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Abstract

Understanding which determinants influence modal choice is important towards
developing more sustainable transport systems. An improved knowledge about
these factors is vital to tackle our current mobility problems in a more efficient
and sustainable way. In order to assist to the understanding and modelling of
modal choice decisions a review on modal choice and its determinants is carried
out. The data collection strategy for this review is mainly based on a
computerized search guided by the search term ‘modal choice’ and mostly
covers the last two decades. First of all, it was found that researchers too often
rely on a unimodal approach when they study modal choice. This leads to an
underestimation of access and exit modes by neglecting other travel modes,
which are mainly the softer modes (walking and cycling). Taking into account
the sequence of modes within a single trip is therefore needed to analyze daily
mobility in a more sustainable and realistic way. Secondly, the review clearly
showed that modal choice is determined by a whole range of factors, which are
interrelated to a larger or smaller extent. It is thus often the result of a very
compound choice process that can take place consciously or unconsciously and
that includes objective as well as subjective determinants. In this paper, we
identify and structure the determinants of importance influencing the modal
choice decision. Moreover, improving insight in these influencing factors can
assist to develop policy measures that are better adjusted to the current mobility
trends in order to create a modal shift towards more sustainable transport modes
and thus reduce the environmental impact.
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1 Introduction

Mobility is of growing importance in our daily lives. A typical day consists of a
chain of activities, which are often located at different places. A rising demand in
mobility is created. In reality, the car is too often the indisputable dominant
transport mode. Between 1995 and 2006, car ownership levels in the EU-27
increased by 22% (or 52 million cars), the use of passenger cars increased by
18% [1]. The dominance of a polluting, unsustainable transport mode like the
car, with too many negative side-effects, cannot be ignored in further policy and
planning. Currently, a growing awareness of the rising mobility needs and its
negative effects emerges. These effects are not only situated in the environmental
domain, but there is also an economical and societal impact (e.g. liveability) of
increasing mobility. This has opened the debate on how to manage our current
and future mobility in a more sustainable way. In order to take adequate policy
measures to guide our current mobility towards a more sustainable one, a deeper
understanding of the actual travel behaviour of people and their modal choices is
necessary [2].

Many studies have already been conducted to investigate modal choice.
However, in literature, no uniform definition of modal choice is given.
Depending on the scope of the research, different types of influencing
determinants are in use. A complete overview cannot be found in literature. In
this way, it can be very useful to create more insight in all determinants
influencing modal choice. Understanding travel behaviour and modal choice is
of crucial importance towards understanding mobility patterns. Further insight
in the modal choice gives us possibilities of dealing more correctly with this
complex topic. The aim of this review is to provide a better insight and a broader
outlook on the concept of modal choice by elaborating a multi-disciplinary
framework that contributes to an improved knowledge on the different modal
choice determinants. This can lead to a better knowledge of these determinants
and could influence further policy making. In this way, a possible reduction of
the negative impact of mobility on both local and global environment can be
achieved.

The outline of this paper is as follows: in the next section (section 2) the
search strategy will be explained. Next, in section 3, attention will be paid to
how modal choice is defined in different research studies and in section 4 on
what different determinants play their role. This is followed by a discussion on
the modal choice concept and its influencing factors (section 5). Finally, section
6 will provide the main conclusions as well as some recommendations.

2  Methodology

For this review, all types of researches (modelling, empirical, surveys, etc.)
concerning passenger travel behaviour with emphasis on modal choice were
taken in consideration. The following key questions were addressed:

e How is modal choice defined?

e  Which factors determine modal choice in what way?
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The data collection is for the most part based on a computerized search.
Papers were mainly retrieved by tracking cited references and by tracking e-
catalogues. This paper mostly covers articles from the last two decades. Several
sources were used to search for literature: web-based search tools (V-spaces and
Article database, e-sources), the VUBIS library e-catalogue from the university
library of VUB (Vrije Universiteit Brussel) and ordinary web-search robots (e.g.
Google Scholar). From the resulting output, relevant hits were filtered out for
further analysis. Then, articles were screened on their relevance with regard to
modal choice definition and determinants. This resulted in 37 articles being
retained for further analysis and processed for this review.

