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ABSTRACT

The paper investigates the choice of the transport mode to access the city center of Trieste, Italy. We have
collected revealed and stated choice data and attitudinal data in order to investigate the mode of transport used
before and during the Covid-19 pandemic. We studied the main choice determinants jointly with respondents’
psychological attitudes using an integrated choice/latent variable modelling framework. The model incorporates
choice data, generalized cost variables, random parameters, and latent variables. The latter capture the concern
for the environment, both at global and local level, the attitudes towards physical exercise and the Covid-19-
related risks. The model is applied to assess the impact of extending the density of the cycling lanes on active
mobility. Our estimates indicate a potential increase in cycling which, however, would not translate into an
increase in active mobility, since the bike would substitute some trips currently made by foot. We also detect a
high substitutability between the bike and the bus, while the motorcycle and the car are much less affected. It is
confirmed that the Covid-19 pandemic altered significantly the transport mode choices, having a strong negative

impact on bus and shifting bus users towards private modes, both motorized and non-motorized.

1. Introduction

Cities are crucial for human development and agglomeration econ-
omies (Glaeser, 2011; Zheng et al., 2011). A proof of their importance is
their continuous growth in both developing and developed countries,
the two decades of the 21st century being not exception (Duranton &
Puga, 2014). Transportation costs have been acknowledged to be a
fundamental determinant of both the city size and its patterns of land
use (Alonso, 1964; Mills, 1967; Muth, 1969). Since the late 19th century,
a population shift from central urban areas into suburbs (suburbaniza-
tion) has been taking place due to the dramatic decline in transportation
costs, the advent of personal automobile after World War I and the
growth in housing finance that made single-family houses affordable for
a larger share of the population (Jackson et al., 1985). In parallel, his-
torical city centers have declined since they were perceived as having
obsolete housing and commercial structure. More recently, there has
been a slowdown of decentralizing forces to the benefit of city centers
both in the US (Acolin et al., 2016, pp. 2-10) and in Europe. In a service
oriented economy, city centers have become increasingly attractive to

* Corresponding author.

young adults, retirees and immigrants (Voith & Wachter, 2009). In
Europe, historical city centers are particularly relevant as a place of
identity, memory and belonging (Ertan & Egercioglu, 2016); due to the
still high number of commercial functions, offices, public buildings and
historical monuments, city centers represent the economic and social
core of a city. Consequently, many cities in Europe and around the world
have increased their efforts to revitalize their historical city centers
(Al-Hagla, 2007; Elnokaly, 2011; Ertan & Egercioglu, 2016). It is evident
that the quality of the environment in urban areas is of vital importance
and one of the main factors for their attractiveness. One of the key
factors hindering the attractiveness of city centers is motorized traffic,
with its associated poor air quality, unacceptable levels of noise, visual
intrusion and congestion. The challenge for city authorities is to develop
traffic management techniques and approaches that promote less
intrusive modes of transport, and many European cities have already
made huge progress as documented by a handbook published by the
European Union (European Commission, 2004).

The active modes' of transport such as walking and cycling could
help achieving the goal of revitalizing the historical city centers and
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1 There is a discussion in the literature about the definition of active mobility. Zhou et al. (2020) argue that it does not coincide with non-motorized transport since
it encompasses walking and cycling but also riding a personal mobility device such as scooter, rollerblade, skateboard and wheelchair.
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enhance their attractiveness. A high share of active modes within the
historical city centers has many potential benefits both at individual and
system level. At individual level, walking and cycling provide oppor-
tunities to exercise and keep healthy. It is documented that walking and
cycling reduce the risk of a variety of long-term conditions including
coronary heart disease, stroke, cancer, obesity and diabetes (Beaglehole
et al., 2011; Hamer & Chida, 2008). At system level, non-motorized
travel modes increase the overall sustainability, containing air and
noise emissions and traffic congestion. Since half of all journeys in urban
areas are less than 5 km long and a third are less than 3 km (European
Commission, 2004), walking and cycling may play a major role in
accessing locations within the city centers.

The paper investigates the choice of the mode of transport to access
the historical center of an Italian city. As a case study, we have selected
the city of Trieste, a medium-sized city located in the northeastern
border of Italy, where the authors of this study work and reside. In Italy
urban trips are performed 31.5% by foot, 7.1% by bike, 52.1% by private
motorized modes (car and motorcycles), and 9.3% by bus (ISFORT,
2018). Trieste has a much higher bus share (27%), a similar walking
share (31.2%) but a much lower cycling share (2%), mostly likely due to
the higher share of elderly population and to the hilly nature of some
parts of the city which makes it difficult to cycle with regular bikes.
Compared to previous years, the share of active mobility is rising, but
relative to some countries like the Netherlands and Denmark (Copen-
hagen’s bicycle share was 27% in the period 2011-13; Haustein et al.,
2020), much progress could be still made especially concerning bike use.

The recent Covid-19 pandemic is having serious repercussions on the
transport sector and mobility. Containment policies aimed at contrasting
the spread of the disease have locked most of the population at home,
causing significant repercussions on the demand and supply for services
with a stronger impact on passenger mobility. As a consequence, many
externalities normally associated with motorized transport modes, as
journey times, accidents, congestion and pollution radically decreased
(Aloi et al., 2020). Public transport systems have been the most nega-
tively affected. Public transit usage declined by 90% in Italy and France,
85% in Spain, 75% in the United Kingdom and 70% in Germany, with
some variability across cities (Falchetta & Noussan, 2020), due to both
the users’ fear of contagion and the recommendations of health au-
thorities to avoid using public transport. This might result either in an
increase in the motorized modes (car and motorcycles), thus causing an
increase of congestion and air pollution, or in an increase of active
mobility, depending on the available infrastructure and on the existing
regulatory and traffic policies. In fact, several Italian cities, such as
Rome and Milan, accelerated the construction of (temporary) bicycle
lanes and strengthened the supply of bike-sharing systems. So far, the
city of Trieste has kept unaltered the supply of cycling lanes, while the
bike-sharing system became available, coincidentally, just before the
beginning of the lockdown period.

Making use of the CAWI (Computer-Assisted Web Interviewing)
methodology, we have investigated the choice of the mode of transport
to reach the Trieste city center made by a sample of 315 respondents
before and during the Covid-19 pandemic. Since it is widely recognized
in the literature that mode choice depends on observable characteristics
of the transport modes and of the decision maker and on unobservable
characteristics (latent variables), we have adopted an integrated choice/
latent variable modelling framework (McFadden, 1986; Ben-Akiva et al.,
2002; Bolduc et al., 2005). The model incorporates revealed and stated
preference data, random parameters accounting for preference hetero-
geneity, and latent variables. We have considered 4 latent variables:
concern for the global environment, concern for the local environment,
attitude towards physical exercise and attitude towards
Covid-19-related risks. We have then applied the estimated model to
assess the impact of the increase in the number of cycling lanes on active
travel towards the city center of Trieste. The results indicate potentially
high increases in cycling but with non-negligible substitution effects for
walking and bus use.

Section 2 describes the related literature. Section 3 presents the
research context, thus the transport features of the Trieste case study and
the dynamic of the Covid-19 pandemic in Italy and, more specifically, in
Trieste. Section 4 describes the data collection methodology. Section 5
illustrates the modelling framework. Section 6 reports the results of the
factor analysis and the econometric estimates. Section 7 presents a
model application, while Section 8 discusses the results, compares them
with those presented in the literature, and draws some policy
implications.

2. Related literature

Several papers analyzed the role of cycling and walking in urban
transport. Koszowski et al. (2019, pp. 149-171) presented a review of
the determinants and impacts of active mobility and of policy measures
for supporting active mobility. They found that one of the main de-
terminants is the built environment, characterized by the density of
spatial structures, the diversity of land-use, and the scale of buildings.
Important factors are also the density and connectivity of transport
networks, the accessibility of the destinations, the design and the quality
of public spaces (e.g., width of sidewalks), road traffic and traffic safety
and the presence of traffic calming elements. Dense developments and
areas with high population density lead to more frequent personal
contacts and to a higher amount of commercial facilities and services in
the neighborhood. Consequently, distances are reduced, encouraging
active mobility (Fraser & Lock, 2011; Wang et al., 2016; Munoz et al.,
2016). Low residential density, on the contrary, discourages it (Heinen
et al., 2010; Fraser & Lock, 2011; Munoz et al., 2016; Wang et al., 2016;
Yang et al., 2019). Mix land-use contributes to the vitality of the public
spaces and to a pedestrian- and cycling-friendly environment. Buildings
with appropriate proportions within the public space, as well as with
historical elements, local attractions and outdoor activities also support
active mobility (Ball et al., 2001; Carnegie et al., 2002; Borst et al., 2009;
Van Cauwenberg et al., 2014; Carlson et al., 2016). The presence of
dense, well-connected, safe and comfortable infrastructures (e.g. bicycle
lanes or paths and sidewalks), and facilities related to cycling, such as
bicycle parking, are particularly important since pedestrians and cyclists
are the most vulnerable road users (Fraser and Lock, 2011; Heinen et al.,
2010; Handy et al., 2014). Traffic calming measures and limited parking
spaces discourage car use, thus supporting active mobility. Parks, street
plantation, playgrounds, benches, and garbage bins are found to be
positively associated with both walking and cycling (Fraser and Lock,
2011; Heinen et al., 2010; Wang et al., 2016).

Other important determinants of active mobility are the socio-
demographic and economic characteristics of the decision maker. Men
are found to cycle more often than women are (Fraser and Lock, 2011;
Munoz et al., 2016), but in countries with high cycling penetration this
finding is reversed (Heinen et al., 2010). The evidence on the role of age
is uncertain (Handy et al., 2014; Heinen et al., 2010). Young people are
more inclined to cycling (Fraser and Lock, 2011; Munoz et al., 2016), but
the results are inconclusive. Education plays a positive role for active
mobility (Ball et al., 2001; Braun et al., 2016; Christiansen et al., 2014).
The impact of income on active mobility is also ambiguous: high-income
people can afford fancy bicycles but also own more than one car (Harms
et al., 2014; Kotval-K & Vojnovic, 2015; Pucher et al., 2011).

