed with 1000 Halton draws

1.30

0.445

−0.237

2517
−2180.932
−852.125
2657.613
0.609
0.604
11

−48.2a

−1.05

0.547

−0.324

−0.226

−0.574

2517
−2180.932
−832.979
2695.906
0.618
0.605
17

−0.443a
0.400a
−2.20
2.09
−1.17
1.13
3.42a
4.45
−8.27
14.6
−27.6
4.70a
2.15a
1.63a
2.14

−0.462a
2.73
−0.763

−3.83
2.39
−0.644

1.20
0.141a

0

Normal base

0.717
−0.020a

0

−1.05

0

Lognormal FFTT

0.625
−0.106a

0

ASC1 (right)
σright
ASC2 (straight)
ASC3 (left)
σlef t
βF F T T (λ)
σF F T T
βlog D
σD
βJC
σJC
βC
σC
βI
σI
βT M
σT M
βA
σA
λ

Normal FFTT

0.577
−0.194a

Base

Variable

Table 9.21: Various models applying mixed logit

2517
−2180.932
−851.360
2659.144
0.610
0.601
19

0
0.126a
0.668
−0.128a
0.341
−2.14
0.897
−0.743
0.849
−0.219
0.218
0.489
0.338a
−1.11
3.26
−19.5
9.81
1.52
0.543a
0.443

Normal panel
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the normal distribution. If X is normally distribution, Y = exp X is lognormally
distributed. As the lognormal distribution is strictly positive it is possible to enter it
in the utility function using the negative value of the distribution, making it strictly
negative. The estimated values are the parameters of the normal distribution,
which can be used to calculate the mean
deviation
r of the lognormal
 and standard


2
distribution, using respectively m = ln √ µ2 2 and s = ln ( σµ )2 + 1 where
σ +µ

µ is the estimated mean and σ is the estimated standard variation given in
table 9.21. The resulting distribution has a mean of -1.1128 and a standard
deviation of 1.246. As a side effect of applying the lognormal distribution, the
effect of the box-cox transformation is removed. As the λ value is close to one (and
is not significantly different from one), the transformation almost keeps the original
value of freeflow travel time intact. This is caused by the property of the lognormal
distribution where if the variable X is distribution lognormally X ∼ log N (µ, σ 2 ),
then ln(X) ∼ N (µ, σ 2 ). As the values of freeflow travel time are now multiplied
by a lognormal distribution, the effect of the Box-Cox transformation cancels
out. Interestingly, the use of the lognormal distribution also has effects on the
parameters for traffic information and incidents on the routes. The effect of traffic
information is no longer significant, even though its value. This is due to the
even larger standard error of the coefficient for traffic information. The estimated
coefficient for incidents is significantly different from zero in this model. Compared
to the base model, the model with a lognormal distribution has a significant better
model fit (Likelihood ratio test, p<0.05).
In the model assuming a normal distribution for all coefficients in the base model,
the pseudo ρ2 indicates an improvement in model fit, which is confirmed by the
likelihood ratio test when comparing with the base model or either of the models
assuming only taste variation around freeflow travel time. However, the improving
model fit also causes quite some difference in the values of the coefficients. The
values for the mean and standard deviation of the freeflow travel time are both
now estimated to be insignificant from zero. This effect might be caused by the
increase of the λ value of the Box-Cox transformation, which is little over 2. This
high value of λ indicates, contrary to expectations, that an increase of a unit travel
time for higher values of travel time is more important than the same increase at
low values of travel time. Instead, the mean for delay is significantly increased
with a value of -2.20. Comparing with the model with just a normal distribution
for the coefficient of freeflow travel time, the standard deviation of delay is in the
same range, making the movement to delay more reasonable. The same effect
occurs with the coefficient for the amount of junctions for each route, which is
also significantly higher than in the other models. The effect of an incident on the
route is also greatly increased, but this coefficient also shows a very large standard
deviation, which would mean that in around 28% of the choices, the route with
an incident shows a positive coefficient. This is a very unlikely consequence. The
effect for traffic messages also shows a higher value, but the standard deviation in
this case is not significant. The effect of the advice for a certain alternative is not
significant for both the mean and standard deviation. This is unexpected, as the
number of times the advised exit is chosen is very high. Based on the combination
of strange effects, this model is not preferred.
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The next model applied the same normal distribution to all coefficients to measure
taste variation, but also includes an alternative specific variance, which is correlated
over observations of the same participant (based on the definition of userID). This
model separates the variation between participants (captured in the taste variation
around the mean of the alternative specific constant) and between observations of
all participants (the other taste variations). As such, it mimics both within and
between participant variation in preferences. The model fit is again an improvement
compared to the base model and the model applying a normal distribution to
freeflow travel time (p<0.05), but not for the lognormal distributed freeflow time
model (p>0.10). The additional parameters in the estimation for the standard
variations thus don’t add much more explanation of the choice. However, the specific
values do indicate certain effects in the choices, which makes them interesting to
discuss. The estimated correlations within participants for a certain exit show that
there is no significant correlation (or variance between participants) for the right
exit, but there is for the left exit. Some participants, regardless of their specific trip,
are more likely to select the left exit than others. The effects and sizes for all the
other coefficients are as expected, whereas the allowance of taste variation causes
the mean to change in its value compared to the base model. This specifically
applies to the freeflow travel time, traffic messages and incidents. Traffic messages
have also quite a large standard deviation, indicating a large variation in taste
over observations for this parameters. The use of traffic information might thus
very well depend on the specific location of the choice, which causes the variation.
The same applies to incidents. For the advised alternative however, there is no
significant variation. Once advice is available, in all observations the same effects
are found. This is compliant with the previously mentioned percentage of choices
adhering to the advised exit.

9.4

9.4.1

Discussion

Choices

In a real world situation, a driver does not have unlimited time to choose between
the exits at a junction. Moreover, a driver often also needs to make a route choice
at an earlier location, as a junction can have separate lanes for each exit. In the
AIDA RCS, a participant only had to choose between the exits. The time left to
make a choice was presented to the participant as a blue bar with decreasing size
(see figure 6.5). If a participant did not make a choice in time, the AIDA RCS has
to make this choice for the participant. The AIDA RCS selects the exit which is
part of the fastest route at that time (section 6.3). This might not be the choice
a participant would have made, but enables the participant to keep concentrated
on the experiment. If the chosen exit would be random, the resulting route might
seem really unreasonable to the participant, and make him or her lose interest in
performing as deemed appropriate in a morning commute. During the experiment
these missed choices have been recorded. Although some participants noted the
choice being made for them, none of them mentioned it as problematic.
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In general, most choices were made by participants themselves. This indicates the
length of the links in the road network, together with the ratio of the time in reality
and in the simulation were appropriate for most choices to be made in time. The
amount of choices made by a user did vary over the scenarios, incidents and type
of information that was available. As expected, scenario 3 with its north-south
orientation showed the most problems for participants to choose in time. Dynamic
route guidance clearly helped the participants in this scenario.
9.4.2

Compliance

The trips that were made with dynamic route guidance show a very high degree of
compliance, ranging from 83% tot 99% based on compliance at individual junctions.
These compliance rates to the advice provided to participants is high, compared
to findings in previous studies. Chen & Jovanis (2003) found compliance rates of
around 90% of guidance at individual junctions, which varies over factors such
as occurrence of congestion and incidents and education level. In a simulated
environment, Geweke & Zumkeller (2006) found compliance rates of 84% for pretrip recommendations and 73% for en-route recommendations. In two recent studies
by Lee et al. (2010); Ben-Elia et al. (2010) compliance rates were found of 94%
tot 78% for weekdays and 95% to 87% for weekends or 82% for highly accurate
information to 59% for information with low accuracy. In an older study, Bonsall
(1992) found that 35% of all trips complete adhered to the advice for a full route,
with a 72% compliance at individual junctions.
These findings show that compliance is increased over time, which might be caused
by an increasing performance, accuracy and reliability of the route guidance
provided by currently available navigation systems. Car drivers are increasingly
familiar with the workings of a navigation system, and quite often completely trust
the route advice given. In this experiment, no variations were used for the quality,
reliability or accuracy of the information and advice given. Combined with the
hypothetical network that was used, participants obviously showed a high degree of
compliance with the advice given. This could indicate that participants trusted the
advice given, even in incident situations, or that they felt uncertain about their own
choices. It could also mean a participant would have made the same route choice
when no advice would have been provided. However, the amount of choices for
the fastest exit (which is equal to the advised exit) shows the largest improvement
between textual information and dynamic route guidance. It is expected that
especially the reliance on the route guidance is the most important, as is shown by
the importance of this factor in route choice, as found in the post-trip questions
(section 8.3).
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Choice models

Results
In the previous section, a large range of various utility functions and model have
been estimated all based on the same proposed route choice model (see section 4.3.4).
The models range from the basic MNL model, with its restrictive assumptions of
independent and identically distributed error terms to the mode complex mixed logit
models, which allow to relax these strict assumptions. All of these models have been
found possible to estimate on the data set available, although not all parameters
could be used (because of not enough datapoints for certain combinations). All
models have shown to have a rather high model fit based on the likelihood ratio
test and the pseudo ρ2 . The two best performing models based on this pseudo
ρ2 are the MNL model with a scale parameter added for the different scenarios
(a pseudo ρ2 of 0.606) and the base model assuming normally distributed taste
variations for all parameters (a pseudo ρ2 of 0.618). Both are a little higher than
the base model including the effects of incidents, traffic information and advice (a
pseudo ρ2 of 0.597).
Behaviorally, the base model including effects and the mixed logit model assuming
normally distributed coefficients are of the most interest. The first because the estimated coefficients are easily interpreted and all have a clear meaning. Transferring
such a model which includes different scale parameters to a real situation is very
difficult, because the scale parameters depend on the combination of viable routes
and origin and destination. This dependence is difficult to predict beforehand.
In case of the mixed logit model, the estimated coefficients also show a variation
around the mean. Such a value is also possible to interpret, as it indicates the
variation of how drivers rate the importance of the attributes of the alternatives.
However, this mixed logit model is much more time consuming to estimate, because
of the necessary simulation. Next, the normal distribution also violates some likely
restrictions on the estimated coefficients (because it has large tails, it also means
some drivers will have a positive estimated coefficient for travel time for example,
which is highly unlikely). Therefore, the model that is chosen to be the best is the
MNL model with the additional effects.

