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“Chimpanzees, gorillas, orangutans have been living for hundreds of
thousands of years in their forest, living fantastic lives, never overpopulating,
never destroying the forest. I would say that they have been in a way more
successful than us as far as being in harmony with the environment”

Jane Goodall






Abstract

Advanced Traveller Information Systems (ATIS) have been developed to
encourage citizens to make better choices by making their travel more efficient
and reliable. Another goal is to make mobility more sustainable. More precisely,
the deployment of ATIS, especially multimodal real-time information systems,
aims to induce a modal shift from the car to public transports (PT) or soft modes.

This Ph.D. thesis assesses the impact on travel behaviour of an ATIS,
TUeTO, developed for the city of Torino within the European project Opticities.
To reach this objective, a mixed method analysis has been adopted, allowing the
use of both quantitative and qualitative data gathered before and after the test of
TUeTO.

Psychosocial constructs were defined to segment the market, together with
socioeconomic and travel characteristics, to understand which variables can
induce a change of travel habits towards sustainable mobility. To this end, an
exploratory factor analysis (EFA) was conducted on two questionnaires (one
designed for the ex-ante phase of the Opticities project and the second designed
ad hoc within the thesis work) to find psychosocial constructs related to the
sample of 76 participants out of the 150 recruited within the project. A cluster
analysis was subsequently performed to define different categories of people
according to their willingness to use real-time multimodal information system to
change travel behaviour. In addition, the use of qualitative data gathered through
focus group discussions before and after the test of the app made possible to
complete statistical analysis and investigate the cognitive mechanisms related to
the use of ATIS. The textual analysis was made to verify the coherence of the
clusters and gain insight regarding the issues related to the use of ATIS.

The innovative methodology of this thesis using both qualitative and
quantitative data had for aim to validate, determine, and characterize the clusters
created thanks to the cluster analysis method. The quantitative data from the



cluster analysis defined reliable categories of people willing to use ATIS to
change travel behaviour after the test period, while the use of qualitative data was
successful in deepening the understandings of the issue, although it did not
validate all clusters created so far.

Segmentation better characterized the attitudes of people towards the use of
ATIS. In contrast to the literature, the statistical analysis showed that people who
had the intention to use TUeTO before the test, were not willing to change their
travel behaviour after. On the other hand, although it was expected that people
willing to use an ATIS would be mainly car users, the analysis pointed out that
public transport users were more interested in using the information. However, the
shift of mode from the car to more sustainable alternatives might be limited since
a small amount of people willing to change travel behaviour for the most frequent
trip use a car.

Content analysis opened a new perspective regarding the deployment of ATIS
as a policy to change travel behaviours. While some participants pointed out the
need to improve the reliability of TUeTO, others would have preferred an
improvement of the public transport infrastructure either along with or instead of
the deployment of the ATIS.
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Introduction

In 2008, European Commission (CE, 2008), following the directive
2010/40/UE (European Parliament and Council, 2010), has developed an action
plan to accelerate and deploy Intelligent Transport Systems (ITS). In a context
where road transport induces many disadvantages — road congestion,
environmental impacts, high oil consumption, road fatalities (Potoenik, 2008) —
and thus generate high costs for the society (Aichi, 2015), ITS are seen as one of
the solutions to solve transport issues (Abdel-Aty, 1996). ITS are a generic
expression used to describe the integrated application of information and
communication technology, processing information to make transport systems
more efficient (AIPCR, 2006).

Advanced Traveller Information Systems (ATIS) are a key component of ITS
and it is generally believed that ATIS are among the most cost-effective
investments that a transport authority can make (Kristof et al., 2005). ATIS aims
at supporting drivers and commuters to make better choices when starting a travel,
during a travel (e.g. to avoid congestion), or when making a route choice
(HongCheng et al., 2006). Furthermore, ATIS contribute to make people more
informed when travelling (Khattak et al., 1994) and they help to reduce travel
time, delays, fuel consumption and emissions by inducing a change of behaviour
(Adler and Blue, 1998).

Kenyon and Lyons (2003) argue that the provision of suitable information to
travellers would allow overcoming habits that affect decision making concerning
travel mode (Aarts and al, 1997). Habits are challenged by the information
provision that could change the cognitive foundation of intentions (Bamberg et
al., 2008); however, evidence showed that individuals with strong travel habits are
less likely to be affected by information about alternative transport modes than
individuals with weak habits (Verplanken et al., 1997; Aarts et al., 1997).

The aim of this research is understanding what psychosocial variables —
notably intentions, attitudes and expectations — influence the willingness to use
multimodal information systems to change travel behaviour. To this end, a sample
of people living in Torino (a city located in north-west of Italy) has been selected



to test a real-time multimodal information system, TUeTO, developed within the
European project Opticities. TUeTO provides real-time information about all the
transport modes (car-sharing, public transport, bike sharing, trains) as well as
traffic (congestion, accidents).

The thesis is articulated in four sections:

- state-of-the-art analysis;

- objective and methodology;
- results;

- discussion and conclusions.

The first section includes two chapters allowing giving, on one side, a
comprehensive overview about the psychosocial determinants of behavioural
change related to new technologies and, on the other side, an insight on the effects
of the Advance Traveller Information Systems (ATIS) on travel behaviour.

The first chapter aims at presenting the state-of-the-art literature about the
different characteristics of ATIS. The benefits induced by the deployment of
ATIS and the factors influencing their success are investigated. Then, the effects
of such technology on travel behaviour are analysed. The first section is devoted
to the change of travel behaviour — mode or route — induced by ATIS use. The
second section questions the need of developing complex and expensive ATIS in
order to improve their effects on travel behaviour.

The second chapter focuses — within the context of social psychology — on the
understanding of the cognitive mechanisms both behind the behavioural change
induced by information systems and related to the acceptance of technology. For
this reason, the psychosocial determinants of behaviour will be presented: firstly,
related to behavioural change - together with the role of the information -;
secondly, related to the use of technology.