With regards to the pros and cons of active mobility, the literature
underlines physical activity benefits, air pollution risks, crash risks and
carbon emissions from modal shifts between active mobility and the
motorized modes. Many papers investigated the potential contribution
of walking and cycling in reducing car trips especially over short dis-
tances (de Nazelle et al., 2010; Song et al., 2017). A recent contribution
by Neves and Brand (2019) found that up to 41% of short car trips could
realistically be shifted to walking and cycling, thus contributing to lower
carbon transport system in urban areas. The authors conducted an
in-depth observational study of 50 residents in Cardiff, Wales using GPS
devices, travel diaries and contextual interviews. The World Health



Organization pointed out the improved health and enhanced quality of
life as a consequence of the physical activity inherent to walking and
cycling. Consistent moderate to vigorous physical activity, in fact, is able
to reduce the risks of several non-communicable diseases such as car-
diovascular diseases, type 2 diabetes, cancer, dementia, depression, and
reduced life-expectancy. Among the negative impacts of active mobility
the literature points out increased collision risks, in terms of volumes of
accidents and severity of accident consequences (Elvik, 2009), and
higher exposure to air and noise pollution (Mueller et al., 2018). Panis
et al. (2010), for example, found five to nine times higher inhalation
rates of air pollutants for cyclists while cycling compared to car occu-
pants on the same routes. The positive effects from improved health and
quality of life resulting from the physical activity, however, prevail.
With regards to environmental noise, there is a lack of scientific evi-
dence linking potentially increased exposure to noise while walking or
cycling to negative health effects.

Many studies use the discrete choice modelling approach to analyze
urban travel mode choice (Masoumi, 2019; Ton et al., 2019, 2020),
accounting for both revealed and stated preference data (Schmid et al.,
2018). Attitudes are generally considered to play an important role in
determining the mode choice. They reflect individuals’ needs, values,
tastes, and capabilities, are formed over time and are affected by expe-
rience and external factors including socio-economic characteristics
(Ben-Akiva et al., 2002). The relationship between attitude and behavior
has been conceptualized by various theoretical frameworks, the most
prominent one being the Theory of Planned Behavior (Ajzen, 1991).
Attitudes have been introduced into the discrete choice modelling the-
ory via the hybrid choice model (Ben-Akiva et al., 1999). Several studies
have investigated the impact of the attitude towards active travel (Ding
et al., 2017; Bouscasse, 2018; Marquez et al., 2019; Zhang et al., 2019;
Fallah Zavareh et al., 2020), with a focus on walking (e.g., Rodriguez
and Vogt 2009; Lindelow et al., 2014) or cycling (e.g., Fernandez-Her-
edia et al., 2016; Heinen et al., 2011; Ma & Dill, 2015; Munoz et al.,
2016).

With reference to Italy, in a recent study on active mobility, Ber-
gantino et al. (2020) underlined the need for safer conditions for cycling
and for the creation of dedicated infrastructures, and for targeted
communication and marketing campaigns to increase the awareness
about the benefits of bike-sharing. Maltese et al. (2020) stressed the
importance of promoting active mobility within the sustainable mobility
plans at regional and urban scale. Romani et al. (2020) investigated the
impact of Covid-19 on mobility habits. They found that 80% of their
respondents changed their mobility habits, either switching to other
modes (13%) or reducing the number of trips (83%), and the large
majority of respondents used masks or gloves to reduce the risk of
contagion. The number of respondents who use public transport to
commute to work/study dropped from 40% before the lockdown to 25%
after the lockdown.

3. The case study: transportation system, mobility in the city
center of Trieste and the Covid-19 pandemic dynamics

3.1. Data from the origin-destination matrix of the Municipality of Trieste

Trieste is a city of medium size comprising 203,232 inhabitants
located in the northeastern Friuli Venezia Giulia region, bordering with
Slovenia. It lies between the sea and the hills (the Karst Plateau) over a
limited territory, so that it has a high population density (2387 in-
habitants/km?). Its territory lies between 2 and 410 m above the sea
level. Some of the roads connecting the historical center to the Karst
Plateau are, consequently, ill-suited for the use of regular bicycles. It has
a large historical city center partially of mediaeval origin and partly
built with orthogonal crossroads in the 19th century.

A common claim is that the orography of Trieste does not lend itself
to bicycle use. However, as it can be seen from Fig. 1, there are
important sections of the territory (the green ones) that are flat and

hence suitable for cycling. Moreover, more and more people in Trieste
use electric bikes to overcome mild slope difficulties. Very recently, a
mobility plan was enacted that encompassed a bicycle lane network
running along the coastal area and entering the internal parts of the city
along the green areas. Unfortunately, such a plan has not been imple-
mented yet.

The Municipality of Trieste promoted in 2019 investigations on
mobility by collecting data on the origin/destination of the trips of the
residents of the 6 Municipalities of the “NUTS3” Province of Trieste with
the aim of preparing the Urban Sustainable Mobility Plan. 11,922 face-
to-face or on-line interviews have been collected. Results in Table 1
show that private motorized vehicles (mostly car and motorcycles) are
the preferred means of transport (37.8%), followed by walking (31.2%),
bus (27%) and cycling (2.0%). Within the origin-destination matrix, we
have selected the central areas which are the focus of our research.
Walking increases to 40.3% and cycling to 3.5%.

The high population density, the large supply of buses” (6200 seat-
km per inhabitant in 2011, the 8th highest in Italy after large cities
such a Milan, Rome, Turin and Florence; see Danielis et al., 2015) and
the limited car parking space make the bus a quite convenient and
successful mode of transport (the 4th in Italy after Milan, Venice and
Rome), especially in the city center.

The limited trip distances allow most locations to be reached on foot.
On the contrary, the lack of cycling lanes and the resulting concern for
safety issues on the roads have so far limited the use of cycling, both
relative to other Italian towns and to the major northern European cities.
The Municipality of Trieste launched in February 2020 a station-based
bike-sharing service (BiTS) to encourage urban sustainable mobility.
148 bikes are available, both traditional and electric (pedal assisted)
ones.® The bike-sharing service immediately proved to be a great suc-
cess. During the first month (a winter month that does not encourage the
use of bicycles), it registered 4000 subscribers for more than 200 uses
per day. Despite the initial enthusiasm, the lack of capillarity of the
service (with cycle stands only in some areas of the city) and the scarce
number of bicycles (especially electric ones) and related maintenance, in
addition to the limited extension of cycle lanes, have contributed to a
more limited use of the service.

3.2. The Covid-19 pandemic in Italy and in Trieste

Italy has been one of the first countries in Europe to experience the
crisis caused by the Covid-19 pandemic. On January 31st, the Italian
government suspended all flights to and from China and declared a state
of emergency. To face the pandemic, the Italian government imple-
mented a number of non-pharmaceutical interventions (or response
measures), aimed at reducing social interaction and thus potential

2 Trieste’s urban public transport network consists of 53 daytime urban lines
(routes), 13 evening- and night-lines, a tramway and two maritime lines, for a
total of 340 km of network and 1400 stops. Trieste Trasporti manages Trieste’s
urban and maritime public transport service. It operates approximately 5600
journeys/day, of which 3500 with a frequency of less than 10 min, for a total of
12.7 million kilometers/year. The fleet, with an average age of 4 years, is made
up of 271 buses: 97% of the vehicles have EEV or Euro 6 engines.

3 1t is possible to pick up a bicycle in one of the 10 bike stations and return it
to another. Citizens/tourists can rent the bike via the BicinCitta app or with a
card. For each rental, the first 30 min are free of charge. The tariffs are the
following: 31-120 min cost €0.50 every half an hour; over 121 min cost €1
every half an hour.



Fig. 1. Trieste’s orography and residential development.

Table 1
Mode choices in Trieste estimated via origin-destination matrix.
Trucks® Car + Bus Cycling ~ Walking
motorcycle
City center 0.8% 20.5% 35.0% 3.5% 40.3%
Other destinations 2.4% 45.4% 23.6% 1.4% 27.3%
Total 1.9% 37.8% 27.0% 2.0% 31.2%

contagion. There have been three main phases of the pandemic.* Fig. 2
shows the dynamics of the Covid-19 contagion in Italy.

Phase 1 lasted from March 9th to May 3rd. During this phase, the
adopted measures included: mass gathering prohibition, closure of
public spaces (including restaurants, entertainment venues, non-
essential shops, and partial or full closure of public transport), closure
of educational institutions (nursery, primary and secondary schools,
universities), ‘stay-at-home’ recommendations for risk groups or
vulnerable populations. Teleworking/smart working for workers and
distance learning activities for students have been strongly recom-
mended. Trips in municipalities other than those where citizens reside
were prohibited, except for work needs, urgency or health reasons.
During Phase 2 (May 4th to June 14th) the number of cases declined.
Some of the containment measures were relaxed; many retail commer-
cial activities such as bars, restaurants, hairdressers re-opened, and the
restrictions to movements within each Region were canceled. During
Phase 3 (from June 15th onwards) the containment measures were
further eased. Compared to the northern Italian regions such as Lom-
bardy (that had the highest number of cases and deaths), Emilia-
Romagna and Veneto, the Friuli Venezia Giulia region registered a
more limited number of cases: 1.1% of the total Italian cases in the
period April-May 2020 with a 2.5% share of the population. Most of the
regional cases (55.96%) took place in Trieste. During the period
March-July 2020, 0.14% of the population of Trieste was forced to
quarantine, 0.35% recovered, and 0.07% died. The mortality rate per
100,000 inhabitants has been, up to September 2020, the following: 88
in Trieste, 29 in the Friuli Venezia Giulia Region, 169 in Lombardy, and
59 in Italy.