Consecutive choices
In this research, the approach to use each decision point as a separate observation
does not take a conditionality of consecutive decisions into account. Instead,
the observations at each decision point in the network are used as separate data
elements. The resulting model predicts the probability of selecting a certain exit at
each decision point, based on the assumption that for each exit the current fastest
route to the destination will be used. Combining these probabilities, a probability
of observing a complete route can be calculated, which relates to the adaptive
route choice model as mentioned in section 4.3. It is also possible to predict the
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probability of each route in the network between a certain destination and origin
to be calculated using the data of these individual observations.
Apart from the reasons mentioned in section 4.3, two other reasons are provided
for not estimating an adaptive route choice model or routing policy model. First,
the future state of the road network is not known, apart from the duration of the
accidents. The rest of the traffic state (in terms of travel times, link flows, routes
of other vehicles) is not known. The same applies to the probability of these future
traffic states. Without such information, it is not possible to estimate a routing
policy model. Combined with the size of the road network this creates a large
computational burden, as for all links and all times, the possible traffic states have
to be determined. The routing policy has, to our knowledge, only been applied in
small networks with only a few routes.
Second, relating to both the adaptive route and route policy models, the number of
observations for each incident situation is low, as each incident is used only three
times for each participant. This results in a maximum of 30 observed routes per
incident. As shown in section 8.4, there is a large overlap of the routes chosen.
Together with the variation of traffic information available, each combination only
has 10 routes. Such an amount of data with only little variation, does not convey
enough information to be able to estimate a choice model.
Another approach was used to investigate the correlation of the consecutive choices,
by assuming the data to be panel data, having multiple responses from one
respondent. Three different definitions for these observations have been tested,
based on the individual participant, the index of the trip for each participant and
the index of each individual trip. This last definition closely resembles the adaptive
routing policy, as it assumes correlation for the choices within a certain trip.
Interestingly, regardless of the definition used, there is no significant improvement
in the choice models estimated. This indicates that based on the current choice
set, the choices for an exit at a decision point are independent from previous or
future decision points. In other words, participant made a choice at each junction
for just the next exit, not for a complete route.
This results however might be caused by two effects. The first is the use of a
route choice simulator. In such an environment, participants are forced to choose
consciously at each intersection. Although in reality, drivers also have to choose at
each intersection, such a choice might be made in a more routine way, especially
in a well known environment. Based on previous experience, they choose a global
route to their destination, which is only re-evaluated at certain junctions, or when
traffic information warrants a new decision (Bovy & Stern, 1990).
A second cause for this finding is the composition of the choice set. In this research,
the choice set is based on the available exits at a junction (with a maximum of
three). Each exit is labelled as right, straight ahead or left. The parameters of these
alternatives are based on the current fastest route starting at that exit. The choice
set thus has a maximum of three labelled alternatives, whereas the alternatives
in a route choice set based on complete paths are unlabelled (Bovy, 2009). The
amount of alternatives considered by an individual is generally not larger than five,
but the construction of this individual specific choice set is not necessarily based
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on just the exits at a junction. In general the individual choice set is based on
previous knowledge, current information, habits, constraints, preferences, etc. It is
very well possible that the choice set used in this study does not include one or all
of the alternatives that existed in the choice set of each participant. As argued by
(Bekhor et al., 2006; Prato & Bekhor, 2007; Bliemer & Bovy, 2008; Bovy, 2009;
Schüssler, 2010), the composition of the choice set is of great importance for the
estimated choice models. However, as this approach used a labelled alternative
contrary to the other approaches, based on the angle of the exit to the entrance of
the junction, the choice set is expected to be less relevant. Next, as participants
had no previous experiences in the hypothetical network, it can be assumed they
try to optimize their route choice in terms of travel time at first. Based on this
assumption the parameters for the alternatives were calculated for the fastest route
given the exit.
Validity
The estimated choices models showed a significant influence of various route and
exit based attributes on the utility of a route, and thus on the probability of being
chosen. As expected, advice for an exit is a very significant variable, regardless of
the dataset that was used for estimation. This is in accordance with the previously
found high rate of compliance with the route guidance. Applying the estimated
models to predict the probability of choosing an exit for data not used in the
estimation showed a good match compared to the observed probabilities. As such,
the internal validity of the models, both in terms of the utility functions and the
estimated values is rather high. This is also confirmed by the high pseudo ρ2 .
However, to investigate the external validity of the route choice model, it is
necessary to have data for equal situations. Such data is not available, which makes
it impossible to test the external validity of the developed models. As other route
choice models concern the choice of unlabelled routes, the results of this study
can only be tested for internal validity. The external validity of models based on
data gathered using route choice simulators has been proven in previous studies
section 6.4. Together with the internal validity of the models, the appropriate signs
and sizes of the estimated coefficients, the models are expected to be valid.

9.5

Summary

The choices at each decision point were presented, analysed and modelled in this
chapter. The research questions posed in section 1.2.3 are answered with the results
presented in this chapter, together with the results presented in chapter 8.
Participants showed to be able to make a route choice in time in around 96% of
all choices made. The time needed for participants to make a choice was thus
appropriate, with the speedup factor chosen such that participants were able to
make the “right” choice.. In scenario 3, most choices were missed, which is caused
by the orientation of this scenario. With textual traffic information and again with
dynamic route guidance, participants made more choices in time, even with the
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incidents on the road network in these trips. The same improvement is found for
the choices made by the participant, but comparing their choice with the fastest
exit at that instant. In total 88% of the choices were for the fastest exit. For trips
made with dynamic route guidance which advised the fastest route, this increases
to 94%. The effects of incidents is most apparent in scenario 4, where dynamic
route guidance shows the largest increase in choices for the fast exit. However,
for the incidents 2, 4, 5 and 6, the provision of information has a significant effect
on the choice for the fastest exit. For dynamic route guidance, most participants
followed the advice.
The individual choices at each junction were used to create two datasets; one
which included all choices, and the other included all choices made at strategic
locations in the road network. Using these datasets, various choice models were
estimated. These choice models all have the same definition for the choice set
and the alternatives in common. The choice set consists of a maximum of three
labelled alternatives; the exit links at each junction, which were labelled according
to their angle to the entry link as left, straight ahead or right. The attributes of
the alternatives are based on the routes starting at the exit links, using the fastest
route to the destination.
The base models used the following attributes of the alternatives in the utility
function:
•
•
•
•
•

alternative specific constant;
a Box-Cox transformed freeflow travel time;
a log transformed delay;
the amount of intersections, and;
dummy indicating if the end of the exit is closer to the destination (only for
the complete dataset).

For the complete dataset, the straight-ahead exit has a preference over both others,
whereas left is even less preferred than right. The strategic dataset shows no
differing preferences for either of the exits. For both datasets, the coefficient for
freeflow travel time has the largest size, indicating the largest effect on the choice
for an exit. However, as the Box-Cox transformation is used, with a value of below
1, the additional effect of an extra unit of freeflow travel time at larger values is
smaller than at small values of freeflow travel time. Next, delay is important in the
choice between the alternatives. Participants thus try to minimize their freeflow
travel time, but also their total travel time. The complexity of a route, defined as
the number of decision points in the route, is also significant, but in case of the
total dataset, not as important as the fact that the route brings the participant
closer to his/her destination.
Adding attributes relating to the traffic situation and traffic information resulted in
a significant improvement of the models, in terms of model fit using the likelihood
ratio test and increasing values of pseudo ρ2 . For the complete dataset, having an
advice for an exit is more important than the freeflow travel time of this route.
Having received a message on congestion on that route is the most important, but
this is most likely due to the small amount of choices for such a route. Incidents on
the route are not significant, but do provide a sound behavioral meaning as such
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a route has an increase in its disutility. The strategic dataset showed a slightly
different result, as having received advice for an exit is not as important as the
freeflow travel time for this exit.
Further investigations showed that the correction factors that deal with the overlap
in routes which violates the IID principle of the MNL model, give no significant
improvement. This can be explained from the location of the overlap and the
construction of the choice set using labelled alternatives. Other additions which
account for heterogeneity and heteroscedasticity concern taste and choice variations
between participants and trips. The results indicated that there is significant
variation between scenarios, especially for scenario 3. It also showed that there
is no significant learning effect, as the correlation for the choices made by one
participant is not significant. It also showed the assumption that a choice at a
junction is independent of the choices at previous junctions.
The models have been used to test for internal validity, using a part of the dataset
for estimation. The other choices are used to predict. In all cases, the prediction is
good, with only small differences between the predicted and observed probabilities
for an alternative. The model estimated on scenario 3 has the largest differences
with that respect, which is as expected for this scenario. In general, the base models
have a very good model fit based on the pseudo ρ2 and together with the high
internal validity, the exit choice models are expected to provide a good prediction
of exit choices, together with a sound valuation of the attributes that are important
in choosing a route in accident situations.

