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Abstract.

The COVID-19 pandemic has strongly impacted people’s main routine, which
certainly includes their mobility habits. This paper aims to assess the pandemic’s
mobility impacts and whether these may have increased the already existing ine-
quality between men and women. In particular, the variation of mode choice in a
pre-COVID and post-COVID scenario is investigated, focusing on the use of
transport mode defined as Smart Mobility. The analysis is performed on data col-
lected in thirteen European countries between July and September 2020 through
a survey designed using an intersectional approach. Responses are analyzed to
highlight correlations between different factors affecting mobility changes: some
interest is reserved to the modes used according to the journey scope (work, er-
rand, shopping). Overall, results reveal more people walking for their daily jour-
neys, while a significant decrease in the use of public transport is observed. Alt-
hough these changes affect women more, the main reason behind this is the need
for more safety in terms of low risk of contagion, irrespective of gender. A spe-
cific focus on using modes commonly associated with a Smart Mobility offer
(such as shared modes, public transport, walking, and biking) reveals differences
originating when comparing men and women responses and various age ranges.

Keywords: Gender balance, Smart Mobility, COVID-19, mobility survey.

1 Introduction

The impact of the COVID-19 pandemic on the world of transport and mobility has been
significant, following the measures that have required many businesses’ closure, forc-
ing people to stay at home to reduce the risk of contagion. These measures have been
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demonstrated to be necessary for limiting contacts and have influenced travel behav-
iors, mainly in public transport use, due to the lower level of health security perceived
associated with specific means of transport and crowded places [1].

Transport systems in most cities were able to cope with the pandemic’s immediate
challenges, but some adverse effects have been observed. Unequal access to transit,
which is commonly affecting users such as people with disabilities, has been exacer-
bated in the emergency period [2]. Many cities are widely characterized by limited
spaces for pedestrians and cyclists in their urban planning. However, cycling and walk-
ing can be seen as a great way to stay healthy facing, for example, the closure of gyms
in many cities. These two modes are also an effective way to support physical distanc-
ing and relieve public transport burden during a pandemic [3].

Also, it is worth investigating how this crisis affected shared modes (as car sharing
or bikesharing) that have started to populate the cities in the last decades and how these
services are linked with characteristics such as gender and age. The use of these means,
which, for the same definition of being shared, would imply treating specific cleaning
and sterilizing approaches to avoid infection risk, seems to be perceived as a safer al-
ternative for traveling.

The current work fits into the European TInnGO (Transport Innovation Gender Ob-
servatory) project framework, which deals with gender inequalities in smart mobility
opportunities and transport employment. The project’s primary goal is to create a mech-
anism for a sustainable game change in European transport through the transformative
strategy of gender and diversity-sensitive Smart Mobility (SM) [4]. TInnGO also acts
by creating a network of 10 national Hubs in 13 different European countries: each Hub
addresses issues of local importance in gender and diversity sensitive Smart Mobility.
This latter has become a buzzword of the 21st century; it involves four main contents,
such as “vehicle technology, Intelligent Transport Systems, data, and new mobility ser-
vices” [5].

Smart Mobility, although just one component of a smart city, is seen as a means of
delivering key benefits such as reducing air and noise pollution, traffic congestion,
transfer costs, increasing transport safety and improving transfer speed [6]. Moreover,
it is commonly associated with the offer of various mobility options and services such
as on-demand ride services, real-time ridesharing services, car- and bike-sharing pro-
grams, multimodal trip-planning apps, smart traffic control, up to the self-driving vehi-
cles concept [7]. Many of these themes have been catapulted to the discussion about
urban mobility during (and in the future after) the pandemic. Transport systems have
been asked to become “smart”, as citizens are changing their commuting preferences
to adapt to a new way of life where main changes include people distancing and crowds
reduction.

The present paper aims to shed light on how the COVID-19 emergency influences
mobility choices (also the “smart” ones) of women and men in Europe, highlighting
inequalities. This is done by intersecting users’ profiles (gender, age, work status before
and after COVID-19) with their mobility patterns and mode choice in the pre- and post-
COVID scenario. Additionally, this study will analyze the stated reasons behind these
changes and the connection between mode choice, gender, and caregiving roles. Un-
derstanding how mobility habits changed during the pandemic and the reasons behind,



and analyzing the differences in men and women’s behavior is crucial for planning the
reboot of cities’ transport services consistent with future needs.