3 Definition of modal choice

In literature, no uniform definition on modal choice is given or used. However,
in many studies a definition can be derived from the type of determinants studied
to examine modal choice. In this way, three different approaches can be
distinguished: a rationalist approach, a socio-geographical approach and a
psychological approach. Each of these approaches has its own specific character
and focus to study a complex process like modal choice.

The rationalist approach can be seen as the mainstream approach to study
modal choice based on the assumption that travellers take decisions based on
utility maximization attained by minimizing travel time and costs [3]. This
microeconomic approach implies that individuals behave perfectly rational
dealing with all kinds of available information. In this way, a person confronted
with different alternatives acts rationally and will eventually select the alternative
with the highest utility. Many researches on modal choice in literature based on
this discrete choice analysis have been conducted [4-7]. The determinants
studied in these researches are mostly associated with travel time and costs
leading to modal choice definitions based on objective and rational components
only.

The socio-geographical approach explicitly introduces a spatial component
into the modal choice decision process and starts from the activity schedule of
individuals or households to explain modal choice [8—10]. This approach treats
the demand for travel as a derived demand: people are presumed to travel not for
the sake of it, but in order to pursue activities distributed in space and time. The
introduction of time and space into the modal choice decision process leads to
the inclusion of a spatial component in the modal choice definitions.

The psychological approach aims at explaining modal choice by the study of
attitudes of individuals with regard to the available transport means. In order to
understand the process behind travel mode decisions psychologist have
developed the attitudinal approach. Important elements are the concepts of
intentions and habits. Already in the seventies, there was awareness that
subjective factors also play a role in determining modal choice. Lovelock [11]
pointed out that modal choice is determined by psychological variables as well
as the travellers’ need for information if he/she is to evaluate all alternatives
realistically. Many researchers postulate that modal choice should not only be
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studied based on objective measurements, but should also take into account
subjective aspects [12, 13].

These three approaches together bring us to the presentation of a multi-
disciplinary modal choice definition, which is often lacking in literature. Based
on this review’s findings, modal choice could be defined as the decision process
to choose between different transportation alternatives determined by a
combination of individual socio-demographic factors and spatial characteristics,
and influenced by psychological factors. Alternatives could refer to one single
mode, but also to a combination of travel modes (motorized as well as non-
motorized). One can distinguish both objectively measured determinants (like
socio-demographic and spatial factors) as well as subjective factors (e.g. socio-
psychological factors like perceptions, attitudes, preferences and habits)
determining the perception of the objective ones. In the next section, these
influencing factors will be treated and further explained.

4 Determinants of modal choice

In literature, many different determinants from many disciplines are playing their
role in the modal choice decision. For this paper, 23 important determinants were
selected and structured. Bundling all these determinants into a framework is of
great importance in understanding the complexity of modal choice decisions. As
different disciplines are included in the modal choice process, it is important to
note that a multidisciplinary perspective will be chosen. Taking into account the
three main approaches to study modal choice, one comes to the concept of modal
choice as presented in figure 1. This figure, using the three approaches, becomes
complete when adding an extra component specific to journeys and travel
modes. To create substantial insight in the modal choice decision process, one
can start working from this framework. It is important to note that a certain
interrelation between the determinants from the different pillars is present to a
smaller or larger extent.

4. Psycho-
logical
determinants

1. Spatial

determinants

2. Socio- 3. Travel mode
demographic & journey
determinants determinants
Figure 1: Framework presenting modal choice determinants.
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4.1 Spatial determinants

This pillar treats the spatial determinants influencing modal choice. Creating
more insight in these factors can be of great importance towards more
sustainable transport. The determinants of interest here are: density, proximity to
infrastructure, parking, frequency of public transport, diversity and interchange.

Here, density is considered as the ratio inhabitants/built-up area. Urban areas
(higher density) are better served with public transport than rural areas (lower
density). According to Kenworthy and Laube [14], density is a key determinant
in modal choice: high densities tend to be associated with lower average trip
distances for all modes, improved public transport and enhanced possibility of
walking and cycling. One can conclude that public transport is more used in
large metropolitan areas compared to smaller ones [15, 16]. The urban location
of a household has a positive effect on the use of public transport [17].