4 Chronology of main steps and legal acts taken by the Italian Government for
the containment of the COVID-19 epidemiological emergency can be found at
the following links:http://www.protezionecivile.gov.it/documents/20182/
1227694/Summary-+of+measures-+taken-+against-+the-+spread+of+C-19/
c16459ad-4e52-4€90-90f3-c6a2b30c17eb or https://www.comune.milano.it/
documents/20126,/95930101/Milano+2020.++Strategia+di+adattamento.
pdf/c96¢1297-f8ad-5482-859¢-90de1d2b76cb?t=1587723749501.

4. Data collection methodology and sample characteristics

Collecting data should reconcile three crucial aspects: research costs,
accuracy of data, and efficiency. In order to minimize the former and to
maximize the last two aspects, we decided to perform interviews face-to-
face and via web calls to collect revealed and stated preference data, and
to use online questionnaires to collect information about the socio-
demographic characteristics of respondents and their attitudes. The
direct interview, in fact, helped us with a more accurate screening and a
deeper understanding of the main factors influencing the choice of a
specific means of transport. Manual data entry and the limited sample
size are the major disadvantages for such a methodology. Online ques-
tionnaires, instead, allowed us to collect data about respondents’ atti-
tudes and perceptions, together with sensitive information (e.g.,
income), without interfering with the respondents. We communicated
the request to participate to the survey via social-media. However, the
number of respondents who were willing to both grant an interview (20
min long)5 and complete an online questionnaire was limited (47 in 30
days). Consequently, we decided to expand the sample by collecting
data only via computer-assisted web-based interviews (CAWI), but
asking respondents contact details (email and/or phone number) to
better clarify their modal choices and to propose them customized stated
preference exercises. The editorial staff of the local newspaper “Il
Piccolo” agreed to publish an ad hoc article on our research and the link
to the questionnaire.

Our survey was conducted between April and August 2020 and
comprised 315 individuals: 5% of the interviews took place during phase
1, 10% during phase 2, and 85% during phase 3. The phase 1 and phase
2 interviews were partly face-to-face and partly online, while during
phase 3 the respondents filled up an online questionnaire but were
available for requests for clarifications.

The questionnaire included 8 main sections. Firstly, we briefly
described the aim of the research, informing respondents about our
willingness to investigate their main transport modes towards the city
center and the changes, if any, in their mobility habits due to the Covid-
19 pandemic. We informed respondents about privacy protection,
reminding that the questionnaire was completely anonymous and the
data would be processed in an aggregate manner.

We then focused on a destination in the urban center that is usual for
the respondent and collected data about:

origin and destination;

existence of bicycle lanes and their share on the whole route;
existence of pedestrian lanes and their share on the whole route;
morphological characteristics of the route (flat or hilly roads);

5 The pandemic prevented us from personally meeting the participants, so
that we conducted the interviews via the Skype and MS Teams platforms.
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Fig. 2. Covid-19 dynamic in Italy: cases and deaths (our elaboration based on official data published by the Italian Civil Protection).

Table 2
Overview of RP choices.
walking bike bike-sharing bus car motorcycle taxi
Before Covid-19 33.3% 7.2% 0.8% 35.7% 16.7% 5.5% 0.7%
During Covid-19 52.5% 9.3% 1.1% 9.2% 22.8% 4.5% 0.5%
Total 42.9% 8.3% 1.0% 22.4% 19.8% 5.0% 0.6%

existence of a bus stop near the place of origin and/or destination;
evaluation of the frequency of public transport and of its ability to
satisfy respondent’s mobility needs; ownership of a monthly pass for
public transport;

existence of bike-sharing stands near the place of origin and/or
destination;

availability of the following transport modes for home-city center
trips: walking, bus, car, bicycle, bike-sharing service, motorcycles,
taxi;

travel time and travel cost for each available transport mode. As for
the car, we distinguished the travel time from the parking time, as
well as the operational cost from the parking cost.

In the second and third sections, we asked respondents to consider a
typical trip from home to the city center and to declare the transport
mode they chose to get to the city center before and during the Covid-19
pandemic, respectively. We asked to make a choice distinguishing be-
tween a sunny and a rainy day. The revealed preference (RP) survey was
then used as input to customize the stated preference (SP) experiment.
We thus contacted respondents and proposed two to six customized
choice scenarios among the seven modes. The selection of the attributes
to be included in the stated choice experiments is a critical choice for a
stated preference study. The number of potential attributes is extremely
large and their specification is also quite heterogeneous in terms of
metrics. We decided to include in the experiment the following attri-
butes: operational and parking cost, travel time, percentage of pedes-
trian lanes, percentage of cycling lanes, and weather (rainy or sunny
day). Respondents were asked to consider the same trip that they
described in the RP survey (before and during the Covid-19 pandemic)
and to indicate whether they would modify their previous choice.

The questionnaire also included a number of attitudinal questions in
order to investigate some latent components of the choice. More spe-
cifically, we investigated:

e respondents’ opinions on environmental issues;
e respondents’ opinions on road safety issues;

e respondents’ sport habits;
e respondents’ concerns about the Covid-19 pandemic.

A detailed list of the proposed questions is described in subsection
4.2. In the last part of the questionnaire, we collected information on
respondents’ socio-demographic characteristics, such as gender, age,
occupation, educational degree, number of family members, family in-
come (optional), driving license, car ownership, number of cars in the
family. Respondents could provide comments or further information on
their mobility habits the questionnaire did not address.

4.1. RP and SP data

The sample, comprising 315 individuals, is balanced between men
(49.8%) and women (50.2%), in line with the characteristics of the
Trieste population. Respondents are between 18 and 81 years old: 30%
are 18-35 years old, 63% are 36-65 years old, and 7% are 66-81 years
old. Such a distribution among age groups differs from the actual age
distribution of the population of Trieste, which is as follows: 21% are
18-35 years old, 54% are 36-65 years old, and 25% are 66-81 years old.
In fact, Trieste is one of the Italian cities with the largest percentage of
elderly (in a nation which is among the “eldest” country in the world),
the national average being 24%, 55% and 21% for the three age groups,
respectively. The elderly population has specific mobility needs and
challenges who need specific planning strategies to reconcile active
mobility and accessibility, as documented in the literature (Banister &
Bowling, 2004; Van Hoven et al., 2012; Mariotti et al., 2018; van Hoven
& Meijering, 2019; Stanley et al., 2010). In terms of education, almost
half of the sample (44%) have a University degree, and 35% a
high-school degree. More than half of respondents (68%) are workers,
students represent 16% while retirees are 7%. Almost all (94%) re-
spondents have a driving license, one third does not personally own a
car, while 88.9% of the families have more than one available car.

In Table 2 we report the actual choices of our sampled respondents
before and during the Covid-19 pandemic. It can be seen that active
modes were used by 52.2% of the respondents. A large majority chose to



Table 3
Statements to investigate attitudes and perceptions.

Q1 Have you ever participated to an environmental event or have you ever joined an environmental association? Yes/No
Q2 The ongoing discussions on the greenhouse effect are somewhat overstated 1to5
Q3 Authorities should introduce legislation that forces citizens and businesses to protect the environment 1to5
Q4 My decision on the type of vehicle to buy has a significant impact on the environment 1to5
Q5 We are approaching the limit of the number of people Earth can support 1to5
Q6 Plants and animals have the same right to exist as humans 1to5
Q7 If things continue in their current course, we will soon experience a great ecological catastrophe 1to5
Q8 The air quality of my city is very poor 1to5
Q9 The bad air quality of my city certainly has negative effects on health 1to5
Q10 My decision on the type of vehicle to buy has a major impact on local pollution 1to5
Q11 In my city the number of parking spaces for cars and motorcycles should have decreased 1to5
Q12 In my city the number/length of cycle paths should be increased at the expense of parking spaces for cars and motorcycles 1to5
Q13 For my urban journeys I use/have used the bicycle Yes/No
Q14 For my urban travel I use/have used the motorcycle Yes/No
Q15 Several people I know don’t use bicycles or motorcycles for safety reasons Yes/No
Q16 Cycling without a helmet is very dangerous 1to5
Q17 Cycling outside the cycle paths is very dangerous 1to5
Q18 Do you practice a sport or exercise regularly? 1to5
Q19 Physical exercise is essential for health 1to5
Q20 My friends suggest me to do more physical exercise Yes/No
Q21 1 would like to do more physical exercise but I don’t have time Yes/No
Q22 1 would like to do more physical exercise but my health does not allow me to Yes/No
Q23 1 consider myself a sporty person 1to5
Q24 The probability of contracting COVID-19 by going shopping is high 1to5
Q25 The probability of contracting COVID-19 by bus is high 1to5
Q26 The use of the mask and the disinfection of the hands considerably reduce the probability of contracting COVID-19 1to5
Q27 The risk of contracting COVID-19 was initially overstated 1to5
Q28 It is quite likely that there will be a second wave of contagions 1to5

walk (42.9%) and the remaining ride the owned or shared bike (9.3%).
Bus users were 22.4% of the respondents, car users 19.8%, 5% chose the
motorcycle and 0.6% the taxi service. Note that our sample makes mode
choices in line with those resulting from origin-destination matrix esti-
mated by the Municipality of Trieste. Bus was the most preferred mode
before Covid-19 (35.7%), but it fell sharply (—26.5%) and was replaced
by walking (4+19.2%), car (+6.1%) and bike (+2.4%) during the Covid-
19 pandemic. The restrictions imposed at the national and local level to
face the pandemic but above all the fear of contagion played a signifi-
cant role.