The second section presents the objective and methodology of the thesis
work. After a short presentation of the context of the research and of its
objectives, the methodological steps are detailed, explaining how the research
work is framed within the larger context of the Opticities European project. The
survey design is presented including both the survey provided in the project and
an additional survey carried out within the thesis that has allowed to deepen some
psychosocial aspects of individuals participating to the survey. Data analysis is
finally presented, providing all the methods and models used to reach proposed
objectives.



The third section reports the results of the thesis, both quantitative and
qualitative, and is divided in four sub-sections. The first one presents a complete
description of the sample. The second one reports the latent constructs identified
through the Exploratory Factor Analysis (EFA) and the latent constructs created
thanks to the Rasch Model. The third sub-section presents the results of the two
clusters analyses applied to five latent constructs that have allowed to propose a
market segmentation. The description of the clusters profiles and of their socio-
economical characteristics, travel habits, attitudes and life styles are finally
presented.

The last sub-section compares the results obtained through the cluster analysis
with those coming from the textual analysis of the ex-ante and ex-post focus
groups’ discussions. More precisely, the analysis aims at verifying if the
population within each cluster is coherent with what has been expressed during
the discussions within the focus groups. Finally, the content analysis is used to
have a better insight in the results of the cluster analysis.

The last section of the thesis is focused to the discussion of the results,
comparing them with the current literature. Finally, a conclusion summarizes the
results of the thesis discussing the future research endeavours.



1. The deployment of ATIS, a
public policy to change travel
behaviour

Until the end of the nineties, the main purpose of deploying ATIS was to
assist travellers in planning and taking decisions concerning mode, departure time
and route choice (considering congestion) to improve the convenience and
efficiency of their travel. The increasing environmental impacts of transport
systems have addressed the efforts to encourage the modal shift towards a more
sustainable mobility.

The impact of ATIS depends on the benefits they generate to travellers that
are difficult to detect due to variety of systems: from the mono-modal information
systems to more complex multimodal real-time information system. While mono-
modal traffic information systems aim at assisting car drivers in changing their
routes, mono-modal PT information systems aim at providing information to PT
users but also to attract non-PT users, notably car users. Finally, multimodal
information systems are mainly deployed to change travel behaviour and to
induce a more sustainable mobility.

This chapter reviews studies conducted to determine if and how the travellers’
choices are affected by Advanced Traveller Information Systems (ATIS).

1.1 The benefits induced by the deployment of ATIS

The use of ATIS is intimately related to the benefits they generate to travellers
as, for example, facilitating users’ trips. This section aims at listing such benefits.

1.1.1 The benefits generated by traffic information systems

According to studies investigating benefits induced by ATIS, traffic
information systems allow decreasing travel time uncertainty, saving time,
reducing frustration and avoiding traffic congestion.



While Clemons et al. (1999) showed in a study conducted on users of a real-
time traffic information systems that 99% of the users benefit of the information
by avoiding traffic, saving time, reducing frustration and arriving on time, Abdel-
Aty (1997) showed that traffic information had the potential to reduce travel time
uncertainty. Levinson (2003) showed that real-time traffic information increase
the reliability of the trip by reducing variance in travel time and that the biggest
time saving happens in case of non-recurring congestion (i.e. unanticipated
accidents).

Some studies have suggested that benefits generated by the use of traffic
information increase with the complexity of the technology. Toledo and
Beinhacker (2006) showed that the maximum benefits that drivers could get, in
terms of travel time saving and travel time variability, occurs with on-route real-
time information systems. Abdalla and Abdel-Aty (2006) showed that travel time
decreases significantly (44.7%) as the information becomes more complete (from
“no information” to “pre-trip + on-route information with advice”).

From the point of view of traffic flow management, Gan et al. (2006) showed
that the implementation of Variable Message Signs (VMS), giving traffic
information on an expressway of Shanghai (China), allowed to decrease of 20%
the congestion duration and to increase of 20% vehicles’ speed.

1.1.2 The benefits generated by public transport information
systems

In 2003, Schweiger highlighted the potential of ATIS in reducing the
perceived waiting time at bus stop and in encouraging the use of public transport
(PT) increasing the number of ridership'. In addition, results highlighted that
potential users consider that ATIS will increase their overall satisfaction of the PT
as well as improve the service.

After the publication of Schweiger (2003) analysis, other studies confirmed
the potential of ATIS in reducing waiting time. Dziekan and Vermeulen (2006)
showed that perceived waiting time is reduced by 20% when people consider
dynamic at-stop real-time information displays; Watkins et al. (2011) raised that

! This last point will be investigated and discussed in the sub-section 2.3.2 The deployment of
ATIS to change travel habits



people not using real-time information perceived a greater waiting time than those
using real-time information.

On the other side, articles examine the influence of the deployment of ATIS
on emotions of PT users’. Thus, after the deployment of OneBusAway — real-time
information system at-stop — in the city of Tampa (Florida, USA), Brakewood et
al. (2014) observed that the system helped to reduce the anxiety and frustration of
users while waiting. Results of two waves of surveys on the effect of a real-time
information system — accessible via internet and phones — about bus arrival
showed that the system was useful in increasing the feeling of security of PT users
at night-time (Zhang et al., 2008). Finally, Ferris et al. (2010), in addition to
demonstrate that bus arrival real-time information increased the feeling of safety
of 21%, explained that such feeling comes from the possibility to spend less time
at bus-stop.

Finally, a laboratory experiment simulating a corridor of the Massachusetts
Bay Transportation Authority (MBTA) in Boston, showed that the deployment of
public transport information system would not provide significant benefits
(Hickman and Wilson, 1995). According to the results, potential time saving for a
trip time of 34-35 minutes would be about 3% and the travel time variability
would almost not change.