Proximity to infrastructure refers to the availability of road networks on
one hand and to public transport infrastructure on the other hand. This aspect
plays a determining role in the modal choice decision, because of its importance
in the availability of alternative modes. It is closely related to other spatial
characteristics like density and diversity, both at the origin and destination side
of the trip. According to Limtanakool et al. [16], the availability of a public
transport-stop increases public transport use, although for the modal choice
decision the proximity to a public transport-stop at the destination side is of
greater importance and determining than at the origin side. Kenworthy and
Laube [14] mention that auto use increases significantly with increasing road
availability.

The availability of parking does have an important impact on modal choice,
especially in highly dense areas [12]. People are stimulated to use their car
(irrespective of whether it is quicker or not than public transport) when they are
guaranteed of having a (free) parking space at work [14, 18-21].

The frequency of public transport plays a crucial role in the usage pattern
and in the availability of public transport, therefore it influences modal choice.
The frequency and efficiency of a public transport system is mainly related to
city density [15]. In big metropolitan areas, well-organized public transport is
mostly available.

Diversity can be seen as a mixed land-use in terms of a diverse pattern of
residence, commerce, institutions, green space, industry and transport
infrastructure accommodated by the neighbourhood. According to Cervero [6]
land-use mixtures at both origin and destination side lower the probability of
driving alone or ride-sharing in contrast of taking public transport, and vice
versa.

According to a study, conducted by De Witte et al. [22], the second most
important reason for car users to use their car is a bad public transport
connection. There is a general resistance among people to interchange [13].
This is being confirmed by de Vasconcellos [20] where a limited supply of
integrated public transport modes reduces the use of it.
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4.2 Socio-demographic determinants

In this pillar the different socio-demographic determinants with influence on
modal choice will be explained. These factors are: gender, age, employment,
income, lifestyle, education, household size and car availability.

Car availability is by far the most important determinant influencing modal
choice. It has long been recognized that car availability and thus car ownership is
a primary determinant of modal choice [23]: the probability of selecting a car for
travel increases with increasing amount of cars per driver in a household [10, 14,
16, 24]. Dwelling in a zero-car household is strongly related with transit
dependency [6].

No real consensus about gender playing a decisive role in modal choice can
be found in the consulted literature. Some studies report that women are more
likely to use the car because of the higher proportion of household errands in
combination with their home-work commutes which makes public transport less
convenient [25]. Other studies report that men are more likely to use the car
while women are more dependent on public transport [2, 16, 21, 26]. It appears
that the interdependency between gender and other factors, like household
composition, employment status, etc. is more determining for decisions on
transport modes.

Employment determines the availability of a car indirectly through income,
but for commuting the mobility policy pursued by the company definitely plays a
role. The use of public transport passes gives more possibilities to employees
using transit, whereas providing a company car leads to a further increase in the
use of private transport modes with a big decrease in public transport use [21,
22].

With regard to modal choice it was found that choosing solo-auto mode over
shared-riding or transit is more likely among higher income levels [27]. For trip
chains, people with higher income make more complex work tours, for which the
dominant mode is the car [19]. In general, individuals living in higher income
zones are less likely to use transit and to walk [28]. Especially lower incomes
tend to be more influenced by the price of transport, which stimulates their
mobility decisions according to this criterion [13]. People of lower income level
face severe restrictions to travel because of less access to cars and lower mobility
levels [20].

An individual’s life-style choices are determining for his/her social status,
which is in turn determining for his/her access to different travel modes. Life-
style choices include decisions on education and occupation, which are both
related to income and car ownership. Higher educated people are more likely to
have higher income levels and to use the car to go to work [29]. According to the
view of Scheiner and Holz-Rau [30], individual life-styles play an important role
in determining travel modes. Life-style does influence modal choice, but
the influence of objective socio-economic (age, gender, household
type, employment, etc.) characteristics exceed the influence of subjective life-
styles [31].
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In literature, there seems to be no real consensus on the impact of age on
modal choice. Some studies found that older people tend to use public transport
more often, while others state that car use increases together with age [2, 17, 28].