4.2. Perceptions and attitudes

According to the Theory of Planned Behavior (TPB), three beliefs
guide human behavior: beliefs about the likely consequences and ex-
periences associated with the behavior (behavioral beliefs), beliefs
about the normative expectations and behaviors of significant others
(normative beliefs), and beliefs about the presence of factors that may
facilitate or impede performance of the behavior (control beliefs).
Following such a theory, for each latent variable, we formulated a
number of items to assess each of the theory’s major constructs: attitudes
(instrumental and experiential aspects), subjective norms (injunctive
and descriptive aspects) and perceived behavioral control (capacity and
autonomy aspects). There exist two main approaches to measuring and
assessing attitudes: behavioral observations and self-reports. Behavioral
observations have the advantage of being clearly visible, easily record-
able (objective) and unobtrusive (respondents are unaware of mea-
surement, then responses are not influenced by this knowledge), so they
can provide valuable information about attitudes. However, behavior/
attitudes can be inconsistent, measures might not be accurate and
difficult to measure. Nonetheless, collecting information through a self-
report has also its limitations. People are often biased when they report
on their own experiences. Individuals, in fact, could be either
consciously or unconsciously influenced by social desirability, that is,
they are more likely to give responses that are considered socially
acceptable or preferred. Other limitations concern introspective ability
(i.e. the subjects may not be able to assess themselves accurately),

interpretation of the questions (i.e. the wording of the questions may be
confusing or have different meanings to different subjects), rating scales
(i.e. rating something yes or no can be too restrictive, but numerical
scales also can be inexact and subject to individual inclination to give an
extreme or middle response to all questions). Given such intentional or
unintentional reporting biases, most experts in psychological research
suggest to combine self-report data with other information, such as an
individual’s behavior or physiological data. This “multi-modal” assess-
ment provides a more global and therefore likely more accurate picture
of the subject. We thus used this approach and we measured attitudes
through both self-reports and behavioral observations. More specif-
ically, we collected replies to 28 statements related to individuals’
strong and specific attitudes and perceptions toward active mobility.
The statements, reported in Table 3, covered issues related to the
concern for the local and global environmental situation (12 items,
partially derived from Dunlap et al. (2000) and Dunlap (2008)), safety
consciousness (5 items), attitudes towards sport/physical exercises and
healthy activities (6 items), perception about the risks related to
Covid-19 (5 items). Individuals’ evaluation scores to the statements
were expressed by using a yes/no answer or a 5-point Likert scale (1 =
“completely disagree”; 2 = “partially disagree”; 3 = “do not know™; 4 =
“partially agree”; 5 = “completely agree™).

We find that respondents pay a great deal of attention and are con-
cerned for the environment. Although 61% of them have never partic-
ipated to an environmental event or have never joined an environmental
association, 70% completely or partially disagree that the ongoing dis-
cussions on the greenhouse effect are somewhat overstated, and 93%
completely or partially agree that authorities should introduce legisla-
tion that forces citizens and businesses to protect the environment. The
vast majority of respondents consider themselves responsible, due to
their choices on the type of vehicle to buy, for pollution at a global
(88%) and local (89%) level and 80% of them believe that, if nothing
will be done, we will soon experience a great ecological catastrophe.
About half (47%) of the respondents partially agree that the air quality
of the city where they live is very poor, and they acknowledge that a bad
urban air quality has negative effects on health. About 55% of the re-
spondents completely agree that the number/length of cycle paths



should be increased even at the expense of parking spaces for cars and
motorcycles, but when asked if the number of parking spaces for cars
and motorcycles should decrease, we registered more replies that are
heterogeneous. With regards to safety issues, more than half of the
sample recognizes, even if not completely, that cycling without a helmet
and outside the cycle paths is very dangerous. Two third of the sample
report themselves as rather sporty person and almost all of them (86%)
completely agree that sport and movement are essential for health.
Concerning risks related to the Covid-19 pandemic, most of the re-
spondents completely or partially agree that going shopping (42%) or
taking the bus (75%) increase the probability of contracting Covid-19.
They recognize that mask use and hands disinfection considerably
reduce the probability of contracting the virus (85%). About 17% of the
sample believe in an initial overestimation of the contagion risk, while
only 10% of the respondents is almost sure that there will not be a
second wave of contagion.

5. Modelling framework
5.1. Joint estimation of RP and SP data

Stated and revealed preference data have been widely used in the
marketing and travel demand fields to analyze consumers’ preferences
for products and services. Stated preference (SP) data are collected by
presenting hypothetical scenarios to the respondents and asking for their
preferences. In contrast, measurements based on actual market behavior
of economic agents are termed revealed preference (RP) data. RP and SP
data sources have complementary characteristics® which potentially can
be exploited to enhance understanding of preference processes. Thus,
not surprisingly, interest in combining RP and SP choice data has been
growing steadily in transportation, marketing and resource economics
since 1991 (e.g., Adamowiczl et al., 1994; Morikawa et al., 1991; Swait
& Louviere, 1993).

A fundamental assumption in conducting SP surveys is that the trade-
off relationships among major attributes are common to both revealed
and stated preferences. When there is such an overlap, there are ad-
vantages to jointly estimating the models. The benefits include cor-
recting bias that may exist in the SP responses, identifying the effect of
new services, identifying the effects of attributes that have either limited
range or are highly correlated in the RP data, and improving efficiency
of the parameter estimates. Technically, this can be achieved by ‘scaling’
the utility function derived from the SP experiments to the context of the
RP data.

More specifically, as described in Bhat and Castelar (2002), the
utility Uy an individual n € {1, ..., N} derives from the alternative i €
{1, ..., J} in the choice situation t € {1, ..., T} is given by:

Tn
(1 - 5;zr,RP) : < Z 6”\.RP ym’s)
s=1

where X,; is the vector of observed variables (including the attributes
for the J alternatives, the sociodemographic characteristics of re-
spondents, and the RP and SP alternative specific constants) and 3, is the

Upie = B, Xois + 6, + Eni €h)

6 RP data have high reliability and face validity in terms of the actual choices,
but there remains concern about the reliability of data on attributes associated
with non-chosen alternatives. Thus, RP data are quite inflexible when the aim is
to forecast a different market than the historical one. SP data, in contrast, which
are collected in a fully controlled experimental environment, can elicit prefer-
ences for non-existing attributes and alternatives; the choice set is prespecified;
multicollinearity among attributes can be avoided; range of attribute values can
be extended. Despite these advantages, SP data are not always considered to be
valid for model estimation due to uncertain reliability of the elicited informa-
tion under hypothetical scenarios. SP data may contain biases and large random
errors if the decision making protocol exercised in a hypothetical situation
differs from that exercised in a real choice context.

corresponding coefficient vector. &, grp is @ dummy variable which takes
the value 1 if the tth choice situation of individual n refers to a RP choice
and zero otherwise. Yy;; is a dummy variable that takes the value 1 if the
individual n chooses the alternative i in the choice situation t and zero
otherwise. 6, is the individual-specific state-dependence effect that
captures the influence of the actual (revealed) choice on the stated
choices of the individual. It reduces to zero in the utility evaluation for
the RP choice situation. &,; is an unobserved error term which is
randomly distributed and assumed to be independent of 8, and xp;. It
consists of two components. The first one, ¢y, is assumed to be IID with
a Gumbel distribution across alternatives and individuals for each choice
situation, and independently distributed across the choice situations. Its
scale parameter is defined as Ans = [(1 — Sperp) 4] + Snerp. Specifically,
the RP scale is normalized to one for identification, and the SP scale is
estimated. The second component of the error term, x'z,;, allows for
heteroscedasticity and correlation across unobserved utility components
of the alternatives for each choice situation, with zg; being a vector of
observed data, and p a normal multivariate vector with zero mean.
Assuming that g, = f, 0, = 0 and p = 0, we obtain a multinomial logit
model (MNL) that accounts for RP-SP choices with a scaling effect, but
without state dependence and unobserved heterogeneity effects. When
relaxing the assumption y = 0 (i.e. IID specification across alternatives),
if g, is not constrained to be the same, but allowed to vary across in-
dividuals, and if it is assumed that 6, is not zero and can vary across
individuals, we get the most general model that accommodates flexible
inter-alternative error structure, allows the scale to be different between
RP and SP responses, incorporates unobserved heterogeneity in the
parameters, and recognizes state-dependence and heterogeneity in
state-dependence.

5.2. Exploring the role of attitudes: the hybrid choice model

Often in behavioral sciences, there are concepts of interest that are
not well defined and cannot be directly measured, for example knowl-
edge, ambition, or personality. These concepts are referred to as latent
constructs. While there exist no operational models to directly measure
these constructs, latent variable modelling is often applied to infer in-
formation about latent variables. These techniques are based on the
hypothesis that although the construct itself cannot be observed, its ef-
fects on measurable variables (called indicators) are observable and such
relationships provide information on the underlying latent variable.

The most general framework has been proposed by Ben-Akiva et al.
(2002) and it consists of two components. The measurement model
component describes the relationship between the indicators and its
corresponding latent variable, while the structural model component
describes the complex relationships among the exogenous variables and
endogenous variables.

5.2.1. Latent attitudes: the measurement model

Since a latent variable (LV) cannot be directly observed, the
researcher acquires information from indirect measurements. The rela-
tionship between a latent variable and these measurements is expressed
by a measurement equation, whose form depends on the nature
(continuous or discrete) of the measurement itself. If respondents are
asked to evaluate each statement using a Likert scale with a number of
categories, the measurements have a discrete nature expressed by the
equation:

I, ifLV,<w1
L ifwo, <LV, <w

I =
! I; if iy <LV, < w;
L, LV, > oy
The measurement is an ordered discrete variable I taking the values
L, I, ..., I, for each latent variable [, and w;, ws, ..., ww_1 are pa-



rameters to be estimated such that
01 < 0 < ... < O
The probability of a given response I; is

Pl‘(l,') :Pl'( Wi <LV1 < (1),') :PI'( Wiy SLV[ < [U,‘) = CDF(CU,) — CDF(CUi_l)

where CDF is the cumulative distribution function (CDF) of the error
term. When a normal distribution is assumed, the model is called or-
dered probit. The LV measurement equations can be therefore written
as:

Low =T, + 71, LV, + Vs (2)

where vy, 5 ~ N(0, 6% ) and 7, are estimated parameters that measure the
impact of the latent variable LV; on I,; if statistically significant, the
latent attitude LV; has a statistically significant impact on the answers
provided to the attitudinal question I,,.