If you are worried about falling off the bike,
you’d never get on.
— Lance Armstrong

Chapter 10

Conclusions and discussion
In this final chapter, an overview of the results presented in this thesis is provided.
The first section (section 10.1) presents an overview and the main findings with
respect to the research objective and research questions, including the chosen
approach, followed by a short summary of the conclusions of this research in
section 10.2. Section 10.3 gives the implications of these results, followed by a
reflection on the findings and the approach used in section 10.4. The chapter
finishes with recommendations for future and further research in section 10.5.

10.1

Overview of results

The main research objective of this research was to study the impact of traffic
information on route choice behaviour in non-recurrent traffic situations. This
objective consists of three elements which were further researched in this thesis:
• non-recurrent traffic situations;
• traffic information;
• route choice behaviour.
To achieve this objective first a framework to describe non-recurrent traffic situations
was developed. Second, an internet survey was conducted to investigate the need
and preferences for traffic information in non-recurrent traffic situations. Third, a
route choice simulator was developed which was used to conduct a study on the
route choice behaviour in non-recurrent traffic situations with traffic information.
The main objective was divided in three main research questions in section 1.2.
This section recalls the research questions and summarises the findings.
10.1.1

Non-recurrent traffic situations

1. Which traffic situations are non-recurrent?
Traffic flows causing congestion are labelled as non-recurrent if the cause and
occurrence of congestion can be defined as transient; it only exists for a specific
period of time at a specific location. This is the opposite of recurring congestion,
which is persistent or regular; it occurs every day. However, traffic flows consist of
individual travellers, each with different experiences and expectations. A definition
of non-recurrence for traffic situations solemnly focussing on congestion and its
characteristics ignores the differences of the travellers in this congestion.
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Figure 10.1: Framework for non-recurrent traffic situations

To this end, a framework was developed based on the findings from a literature
survey. The framework is repeated in figure 10.1.
In this framework, the concept of a traffic situation is used, extending that of
congestion or a traffic pattern. A traffic situation is defined as the traffic pattern
or congestion a traveller encounters in his current trip. This explicitly introduces
the traveller into a definition for non-recurrent traffic situations.
A traveller has a varying degree of experience with both the road network (its
physical lay-out) and the traffic patterns that occur on this road network. The
experience with the road network concerns the well known routes, which relates to
spatial knowledge. The experience with the traffic patterns concerns the full range
of temporal and spatial knowledge, ranging from the experience with speeds for
specific lanes at a specific bottleneck to the seasonal and daily variation of traffic
flows on the complete network. For a trip it is possible to distinguish between the
(external) information, the specific experience and the global experience, applied to
both the road network and the traffic patterns. With increasing trip frequency, the
more specific experience is available and the less information is needed or acquired.
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In all cases, the experience always concerns a perceived traffic pattern and road
network, which means that each traveller will have a unique perception of the
road network and traffic patterns. What is regular and recurrent to one traveller
might be non-recurrent to another, depending on the experience. To what extent a
traffic situation is non-recurrent thus depends on the traveller for which the traffic
situation is described.
The traffic patterns which will often be related to non-recurrent traffic situations
are the non-recurrent congestions such as accidents and road works. These traffic
patterns cause a variability in and unpredictability of the travel time (for a specific
group of travellers). The characteristics of a traveller that describe the degree of
non-recurrence of a traffic situation are the familiarity and experience with the
road network and traffic patterns together with the perception hereof.
Reliability and certainty relate the subjective elements (as considered by the
traveller) of the traffic situation to the objective elements (as described by using
the (un)congested road network and its cause and effects). Both sides have their
own dynamics, but meet each other in the middle by a certain degree of reliability
and certainty.
Three example causes for a change in traffic patterns are discussed. These situations
are an accident, road works and a large event. For different travellers, these
situations are discussed, as not all drivers will have the same experience or familiarity.
A driver with multiple trips with the same road works will build an experience for
the traffic patterns that will occur for these road works and will have a different
degree of non-recurrence for this traffic situation compared to a driver who has
build no experience with the resulting traffic patterns.
10.1.2

Traffic information

2. What traffic information do drivers prefer in non-recurrent situations?
Non-recurrent congestion is often mentioned as the most appropriate situation
for which ATIS can be used to inform travellers of the circumstances and provide
them with alternatives. However, the framework developed for non-recurrent
traffic situations indicates that even in non-recurrent congestion, not all travellers
experience the same degree of non-recurrence. The need and preference for traffic
information in such situations was expected to differ between drivers, based on
their personal characteristics.
An internet survey was conducted to investigate the preferences of drivers for
different non-recurrent traffic situations. A conceptual model was developed, based
on an extensive literature review, to describe the relations between traffic situations
and personal characteristics on one end and the attributes, types and contents of
information on the other end. The survey was designed using the conceptual model
and the framework for non-recurrent traffic situations.
The results of the survey are based on the answers of 598 Dutch respondents that
completed the survey, of which a large part was recruited as representation of
the population of Dutch car drivers. The first part of the survey concerned their
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personal characteristics and the attitude towards mobility of the participants as a
general classification regardless of the common socio economic characteristics such
as age and level of education.
The second part of the survey concerned the current usage of traffic information.
Based on the findings in literature, travellers that are already using traffic information are also more inclined to use traffic information. Most respondents already use
traffic information before and during travel, and they indicate to be satisfied with
this information. The most used source of traffic information before and during
the trip is the radio, which means only congestion information is used.
The third part of the survey investigated the relationship between information
contents and traffic situations. It showed that the traffic situation of a traveller
influences the choice of contents of traffic information, together with other characteristics of the trip such as the trip purpose. Regardless of the type of situation,
the most preferred content for traffic information is advice for the fastest route,
followed by extended traffic information (location, length, cause and expected
duration of traffic jams on the complete network) and expected time of arrival.
For specific situations, other types of information are chosen more often, such as
advice for a route with the best scenery, but never as much as the top three.
The preference for traffic information also differs over travellers. Three main
descriptives of a traveller are of influence, regardless of the situation. These are
the attitude towards mobility, age and usage of traffic information during travel.
Travellers currently using information preferred more often the extended traffic
information whereas older travellers prefer advice for the shortest route more. The
attitude towards mobility describes the way a traveller looks at mobility. For
instance, an “enjoyer” sees being mobile as the ability to be social and enjoy travelling. “Competitors” on the other hand see mobility as a symbol of independence
and like to be “better” than others. As was expected, the different preferences for
traffic information relates to the attitude towards mobility.
The last part of the survey concerned the attributes of traffic information in one
traffic situation, and was designed as a stated preference survey to be used in
a discrete choice model. Five alternatives were presented to the respondents of
which four had three attributes with different levels. These attributes were the
cost, timeliness and reliability of the traffic information. The fifth alternative was
the no information option.
The results show that 60% of the respondents were willing to pay for traffic
information, regardless of the type or other attributes. Within this 60%, most
participants choose advice or personal advice, which confirms the finding for the
contents of traffic information. Of the attributes of traffic information, costs are
the most important, followed by reliability and timeliness. This order of attributes
is the same, regardless of the underlying model assumptions used to estimate
the choice models. The specific preference for a type of traffic information and
attributes did differ between the different attitudes for mobility. For example,
“competitors” have the lowest rating of costs, which indicates they are more willing
to pay than others.
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Route choice behaviour

3. What are the effects of traffic information on route choice during non-recurrent
traffic situations?
An experiment with a route choice simulator was undertaken to investigate route
choice behaviour. A route choice simulator was chosen based on the need to acquire
data on route choice in non-recurrent traffic situations while the traveller receives
traffic information. A route choice simulator has several advantages over other
methods such as surveys or observations, such as the ability to represent realistic
situations and controlling for all variations in the traffic patterns of the traveller.
The AIDA Route Choice Simulator was designed as client-server architecture
where the server connects to Paramics for the traffic patterns and a database for
storing the results. The AIDA RCS is capable of online studies and allows multiple
participants at the same time.
In total 30 participants took part in the experiment with the AIDA RCS. The
participants were invited amongst friends and colleagues which means the result are
not a true representation of the dutch population of car drivers. The experiment
consisted of 8 trips for each participant with a particular combination of origin and
destination, accidents and traffic information. For the experiment a hypothetical
road network was designed, which assured that all participants would have the same
starting point for experience and familiarity. The order of the trips started with
no information and no accidents, followed by adding accidents and then textual
information followed by dynamic route guidance. This meant that all participants
had the same possibility to acquire experience.
The results for the experiment consist of the general results, the results for the
individual choices and the results for the face validity of the experiment and AIDA
RCS. First, the face validity was investigated using post-trip questions on the
general experience and whether the participant would make the same choice in a
similar real life situations. Both questions indicate a high level of validity of the
AIDA RCS and the experiment as most participant said the trips were realistic or
very realistic and would make similar route choices outside of the AIDA RCS.
The routes that were chosen depend on the traffic information participant received.
Graphical overviews showed difference between the three kinds of information.
Especially dynamic route guidance reduces the number of different routes chosen by
the participants, which means that traffic information and dynamic route guidance
cause a concentration of route choices. The route choice did vary between the
scenarios and within the scenarios between the accidents. Especially in case an
accident is located on the route that participants seemed to prefer, the accident
caused participants to reroute and find a way around the accident or its consequences.
With respect to travel times, accidents cause an increase of almost 10% when no
information was available, corresponding to a 30% increase of delay. Traffic
information causes a reduction of the average travel time for the same accidents
with over 13% and dynamic route guidance adds another 6% reduction. Especially
delay is reduced, which indicates participants were able to find routes that had less
variability in travel time. Traffic information and route guidance had a significant
impact on the travel time and delay. With respect to the individual choices,