1.1.3 The benefits generated by multimodal information systems

Few studies have investigated the benefits generated by the deployment of
multimodal information systems.

Zografos et al. (2012), in a study on the assessment of WISETRIP — an
international multimodal journey planner providing information on possible
itineraries for specific segments of the trip — showed that the prerequisite to use
the service is time saving. Moreover, while only 67% of people under 34 thinks
that WISETRIP would allow them to save time, they were 81.9% of people
having between 35-54 and 92.1% of the 55 years old and more to stated that the
service would help them. The users of Travinfo — a multimodal information
system — generally used the service to save time, to avoid congestion, to find the
best route and to reduce the stress (Ygnace et al., 2000). Finally, Gétzenbrucker
and Kohl (2012) found out that the provision of multimodal information reduces
the uncertainty and the stress related to the travel.



1.2 Factors influencing the success of ATIS deployment

The success of deploying ATIS is intimately related to factors that will affect
their use or the change of behaviour. This section aims at listing such benefits.

1.2.1 ATIS awareness

While ATIS aim at assisting people during their travel providing travel route
and mode alternatives, their diffusion can be hampered by the lack of awareness
of their existence that is the main barrier to their use (Peirce and Lappin, 2005).

The most common solution proposed to diffuse the use of ATIS among
population is advertising them (Peirce and Lappin, 2002; Alexandri et al. 2015).
Two studies assessing the effects of real-time information in the cities of Chicago
and New York confirmed the above solution showing that PT use increased more
for the city that advertised the system than for the one who did not (Tang and
Thakuriah, 2012; Brakewood et al., 2015). However, the use of ATIS may not be
always affected by advertisement as proved by the increase usage of
OneBusAway in Seattle-area where minimal advertisement and no official
backing from regional transit agency had been made (Ferris et al., 2010).

Although people are unfamiliar with ATIS technologies (Peirce and Lappin,
2005), some studies have demonstrated that people already use ATIS. Thus, in
1993, Abdel-Aty observed that morning drivers of Los-Angeles area were
listening pre-trip traffic information (36.5%) and also on-route traffic information
(51.2%). Later, Tsirimpa and Polydoroulo (2010) showed that a strong majority of
people (87.4%) use information provided by traditional information systems (TV,
phone, radio). While Farag and Lyons (2008) noticed that people have a preferred
source of information they use for their trips and that they in general never make a
trip by PT without acceding to information.

Finally, other studies evaluated the need of real-time information at public
transport stations. The report on InfoPolis2 (1998), a pilot survey conducted in the
city of London (UK), showed that 70% of PT users looked at displays when
arriving at stops, while 79% of the tramline users of the city of The Hague
(Netherlands) look at them when arriving at their station (Dziekan and
Vermeulen, 2006). Another study, related to the subway stations of Stockholm
(Sweden), showed that people react to the information by accelerating their walk
to take the metro (Dziekan and Kottenhoff, 2007).



1.2.2 Quality of the ATIS

The success or failure of ATIS in assisting people in their choices strongly
depends on the accuracy of the information provided as well as on the quality of
the advice delivered to travellers (Abdel-Aty, 2002). Thus, higher is the accuracy
of the information, higher will be the compliance with travel solutions (Bonsall
and Joint, 1991). In other words, the provision of bad information encourages
ATIS users to not trust information and to ignore the proposed alternatives.

In line with Bonsall and Joint (1991), Schweiger (2003) showed that the lack
of reliability of real-time bus arrival information may divert people from the use
of public transport, while other studies (Mahmassani and Liu, 1999; Chen et al.,
1999) pointed out that reliable services are more capable to influence drivers’
travel behaviour.

As shown by TravInfo users, the perceived reliability of the information may
be affected by the travel habits of the user. Thus, while car users perceived traffic
information as more reliable and accurate, PT users considered transit information
as less efficient. However, and in contradiction with Abdel-Aty (2002) and
Bonsall and Joint (1991), the unreliability of the system did not affect ATIS use
since the travellers were current users of the service.

1.2.3 Attributes of the information that may influence travel
behaviour

The enhancement of ATIS with new information is generally investigated
with the purpose to improve the service experience of current users and to attract
new users. The aim is to increase the impact of these services on travel behaviour.

Concerning mono-modal traffic information, Mehndiritta et al. (2000) found
out that drivers using TravIinfo would prefer automatic update of the information
while driving and a larger geographic coverage of the service; instead, a minority
would prefer a customized ATIS (personalized route reports and automatic
personal alerts).

While the information is one of the most desired attributes of PT users in
order to improve the public transport systems, it is important to investigate what
are the most desired information. Molin and Timmermans (2006) showed that
real-time information is the most desired attribute, followed by the possibility to



better plan the trip (i.e. to search the cheapest route or to minimise transfer time)
and to localise places where tickets are sold. Harmony and Gayah (2017) showed
that PT users want to know the position of the vehicle, while seating availability,
emergency information (e.g. evacuation due to fire), numbers of carriages on next
train or type of next bus (e.g. regular or articulated) were considered less
important.

About multimodal real-time information systems, Grotenhuis et al. (2007)
showed that wayside information is more desired when people want to take the
right vehicle during the travel and on-board users want information about arrival
at interchanges in order to catch connected modes. Gotzenbrucker and Kohl
(2012) highlighted that testers of AnachB.at valued more the comparison of
alternative routes.

On the other side, some studies have investigated the impacts of specific
attributes on people behaviour. A study on the effects of safety information on car
drivers of the city of Athens showed that drivers were more influenced by
information on the safety level of the alternative route than by classical
information such as travel time or travel length (Yannis et al., 2008). Wardman et
al. (1997) found out that messages provided by VMS (Variable message signs)
giving traffic delay information about road accidents affect more behaviours than
those about roadworks.