5.2.2. Latent attitudes: the structural model
The structural equation for latent variablel = 1, ..., L (with L = 4)
and for individual n is given by:

LV, =8,Z,+ 1y, 3)

where Z, is the vector of socio-economic characteristics, 9 is a coefficient
vector, and 7y follows a standard Normal distribution across re-

spondents, capturing the random component of the latent attitude.
5.2.3. Choice model component
Finally, we perform a joint estimation of the different model com-

ponents. The utility function for mode alternative j and individual n €
{1, ..., N} in the choice situation t € {1, ..., T} is given by:

Tn
(1 - 511[,RP) N < Z (Sn‘_Rp Ym’x)
s=1

The X,,;, considered are:

Um’/ = ﬁ;,Xm'I + 9,, + a;lv/LVn.[ + Enit (4)

alternative specific constants (ASC) for all alternatives;

travel cost (€) and travel time (minutes) (including parking time), for
all alternatives;

percentage of pedestrian lanes, only for the walking alternative;
percentage of cycling lanes, for the bike and bike-sharing
alternatives;

weather (coded 1 if rainy, 0 if sunny) for the walking, the bike and
the bike-sharing alternatives;

e Covid-19 (coded O for trips before the Covid-19 period and 1 for trips
during the Covid-19 period), for all alternatives but car;

e gender (male vs female);

e age class (younger than 35 years old, 36-65 years old vs over 65);

e occupation (retired/unemployed, student vs employed).

6. Results
6.1. The factor analysis

Factor analysis reveals which observed variables are strongly
correlated with each other and therefore could be grouped together,
resulting into a smaller number of indicators to represent the latent
constructs. Looking at the descriptive statistics of the indicators (see
Table A in the Appendix), we realized that some questions (Q3, Q4, Q6,
Q10, Q19, Q22) were not able to discriminate the sample; the high
values of kurtosis and skewness did not allow us to extract useful in-
formation from these indicators. Thus, we have not included them in
subsequent analyses. We then tested the reliability and consistency of
our indicators. We focused on the internal reliability and adopted the
Cronbach’s alpha. As a rule of thumb, a Cronbach’s alpha of 0.50-0.80 is
considered an acceptable value. We thus computed the Cronbach alpha
test to each group of items by considering all the items and eventually
dropping one item at the time to maximize the internal consistency. By
dropping items Q13, Q14, Q15, Q21 and Q27, we achieved an alpha
value of 0.71, 0.61, 0.59 and 0.69 for the environment, safety, physical
exercise and Covid-19 related items, respectively, which can be
considered acceptable, meaning that the items in the four groups have
shared covariance and measure the same underlying concept.

We then performed a factor analysis to extract a small number of
independent and interpretable factors from such items. Standard
methods of performing factor analysis (i.e., those based on a matrix of
Pearson’s correlations) assume that the variables are continuous and
follow a multivariate normal distribution. If the model includes vari-
ables that are dichotomous or ordinal, a factor analysis can be better
performed using a polychoric correlation matrix. Fig. 3 shows the pol-
ychoric correlation matrix: positive values are shaded in blue while
negative ones are in red; the greater the absolute value of the correla-
tion, the darker the color.

These factors are rotated to create maximum similarity among the
strongly correlated variables within each factor and maximum distance
between each of the factors. We used the varimax rotation method to
extract the underlying factors. We checked eigenvalues to determine
how many factors to retain. The scree plot shows a sharp break after the
fourth eigenvalue (the first four eigenvalues exceed 1), thus we
considered four latent factors. Table 4 shows the factor loadings for the
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Table 4
Factor loadings.

Item Statement ML4 ML1 ML3 ML2
Q1 Have you ever participated to an environmental event or have you ever joined an environmental association? 0.627
Q2 The ongoing discussions on the greenhouse effect are somewhat overstated —0.463 0.177 —0.104
Q5 We are approaching the limit of the number of people Earth can support 0.406
Q7 If things continue in their current course, we will soon experience a great ecological catastrophe 0.486 —0.154 0.168 0.141
Q8 The air quality of my city is very poor 0.945
Q9 The bad air quality of my city certainly has negative effects on health 0.642
Q11 In my city the number of parking spaces for cars and motorcycles should have decreased 0.686 0.117
Q12 In my city the number/length of cycle paths should be increased at the expense of parking spaces for cars and motorcycles 0.756 0.119
Q16 Cycling without a helmet is very dangerous 0.205
Q17 Cycling outside the cycle paths is very dangerous -0.132 0.277 0.171
Q18 Do you practice a sport or exercise regularly? 0.109 0.965
Q20 My friends suggest me to do more physical exercise 0.129 —0.597 0.127
Q23 I consider myself a sporty person 0.824 0.126
Q24 The probability of contracting COVID-19 by going shopping is high 0.608
Q25 The probability of contracting COVID-19 by bus is high 0.900
Q26 The use of the mask and the disinfection of the hands considerably reduce the probability of contracting COVID-19 0.208 —0.132 0.446
Q28 It is quite likely that there will be a second wave of contagions 0.470
SS loadings 2.152 2.097 1.8 1.425
Proportion Var 0.127 0.123 0.106 0.084
Cumulative Var 0.127 0.250 0.356 0.440

latent variables and the statements that define them. We considered a
cutoff equal to 0.5, which allowed clustering the statements into four
groups.

It results that 44% of variance is explained cumulatively. The factor
ML4 accounts for 12.7% of total variance. It is primarily defined by the
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variables Q1, Q2, Q7, Q11 and Q12 and it could be interpreted as a
factor describing an environmental attitude at global level, thus we
called it “Concern for the global environment”. The proportion of vari-
ance explained by the factor ML1 is 12.3%, the variables Q18 and Q23
have a positive loading on this factor, while the variable Q20 a negative
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Fig. 4. Hybrid choice modelling framework.



one, describing an “Attitude towards physical activities”. Factor ML3
explains 10.6% of total variance, with the variables Q24, Q25 and Q28
having high positive loadings. It, thus, may be a latent factor describing
a “Concern for Covid-19 risks”. Factor ML2 accounts for 8.4% of the total
variance. It is defined by the variables Q8 and Q9 and describes an
awareness towards environmental issues at urban level. We thus defined
this latent variable as “Concern for local environment”. As a result of the
factor analysis, the hybrid choice model we will test is graphically
illustrated in Fig. 4.

6.2. The MNL and RPL specifications

We estimated a number of different model specifications using the
Apollo package in R (Hess & Palma, 2019). In this paper, we present the
results of five model structures: 3 multinomial logit (MNL) model

specifications, a random parameter logit (RPL) model specification and
the hybrid mixed logit (HMXL) model. Table 5 compares the estimates
obtained with a MNL with RP data only, with SP data only and jointly
using the RP and SP data. The RPL model is estimated using both
datasets.

The alternative specific constants (ASC) describe the preference of
the sample for a specific mode ceteris paribus, i.e. holding constant all
attributes and socio-economic interactions used in the specification.
With the RP dataset, walking and bus are, ceteris paribus, preferred to the
car, while the taxi and the bike-sharing are not. Under hypothetical
scenarios, which encompass extending the density of the cycling
network, the use of the owned or rented bicycle is preferred to the car.
We interpret such a result as a potential interest to cycle provided that
proper cycling lanes are available. As expected, bad weather negatively
influences active mobility. During Covid-19, both datasets indicate a

Table 5
MNL and RPL estimates.
RP MNL SP MNL RP-SP MNL RP-SP RPL
Coeff.(SE) Coeff.(SE) Coeff.(SE) Coeff.(SE)
ASC walking (relative to car) 1.205*** (0.43) 0.647 (0.449) **% (0.345) 0.958 (0.703)
ASC bike (relative to car) 0.117 (0.607) 1.797%** (0.423) (0.395) 1.946*** (0.65)
ASC bike-sharing (relative to car) —2.109*** (0.658) 1.157*** (0.422) 0.109 (0.402) 0.786 (0.648)

ASC bus (relative to car)

ASC motorcycle (relative to car)
ASC taxi (relative to car)

ASC walking*Rainy day

ASC bike*Rainy day

ASC walking*during Covid-19
ASC bike*during Covid-19
ASC bus*during Covid-19
ASC motorcycle*during Covid-19
ASC taxi*during Covid-19
Generalized cost variables
Travel time (min)

S.D. of travel time

Travel cost (€)

S.D. of travel cost
Infrastructural and policy variables
% of bicycle lanes

% of pedestrian lanes
Socio-demographic variables
ASC walking*Male

ASC walking*18-35 years old
ASC walking*36-65 years old
ASC walking* Non-employed
ASC walking* Student

ASC bike*Male

ASC bike*18-35 years old
ASC bike*36-65 years old
ASC bike* Non-employed
ASC bike* Student

SP-to-RP scale

Model diagnostics

N. of individuals

N. of observations

LL (0)

LL (final, whole model)

LL (RP)

LL (SP)

Adj. Rho-square (0)

AIC

BIC

Estimated parameters

0.905*** (0.139)
—0.206 (0.231)
—2.834%** (0.671)
—0.733*** (0.126)
—1.887*** (0.223)
0.223 (0.167)
0.034 (0.223)
—1.812%** (0.188)
—0.514* (0.281)
—0.813 (0.66)