234

Conclusions and discussion

participants were able to select the fastest exit at a junction in 88% of the choice
when receiving traffic information. Dynamic route guidance increased this to 94%,
which meant that in almost all cases, the participants followed the advice provided.
The individual choices were also used to estimate a route choice model. The route
choice model assumes that a driver selects an alternative at each decision point in
the road network. The alternatives available are the exits at that decision point. In
this research we assumed a maximum of three alternatives (excluding the u-turn),
which are left, straight ahead and right. The alternative is considered to lead to
the destination with the current fastest route, for which the important attributes
are freeflow travel time, delay, number of decision points or junctions and a dummy
indicating if the alternative brings the driver closer to the destination. The choice
for an exit is independent of the previous choices a traveller made.
The proposed model is estimated using the multinomial logit model (MNL), assuming that the driver will maximize the utility (or minimize the disutility) of his choice
by selecting the best alternative. The estimated model showed that participants
preferred the straight ahead exit, followed by right and then left. Freeflow travel
time is the most important attribute of the alternative, regardless of the specific
exit, followed by delay. Extending the model by including attributes for accidents
and traffic information and route guidance improve the ability of the model to
reproduce the observed choices, with an increase in the model fit. Especially having
an advice for an exit shows to be very important in the choice for this alternative.
However, this depends on the data used for the estimation, as a model estimated
on choice made at strategic decisions showed that freeflow travel time is more
important. The relative values and order of importance of the different attributes
of the routes are expected to be applicable to other situations.
The model was tested for the important assumption of independent and identically
distributed errors, which is violated in the proposed model using MNL, as we
assumed independence of consecutive choices. Tests showed that the model did
not improve in model fit, nor did the valuation of the attributes of the alternatives
change. Overlap in the alternatives also violates the assumption of the underlying
MNL model (as the alternatives are no longer independent). Based on a theoretical
derivation, a model including a correction factor should outperform models without
such a factor. Two different correction factors (Path Size and Path Size Correction)
have been applied. However, neither of these factors provided a better model fit
compared to the basic MNL model, which is most likely due to the composition of
the choice set, as only exits are used as alternatives. This approach differs from
other route choice models where a choice set does not necessarily consider all exits
at a decision point, but uses an algorithm to calculate the alternatives, which
means overlap in the routes exists in both the beginning and end of a route. Our
approach only contains overlap in the end of a route, and essentially considers a
choice for the next link, not for the complete route.
The models have been tested for internal validity by using a part of the dataset for
estimation and the remaining part for prediction. In all cases, the predictions show
only small difference with the aggregated observed choices. Based on this internal
validity and the very good model fit, the proposed model is expected to provide a
good prediction of choices at junctions.

10.2 Conclusions
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Conclusions

After presenting the findings of this research, the main conclusions are presented.
This is done for the three elements mentioned in the objective: non-recurrent traffic
situations, traffic information and route choice behaviour.
Non-recurrent traffic situations are an important factor in the need and preference
for traffic information
It was found that the different non-recurring traffic situations show a significant
impact on the preference of travellers for the contents of traffic information. A
traveller will prefer an advice in a trip for which he has no previous experiences,
whereas for a trip where a large set of experiences is available, the preference is
towards information which allows the traveller to make better choices himself.
The framework for non-recurrent traffic situations is a useful way to describe the
need and preference for traffic information
The framework described shows that apart from the traffic patterns and the
congestion that occurs, also the individual within these traffic patterns is important.
As all travellers have different experiences and perceptions, even for the same traffic
patterns, the need for traffic information differs between travellers, as well as the
preference. This was confirmed in the survey for preferences where traffic situation
was an important factor in the preferred contents.
The preference for traffic information depends on personal characteristics
It was found that personal characteristics are causing differences in the preferred
contents of traffic information. Especially the fact that a traveller currently uses
traffic information, their age and their attitude towards mobility cause differences.
Drivers are willing to pay for traffic information
Regardless of the type of traffic information, in 60% of the cases a traveller chose
to receive and pay for traffic information, while the option to have no traffic
information was available. This clearly indicates a willingness to pay for traffic
information.
Traffic information leads to travel time savings for the individual traveller in case
of accidents
When drivers were provided with textual traffic information, which also included
information on the location, severity and expected duration of an accident, they
were able to reduce their travel time. A combination of textual information and
dynamic route guidance even further reduced the travel time. The reduction of
travel time is to a large extent caused by a reduction in delay.
Traffic information leads to a concentration of travellers on the same route
Traffic information, especially route guidance, indicated a reduction in the number
of routes chosen by drivers. The currently fastest route is advised to all drivers
with the same origin and destination, which automatically leads to a concentration
of these drivers on the same route.
Drivers make a route choice at each junction
The proposed model assumed that drivers choose an exit at each junction. The
model has been estimated and tested for its underlying assumptions, which showed
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that accounting for the violations (such as correlated alternatives because of overlap
and dependence of consecutive choices) introduced did not improve the model fit,
while retaining the relative weights of the attributes in the model. This leads us to
conclude that the model could be used to predict route choices in similar situations.
Freeflow travel time and advice are the important attributes of routes
Within the choice model, the assumption was made that the choice for an exit
concerned that exit with the fastest route to the destination. Of the attributes of
each alternative, the freeflow travel time and advice for an exit were found to be
the most important in determining the choice.

10.3

Implications

The conclusions and overview of results have several implications for policy makers,
consultants, road operators and service providers. A summary of the important
implications will be presented here.
• The consideration of different preferences even for the same traveller, depending on the traffic situation and other characteristics such as trip purpose
indicate a need to personalize the traffic information towards drivers. This
involves a delicate process in asking travellers for their personal and trip characteristics, as well as accurately describing experiences with traffic situations.
• As drivers are willing to pay for traffic information, it should be possible to
derive a valid business case for accurate and personalized traffic information.
This relates to the previous implication, as it considers the personalization of
traffic information as a service.
• Investing in detecting accidents in particular and traffic patterns in general
in urban areas as this allows for a better provision of traffic information on
these traffic situations. The availability of such traffic information allows
travellers to reduce their travel time significantly in case of accidents on their
preferred routes.
• With the increasing availability and use of navigation systems, the choice for
a route has become a choice for the following link. This choice is largely based
on the advice provided by the navigation system. Improving the underlying
algorithms for the advice, based on the preferred choices by the participant
makes the system even more credible, even in recurrent traffic situations,
which in turn could change the habitual behaviour of travellers.

10.4

Reflections

This research was based on the idea that the need for traffic information (and
consequently, the preference and use of traffic information) is highest in trips
with a high level non-recurrence. However, the current traffic information is not
particularly targeted at such trips. A regular trip has different implications for
the traffic information a traveller needs, compared to a trip trough an unknown
road network, or a trip in which unpredictable events cause significant variation in
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traffic patterns. As a consequence, a driver will vary in his route choices in these
situations. The reflection on the research presented here considers this idea and
the approach used in this research.
The framework developed to describe non-recurrent traffic situations was based
on the available insights. It extends and relates the important concepts in the
classification of trips which are already described in the current literature. The
framework combined the spatial cognition and cognition of traffic patterns of an
individual traveller with the notion of congestion, its causes and effects. The
framework does not provide a definitive answer in how travellers classify traffic
situations, but allows a researcher to describe traffic situations in terms which are
well understood.
The preference for traffic information was investigated using an internet survey,
in which respondents could indicate the information they would prefer to receive
in a specific situation. The preference was indicated without actually using the
information, in a stated preference survey. This means it is not possible to relate
the stated preference for traffic information to the actual usage of traffic information
in these situations. Nevertheless, the fact that preferences differed between traffic
situations and between different drivers underpin the idea of this research that
traffic information should not be treated as a constant service.
The route choice simulator allowed us to investigate the effects of traffic information
and accidents on the route choice of drivers. A route choice simulator combines the
advantages of a stated preference and revealed preference research, but nonetheless
remains a virtual environment. As the consequences of a choice are difficult to
represent in a virtual environment, a driver might make different choices in a real
life situations. However, the validity of similar environment for acquisition of choice
behaviour have been proven to provide valid results. The environment and the
experiment were also found to be realistic by the participants of this research. This
allows us to investigate the route choice behaviour, but we advise to interpret the
specific values with caution, especially for the transferability to other situations.
Based on the face validity and validity of similar environments, we expect the
relative valuation of the elements in the choice model as well as the general results
will be applicable in real life situations.
The model proposed for the route choices assumed the driver to be maximizing
utility. This assumption is often criticised to be invalid. However, the model is
treated as a way of indicating the important aspects in route choice behaviour in
non-recurrent traffic situations. The model was developed to acquire information
on the (relative) importance of various attributes of a route such as travel time,
occurrence of accidents and the availability of an advice. Next to the investigation
of choice behaviour, we think the approach used here, by assuming drivers choice
at each junction, is a concept which is very well applicable in real life situations.
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Further research