Caufield et al. (2009) showed that PT users would get benefits from the
deployment of real-time bus stop information, while benefits were smaller for
train users. Some studies analysing multimodal information systems try to
understand which attributes may help people to consider alternative modes.
According to Gan (2014), factors encouraging use of multimodal information
system are the traffic congestion and the level of comfort of trains, while travel
costs affect travel mode choice. Memon et al. (2017) showed that intermodal
information, travel time and the cost saved by using PT induce a modal shift from
car to other travel modes. Finally, Brazil and Caufield (2013) highlighted that
information about CO» emissions had the potential to divert car drivers to PT if
the level of emission associated to the use of PT was low; although Tertoolen et
al. (1998) showed that general information about the negative environmental
effects of the car increase public awareness but is not sufficient to change
behaviour.
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1.2.4 Profile definition of those willing to change behaviour or use
ATIS

In order to understand to whom addressing ATIS, some articles are focused to
the definition of users’ profile. In general, profiling users according to their
attitudes towards a service allows defining efficient market strategies and tailoring
such service to the market segments most willing to use it. Mehndiratta et al.
presented in 2000 a market segmentation carried out on a sample of travellers
using the service TravInfo? in the Bay Area of San Francisco (USA). The authors
observed that 14% of the sample were the most frequent users of the device, white
the majority used it at least once a week:

- the “regular, stable users” (51%) used the service at least once a week.
Although they felt comfortable with technologies, they used cellular phones
less than the rest of the sample;

- the “occasional users” (16%) did not use frequently the device; they were
mainly women, not comfortable with technologies and less educated. They did
not have a strong interest for traffic information and would be more willing to
use the ATIS if it was improved with other services such as route guidance;

- the “heavy users” (14%) were the strongest users of TravInfo. They were
worried of arriving late at work, well organized and willing to pay to use the
information,;

- the “technologically trendy, regular users” (10%) were all men, they spent
money for car and were technologically friendly users.

Other researchers have described the drivers using ATIS according to their
socioeconomic characteristics, but they did not propose a detailed market
segmentation as that proposed by Mehndiratta et al. (2000). Adler and McNally
(1994) showed how the familiarity with the network influenced the preference for
traffic information. In accordance with these results, Bonsall and Joint (1995) find
out that drivers making occasional (more unfamiliar) trips were more willing to
use information systems, as well as less experienced and less confident drivers.
The same year, Abdel-Aty (1995) showed that listening traffic information is

2 This study was concentrated only on traffic information users while Travinfo propose
advanced traveler information system providing real-time updates on freeway traffic conditions,
’static’ information on public transit and ridesharing, as well as information on other transportation
options, such as bicycle routes and airport transportation services.
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correlated with the perceived traffic conditions and that people facing daily
congestions were more likely to look traffic reports up before starting a trip.

Regarding the change of route, Dia (2002) showed that young drivers having
a flexible schedule are more willing to take alternative routes after looking real-
time traffic information up related to expected length of delay. On the other side,
Kattan et al. (2013) showed that drivers having more than 3 years of driving
experience, employed, travelling during morning peaks, having shopping or
recreational trips are more willing to change of route. Yi et al. (2010) showed that
potential users of pre-trip traffic information are males 30-50 years old,
commuting by motorized modes and having a middle or high-income level.

About profiles of users of multimodal information systems, Hope and King
(2006) showed that potential users of Traveline Scotland are mainly women, 25-
44-years-old, employed, with an average income of £36 400 per year and living in
urban areas. According to Memon et al. (2017), socioeconomic characteristics
influencing mode choice decision are the gender, the age, the educational level
and the income level. Furthermore, they found that middle-age male drivers,
having a lower level of income, show a higher propensity to change travel
behaviour. According to Pronello et al. (2017), users of Optymod’Lyon - a real-
time multimodal planner — were middle-aged with high educational level, familiar
with technological tools and owned a car.

Finally, according to a group of experts interviewed about the multimodal
planner AnachB.at, people willing to change travel behaviour were mainly highly
educated and working women between 21 and 40 years old. Moreover, those
people would be “open-minded, sociable and flexible showing a “high level of
[an] ecological sense of responsibility” (Gotzenbrucker and Kohl, 2012).

1.3 The effectiveness of ATIS to change travel behaviour

The provision of information through ATIS aims at affecting the travel
behaviours in order to assist people during their trips, but also at changing their
travel habits. More precisely, articles can be classified in two different topics: the
articles assessing the change of route and the articles assessing the modal change.

In order to assess the effects of ATIS, studies generally refer to hypothetical
systems and people opinions are investigated through SP surveys. However, some
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studies have also used surveys to investigate such issue estimating ridership
increase after the implementation of ATIS.

This section aims at presenting the impact of ATIS on both modal shift and
route choice.

Literature focusing on route switching thanks to the use of mono-modal traffic
information systems shows promising results. In a laboratory experiment,
Mahmassani and Liu (1999) showed that real-time traffic information increases
the frequency of route switching before and during the trip. Alexandri et al.
(2015) suggested that real-time information systems had the potential to change
travel behaviour, since77% of the respondents of their survey revealed they would
change route if they had access to such information. A study on the effectiveness
on travel behaviour of images related to traffic information (Koo and Asitha,
2016) showed that drivers would consider changing their travel plan only in case
of medium congestion. However, instead of changing route as a first response to
the information, they would firstly consider another departure time. If traffic
continues to increase, they would then take an alternative route or cancel the trip.

The results of studies assessing the effects of PT information systems mainly
deal with real-time arrival at stops and are less promising in terms of effect on
travel behaviour. While users of OneBusAway, in the Seattle-area, more
frequently used PT, notably for non-commuting trips (Ferris et al., 2010), the
mobility of users of the same service in the city of Tampa were not affected by its
use (Brakewood et al., 2014). Zhang et al. (2008) explain that if transit ridership
did not increase after the implementation of ATIS, it was mainly due to a
methodological bias.