For education too, no consent was found in literature. According to Pickery
[29] higher educated people are more likely to have higher income levels and as
a result they are more prone to use the car to go to work. This is denied by other
authors like Limtanakool et al. [16] and Schwanen et al. [26] who state that
higher educated people use public transport more frequently for commuting than
the car.

With regard to household type, in general it is found in literature that as the
size of a household increases, there is a higher probability of travelling by car
[10, 32]. Especially the presence of children in a family increases the utility of
car use, which has a significant negative impact on public transport use in turn
[16, 17].

4.3 Travel mode and journey determinants

In this pillar the determinants specific to the travel mode taken or the journey
undertaken are further explained, namely: distance, travel time, travel cost, trip
chaining, departure time and the travel motive.

The travel motive is an important factor since it initiates every journey. In
literature four main travel motives can be distinguished: work-commuting trips,
school-commuting trips, business journeys and leisure journeys.

Distance, travel time and travel cost are directly related to each other. The
longer the distance, the longer the travel time and the more it will cost. Travel
time is, according to many studies, an important determinant of modal choice
[27, 33]. Since different people have different values of time and time budgets,
travel time can be valued differently depending on the travel motive. Travellers
seem to be more sensitive to out-of-vehicle travel time than in-vehicle travel time
[2].

Besides the travel time, also travel cost plays a significant role in modal
choice [12, 27]. Consumers are sensitive to changes in price, but the extent
depends on several factors, like the purpose of the trip [34]. Costs for travelling
by car are underestimated compared to the price of public transport for the same
journey [22].

According to Nurul Habit et al. [28], modal choice is determined by all trips
in the chain, except if the first trip is a work trip, then this trip is determining for
modal choice. In a recent study of Currie and Delbosc [35], public transport
chains were generally found to be more complex than those undertaken by car,
explaining why car is usually favoured when making trip chains. An increasing
number of intermediate stops on the home-activity-home tour indeed increases
the likelihood of driving [28]. O’Fallon et al. [21] report that car use is increased
because of multiple destinations when having to drop off children.

The trip timing, with regard to the departure time, is interconnected with
modal choice. Public transport is less attractive during off-peak due to lower
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service levels whereas car is more attractive during off-peak due to lower traffic
congestion [28].

4.4 Psychological determinants

Different psychological, subjective factors influence modal choice, and its
objective determinants in a certain way. In this review, three factors will be
explained: habits, experiences and perceptions.

Strong habit travellers use less compensatory choice rules than weak habit
participants [36]; their travel decision is only based on a fraction of the
information available. Switching to other travel modes requires learning new
routines.

The way in which users have experienced a certain travel mode will help
them appreciating a particular travel means and will play a decisive role in their
modal choice. A positive or negative experience in the past will determine the
modal choice process in the present. Also, network experiences can influence
modal choice. The higher the user’s network experience, based on the length of
time the user has used the main route to go to work, the higher the probability of
using a private transport mode to go to work [32].

The perception of individuals with respect to the different means of travel is
of importance in the modal choice decision. Van Acker ef al. [31] mention that
preferences are based on attitudes and perceptions, according to Goodwin et al.
[24] quality perception is determined by the person’s own history. Besides the
perception of the different travel modes, time and price can both be perceived
differently for alternative transport modes.

5 Discussion

We have seen that many different determinants play their role in influencing the
modal choice decision process. In a more classical view, the focus lies more on
rational and economical factors while in some cases objective spatial
components and sometimes subjective factors stemming from psychology are
taken into account.

The car is without doubt the dominant travel mode for all travel motives over
the last decades. Nevertheless, for commuting to work a large share of people
use public transport and for this travel need the share is considerably higher than
for the other travel motives. Next to car ownership and the travel motive, many
other determinants each have their specific influence on the modal choice and are
sometimes mutually affecting each other. Employment, for instance, has a
certain influence on modal choice often being influenced by the mobility policy
pursued by the company.