This section discusses some directions for further research, based on the issues,
assumptions and findings in this research.
First, the AIDA RCS is used to study a specific traffic situations involving a
commute and accidents with drivers without experience, as we used a hypothetical
road network. We recommend to extend the application of the AIDA RCS to other
traffic situations, also involving road works, large events and others as it would
allow to further study the relationship between non-recurrent traffic situations and
the need and use of traffic information with respect to route choice behaviour. We
also recommend to differ between hypothetical road networks to study the concepts
and control for the experience of drivers, and existing road networks, which allow
for an even more realistic behaviour.
Second, we recommend to include other personal characteristics into the framework for non-recurrent traffic situations, especially learning behaviour. Learning
behaviour is found to be an important aspect in decision making for travel, and
also concerns the learning of road networks, traffic patterns and the accuracy
and quality of traffic information. We excluded this behaviour in this study to
reduce the amount of variables, which does not mean that learning behaviour is
not important.
Third, we recommend to extend the investigation of driver preferences to real
life situations which travellers have actually experienced. This would enable to
combine the preference for and use of traffic information in different trips.
Fourth, the AIDA RCS developed for this research is a flexible and extendible
environment to study route choice behaviour. In this research we focussed on route
choice in non-recurrent traffic situations, but many other elements in route choice
behaviour can be studied. For example, studying the adherence to an advice for the
most economical, safest or environmentally friendliest route. Another possibility is
to expand the number of simultaneous users to investigate interactions, perhaps
together with road user charging and slot management (providing a few alternative
time windows and a routes for a traveller, together with varying costs from which
a traveller chooses; the slot).
Finally, we recommend to explore the exit choice model. Similar approaches are
already described, but do not explicitly include non-recurrent traffic situations.
Further studies using the exit choice model would have to include revealed choice
data, which would allow for validation of the findings presented here. Other
directions for research are the reproduction of complete routes based on the choices
at individual junctions, to investigate the ability of the exit choice model to
reproduce a complete route as a sequence of individual choices. Expanding the
choice model to include possible future states of the network is also recommended.
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The survey

Figure A.1: survey.survey
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Figure A.2: survey1.survey

The survey
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Figure A.3: survey2.survey
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Figure A.4: survey3.survey

The survey
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(a)

Figure A.5: survey4.survey part 1
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(b)

Figure A.5: survey4.survey part 2

The survey
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(c)

Figure A.5: survey4.survey part 3
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(a)

Figure A.6: DC1.survey part 1

The survey
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(b)

Figure A.6: DC1.survey part 2
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Figure A.7: survey6.survey

Figure A.8: survey7.survey

Appendix B

Current information usage

Answer

Male

Female

Table B.1: Current information usage for different genders

Do you possess a navigation
system?

yes
no

28.5%
71.5%

21.7%
78.3%

Do you usage traffic
information before leaving?

yes
no

63.7%
36.3%

52.7%
47.3%

Do you usage traffic
information during your trip?

yes
no

79.6%
20.4%

66.4%
33.6%

Question

Answer

18-24

25-44

45-64

65>

Table B.2: Current information usage for different agegroups

Do you possess a navigation
system?

yes
no

12.5%
87.5%

25.1%
74.9%

30.5%
69.5%

17.9%
82.1%

Do you usage traffic
information before leaving?

yes
no

50.0%
50.0%

56.4%
43.6%

62.8%
37.2%

82.1%
17.9%

Do you usage traffic
information during your trip?

yes
no

55.0%
45.0%

74.9%
25.1%

77.1%
22.9%

78.6%
21.4%

Question
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Answer

primary

lower secondary

higher secondary

higher and university

Table B.3: Current information usage for differen education levels

Do you possess a navigation
system?

yes
no

33.3%
66.7%

37.0%
63.0%

24.4%
75.6%

25.2%
74.8%

Do you usage traffic
information before leaving?

yes
no

66.7%
33.3%

43.5%
56.5%

59.2%
40.8%

61.3%
38.7%

Do you usage traffic
information during your trip?

yes
no

50.0%
50.0%

60.9%
39.1%

68.2%
31.8%

80.6%
19.4%

Question

Answer

0-10.000 km

10-20.000 km

20-30.000 km

>30.000 km

Table B.4: Current information usage for different kilometers per year

Do you possess a navigation
system?

yes
no

33.3%
66.7%

37.0%
63.0%

24.4%
75.6%

25.2%
74.8%

Do you usage traffic
information before leaving?

yes
no

66.7%
33.3%

43.5%
56.5%

59.2%
40.8%

61.3%
38.7%

Do you usage traffic
information during your trip?

yes
no

50.0%
50.0%

60.9%
39.1%

68.2%
31.8%

80.6%
19.4%

Question

Answer

Commute

Business

Recreation

Table B.5: Current information usage for different motives for car use

Do you possess a navigation
system?

yes
no

26.7%
73.3%

41.7%
58.3%

20.0%
80.0%

Do you usage traffic
information before leaving?

yes
no

56.7%
43.3%

66.7%
33.3%

59.3%
40.7%

Do you usage traffic
information during your trip?

yes
no

73.3%
26.7%

87.5%
12.5%

71.2%
28.8%

Question

Current information usage
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Answer

Accepter

Deliberate

Competitor

Conscious

Enjoyers

Table B.6: Current information usage for different attitudes towards mobility

Do you possess a navigation
system?

yes
no

21.0%
79.0%

24.2%
75.8%

32.9%
67.1%

25.7%
74.3%

32.0%
68.0%

Do you usage traffic
information before leaving?

yes
no

52.1%
47.9%

66.2%
33.8%

65.9%
34.1%

71.6%
28.4%

48.0%
52.0%

Do you usage traffic
information during your trip?

yes
no

69.5%
30.5%

79.0%
21.0%

83.5%
16.5%

73.0%
27.0%

68.0%
32.0%

Question

Appendix C

AIDA RCS Client screens

Figure C.1: AIDA RCS Client startup sequence

Figure C.2: AIDA RCS Client login screen

Figure C.3: AIDA RCS Client pre trip screen for entering personal data 1
267

268

Appendix C

Figure C.4: AIDA RCS Client pre trip screen for entering personal data 2

Figure C.5: AIDA RCS Client scenario selection screen 1

Figure C.6: AIDA RCS Client scenario selection screen 2

Figure C.7: AIDA RCS Client guidance selection screen

AIDA RCS Client screens

Figure C.8: AIDA RCS Client start screen

Figure C.9: AIDA RCS Client start dashboard screen

Figure C.10: AIDA RCS Client arrival screen

Figure C.11: AIDA RCS Client evaluation screen 1
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Figure C.12: AIDA RCS Client evaluation screen 2

Figure C.13: AIDA RCS Client evaluation screen 3

Figure C.14: AIDA RCS Client finish screen

Appendix D

Participant introduction

Figure D.1: Participant introduction page 1
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Figure D.2: Participant introduction page 2

Participant introduction

Figure D.3: Participant introduction page 3
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Figure D.4: Participant introduction page 4

Participant introduction

Figure D.5: Participant introduction page 5
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Experiment log

Figure E.1: Experiment log
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Appendix F

Segmented route choice models

Table F.1: Segmented base model for the different
participants for both datasets
Variable
ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βC
βI
βT M
βA
λ
µ1
µ2
µ3
µ4
µ5
µ6
µ7
µ8
µ9
µ10
µ11
µ12
µ13
µ14
µ15
µ16
µ17
µ18
µ19
µ20
µ21
µ22
µ23
µ24
µ25
µ26
µ27
µ28
µ29
µ30
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
Number of parameters
a

Complete
0
0.573
−0.165a
−2.07
−0.623
−0.215
0.513
−0.742a
−4.49
1.43
0.385
1
1.65a
2.28a
0.925a
0.538
1.19a
2.07
0.767a
1.27a
1.77a
0.884a
1.33a
1.27a
0.784a
0.357
0.462
0.467
0.608
1.08a
0.801a
1.47a
0.905a
0.992a
1.18a
1.31a
0.898a
1.32a
1.10a
0.963a
1.00a
2517
−2180.932
−818.168
2725.528
0.625
0.607
39

Strategic
0
−0.010a
0.041a
−5.30a
−0.604
−0.183
−1.32a
1.55
0.054a
1
0.584a
1.40a
0.590a
0.501
1.33a
1.20a
0.508
0.875a
0.952a
0.757a
1.05a
1.04a
0.509
0.416
0.504
0.309
0.367
0.882a
0.646a
0.925a
0.772a
1.18a
1.27a
1.11a
0.751a
0.872a
0.984a
0.786a
0.665a
905
−800.432
−436.607
727.650
0.455
0.408
37

Non-significant estimate at a 95% level.
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a

Variable
ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βC
βI
βT M
βA
λ
µa
µb
µc
µd
µe
µf
µg
Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
Number of parameters

0.663

0
0.724
−0.225a
−1.48
−0.744
−0.322
0.785
0.796a
−5.53
1.80
0.582

Table F.2: Segmented base model for the complete dataset

0
0.735
−0.235a
−1.81
−0.749
−0.306
0.702
−0.930
−5.69
1.79
0.537

License

0.581

Age

1.15a

0
0.554
−0.189a
−0.992
−0.553
−0.230
0.572
0.593a
−3.82
1.32
0.641

Gender

Information

0
0.361
−0.111a
−0.893
−0.367
−0.144
0.305
−0.483
−2.51
0.528
0.537

Trip

Incident

0
0.496
−0.148a
−1.09
−0.500
−0.194
0.446
−0.658
−3.12
0.786
0.579

Scenario
0
0.524
−0.136a
−1.11
−0.442
−0.179
0.426
−0.446a
−3.52
1.17
0.550

0
0.704
−0.160a
−1.78
−0.562
−0.223
0.597
−1.01
−4.65
1.68
0.513
1.84
1.31a
0.798a
1.21a
1.49
1.25a

2517
2517
2517
2517
2517
−2180.932 −2180.932 −2180.932 −2180.932 −2180.932
−867.583 −851.972 −877.159 −850.159 −863.122
2626.698
2657.920 2607.546
2661.546 2635.620
0.602
0.609
0.598
0.610
0.604
0.597
0.602
0.593
0.605
0.599
12
17
11
11
11

1.47
1.47a
0.617
1.01a

2517
−2180.932
−859.508
2642.849
0.606
0.599
16

2.01
1.47
1.33a
2.26
1.83
1.79
2.53
2517
−2180.932
−859.995
2641.874
0.606
0.600
12

Non-significant estimate at a 95% level.

a

Non-significant estimate at a 95% level.