A survey conducted on citizens of the Seattle area showed that 60% of the
12% looking information up during the trip did not change behaviour at all using
ATIS and only 1% changed mode (Peirce and Lappin, 2002). However, 13% of
the sample reported changes of departure time, the reasons being avoiding
congestion (11%) and taking a new route (9%).

Abdel-Aty et al. (1996) tried to understand if PT information was able to
obtain a modal diversion from car to PT and found that about 38% of non-transit
users would consider PT if the appropriate transit information was available
(transit route map and waiting time for the most important lines). However, such
potential may be limited by some factors. Chorus et al. (2006) pointed out that
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even if car-drivers consider PT as a potential alternative, the acquisition of
information is limited when the information is perceived as unreliable, irrelevant
and when people prefer to use the car instead of other transport modes. In
addition, such limitation may occur when the information is strongly favourable to
transit option.

Another survey conducted on PT users in the city of Thessaloniki, after the
implementation of an advanced bus real-time information system at bus-stop,
showed that 19.7% of the sample increased their PT use (Politis et al., 2010).

Tang and Thakuriah (2012) assessed the effects of PT real-time information
(such as current position and expected arrival time of buses at the stop)
implemented in the city of Chicago (USA). Researchers used data related to an
average weekday (calculated during a month) and considered external factors
(such as gas prices, weather conditions, unemployment rates, population and other
socioeconomic characteristics) in the whole area of Chicago Transit Authority.
Results showed that the information provided by Bus Tracker allowed to increase
bus ridership of about 126 people. To justify the small effect of the information on
people, researchers pointed out three principle reasons that may have limited the
increase of bus ridership:

- people may not be aware of the deployment of the system, especially

those who do not typically use PT;

- since the information is only available to people owning a computer or
handling devices with internet access, those not having access to such
devices may not use Bus Tracker;

- the model used to assess the effects of Bus Tracker may not have captured
all the factors allowing to understand the limited increase of bus use.

A similar study has been undertaken in the city of New-York (USA) to assess
the effects of real-time information provided through web-enabled and mobile
devices on public transit ridership (Brakewood et al., 2015). In contrast with the
city of Chicago, the deployment of the technology in the city of New-York was
favoured by the fact that: (1) real-time information was already deployed on
multiple interfaces; (2) PT users had a higher level of technology adaptation; and
(3) a marketing campaign was done in order to increase the awareness of the real-
time information. Results showed that real-time information caused a significant
increase (340 trips per weekday corresponding to a median increase of 2.3% per
weekday) on the largest route of the city, due to its higher service quality, and a
smaller increase on smaller routes (118 trips per weekday corresponding to a
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median increase of 1.7% per weekday). Those results are consistent with those of
the study conducted by Maclean and Dailey (2002) who showed that transit
information was more used for the lines where the frequency of buses was higher.

About the effects of multimodal information systems, the results of the
experiment conducted on users of AnachB.at (Gotzenbrucker and Kohl, 2012)
showed satisfactory results. In fact, the number of car trips decreased during the
test (from 56% to 38% after) as well as on the medium term (6 weeks after the
end of the test). In line with those results, Hope and King (2006) showed that
people using Traveline Scotland were more willing to have a multimodal
behaviour than those not using the information. Moreover, results showed that
public transport use increased after using the service, while car use decreased.

However, results of other studies differ from those described above. Results
of the study investigating Transbasel — a multimodal information system
providing travel times for car, bike, and PT in the tri-national agglomeration of
Basel (France, Switzerland and Germany) — showed that the change of travel
behaviour may be limited. Thus, about 4% of participants explained they changed
transport mode for their most frequent trip after using the information service,
while 83% answered they did not change at all (Rapp, 2003). A study on a co-
modal travel planner, developed for the city of Stockholm, showed that only 9%
of the sample testing the system used more frequently the PT after its test and that
only one of them used less often the car (Skoglund and Karlsson, 2012). Finally,
results of the study on Optymod’Lyon — a real-time multimodal information
system — showed that despite a positive attitude before the test of the app, people
were more willing to use the information to plan occasional trips instead of using
it on a daily basis (Pronello et al., 2017). Moreover, results highlighted that the
only use of the app is not sufficient to change travel habits because people should
have the intention to shift mode and not have strong habits.

1.4 Towards the deployment of complex systems

According to the literature, the advances in information and communication
technology should allow the development and implementation of a next-
generation of ATIS. Such ATIS would make public transport more attractive,
delivering personalized, dynamic, multimodal travel information, unknown to the
travellers, such as real-time messages in case of unexpected disturbances on the
transport system (Kenyon & Lyons, 2003; Chorus et al., 2006a; Chorus and al,
2007a).
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Kenyon and Lyons (2003) argued that the provision of suitable traveller
information systems would give the opportunity to overcome habits that affects
the elaborateness of decision making regarding the use of transport mode (Aarts et
al., 1997). According to them (Kenyon and Lyons, 2003), such system would
provide integrated multimodal traveller information (IMTI) about more transport
modes interacting together (Kenyon and Lyons, 2003). In addition to inform
people about different alternatives, those systems would propose multimodal
travel and would minimize cognitive efforts by providing dynamic information
(i.e. automatic update of the information). As we will see in detail in the section
devoted to the social psychology and behavioural theories, habits would be
challenged by the information provided by changing the cognitive foundation of
intentions (Bamberg et al., 2008).

However, some article demonstrated that individuals with strong travel habits
are less likely to be affected by the information proposing alternative modes
compared to individuals with weak habits (Verplanken et al., 1997; Aarts et al.,
1997; Tang and Thakuriah, 2012, Pronello et al., 2017).