—0.085*** (0.007)

—0.104 (0.066)

0.015*** (0.004)
0.008*** (0.002)

—0.282** (0.129)
—0.151 (0.388)
0.431 (0.359)
—0.167 (0.217)
0.865*** (0.225)
0.381* (0.216)
—0.732 (0.539)
—0.103 (0.497)
—0.499 (0.349)
0.589 (0.399)

315
1668
—2403
—-1569

3192
3339
27

0.469*** (0.107)
—0.155 (0.174)
—3.518*** (0.505)
—0.667*** (0.11)
—2.549*** (0.15)
0.3** (0.141)
—0.098 (0.153)
—1.093*** (0.143)
0.162 (0.216)
1.067*** (0.414)

—0.077*** (0.005)

—0.071 (0.044)

0.001 (0.002)
—0.002 (0.002)

—0.88*** (0.113)
0.246 (0.44)
0.786* (0.406)
0.216 (0.203)
0.976*** (0.211)
—0.412*** (0.133)
—0.773** (0.393)
—0.779** (0.366)
—0.127 (0.23)
0.054 (0.217)

315
2471
—3686
—2749

5552
5709
27

0.77 (0.101)
—0.249 (0.163)
—3.758*** (0.493)
—0.808*** (0.097)
¥ (0.161)
(0.124)
—0.083 (0.147)
—1.638*** (0.141)
—0.157 (0.199)
0.592 (0.403)

—0.094*** (0.005)

—0.113** (0.045)

0.011*** (0.002)
0.003** (0.001)

—0.673*** (0.097)
0(0.323)

0.623** (0.298)
0.046 (0.169)
1.018*** (0.174)
—0.176 (0.132)
—0.892** (0.361)
—0.621* (0.334)
—0.324 (0.222)
0.257 (0.222)

1.214*** (0.157)
—0.309 (0.271)
—14.404*** (1.413)
—1.279*** (0.127)

0.014 (0.176)
—2.04*** (0.176)
—0.079 (0.253)
0.415 (0.476)

—0.263* (0.143)
1.124*** (0.089)

0.02*** (0.003)
0.003 (0.003)

—1.147*** (0.234)
0.479 (0.801)
1.619** (0.692)
0.957** (0.434)
1.678%** (0.42)
—0.489** (0.22)
—1.067 (0.691)
—0.589 (0.606)
—0.215 (0.358)
—0.257 (0.377)
0.670*** (0.043)

315
4139
—6089
—3964
—1466
—2479
0.34
7988
8178
30

Note: The t-statistic corresponding to the scale factor is computed with respect to a value of 1; a value of 1 indicates no scale difference in the RP and SP choice contexts.

wek wx % indicate significance at 1%, 5% and 10% respectively.
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Table 6
HMXL estimates — Choice component.
Coeff.(SE)
ASC walking (relative to car) —0.39 (0.399)

ASC bike (relative to car)

ASC bike-sharing (relative to car)
ASC bus (relative to car)

ASC motorcycle (relative to car)
ASC taxi (relative to car)

ASC walking*Rainy day

ASC bike*Rainy day

ASC walking*during Covid-19
ASC bike*during Covid-19

ASC bus*during Covid-19

ASC motorcycle*during Covid-19
ASC taxi*during Covid-19
Generalized cost variables
Travel time

S.D. of time

Travel cost

S.D. of travel cost
Infrastructural and policy variables
% of bicycle lanes

% of pedestrian lanes

SP-to-RP scale
Socio-demographic variables
ASC walking*Male

ASC walking*18-35 years old
ASC walking*36-65 years old
ASC walking* Non-employed
ASC walking* Student

ASC bike*Male

ASC bike*18-35 years old

ASC bike*36-65 years old

ASC bike* Non-employed

ASC bike* Student

—0.454 (0.483)

—1.547*** (0.503)

0.091 (0.209)
**(0.443)

(0.171)
0.328** (0.128)
—0.019 (0.148)
—1.623*** (0.146)
—0.149 (0.233)
0.583 (0.379)

—0.102*** (0.007)
0.051*** (0.005)
—0.285*** (0.06)
0.565*** (0.042)

0.027*** (0.002)
0.003* (0.002)
0.944 (0.053)

1.284*** (0.315)

(0.201)
*%(0.22)
—0.949*** (0.181)
0.179 (0.43)
—0.248 (0.399)
—0.282(0.282)
—0.526* (0.302)

Note: The t-statistic corresponding to the scale factor is computed with respect
to a value of 1; a value of 1 indicates no scale difference in the RP and SP
choice contexts.

*, * indicate significance at 1%, 5% and 10% respectively.

negative impact on the utility associated with bus use and a positive
impact on walking. Concerning the generalized cost components, travel
time has the expected negative sign and is statically significant in both
datasets, while travel cost does not. The policy variables “% of bicycle
lanes” and “% of pedestrian lanes” have a statistically significant posi-
tive impact on active mobility only with the RP dataset.

Next, as recommended in the literature, we have joined the two
datasets in order to take advantage of the relative strengths and esti-
mated both a MNL and a RPL model. In the RP-SP MNL model, the pa-
rameters reflect both datasets. The active modes walking and cycling
are, ceteris paribus, deemed superior to the private car, while the taxi is
confirmed less preferred. The impact of weather is confirmed, with a
stronger impact on cycling. The adverse effect of Covid-19 on bus and
the positive one on walking are also confirmed. The generalized cost
component travel time but also travel cost (taking advantage of the
higher variability in the data) significantly affect with the expect sign
the mode choice. The policy variables “% of bicycle lanes” and “% of
pedestrian lanes” regain a statistically significant positive impact on
active mobility.

The RP-SP RPL model allows us to take into account preference
heterogeneity. Having tested several specifications, we report the one
with travel time and travel cost assumed to be normally distributed.
Since such a specification allows more flexibility, the model’s fitness

improves: the adjusted Rho-square value increases from 0.27 to 0.34.
Most of the previous results are confirmed, with the exception of ASC
walking (relative to car) and ASC bus (relative to car): the former be-
comes not statistically significant from zero, while the latter does.

Since the joint use of both datasets necessitates the introduction of a
scale parameter reflecting the underlying variance heterogeneity, we
tested its value against the null hypothesis of taste invariance. We find
that the null hypothesis can be rejected with a high degree of confidence,
implying a change in the preference structure depending on the pro-
posed scenario. Since our hypothetical scenarios were mainly based on
fiscal and traffic regulation policies, the indication is that the preference
structure is significantly affected by the regulatory structure.

Finally, in all the above specifications we have tested the impact of
the socio-demographic characteristics of our sample by interacting them
with the ASCs of the active mobility alternatives. The main result is that
gender influences the utility associated with both the walking and
cycling modes: women are more inclined to walk and cycle than men
are. The age group 36-65 years old (relative to the over 65 years old
group) has stronger preference for walking but not for cycling. Students
and non-employed respondents (vs. employed respondents) have a more
positive attitude towards walking.

6.3. The HMXL specification

The HMXL specification allows us to take into account the impact of
the latent variables on the choice of the means of transport to reach the
city center. Tables 6-8 illustrate the estimates in the HMXL
specification.

Net of the attitudes, the car, ceteris paribus, appears to be equally
preferred to walking, cycling with a private bicycle or the bus as a means
to access the city center, but more preferred than bike-sharing, motor-
cycle and taxi. The adverse role of weather on the active mode of
transport is confirmed. Covid-19 negatively affects the bus mode, while
favoring the walking mode, consistently with the previous models. The
generalized cost component travel time but also travel cost are still
statistically significant with the expected sign. Concerning the infra-
structural and policy variables, only the “% of bicycle lanes” remains
significant. The socio-demographic variables play the above-described
role.

The main benefit of the HMXL model relative to the RPL one is the
information deriving from the measurement and structural models. As
explained in the “Modelling framework™” section, in addition to the
choice model component, the HMXL contains a measurement equation,
a structural equation and the parameters linking the latent variable to
the utility function. The parameters of measurement equation (z) indi-
cate the relationship between each latent variable and the indicators
used to describe the latent attitude. The parameters of the structural
equation indicate the impact of the socio-demographic variables on the
latent construct. Finally, the latent variable enters the utility function.

With regards to the LV1 “Concern for the global environment”, the 7
coefficients have the expected sign and are statistical significant, con-
firming the results of the factor analysis. More specifically, respondents
with higher levels for “Concern for the global environment” are more
likely to have participated to an environmental event or have joined an
environmental association. They disagree with the statement “The
ongoing discussions on the greenhouse effect are somewhat overstated”
and agree with the fact that “If things continue in their current course,
we will soon experience a great ecological catastrophe”. Moreover, they
think that the number of parking spaces for cars and motorcycles should
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be decreased, and that the number/length of cycle paths should be
increased at the expense of parking spaces for cars and motorcycles.
Combining this information with the structural equation, it results that,
in our sample, the more concerned for the global environmental issues
are young people (under 35), while non-employed and students are not.
As expected, respondents who are more concerned for the global envi-
ronmental derive a higher utility from cycling, both with a personal bike
(LV1_ASC bike) and a shared one (LV1_ASC bike-sharing), or using the
taxi (LV1_ASC taxi) rather than the car.

The latent variable LV2 represents the “Attitude toward physical
exercise” measured by the indicators Q18 (Do you exercise regularly?),
Q20 (My friends suggest me to do more physical exercise) and Q23 (I
consider myself a sporty person). All 7 coefficients are statistically and
robustly significant. Higher values of the indicators are consistent with
respondents who have a negative attitude towards physical exercise. The
structural equation indicates that women, respondents between 36 and
65 years old, and surprisingly students and non-employed respondents
exercise less. As expected, those who have a negative attitude towards

Table 7
HMXL estimates — Latent variable component.

physical exercise prefer traveling by car to all other modes of transport
including active mobility.