905
-800.432
-452.797
695.270
0.434
0.422
10

0.706
1.15a

µa
µb
µc
µd
µe
µf
µg

Number of observations
Null log likelihood
Final log likelihood
Likelihood ratio test
Pseudo ρ2
Adjusted pseudo ρ2
Number of parameters

0
-0.017a
-0.029a
-3.68
-0.408
-0.143
-1.19
1.22
0.153a

Scenario

ASC1 (right)
ASC2 (straight)
ASC3 (left)
βF F T T (λ)
βlog D
βJC
βI
βA
λ

Variable

905
-800.432
-448.400
704.064
0.440
0.427
10

1.94
1.71a

1.19a
1.40a
0.762a
1.19a
2.05
1.08a
905
-800.432
-449.820
701.223
0.438
0.421
14

0
0.037a
-0.010a
-3.08
-0.405
-0.101
-0.684
0.580
0.031a

Information

0
-0.030a
-0.068a
-3.12
-0.431
-0.161
-0.735
0.903
0.045a

Incident

905
-800.432
-447.202
706.460
0.441
0.423
15

1.32a
0.930a
0.995a
2.02a
2.04
1.94a
1.72a

0
0.040a
-0.013a
-2.85
-0.385
-0.103
-0.702
0.534
0.042a

Trip

905
-800.432
-457.781
685.302
0.428
0.417
9

1.12a

0
-0.036a
-0.044a
-3.10
-0.481
-0.144
-0.749
1.22
0.144a

Gender

Table F.3: Segmented base model for the strategic dataset

905
-800.432
-449.017
702.829
0.439
0.428
9

0.602

0
-0.039a
-0.012a
-4.00
-0.627
-0.193
-1.02
1.44
0.183a

Age

905
-800.432
-453.997
692.870
0.433
0.432
9

0.714

0
-0.036a
-0.025a
-4.01
-0.608
-0.185
-0.905
1.51
0.127a

License
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Summary
Land travel has changed dramatically over the course of centuries. The car has
become the favorite way of commuting. Increasingly, the road network is incapable
of providing sufficient supply (capacity) for the demand (amount of cars) in rush
hours resulting in congestion and delay, especially in dense urban areas such as the
“Randstad”. Congestion leads to significant societal and economic costs, directly
because of the lost time and indirectly because congestion increases the unreliability
of transport. For example, because of unreliable travel times, a driver plans to leave
early. Without congestion, the result of demand and supply results in predictable
traffic flows (in terms of travel time, costs, etc.) on the road network. A trip is said
to be unreliable if the traffic flows exhibit conditions which were not expected by
the traveller, which will often result in a negative experience with the traffic system
for the traveller. Reliability thus depends on the expectations of the individual
traveller and can be separated into variation and predictability. Large variation and
low predictability lead to an unreliable situation. Drivers can deal with unreliability
by changing their behaviour and choices, for example by choosing a different route
or adapt their departure time.
The reliability of a traffic system can be influenced by Advanced Traveller Information Systems (ATIS). ATIS aim at informing travellers about the current and future
state of the transport system, such that the traveller can adjust the expectations
or improve their experience with the traffic system. ATIS have been widely studied
related to route choice, departure time choice and even mode choice or destination
choice. However, most of this research is dedicated to information that targets at
an optimal use of the network. Personalized traffic information takes into account
the personal preferences, but also the context of the trip at hand. Especially this
context can be of importance, as for a trip which is regularly made by a certain
traveller the need for information is likely to be different than for a unique trip.
In this thesis, the combination of non-recurrent traffic situations (as a combination
of trip context and traffic flows in a road network) and traffic information is
studied. This results in the following main objective: To gain more insight
into the impact of traffic information on route choice behaviour in nonrecurrent traffic situations.
Traffic situations are often depicted from the viewpoint of the road network or
its operator. Congestion, as a result of a demand that exceeds supply, then
can be labelled as recurrent or non-recurrent. Events such as bad weather can
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cause variations in the occurrence of congestion, which makes such congestion
non-recurrent. This viewpoint however, ignores the travellers experiencing the
congestion. This experience is expected to play a significant role in labelling a traffic
situation as recurrent or non-recurrent. In this thesis a framework is developed
that integrates both points of view combining congestion and its effects with the
relevant elements of the individual traveller. A traveller has a certain degree of
familiarity and experience with a trip at hand, in terms of the road network as a
mental map and the traffic situations that can occur ranging from very local to high
level. Combined with the perceptions of the road network and traffic situations
that can occur, this leads to an expectation of the reliability and certainty for the
trip to be undertaken. Based on the traffic situations it is possible to determine key
elements objectively, such as travel time variability, reliability and predictability.
Examples of objective measures range from statistical concepts such as standard
deviations to measures which define the extra time necessary to arrive on time
in a specified number of occasions. The framework leads to the selection of three
different traffic situations for further research: (a) accidents, (b) road works, and
(c) large events.
These three non-recurrent traffic situations are the basis for a survey on the needs
and preferences of road users for traffic information in these situations. The survey
focused on the relationship between situations and personal characteristics of the
traveller on one side and the attributes, types and contents of traffic information
on the other side. This relation enables the personalization of traffic information
depending on the personal characteristics and trip context. A total of 598 Dutch
car drivers completed the survey.
The analysis of the survey results indicate that drivers preferred advice on the
fastest route, followed by extended traffic information (location, length, cause and
expected duration of traffic jams on the complete network) and expected time of
arrival, irrespective of the situation. Depending on the situation the preference
for traffic information changes and other contents are chosen more often, such
as information on a scenic route. The actual traffic situation (e.g. an accident),
the motive of the driver (e.g. commute) and the familiarity of the driver are
the elements that are of significant influence on the preference of a driver for a
specific content for traffic information. Personal characteristics also appeared to be
important. The attitude towards mobility, age and current use of traffic information
during travel, significantly influence the preferences, irrespective of the situation.
Drivers appeared to prefer advice or personal advice when they were willing to pay
for traffic information, out of five different alternatives. One of these alternatives
concerned “no information” which was freely available. The other alternatives
had to be paid for. In total 60% of all respondents were willing to pay for traffic
information and the remaining 40% choose not to acquire any traffic information.
In order to determine the (relative) importance of the type and attributes of traffic
information, several discrete choice models were estimated. Obviously, costs are the
most important attribute of traffic information, with increasing cost reducing the
utility of a specific type of traffic information. Second most important is reliability
and least important is timeliness. Attitude towards mobility as a determining factor
for different groups changed the relative importance of the attributes, but did not
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influence the order hereof. All these results indicate a need for personalization of
traffic information, for contents, types and attributes.
In case of accidents, advice for the fastest route and the extended traffic information
(containing information on the location, length, cause and expected duration of
congestion) were the most preferred contents of traffic information. Such traffic
information is targeted at improving the current trip of a driver in terms of travel
time, especially by changing the route choice behaviour. A new route choice
simulator was designed and built (the AIDA RCS which stands for Application
of Integrated Driver Assistance Route Choice Simulator), based on the ability to
incorporate accidents and their effects, together with traffic information and route
guidance. The AIDA RCS consists of a micro simulation model for the traffic
simulation, a server dealing with data storage and communication with the traffic
model, and a client showing the upcoming junction to the participant, together with
a dashboard and traffic information and/or route guidance. The participant could
indicate the route choice by selecting one of the exits at the upcoming junction.
The server stored all route choices made by participants, together with the provided
information and data on the traffic situation.
The AIDA RCS was used in an experiment to determine the impact of traffic
information and route guidance on route choice behaviour during non-recurrent
traffic situations. A combination of an urbanized road network, a morning commute
and accidents were chosen as non-recurrent traffic situation. Three combinations
of origin and destination were used as a scenario each with specific accidents. 30
participants took part in the experiment. Each participant made 8 trips in a single
scenario. The face validity of the AIDA RCS was investigated based on responses
of the participants. In general, they reported a realistic experience in the AIDA
RCS, with realistic trips. They indicated they would make a similar route choice
in real life. This high level of face validity is similar to the validity of other route
choice simulators as found in other studies.
The results showed that participants changed routes when first receiving traffic
information and are further “improving” their route choice as they receive dynamic
route guidance. The expected effect of concentration of participants using the
same routes was observed, as less variation between participants occurred. In each
scenario one accident was located on what turned out to be the preferred route,
as participants rerouted during their trip as they encountered the accident or its
consequences. The accidents caused an increase of the travel time by almost 10%
with an increase of delay of around 30% when no information was available. Traffic
information and dynamic route guidance decreased the travel time by 13% and
6% respectively. Both also reduced the variation of travel time and delay, and
the length of the routes used. The individual choices showed that in most cases
participants selected the fastest exit at a junction (88%), which increased to 94% in
case of dynamic route guidance. Accidents had a significant effect on the amount
of choices for the fastest exit, especially in case they were on the preferred route.
The individual choices at the junctions formed the input for an exit choice model.
This exit choice model assumes that a driver makes a choice for a route at each
junction, independent of the previous choices, which reduces the amount of alternatives to two or three. To assure the exits lead to viable routes, the fastest
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route starting at the exit was calculated to the destination. This information was
used to describe the alternatives a participant choose between. The decision rules
for this discrete choice model are based on the principle of utility maximization.
This means that individuals choose the alternative with the highest utility in their
situation. The multinomial logit model is based on this principle together with
specific assumptions about the statistical characteristics unknown elements for the
utility of an alternative. The attributes of the alternatives that are used in the
model are the freeflow travel time, delay, number of intersections and a dummy
variable indicating the exit brings the participant closer to the destination. Of
these attributes, freeflow travel time was found to be the most important, but an
additional unit of travel time at larger values is of less influence than at small
values. This confirms expected behaviour in route choice. Delay was found to be
the second most important attribute.
Additional attributes for the traffic situation and traffic information resulted in
a significant improvement of the model estimation. The additional attribute of
having advice on a certain exit is more important in the choice for an exit than
freeflow travel time of this route. The variable for accidents on the route does not
have a significant impact on the utility of an alternative, but still is an important
indication that a route with accidents is less preferred. Applying models that
account for violations of the underlying assumptions of the multinomial logit model,
does not change the behavioural implications already found, and do not show a
better estimation. A significant difference is found between the scenarios, which
indicates that not all combinations of origin and destination are expected to have
the same importance for all attributes. These models also showed that the current
choice is independent of the choices at previous junctions, and even from previous
trips. They also indicate that there is no significant learning effect during the 8
trips of a single participant. An application of the estimated model to a part of
the dataset with individual choice which is not used for estimation showed that
the predictions are close to the actual choices.
In conclusion, this thesis provides insight in the impact of traffic information on
route choice behaviour in non-recurrent traffic situations. The framework for nonrecurrent traffic situations provides a broader view which can be used to determine
the need and preference for traffic information. The need and preference are shown
to differ for different traffic situations and personal characteristics, which indicates
a need for personalization, for which drivers are willing to pay. Furthermore, traffic
information and dynamic route guidance lead to significant travel time savings for
individual travellers in case of accidents. The exit choice model developed proved
to be a valid model, which is a promising start to apply new en-route choice models
in various cases. It is recommended to further explore the exit choice model, for
example by incorporating habit and learning behaviour or other decision rules.
The AIDA RCS could aid such research by providing the necessary environment
for data acquisition on a wide range of route choice studies.