On the other side, other factors may affect the potential change of behaviour

and should be investigated:

- despite the efforts made to improve ATIS in order to influence travel
behaviour, nothing proves that people will adopt complex technologies
instead of more traditional ones. As demonstrated by the results of the
ninth wave of Puget Sound survey conducted in Seattle area (Peirce and
Lappin, 2002), people could prefer to use less complex but familiar
technologies (i.e. to listen to traffic reports on radio and TV in the case of
the Puget Sound survey);

- people may not want to use information systems to change their travel
habits. Thus, the study on a co-modal travel planner developed for the city
of Stockholm showed that, despite people trust the information provided,
the perceived value of the service decreased over time (Skoglund and
Karlsson, 2012). Thus, results showed that only 40% of the sample used
more than one time the device, and only 9% of them used more frequently
the PT and only one respondent expressed to use less often the car after
the period of test.
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2. The mechanisms of the
change of behaviour

Whereas cities worldwide try to develop a sustainable mobility by decreasing
car use through several public policies, one of those policies is the use of ATIS to
change users’ travel behaviour. As explained above, the ongoing development and
improvement of such devices should allow a behavioural change thanks to the
provision of reliable information provided by complex technologies (such as
multimodal real-time information systems).

As shown in the previous chapter, since the nineties, many articles dealing
with ATIS have been written on various issues: from the benefits obtained by
using such services to the factors affecting their use, without forgetting the change
of behaviour. However, despite the efforts carried out to create efficient systems,
the results are disappointing and ATIS are not effective yet to change habits. If
individuals use ATIS, there is no evidence that they will effectively change
behaviour by using them. Finally, when the route or modal shift are evaluated, the
effective change of behaviour is mainly assessed, while the mechanism affecting
the choice are not.

Social-psychology try to understand and explain the mechanisms of the
change of behaviour. In the last decades, social psychologists carried out a large
amount of research to understand modal choice (Gaborieau, 2016) while little
research have been undertaken regarding ATIS use as well as travel change by
using ATIS. Thus, although Kenyon and Lyons (2003) introduced some
psychosocial constructs, the first article explaining the use of ATIS by
highlighting psychosocial constructs has been proposed by Pronello et al. in 2017.

Among socio-cognitive theories predicting and explaining behaviour, the
most famous one is the Theory of Planned Behaviour (Ajzen, 1991). According to
this theory, behaviour is reasoned since it is the consequence of the intention to
perform it. The theory was designed to explain the influence of information on
behaviour (Conner and Armitage, 1998). When giving a new information, the
model predicts that the cognitive foundation of intention and behaviour would be
changed, also if the behaviour is habitual (Bamberg et al., 2003a; Bamberg et al.,
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2003b). Thus, some researchers explained that information cannot so easily
change behaviour, since habits are the main barriers to the modal change: when
the habit is too strong, a new information will not be considered (Aarts et al.,
1997).

On the other side, theories inspired by the TRA and TPB have been developed
to understand individual’s acceptance of using an information system. Although
not deepening the impact of ATIS on behaviour, those theories can provide
insight about the socio-psychological constructs affecting the ATIS use,
considered that the acceptance of using them is the first stage of the change of
behaviour.

This chapter aims at defining the socio-psychological determinants mentioned
above, starting from those related to behavioural change and following with those
related to the use of technology.

2.1 Psychosocial determinants of behavioural change

2.1.1 The choice as a reasoned behaviour

When the Theory of Reasoned Action (TRA) was developed, the aim of
Fishbein and Ajzen (1975) was to propose a theory allowing to explain, predict
and modify the behaviour of individuals. According to the TRA, the behaviour is
directly determined by the intention and, indirectly, via the intention, by the
attitudes and the subjective norms. Years later, the same authors (Ajzen and
Fishbein, 1988) modified this theory by adding a new construct determining the
intention — and/or directly the behaviour — the perceived behavioural control. The
new theory was called the Theory of Planned Behaviour (TPB).

Figure 1 presents both theories: inside the blue dotted lines there is the
original model composed of three factors directly (intention) and indirectly
(attitude towards the behaviour and subjective norms) influencing the behaviour.
The perceived behavioural control is the new factor influencing both directly and
indirectly the behaviour. According to those theories, social behaviours are guided
by different beliefs that influence the creation of psychological constructs that
lead to the formation of the intention: 1) behavioural beliefs that influence the
attitude towards the behaviour; 2) normative beliefs that precedes subjective
norms and 3) control beliefs that influence the perceived behavioural control.
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Both theories state that behaviours are volitional, since a behaviour always
implies a choice based on the deliberation (Ajzen and Fishbein, 1980). In other
words, during the decision-making process, an individual will consider all the
information available at his/her disposal to assess implications and consequences
of the behaviour. Thus, social behaviours are reasoned or planned since they are
consistent with the beliefs determining the attitudes, the subjective norms and the
perceived behavioural control (Ajzen, 2015). However, the term “reasoned”
should not be confused with the term “rational”, biased by objectives and rational
rules (Giger, 2008). In both theories, the volitional construct is the intention; the
intention is a motivational factor that directly influences the behaviour. As a
general rule, “the stronger a person’s intention, the more the person is expected
to try and hence the greater the likelihood that the behaviour will actually be
performed” (Ajzen et Madden, 1986).

Attitude toward the
behaviour

Behavioural beliefs

Normative beliefs Subjective norms

Perceived
behavioural control

Control beliefs

Figure 1 Relationship among the Theory of Reasoned action (Fishbein and Ajzen, 1975) and the
Theory of Planned Behaviour (Ajzen and Fishbein, 1988)

The concept of attitude, defined as “an individual’s positive or negative belief
about performing a specific behavior” (Ajzen, 1988), refers to objects (i.e. house),
actions, individuals, groups of individuals or institutions. Subjective norms are “a
function of beliefs that specific individuals approve or disapprove of performing
the behavior” (Ajzen,1988). In other words, subjective norms refer to the social
pressure towards the behaviour that an individual will perceive from the others
(from restricted group of people such as family or friends to a larger group of
people such as colleagues or unknown people).
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While the TRA suggests that a person's behaviour is totally volitional — that
people have the capacity and possibility to act a specific behaviour — it excludes
de facto behaviours that depend of non-motivational factors (Ajzen, 1991) and
limit the power of prediction of the model (Ajzen, 2012). More precisely, the
theory excludes internal and external factors that facilitate or hinder the
performance of a given behaviour, such as requisite resources (e.g., time, money,
skills or cooperation). In order to measure this degree of control over behaviour,
the TRA was expanded with a new variable, “the perceived behavioural control”
(Ajzen, 1991).