The latent variable LV3 “Risk aversion towards Covid-19” is
measured by the indicators Q24 (The probability of contracting COVID-
19 by going shopping is high), Q25 (The probability of contracting
COVID-19 by bus is high) and Q28 (It is quite likely that there will be a
second wave of contagions). Higher values of the indicators correspond
to respondents who are more risk averse. The negative signs of the ¢
coefficients captures those respondents who are less risk averse (i.e., less
concerned of the risks related to Covid-19). From the structural equa-
tion, one can see that they are predominantly men, under 65 years old,
and employed. From the LV3 coefficients associated with the utility
function, it results that they use less intensively the car, and continue
using shared vehicles, such as the bus, bike-sharing or taxi.

The latent variable LV4 “Concern for the local environment” is
measured by the indicators Q8 (The air quality of my city is very poor)
and Q9 (The bad air quality of my city certainly has negative effects on
health). Higher values of the indicators correspond to respondents who

LV;: Concern for the global environment

LV3: Attitude toward physical exercise

0.19 (0.121)
0.539*** (0.166)
1.929*** (0.259)
—0.125 (0.11)
—0.368* (0.216)
3.138*** (0.351)

LV1_ASC walking
LV1_ASC bike
LV1_ASC bike-sharing
LV1_ASC bus
LV1_ASC motorcycle
LV1_ASC taxi

LV2_ASC walking
LV2_ASC bike
LV2_ASC bike-sharing
LV2_ASC bus
LV2_ASC motorcycle
LV2_ASC taxi

—1.408*** (0.121)
*(0.183)

***(0.173)
—1.096*** (0.103)
—0.791*** (0.214)
—1.105*** (0.238)

Structural equation for LV,

Structural equation for LV,

LV1_male —0.067 (0.056)
LV1_18-35 years old 0.22*%* (0.107)
LV1_36-65 years old —0.15 (0.093)

LV1_Non-employed
LV1_Student

—0.276*** (0.071)
—0.37*** (0.073)

LV2_male
LV2_18-35 years old
LV2_36-65 years old
LV2_Non-employed
LV2_Student

—0.631*** (0.067)
0.225* (0.127)
—0.356*** (0.118)
—0.216** (0.092)
—0.739*** (0.106)

Measurement equation for LV;

Measurement equation for LV,

tql 1.185%** (0.147)
Tq2 —0.746*** (0.111)
tq7 0.859*** (0.112)
Tqll

Tql2

Tql8 —5.13*** (0.791)
7q20 1.063*** (0.134)
723 —2.671*** (0.21)

LV3: Risk aversion towards Covid-19

LV4: Concern for the local environment

LV3_ASC walking

LV3_ASC bike

LV3_ASC bike-sharing

LV3_ASC bus 0.743*** (0.098)
LV3_ASC motorcycle (0.212)
LV3_ASC taxi 2.197%** (0.33)

LV4_ASC walking
LV4_ASC bike
LV4_ASC bike-sharing
LV4_ASC bus
LV4_ASC motorcycle
LV4_ASC taxi

—0.124 (0.115)
—0.046 (0.15)
0.574*** (0.195)
—0.027 (0.102)
—0.128 (0.181)
1.739*** (0.306)

Structural equation for LV3

Structural equation for LV,

LV3_male
LV3_18-35 years old
LV3_36-65 years old
LV3_Non-employed
LV3_Student

(0.127)
—0.392*%** (0.092)
—0.645*** (0.113)

LV4_male
LV4_18-35 years old
LV4_36-65 years old
LV4 _Non-employed
LV4_Student

0.278*** (0.014)
—0.487*
—0.251*** (0.027)
0.15*** (0.018)
0.014 (0.026)

Measurement equation for LV3

Measurement equation for LV,

Tq24 —2.952*%** (0.583)
Tq25 —2.451%** (0.334)
7q28 —0.958*** (0.145)

Tq8 —53.235%** (2.633)
799 —2.403*** (0.176)

Note: ***, ** * indicate significance at 1%, 5% and 10% respectively.
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Table 8

HMXL estimates — Model diagnostics.
N. of individuals 315
N. of observations 4139
Estimated parameters 130
LL (start) —-19,393
LL (final, whole model) -11,784
LL (RP) —1420
LL (SP) —2229
AIC 23,828
BIC 24,650

Estimation time 17:56 h

are more concerned for the local environmental issues. The negative
signs of the 7 coefficients capture those respondents who are less con-
cerned. From the structural equation, one can see that they are pre-
dominantly men, over 65 years old, and non-employed. From the LV4
coefficients associated with the utility function, it results that they do
not prefer walking, using the bus or the private bicycle to using the car
or the motorcycle, unless bike-sharing or taxi is available.

Together with being more informative, the HMXL model has also a
higher explanatory power, thus improving the model fitness with
respect to the MNL and RPL specifications. The LL (RP) reduces (in
absolute values) from —1626, to —1466 and —1420 when considering a
MNL, a RPL, and a HMXL specification, respectively. In the same way, LL
(SP) reduces from —2803, to —2479 and —2229, respectively.

It is also interesting to observe that in this specification the scale
parameter, tested against the null hypothesis of taste invariance, in-
dicates that, differently from the MNL and RPL specifications, the null
hypothesis cannot be rejected, implying a stability in the preference
structure between RP and SP data net of the latent variables.

7. Model application

The estimated models can be used to assess the impact on mode
choice of a change in the policy variables. We have computed all pre-
dicted probabilities for the model using the sample data, the hypothet-
ical scenarios and the estimated parameters of the HMXL model. Then,
we have recomputed the probabilities changing the attribute levels as
specified in the following scenarios:

e Scenario 1: a 25% increase in the “% of bicycle lanes” variable with
respect to the base level reported by the respondent (i.e., if the status
quo is 10%, it increases to 35%);

e Scenario 2: a 50% increase in the “% of bicycle lanes” variable with
respect to the base level reported by the respondent (i.e., if the status
quo is 10%, it increases to 60%);

e Scenario 3: a 25% increase in the “% of bicycle lanes” variable and a
25% decrease in the variable “travel time by bike/bike-sharing” with
respect to the base levels reported by the respondent;

e Scenario 4: a 50% increase in the “% of bicycle lanes” variable and a
25% decrease in the variable “travel time by bike/bike-sharing” with
respect to the base levels reported by the respondent;

The above scenarios are realistic but require challenging infra-
structural and regulatory changes to the current road and traffic man-
agement. Scenario 3 and 4 assume that cycling in protected cycling lanes
cause also a 25% reduction in the travel time by bike.

We tested the model prediction with and without the parameters
which resulted non-significantly different from zero, finding no signifi-
cant differences in the predicted demand.

As we can see from Table 9, the modal shift depends on the data
source, the SP data being more optimistic towards bike use (especially
bike-sharing).

Scenario 1 (a 25% increase in the percentage of bicycle lanes) in-
duces more people to use the bicycle (+4.9% if RP, +11.3% if SP), but
active mobility increases by a lower amount since the increase in the
bike use comes also at the expense of walking (—2.6% if RP, —2.9% if
SP). Motorcycle and car use maintain their share, while there is a
considerable decrease in bus use. The resilience of the private motorized
modes does not bode well for the decrease of urban air pollution,
implying that incentivizing active mobility is a rather complex task not
to be limited to incentives to the active modes.

Scenario 2 doubles the percentage of the bicycle lanes relative to
Scenario 1. The impact is a further increase in bike use (24.8%, 30.7% of
the total trips according to RP and SP data, respectively), but again at the
expense also of walking. Scenario 3 and 4 add a further decrease in the
bicycle’s travel time thanks to the bicycle lane availability. The effect is
to increase the share of bicycle use even further, up to 28.5% and 34.9%.
Active mobility would reach a share of up to 58% and 60.6% from the
current estimated 51.2% and 53.4%. The private motorized modes
would, however, be only moderately affected.

8. Discussion and conclusions

The paper investigates the determinants of mode choice for the trips
to the city center, with a focus on the medium-sized Italian town of
Trieste. In order to increase the city center attractiveness counteracting
past tendencies towards suburban sprawling, active mobility plays a
crucial role in enhancing the city center urban quality, livability and
accessibility, as underlined in several European documents (European
Commission, 2004). Making use of the CAWI methodology, we have
investigated the revealed and stated transport mode choices made by a
sample of 315 respondents before and during the Covid-19 pandemic. In
the case of Trieste, due to the limited distances and the high urban

Table 9
Predicted demand at model estimates.
Base estimates Scenario 1 Scenario 2 Scenario 3 Scenario 4
RP SP RP SP RP Sp RP SP RP SP

Walking 36.7% 32.9% 34.1% 30.0% 31.1% 27.4% 32.6% 28.3% 29.6% 25.7%
Bike 8.8% 9.1% 11.8% 11.6% 15.2% 14.0% 14.0% 13.3% 17.4% 15.9%
Bike-sharing 5.7% 11.4% 7.6% 14.3% 9.7% 16.7% 8.8% 16.4% 11.1% 19.0%
Bus 22.5% 21.7% 21.3% 20.4% 20.0% 19.2% 20.4% 19.3% 19.1% 18.1%
Car 16.6% 15.5% 15.9% 14.8% 15.2% 14.1% 15.3% 14.1% 14.4% 13.3%
Motorcycle 4.0% 3.7% 3.8% 3.5% 3.6% 3.2% 3.6% 3.2% 3.3% 3.0%
Taxi 5.7% 5.8% 5.5% 5.5% 5.3% 5.3% 5.3% 5.3% 5.1% 5.1%
Active mobility 51.2% 53.4% 53.5% 55.9% 56.0% 58.1% 55.4% 58.0% 58.1% 60.6%
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density, walking is one of the preferred mode to access the city center.
The modal share of the bus is high compared to other Italian
medium-sized cities, while the car is less frequently used. However,
motorcycle use is also high, while cycling plays a minor role with a
modal share lower than the Italian average and much lower than other
European cities (for instance, Graz, Austria and Ljubljana, Slovenia).