Samenvatting
In de afgelopen eeuwen is de mens zich wezenlijk anders gaan verplaatsen. De auto is
voor het woon-werk verkeer het favoriete vervoermiddel geworden. In toenemende
mate is het wegennet niet in staat om voldoende capaciteit te bieden voor de
vraag naar asfalt dat nodig is voor al deze auto’s. Dit gebeurt met name in de
ochtend- en avondspits in dichtbevolkte stedelijke gebieden, zoals de Randstad. De
gevolgen hiervan zijn files en vertragingen. Dit zorgt voor significante kosten voor
de samenleving en de economie; direct doordat men tijd niet anders kan besteden
en indirect doordat de onbetrouwbaarheid van het verkeerssysteem toeneemt met
als gevolg dat een reiziger eerder dan noodzakelijk vertrekt. Zonder congestie
is het resultaat van vraag en aanbod een verkeersstroom op het wegennetwerk,
met een voorspelbare uitkomst in termen van reistijd, kosten, etc. Een rit is
onbetrouwbaar als de verkeersstromen leiden tot onverwachte condities voor de
reiziger, met een negatieve beleving en ervaring tot gevolg. Betrouwbaarheid is dus
gerelateerd aan de perceptie, ervaring en bekendheid van de individuele reiziger en
kan worden opgesplitst in variatie en voorspelbaarheid. Veel variatie en een lage
voorspelbaarheid zorgen voor een grote onbetrouwbaarheid. Automobilisten kunnen
hun gedrag en keuzes aanpassen om rekening te houden met onbetrouwbaarheid in
hun reizen, bijvoorbeeld door het kiezen van een andere route of het aanpassen
van de vertrektijd.
Advanced Traveller Information Systems (ATIS) hebben als doel om reizigers
te informeren over de huidige en toekomstige toestand van het wegen- of transportnetwerk, zodat de reiziger zijn verwachtingen kan bijstellen of zijn ervaring
kan verbeteren. ATIS hebben in bestaand onderzoek veel aandacht gekregen in
relatie tot route keuze, vertrektijdstip keuze en zelfs keuze voor vervoerswijze of
bestemming. Veelal is hierbij het uitgangspunt gehanteerd dat informatie gebruikt
wordt voor een optimale benutting van het wegennetwerk. Persoonlijke verkeersinformatie is gebaseerd op de individuele voorkeuren van de reiziger, maar neemt
ook de context van de huidige reis mee. Deze context kan van groot belang zijn.
Indien een reis door een weggebruiker vaak wordt gemaakt, is de behoefte voor
verkeersinformatie naar verwachting anders dan voor een unieke reis.
In dit proefschrift is de combinatie van niet-recurrente verkeerssituaties (een combinatie van de context van de reis en de toestand van het wegennetwerk) en
verkeersinformatie onderzocht. Daarbij is de volgende doelstelling gehanteerd:
Het verkrijgen van meer inzicht in de impact van verkeersinformatie
op routekeuze gedrag in niet-recurrente verkeerssituaties.
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Verkeerssituaties worden veelal weergegeven vanuit het oogpunt van het wegennetwerk of de beheerder hiervan. Files, als gevolg van een vraag die het aanbod
overstijgt, worden vervolgens vaak aan de hand van hun specifieke oorzaak benoemd.
Oorzaken zoals slecht weer kunnen echter variatie veroorzaken in het optreden van
files, wat dit soort files niet-recurrent maakt. Dit oogpunt neemt echter de reizigers
die deze file ervaren niet mee in de beschouwing. Deze ervaring speelt naar verwachting een belangrijke rol om te bepalen of een verkeerssituatie wel of niet recurrent
is. In dit onderzoek is een kader ontwikkeld dat beide kanten beschouwt. Dit kader
combineert files, oorzaken en gevolgen hiervan met de relevante kenmerken van
de individuele reiziger. Een reiziger heeft een bepaalde mate van bekendheid en
ervaring met de reis die gemaakt wordt, in termen van het wegennetwerk en de
verkeerssituaties die hierop voorkomen. Gecombineerd met de perceptie hiervan,
leidt dit tot een zeker of onzekere verwachting van de betrouwbaarheid voor de
te maken reis. Gebaseerd op de verkeersstromen is het mogelijk om belangrijke
objectieve kenmerken vast te stellen zoals variatie en betrouwbaarheid van reistijden. De kenmerken variëren van statistische concepten zoals standaardafwijking
tot het bepalen van de extra benodigde tijd om een vastgesteld aantal keren op tijd
aan te komen. Met behulp van het kader zijn drie verschillende verkeerssituaties
geselecteerd voor verder onderzoek: (a) ongevallen, (b) wegwerkzaamheden en
(c) grote evenementen.
Deze drie niet-recurrente verkeerssituaties zijn onderzocht in een enquête over
de behoeften naar en voorkeuren voor verkeersinformatie van weggebruikers. De
enquête had als doel de relatie te onderzoeken tussen situaties en kenmerken van de
automobilist aan de ene kant en kenmerken, types en inhoud van verkeersinformatie
aan de andere kant. Deze relatie maakt het mogelijk om verkeersinformatie
persoonlijk te maken op basis van de individuele kenmerken en de context van
de reis. In totaal 598 Nederlandse weggebruikers hebben de enquête op Internet
ingevuld.
De analyse van de resultaten van de enquête laat zien dat weggebruikers de meeste
voorkeur geven aan advies voor de snelste route, gevolgd door uitgebreide verkeersinformatie en verwachte aankomsttijd. Afhankelijk van de situatie varieerde de
voorkeur voor verkeersinformatie, zonder de volgorde van de drie belangrijkste
voorkeuren te veranderen. De actuele verkeerssituatie (bijv. een ongeluk), het
motief van de automobilist voor de reis (bijv. werk) en de bekendheid van de bestuurder met de verkeerssituaties waren significant van invloed op de voorkeur voor
verkeersinformatie. Ook persoonlijke kenmerken waren een belangrijke verklarende
factor voor de keuze voor de inhoud van de verkeersinformatie. Mobiliteitsbeleving,
leeftijd en het huidige gebruik van verkeersinformatie waren hierin significant van
invloed.
Bestuurders gaven de grootste voorkeur aan advies of persoonlijk advies, zodra
men bereid was voor de verkeersinformatie te betalen. In totaal was circa 60%
van de respondenten bereid om te betalen voor de verkeersinformatie. De overige
40% koos voor het niet ontvangen van verkeersinformatie als de enige gratis
mogelijkheid. Om te bepalen hoe bestuurders deze kenmerken waarderen zijn
discrete keuze modellen geschat. Zoals verwacht mag worden zijn kosten het
belangrijkste kenmerk van verkeersinformatie voor een keuze door de weggebruiker.
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Daarna volgt betrouwbaarheid van verkeersinformatie. Het minst belangrijk vond
men de tijdigheid. Mobiliteitsbeleving is hier ook weer gebruikt om te onderzoeken
in hoeverre persoonlijke kenmerken van invloed zijn op deze keuze en de waardering
van de karakteristieken van verkeersinformatie. Hieruit bleek dat de keuzes tussen
de diverse mobiliteitsbelevingen verschilt, maar dat de volgorde van de waardering
van de karakteristieken van verkeersinformatie niet verandert. Op basis van de
resultaten van de enquête kan worden geconcludeerd dat de weggebruikers behoefte
hebben aan persoonlijke verkeersinformatie in relatie tot inhoud, type en kenmerken.
Tijdens ongevallen hebben het advies voor de snelste route en de uitgebreide
verkeersinformatie (locatie, lengte, oorzaak en verwachte duur van de files) de
grootste voorkeur voor inhoud van de verkeersinformatie. In het onderzoek is een
eigen routekeuze simulator ontworpen en ontwikkeld (de AIDA RCS, wat staat
voor Applications of Integrated Driver Assistance Route Choice Simulator). Deze
simulator is ontworpen om ongevallen en de gevolgen op het verkeer, samen met
verkeersinformatie en route advies, te kunnen onderzoeken. De AIDA RCS bestaat
uit een micro simulatie model voor het modelleren van de verkeersstromen, een
server die zorgt voor de communicatie met het model en het opslaan van gegevens
en een client die aan de bestuurder een beeld geeft van de komende kruising, samen
met een dashboard en verkeersinformatie en/of een route advies. De bestuurder
kan de routekeuze bepalen door het kiezen van een van de armen van de kruising.
De server slaat al deze keuzes op, samen met de ontvangen adviezen en informatie
en data van de verkeersstromen.
De AIDA RCS is gebruikt in een experiment om de impact van verkeersinformatie
en route advies op route keuze gedrag tijdens niet-recurrente verkeerssituaties
te bepalen. Hiervoor is een combinatie van een stedelijk netwerk, een ochtend
reis naar het werk en een ongeval gekozen als de te onderzoeken niet-recurrente
verkeerssituatie. Drie herkomst en bestemming paren zijn gebruikt voor het
definiëren van een scenario, elk met twee verschillende ongevallen. In totaal hebben
30 mensen deelgenomen aan het experiment, en elke deelnemer heeft 8 ritten
gemaakt in één scenario. De gerapporteerde validiteit door de deelnemers van de
AIDA RCS en het experiment zijn gebaseerd op vragen na elke reis. Over het
algemeen gaf men aan dat het een realistische ervaring was, met realistische reizen.
De deelnemers gaven aan dat ze in de werkelijkheid een gelijke routekeuze zouden
maken. Deze hoge mate van validiteit komt overeen met de validiteit van andere
routekeuze simulators zoals daarover is gepubliceerd.
De resultaten lieten zien dat deelnemers hun routekeuze na het ontvangen van
verkeersinformatie aanpasten en verder hun routekeuze hebben “verbeterd” na
het ontvangen van route advies. De verwachte concentratie van verkeer als gevolg
van verkeersinformatie en route advies werd gevonden, doordat de variatie in de
routekeuze tussen de deelnemers afnam. In elk scenario was één van de ongevallen
geplaatst op wat de voorkeursroute bleek te zijn, omdat deelnemers duidelijk hun
route aanpasten na het tegenkomen van het ongeval of de gevolgen hiervan. De
ongevallen veroorzaakten een toename van de reistijd met bijna 10% en een toename
van de vertraging van ongeveer 30% voor de ritten waarin geen verkeersinformatie
beschikbaar was. Verkeersinformatie en route advies zorgden voor een afname van
de reistijd met respectievelijk 13% en 6%. Beiden zorgen ook voor een afname van
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de variatie in reistijd en vertraging en een afname van de lengte van de gereden
routes. De individuele keuzes lieten zien dat de deelnemers in de meeste gevallen
de snelste arm van een kruising kozen (88%), wat toenam tot 94% wanneer de
deelnemers route advies ontvingen. Ongevallen hadden een significant effect op
de keuzes voor de snelste arm, met name in de situaties waar het ongeval op de
voorkeursroute was geplaatst.
De individuele keuzes bij elke kruising zijn daarnaast gebruikt als input voor een
uitgangskeuzemodel. Dit model is gebaseerd op de aanname dat een bestuurder bij
elke afzonderlijke kruising een keuze voor een route maakt, onafhankelijk van de
voorgaande keuzes. Dit reduceert het aantal alternatieven per keuzemoment tot
twee of drie, afhankelijk van het aantal armen van de kruising. Om zeker te zijn dat
de armen van deze kruising wel naar de bestemming leiden, is de snelste route naar
de bestemming berekend, gebaseerd op de uitgang. De gegevens van deze routes
zijn gebruikt om de alternatieven (de armen) te beschrijven en vormen daarmee
de keuzeset in het model. De beslissingsregels in het discrete keuze model zijn
gebaseerd op het principe dat mensen kiezen voor het alternatief met het hoogste
nut. Het multinomial logit model is gebaseerd op dit principe, gecombineerd met
aannames over de statistische kenmerken van de onbekende elementen in het nut
van een alternatief. De karakteristieken van de alternatieven in het model zijn
de vrije reistijd (gebaseerd op de maximum snelheid), de vertraging, het aantal
kruisingen en een dummy variabele die aangaf of de route de loodrechte afstand
naar de bestemming verkleinde. Van deze karakteristieken bleek na het schatten
van het model de vrije reistijd de belangrijkste, waarbij bij langere vrije reistijd
een extra minuut minder van invloed is dan voor een kortere vrije reistijd. Dit is in
overeenstemming met het verwachte gedrag ten aanzien van reistijd in routekeuzes.
Vertraging werd gevonden als het daaropvolgende belangrijkste attribuut.
Additionele attributen in het keuze model voor de verkeerssituatie en voor verkeersinformatie zorgen voor een significante verbetering van de modelschatting.
Het hebben van een advies voor een bepaalde uitgang bleek daarin van groter
belang voor de keuze dan de vrije reistijd van de daarbij horende route. De variabele voor ongevallen op de route heeft geen significant effect op de routekeuze,
maar laat wel zien dat een route zonder ongevallen door de deelnemers sneller
wordt gekozen. Aanpassing van de beslisregels in het keuze model, door minder
restrictieve aannames te doen dan in het multinomiale logit model, laten geen
andere bevindingen zien ten aanzien van het keuzegedrag. Alleen in de vergelijking
van de drie scenario’s onderling is er een significant verschil tussen de geschatte
waarden. De specifieke herkomst bestemming relatie kan van invloed zijn op de
waardering van de verschillende kenmerken van routes. Deze uitgebreide modellen
laten ook zien dat de keuze voor een arm onafhankelijk is van de keuze bij vorige
kruisingen en dat de routekeuze in de huidige rit onafhankelijk is van de routekeuze
in voorgaande ritten. Daaruit blijkt er in het experiment geen significant leereffect
te zijn geweest en is de vermindering in reistijd en vertraging toe te wijzen aan
de verkeersinformatie of route advies. Bij het toepassen van het geschatte model
op een deel van de dataset wat niet is gebruikt voor het schatten, blijkt dat de
voorspellingen van dit geschatte model goed overeenkomen met de daadwerkelijke
keuzes.