The perceived behavioural control refers to the extent to which an individual
perceived his/her ability to perform or not a behaviour (Ajzen, 1988). According
to the TPB, when an individual has a complete control on his/her behaviour, the
intention alone predicts the behaviour. On the other hand, the probability that the
PBC predicts directly the behaviour becomes higher (Doll and Ajzen, 1992). The
perceived behavioural control can affect the behaviour directly or indirectly.
When the influence is direct, the perceived behavioural control represents the real
control that someone has on his/her own behaviour, while when the link is indirect
the construct affects the intention.

According to Ajzen (1988), for accurate predictions of a given behaviour, the
measure of attitudes, intention and perceived behavioural control must be
compatible. Although the principle of compatibility firstly intended that the
behaviour should be able to be predicted from measures of attitudes towards those
behaviours, it has also been proved that intention and perceived behavioural
control must be assessed in relation to the specific behaviour (Ajzen, 1988; Ajzen,
1991).

Since its creation, the TPB has been applied in various research fields such as
health (weight loss), road safety, food consumption or absenteeism at work. A
number of studies have substantiated the predictive validity of the relation
intention-behaviour, when appropriately measured. A meta-analysis based on 87
separate studies showed significant results, since the average correlation of the
attitudes and subjective norms with the intention was equal to 0.66, while the
correlation was equal to 0.53 for the relation intention-behaviour (Sheppard et al.,
1988). Sheeran and Orbell (1998), showed a low average correlation between the
intention and the behaviour (r=0.44) and reported that intention accounts on
average for 28% of the behaviour variance. In a meta-analysis conducted on 185
studies up to the end of 1997, Armitage and Conner (2001) have demonstrated
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that the TPB explains 27% of the behaviour variance and 39% of the intention
variance, while the average correlation with intention was equal to 0.47. In an
article on the relation intention-behaviour, Sheeran (2002) showed that the
correlation between intention and behaviour was equal to 0.53.

Other studies have provided evidence regarding the prediction of the
intentions (Ajzen and Fishbein, 2005). Among the three constructs affecting the
intention, the attitudes generally correlate well with intention, while the subjective
norms and the perceived behavioural control have lower correlations. Moreover, it
has been found out that the improvement of the TRA with the perceived
behavioural control did not improve the prediction of the intention.

2.1.2 The habit as an obstacle to a new behaviour

Despite the success of reasoned action theories, some critics highlighted that
behaviours can also be unreasoned. The idea that behaviours are reasoned and
formed indirectly by beliefs is challenged by theorists who argue that behaviours
can also be automatic or habitual (Bamberg et al., 2003).

The first definition of the concept of habit in a psychological context has been
provided by James in 1890. According to him, the habit aims to “economize and
simplify behaviours” (James quoted by Scheffler, 2013), highlighting that
delegating action to the unconscious allows doing things that necessarily require
conscious possessing. In other words, drinking a tea, going at work or lighting a
cigarette would be more difficult if all these actions had to be deliberated every
time they are undertaken, leaving little energy to engage on other processes such
as writing a scientific article.

While habits had been ignored by social psychologists for decades, Triandis
proposed in 1977 a theory including the concept of habit: the Theory of
Interpersonal Behaviour. In this theory, Triandis defined the habit as an action
repeated many times in the past and become automatic in its realization (Godin,
1991). According to this definition, the habit is the result of the frequency of past
behaviour and it is defined as the habit strength. It is generally considered that
higher is the frequency of a behaviour, stronger is the habit strength towards this
behaviour and better the habit determines the future behaviour. According to this
definition, the consideration of the available information and the search of new
information would be altered by the habit each time a comparable situation that
calls for the same behaviour would be undertaken.
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The relation between habit strength and information process has been
theorized by Verplanken et al. (1997) (Figure 2). According to the authors, the
process of making a choice is activated by a need (goal activation) and can be
complex or minimal according to the strength of the habit. When the habit is
weak, two aspects mediate the choice: 1) the appreciation of situational cues and
2) the internal/external information search on choice option. The appreciation of
situational cues refers to characteristics that cannot be controlled (e.g. in the case
of a travel: time constraints, weather conditions), while the second,
internal/external information search on choice option, refers to the information
available or acquired during the process (e.g. in the case of a travel: speed or
comfort). Although this process supposes that people with a weak habit active
their cognitive choice process and will consider new information, the decision-
making process may also affect people with strong habit when a decision has
significant consequences on them. Thus, someone being used to take the car may
be motivated to consider PT alternative if a public policy constraints car use
during a pollution peak.

The application of this process to travel choices highlighted that a strong habit
constricts choice process and that people with strong habit elaborate less complex
strategies (Verplanken et al., 1997). Later, Verplanken et al. (1998) further
confirmed this model of distinction between a strong and a weak habit in a study
led on a sample of 200 habitants of a Dutch village.