The Covid-19 pandemic altered significantly the transport mode
choice. In line with the recent literature (Aloi et al., 2020; Badii et al.,
2020), we find that Covid-19 had a strong negative impact on bus,
shifting users towards private modes, both motorized and
non-motorized. Whether the former or the latter will prevail in the short
and medium term depends on the traffic measures that will be imple-
mented. In fact, as pointed out by several commentators, Covid-19
represents both a challenge and an opportunity to develop new ap-
proaches and policies for a more sustainable urban transport.

The joint consideration of the RP and SP data allowed us to inves-
tigate the respondents’ preference structure. We found that respondents,
ceteris paribus, would derive a higher utility from cycling with a private
bicycle than from using the car or the motorcycle, equivalent when not
superior to using the bus. Such a preference, however, decreases if the
weather is not favorable. Walking is less valued, although less affected
by the weather conditions. Bike-sharing is less used and less valued,
probably also because it has been introduced only recently in the city of
Trieste. The generalized cost components travel time and to a lesser
extent travel cost determine mode choice.

In the hypothetical scenarios, we tested the impact of increasing the
number of bicycle lanes or pedestrian areas. As expected and consis-
tently with a large set of previous contributions (Zhou et al., 2020), we
find that the former would definitely increase the utility associated with
cycling. To assess quantitatively their impact, we applied the estimated
model to four scenarios favoring bike use by modifying some of the
model choice determinants. The impact depends on the assumed in-
crease in the cycle lane network and on the accompanied potential
reduction of the cycling travel times. Our model predicts that the bike
mode share could increase from the current 14-20% to 29-35%. How-
ever, such an increase does not translate into an increase in active
mobility, since the bike would substitute some trips currently made by
foot. Overall, active mobility could increase up to 58-61% from the
current 51-53%. Our conclusion is not shared by Zhou et al. (2020) who
argue that the enhanced cycling network not only attracts more cyclists
and encourages cycling activities, but it also increases walking activities.

A problematic finding is that bike use would substitute also bus use,
while the impact on motorcycle and car use is very limited. We are not
aware of similar findings in the discrete choice literature. If our finding
is reliable, it raises two concerns: bus ticketing might decline affecting
the financial stability of the bus companies, and traffic congestion and
air pollution might not reduce significantly. The latter calls for policies
that complement the increase in the extension of the cycle lanes and
discourage the use of motorized modes (e.g., parking policies) or reduce
some of their negative impacts (e.g., substitute the current internal
combustion engine vehicles with electric ones which generate less air
pollution and noise). As several other contributions have underlined, the
provision of the cycling infrastructure alone is a necessary but not a
sufficient condition for a shift towards active mobility (Neves & Brand,
2019; Song et al., 2017).

Since we have collected information on the attitudes of the re-
spondents making use of 28 questions, we have extended the conven-
tional choice model jointly considering the impact of the respondents’
attitudes, perception and beliefs. The estimation of the HMXL model
proved informative and enhanced the statistical fitness of the model. The
main result is that the concern for the local and global environment, the
attitude towards physical exercise and risk aversion towards Covid-19
co-determine the choice of the mode of transport used to reach the
Trieste city center. We confirm that the risk aversion towards Covid-19

strongly affects bus use, as recently documented by Aloi et al. (2020) and
by Badii et al. (2020). We also find that a positive attitude towards
physical exercise enhances the interest for active modes, including
cycling, as previously documented by Kamargianni and Polydoropoulou
(2013) and Kamargianni et al. (2015) investigating the teenagers’ school
travel mode choice. Another finding is that the concern for the local and
global environment plays a significant role in the mode use to reach the
historical city center. Several authors have underlined that people with a
higher level of environmental concern or environmental awareness are
more likely to choose public transport, park and ride facilities or active
transport modes (Atasoy et al., 2013; Marquez et al., 2019; Poly-
doropoulou et al., 2014; Rieser-Schiissler & Axhausen, 2012; Sottile
et al., 2015). Other authors, however, argued that the association be-
tween environmental concerns and mode choice could be subject to
conditions connected with costs and convenience (Diekmann & Pre-
isendorfer, 2003; Fallah Zavareh et al., 2020; Frandberg & Vilhelmson,
2014).

Using a rather sophisticated modelling framework, this paper has
investigated active mobility in an Italian city with the aim of under-
standing the mode choice determinants and attitudes before and during
the Covid-19 pandemic. It should be acknowledged, however, that
during the study we encountered several difficulties. An initial one is the
choice between administering a face-to-face interview and using an
online questionnaire: the former is very time consuming, thus limiting
the number of potential respondents; the latter is easier to perform but
does not permit a sufficient interaction with the interviewee, an
important drawback when eliciting RP and SP choices. Next, when the
number of respondents is limited and the online questionnaire is used
there is a self-selection risk. In our case, respondents were invited to
participate by the local newspaper: it is not unlikely that the more
sensitive to active mobility readers might be over-represented in our
sample. Another challenge is the definition of the choice context. The
main difficulty is related to the definition of the trip (origin-destination
and trip purpose): it is rather difficult to identify typical trips in a per-
son’s daily routine that are meaningful and representative for both the
person and the purpose of the study. Another commonly acknowledged
challenge in any stated choice survey is to identify the mode availability:
one should consider both technical and economic principles but re-
spondents might find it difficult to consider them properly. Finally, we
experienced that collecting information regarding attitudes increases
the interview burden, although they are essential to estimate a hybrid
choice model: it is rather challenging to strike the right balance between
number of latent variables, indicators to measure them and computation
complexity (that translates into estimation time).

Our research, although technically rather sophisticated, has only
scratched the surface of a very complex issue. Further research is needed
along several research paths. Firstly, we plan to extend the sample thus
far limited by the difficulty of collecting data during the Covid-19
pandemic. It would also be interesting to analyze the modal choices
after the Covid-19 pandemic, thus evaluating the dynamic nature of the
individuals’ preferences. Next, we plan to apply the methodology we
have developed to cities and towns with different morphological and
density characteristics. Finally, an attempt should be made to account
for the interaction between demand preference structure and the supply-
side measures, including urban planning, traffic and parking regulation,
and fiscal incentives.
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Table A

Descriptive statistics of the indicators.

mean sd median min max skew kurtosis

Q1 Have you ever participated to an environmental event or have you ever joined an environmental association? 0.39 0.49 0 0 1 0.45 -1.81
Q2 The ongoing discussions on the greenhouse effect are somewhat overstated 2.05 1.46 1 1 5 0.98 —0.64
Q3 Authorities should introduce legislation that forces citizens and businesses to protect the environment 4.54 0.87 5 1 5 —2.43 6.07
Q4 My decision on the type of vehicle to buy has a significant impact on the environment 4.34 0.95 5 1 5 -1.67 2.44
Q5 We are approaching the limit of the number of people Earth can support 3.7 1.22 4 1 5 —0.64 —0.49
Q6 Plants and animals have the same right to exist as humans 4.31 1.08 5 1 5 -1.76 2.33
Q7 If things continue in their current course, we will soon experience a great ecological catastrophe 4.2 1.04 5 1 5 -1.29 0.96
Q8 The air quality of my city is very poor 3.35 1.17 4 1 5 —0.39 -1.1
Q9 The bad air quality of my city certainly has negative effects on health 4.14 1.07 4 1 5 -1.31 1.06
Q10 My decision on the type of vehicle to buy has a major impact on local pollution 4.38 0.93 5 1 5 -1.8 3

Q11 In my city the number of parking spaces for cars and motorcycles should have decreased 2.92 1.48 3 1 5 0.07 —1.45
Q12 In my city the number/length of cycle paths should be increased at the expense of parking spaces for cars and motorcycles 4.06 1.31 5 1 5 -1.25 0.22
Q13 For my urban journeys I use/have used the bicycle 0.5 0.5 0 0 1 0.01 —2.01
Q14 For my urban travel I use/have used the motorcycle 0.3 0.46 0 0 1 0.86 -1.26
Q15 Several people I know don’t use bicycles or motorcycles for safety reasons 0.71 0.45 1 0 1 —0.93 -1.14
Q16 Cycling without a helmet is very dangerous 4.01 1.09 4 1 5 -1.13 0.42
Q17 Cycling outside the cycle paths is very dangerous 4.03 1.08 4 1 5 -1.19 0.57
Q18 Do you practice a sport or exercise regularly? 0.7 0.46 1 0 1 —0.88 -1.23
Q19 Physical exercise is essential for health 4.84 0.44 5 1 5 —3.94 22.6
Q20 My friends suggest me to do more physical exercise 0.36 0.48 0 0 1 0.59 —1.66
Q21 I would like to do more physical exercise but I don’t have time 0.63 0.48 1 0 1 —0.56 —1.69
Q22 I would like to do more physical exercise but my health does not allow me to 0.11 0.32 0 0 1 2.41 3.84
Q23 I consider myself a sporty person 3.53 1.27 4 1 5 -0.59 —-0.85
Q24 The probability of contracting COVID-19 by going shopping is high 2.9 1.2 3 1 5 -0.17 -1.21
Q25 The probability of contracting COVID-19 by bus is high 3.85 1.12 4 1 5 -1.01 0.26
Q26 The use of the mask and the disinfection of the hands considerably reduce the probability of contracting COVID-19 4.3 1 5 1 5 -1.57 1.87
Q27 The risk of contracting COVID-19 was initially overstated 2.54 1.53 2 1 5 0.46 -1.32
Q28 It is quite likely that there will be a second wave of contagions 3.86 1.04 4 1 5 —0.72 —0.03
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