The paper is structured as follows: the next section will try to correlate known
women’s mobility habits with the restrictions due to the COVID-19 emergency, with
particular attention to the Smart Mobility concepts. The methodology and the data col-
lection procedure will be described in section 3. Then, the results obtained through
analyses correlating various respondents’ characteristics are presented in section 4. Fi-
nally, conclusions will discuss and elaborate on the impact and implications of this
work.

2 Women’s mobility habits and COVID-19 emergency

Previous studies have shown that different user characteristics, including social roles
rooted in society, lead to different activity patterns and a gender mobility gap. Women
are known to use Public Transport (PT) more than men, who in a traditional society
make commuting trips by car and get the first right to car usage in a household [8].
However, during the pandemic, governments and local authorities implemented re-
striction measures to reduce the use of PT, as their overcrowding represents a high-
level risk of contagion [9]. Thus, women’s mobility might be more affected by COVID-
19 because they are more frequent public transport users than men [10].

While many employers can rely on smart working, reducing their journeys only to
necessary food shopping, other essential service personnel, such as healthcare (hospi-
tals and pharmacies), have continued their trips to the workplaces. In such a context, it
is relevant to highlight the differences between genders in the presence in the labor
market’s different sectors to characterize, for example, the PT users. As stated in [11],
women make up almost 70% of the healthcare workforce, so they have to reach hospi-
tals and other care facilities during the emergency. Thus, they are asked to arrive at
their workplace, possibly trying to reduce contagion risk. In this context, it is interesting
to see if they are willing to rely on the same means they were used to as in the pre-
COVID situation.

In general, it is observed that, in need of moving during the emergency, people fa-
vored to travel with modes that guaranteed adequate physical distancing, such as cy-
cling, walking, or private cars. At the same time, there was a drop in transit and shared
transport use [9]. However, these changes in the mode choices need to be investigated
more in detail. Research conducted before the COVID pandemic revealed that gender
seems to affect the interest towards various transport means differently. For example,
women are commonly not seen as frequent cyclists, mainly due to significant safety
concerns and family burden issues [8]. These elements seem to influence bike-sharing
services, too; a considerable number of male users commonly characterizes them due
to the design of the bikes themselves and the absence of baby saddles that would pre-
vent women from relying on this service [12-14]. However, the changes observed in
the city affected by restrictions, as the creation of pop-up bike lanes, with the potential
to become permanent cycling infrastructure [3], and a reduced number of cars traveling
around, could draw more women to this means of transport. Moreover, the need to



travel just for ‘mandatory’ trips (to reach workplaces or for caring issues), namely with-
out dependents as in the pre-COVID situation, could influence these mobility choices.

As mentioned in the previous section, the ultimate goal of introducing the Smart
Mobility concept in the cities is reducing traffic and pollution. So, introducing proper
infrastructures, such as new bike lanes, could be seen as a relevant measure to reach a
low level of congestion and make citizens flow more fluid. The sharing of vehicles and
modes, on-demand services, and micro-mobility are other potential answers of Smart
Mobility to environmental and personal sustainability problems. Car sharing systems,
areal presence in the SM framework, are commonly characterized by a lower frequency
of female users than males. The main features of people joining this service are some-
what similar, despite the gender [15].

Moreover, the costs of car sharing compared to car ownership could play a more
significant role for women than for men [16], mainly because the former commonly
drive a household’s second car and the use of this service could be less expensive than
buying a second car [17]. The shared modes seem to have been able to face the change
in mobility choices associated with the pandemic better than other means. For example,
a report shows that after the first lockdown in Italy in March — April 2020, car sharing
had a relatively low recovery in May with only 30% points more compared to the pre-
vious months. However, shared bikes and e-scooters showed a more consistent in-
crease, respectively, 60 and 70% more, reaching almost the pre-Covid-19 levels of use
[18].