Strong Habhit

. Internal / external
L Appreciation of . . .
Goal activation . B information search Choice
situational cues . .
on choice option

Weak Habit

Figure 2 Process model of making choices by weak and strong habit individuals (Verplanken et
al., 1997)

Following this definition of the habit, Verplanken and Aarts (1999)
proposed three characteristics allowing to better understand the concept of habit,
going beyond the short definition of habit as a repeated behaviour:

- firstly, habits share in general one or more of the features of the automaticity
presented below:
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o habits are intentional in the sense of being goal-directed: while one
decides intentionally to have a specific behaviour, the execution of the
behaviour is unintentional;

o although they seem difficult to stop, habits are also controllable. By
deliberation processing, people can consider themselves capable to
break habits;

o finally, habits are efficient since habitual behaviours require low
mental resources for an optimal result;

- secondly, a behaviour becomes habitual in stable contexts. That is to say that,
to develop habits, people must be confronted to similar situations. In line with
this characteristic, a meta-analysis conducted by Ouellette and Wood (1998)
showed that behaviours performed more frequently (on daily or weekly basis)
are more stable;

- thirdly, habits are functional in that sense that only rewarded behaviours
become intentionally habitual.

In line with the second characteristic presented above, researches have
demonstrated that habits may also be affected by the change of context.
According to Wood and Tam (2005), when circumstances of a habitual behaviour
are different, habits cannot be cued by recurring stimuli. As a consequence, the
performance of the behaviour should be disrupted.

While various studies have successfully included the habit strength as a
psychosocial construct of the TPB, Ajzen and Fishbein (2005) highlighted some
issues regarding this variable as part of the theory:

- explaining a present behaviour through the concept of habit does not allow to
understand why a person performed a behaviour for the first time;

- the frequency of past behaviour is not enough reliable to measure the habit
since a behaviour with a low frequency can indicate a strong habit. Thus, to
not wear a seatbelt can indicate a strong habitual behaviour (Mittal, 1998 by
Ajzen and Fishbein, 2005).

Finally, some studies have investigated the effects of the introduction of a
new information on travel behaviour. A study on the effects of the introduction of
a prepaid semester bus ticket on travel habits of the students of the University of
Giessen in Germany showed that habits may not be as strong as expected
(Bamberg et al., 2003a). The information diffused through student’s newspaper
and informational meetings allowed to break the scheme of habits by changing
behaviour, normative and control beliefs, and affecting intention and perception of
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behavioural control. Another study analysed the effects of an intervention
(combination of information and free PT ticket) in a changed decision context
(moving to a new residence) on people planning to move within the next 6 months
to Stuttgart (Germany); the research concluded that this incitation decreases the
effect of the habit on travel mode decision and influences attitude, subjective
norms and perceived behavioural control (Bamberg et al., 2003b).

In line with Verplanken et al. (2007), a study assessing the effectiveness of a
real-time multimodal travel information system in changing travel behaviour,
highlighted that the intention was a better predictor of future behaviour when
habits are not strong (Pronello et al., 2007). However, without the intention to
change behaviour, such service fails to create a modal shift.

2.2 Psychosocial determinants affecting the use of
technology

The previous section has introduced the mechanisms of the change of
behaviour comparing different psychosocial constructs. According to the TPB, an
individual considers the information formed by his/her beliefs in order to perform
a specific behaviour. According to this definition, a new information should
change the cognitive foundation of this specific behaviour and determine the
accomplishment of a new one. In this context, habitual behaviours should be
challenged and overcome by the information.

ATIS are parts of public policies aiming at affecting mobility of citizens by
creating a modal shift from the car to PT or soft modes. According to the TPB, the
new information provided by the ATIS should disrupt travel habits and allow the
long-awaited modal shift.

Although really useful in understanding the constructs affecting the
behaviour, the TPB does not give strong evidence regarding the object providing
the information: the ATIS. While studies on the change of travel behaviour
provide the information on one mode through traditional channels (newspaper,
meetings, etc.), the ATIS provide short information about various transport modes
through one technological device. On one side, the information is explained and
carefully provided while, on the other side, the information is quickly provided
and the use of the device requires a time of adaptation.
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The field of the acceptance of technology can provide keys of understanding
regarding the use or adoption of ATIS. Although strongly inspired by reasoned
theories, those models give an insight in the information system field.

This section aims at presenting models of reference and to emphasize the
most relevant determinants of the adoption of a new technological device. While
many models/theories have been proposed in order to understand user acceptance
(Surendran, 2012), theories presented below are the most relevant ones.

2.2.1 Technology acceptance in organizational contexts

The Technology Acceptance Model (TAM), proposed by Davis (1989), is the
most popular theory of prediction of the use and acceptance of information
systems and technology by individuals in organizational contexts. One of the
major objectives was to propose a model that would improve the understanding of
processes engaged in the adoption of a technology. The second objective was to
provide to designers and developers the necessary tool to the success of the
implementation of new technological systems.

The TAM is widely based on TRA since the use of the technology is
determined by the intention and, indirectly, by the attitudes. Likewise to TRA, the
inclusion of the intention in the model highlights that the behaviour is volitional.
Finally, subjective norms are not included in the model because they have a
negligible effect on behavioural intention (Davis et al., 1989).

The model, presented in Figure 3, states that the attitudes determine the
intention and are formed by beliefs specific to the information systems and
technological fields. The perceived usefulness is described as “the degree to which
a person believes that using a particular system would enhance his or her job
performance” and the perceived ease of use is defined as “the degree to which a
person believes that using a particular system would be free of effort” (Davis et
al., 1989). Perceived ease of use has a causal effect on perceived usefulness.
Finally, both beliefs are influenced by external factors such as personality traits,
system characteristics or demographics information.
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Figure 3 The Technology Acceptance Model (Davis, 1986)

However, although widely used in different fields, the low variance explained
by the model (40% of the total variance) (Legris et al., 2003), has led Venkatesh
and Davis (2000) to modify the theory by adding new constructs.

The new model (Figure 4) includes additional mediators of perceived
usefulness and usage intention constructs. New determinants are still inspired by
TRA since subjective norms have been integrated, but also by TPB with the
perceived behavioural control. In contradiction with Davis (1986), subjective
norms are part o