Samenvatting
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Dit proefschrift biedt inzicht in de impact van verkeersinformatie op routekeuze
gedrag tijdens niet-recurrente verkeerssituaties. Het kader voor niet-recurrente
verkeerssituaties biedt hiervoor een breder perspectief dan alleen oorzaken van
congestie en kan worden gebruikt voor het vaststellen van de behoefte aan en
voorkeuren voor verkeersinformatie. De behoefte en voorkeuren blijken af te
hangen van de specifieke verkeerssituatie en de persoonlijke kenmerken van een
reiziger. Dit geeft aan dat er een behoefte is om de verkeersinformatie persoonlijk
te maken, waarna reizigers bereid zijn om hier voor betalen. Verkeersinformatie
en route advies leiden vervolgens tot significante verminderingen van reistijd, voor
individuele bestuurders, in situaties met ongevallen. Het uitgangs keuzemodel dat
is ontwikkeld is daarbij een valide model gebleken. Het is een eerste toepassing
van een nieuw soort routekeuze model om ook tijdens ritten het routekeuze gedrag
te kunnen evalueren. Het verdient aanbeveling om dit model verder te ontwikkelen
en te kijken naar gewoontegedrag en leergedrag voor dit model, in combinatie met
andere beslisregels. De AIDA RCS kan hierbij het hulpmiddel zijn door de omgeving
te bieden waarin data voor een dergelijk onderzoek kan worden verzameld.
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