While the female interest in bike-sharing systems has already been cited, the spread
of e-scooters and their shared offer is a relatively new trend in urban mobility. This
micro-mobility mode has seen a significant increase in association with the pandemic
travel restriction, as they are sustainable individual means of transport. A reduced hum-
ber of studies have investigated the differences in users’ gender so far, but some pre-
liminary results are available. For example, research conducted in a big German city
showed that three-quarters of the e-scooter sharing customers are male [19]. Moreover,
the distribution of ride lengths proves that gender hardly has any influence on usage
patterns.

Ride-hailing and on-demand services are other modes in the SM domain that have
gained a lot of success in pre-COVID cities worldwide. Despite the fear of traveling
with unknown people, women seemed interested in the service. A reduced number of
studies has focused on the impacts of ride-sourcing. Still, there have been reports of
some considerable safety setbacks as cases of drivers sexually assaulting female pas-
sengers have emerged from across the globe [7]. The bad experiences reported have led
to increasing demand for safe transport services. Many women-only ride-hailing ser-
vices (exclusively for females drivers and passengers) have been launched in various
countries [7]. Besides, SM could provide a useful contribution, as technology can in-
crease accountability for crimes committed. GPS tracking, trip arrangement through
apps, driver and rider feedback, and law enforcement outreach are examples of actions
that could be of interest for potential female customers [20]. Compared to other modes
in the SM offer, ride-hailing seems to be the service that could be more affected by the
fear of contagion: this puts a strain on the sense of trust towards peers commonly re-
quired by this type of platform.



The provided overview on mobility habits gendered differences is mainly based on
the pre-COVID scenario. A low number of studies are currently focusing on this topic
in the post-COVID scenario, whereas some investigations on the general trends on the
influence of the emergency on travel behavior are already available. A fundamental
point that must be taken into account while conducting these investigations is consid-
ering the employment dynamics changes due to the COVID-19 pandemic. As already
cited, people have switched to smart working as much as possible following the
measures to reduce contacts. However, differences between the genders are found in
this context, which would inevitably reflect their mobility. As highlighted in [10],
women “will likely experience a significant burden on their time given their multiple
care responsibilities as school closures and confinement measures are adopted, possibly
leading to reductions in working time and permanent exit from the labor market”.

A study conducted in Nederland has already highlighted these differences [21], look-
ing at the distribution between men and women across different professions and esti-
mating the effects of restriction measures. The authors estimated that more than 50%
of the men were probably still traveling for their commuting, while this percentage re-
duced 10 points in women’s cases. They also tried to evaluate the distribution of people
who stayed at home or were temporarily out of work due to the COVID-19 crisis, saying
that it can assess to 21% in the female population, reducing to only 10% among men.
The disproportionate impact due to lockdown measures on women, which reduced their
mobility more than men, has been verified in this study [22], based on the analysis of
mobility indicators derived from anonymized and aggregated data provided by a mobile
phone operator. In this case, the authors recognized that the travel patterns’ differences
are mainly because of the uneven burden in caring for children when schools are closed.
They raised the attention to the need for targeted policy intervention to support women
during the pandemic, for example, by offering parental leave to both men and women
to encourage equal dependents' care, joining with more campaigning and supportive
activities connected to the workplaces.

Despite these latter aspects being far from the focus and the current paper’s scope,
we think it is necessary to consider when analyzing mobility changes due to an excep-
tional situation like a pandemic affecting peoples worldwide. Thus, in the following,
we will present an analysis of a dataset collected at the European level to relate how
this pandemic affected women’s mobility patterns also in connection with job changes.

3 Methodology

The spread of mobility surveys has gained more importance in a period with cities af-
fected by a worldwide pandemic that it is expected to produce considerable changes in
daily life and travel patterns. One of the TInnGO project aims is to investigate possible
barriers and potential improvements that could help operators create a better and more
gender-equal transport system. This knowledge was planned to be gained through a
data collection procedure based on a survey investigating which aspects can be modeled
to explain and predict mobility choices. Focus group analyses and a detailed literature
review were conducted as preliminary activities to the questionnaire design [8]. These



allowed to collect information on particular users’ mobility needs, gain new knowledge
of possible barriers and potential improvements to help transport operators improve
their services.