Out of the spatial determinants, it can be seen that many factors influence the
modal choice decision process. All these factors are in a way interrelated to each
other where an emphasis can be put on the density factor whose importance
cannot be ignored: higher density leads mostly to a better proximity of
infrastructure, an increase in the frequency of public transport and to a lowering
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of car parking spaces. Understanding these factors in the overall discussion with
regard to choosing transportation modes is of great importance. As found in
literature, higher urban densities at the workplace have a consistent positive
effect on the likelihood of choosing public transport and walk modes. In that
way, higher frequencies raise the relative efficiency of public transport to other
transport modes and by that the share of public transport [15].

In general, people living in suburban or rural areas consider less alternative
travel modes and make more use of car. Also, the supply of public transport can
be measured by taking into account the distance to public transport (nodes) for
the surrounding area and the population residing in these areas. Thereby, a direct
insight on the use of public transport is created. Especially for trip chains,
proximity or availability to infrastructure is determining for the modal choice.
Out of literature research, if no or insufficient public transport is present for at
least one trip in a longer chain, trips will generally be made by car instead of
using public transport [33]. Besides density, proximity to infrastructure,
frequency of public transport, etc., also parking facilities and interchange have
their impact on the modal choice. Brown et al. [25] conclude that lowering the
parking lots will raise the use of public transport in comparison to car use. As we
know out of literature, a general resistance among people to interchange exists.

However, one can have an impact on influencing public transport through a
better understanding of the spatial factors, it needs to be nuanced that besides
these factors also more complex determinants influence modal choice: e.g.
psychological factors or complex ‘ambiguous’ factors like the price of transport,
income, household size, etc. Focussing on the price of public transport, several
studies about improving public transport indicate that only a limited share of car
drivers would want public transport to be made less expensive in order to use it
[22]. Rietveld [37] warns for substantial substitution possibilities between public
transport on one hand and biking and walking on the other hand. A decrease in
public transport-fares will lead to a reduction in the use of non-motorized
transport modes such as walking and biking. Thus, although regulations could
interfere with car pricing policies, the desired result will not necessarily ‘take
control’. Also for car availability, it might be hard to control this because the
interests are of paramount importance for too many people. Though, changing
policies (which is currently being tested/done in some cities) through car pricing
etc. can be a viable way of creating more control of congestion.

6 Conclusions and recommendations

A first conclusion drawn from this paper is that modal choice is a very complex
decision process. In many cases, a unimodal approach is being used only
considering the main transport mode used during a journey hereby neglecting
other transport modes like access and exit modes, typically walking and cycling.
This approach neglects the occurrence of trip chains and intermodality, which
have grown to be more important in our daily mobility as people strive for more
efficient ways to join their activities throughout the day. In addition, modal
choice is often represented as a competition between several modes to make a
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journey in an efficient (in terms of time and costs) and sustainable way. Due to
the complex nature of the research topic an often too narrow approach of modal
choice is commonly used in travel behaviour.

Other issues concern the way modal choice is defined and which determinants
are taken into account to study it. Based on the findings of this review, it can be
concluded that there is no uniform definition, nor approach to study the concept
of modal choice. The approach used mainly depends on the research perspective.
Following a multi-disciplinary perspective, we propose a common definition of
modal choice where modal choice is defined as the decision process to choose
between different transport alternatives, which is determined by a combination of
individual socio-demographic factors and spatial characteristics, and influenced
by psychological factors.

It was also found that modal choice is influenced by a wide range of
determinants, both objective and subjective ones, being interrelated to a larger or
smaller extent and that modal choice can take place consciously or
unconsciously. In order to contribute to an improved knowledge on the different
modal choice determinants, a multi-disciplinary concept was suggested dealing
with all influencing factors. It is vital to stress the importance of taking the
subjective component into account when studying modal choice.

The improved insight in the influencing factors of the presented concept can
assist policy makers towards creating more sustainable transport systems. In this
way, policy measures that are better adjusted to the current mobility trends could
be taken in order to create a modal shift towards more sustainable transport.
Further research on these specific influenceable determinants can improve the
knowledge on modal choice.
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