According to the project-planned activities, the data collection campaign was
planned to be started in the TInnGO Hubs cities in spring 2020. However, the COVID
emergency forced a delay in the data collection and pushed us to reconsider the original
plans. Indeed, expecting that the pandemic would produce changes in people’s mobility
habits, the typical journey characteristics have been investigated in a pre-COVID sce-
nario and in a post-COVID one. This could provide insights into how the emergency
changed the mobility scenario, how it could affect different kinds of users, and highlight
potential improvements to help transport operators manage city mobility in the future.
It is relevant to observe that the reference to what we call ‘a post-COVID scenario’
does not aim at investigating future intentions but is associated with the condition of
life after the worldwide spread of the virus. Thus, the objective is to understand how
the respondents have changed their mobility habits due to the cohabiting with the
COVID-19.

1. USER PROFILE
Socioceconomic indicators

" ™
2. PRE-COVID SCENARIO 'g 3. POST-COVID SCENARIO
Professional status a g Professional status
Mobility choices = § Mobility choices
Trip characteristics 5 Trip characteristics

N

Fig. 1. The survey structure.

Before the data collection procedure, the survey structure has been reviewed by the
TInnGO Project coordinator (hamely Coventry University) to check its compliance
with the University’s ethical framework. It has been approved through a formal Re-
search Ethics procedure confirming that it is GDPR-compliant too. The respondents are
informed about all these points before participating in the survey. They are told that
their answers are anonymous and treated confidentially and the information they pro-
vide is kept anonymous in any research outputs and publications.

The survey structure can be depicted in Fig. 1. As it can be observed, the first part
of the questionnaire aims to outline the respondent profile, investigating her/his socio-
economics characteristics, such as gender, age, social level, education, ethnic origin,
family composition, sexual orientation, accessibility to car use. The focus on specific
questions, such as “Do you have children living in your household?”, “In your family



unit, do you live with any dependent person?”” and “Which, if any, of the following dis-
abilities do you have?”, have the objective of better understanding specific user groups’
mobility characteristics, according to the literature review and the focus group activities
operated in [8].

The focus then goes on to the analysis of typical travel patterns and how they have
been affected by the COVID emergency. The respondents have to state which mode
they used the most (e.g., motorized and non-motorized, owned, and shared) for different
activities (e.g., job, commuting, shopping) in a pre- and post-COVID scenario. Obvi-
ously, the possibility of not conducting certain kinds of journeys is proposed as a pos-
sible answer. For these cases, a specific question tries to understand the motivation
behind this choice: “Which are the reasons behind your changes in the modes used?”,
including safety, sustainability, and planning issues.

Regarding the trip characteristics, the questionnaire aims to collect a better charac-
terization of the transport chain (activity patterns) to assess possible differences be-
tween women and men as reported in the literature. This is done through asking explic-
itly: “Do you use to travel with a dependent person on this trip? (children, elderly,
caring for disabled people)”, “Do you use to stop regularly along this journey?”,
“What are the reasons for these stops?”. On the whole, some details about the accessi-
bility to all the possible means of transport are required.

As highlighted in the previous sections, it is necessary to relate how this pandemic
affected women’s jobs in their mobility patterns. As seen in Fig. 1, changes in the pro-
fessional status and the organization of respondents’ work are investigated. For exam-
ple, have they chosen some lay-off or part-time? Was the taking care of children and
household chores equally distributed in the household?

The data collection activity has been opened from July to September 2020, intending
to collect the first wave of a limited number of results in the 10 TInnGO Hubs’ working-
age population. This allows having insights into the effects of the pandemic on mobility
patterns in cities with different restrictions during a so-called 1% lockdown in Europe.
The investigation of the responses collected in 13 EU countries, each of them facing
the COVID-19 emergency at various moments and, sometimes, in not uniform ways,
can provide a broader view of the pandemic’s impact on users’ mobility patterns. At
the same time, it is well known that the situation influenced employment, producing,
for example, an increase in the commonly known inequality.

4 Results and discussions

4.1  Sample characterization

The data collected refer to 208 European respondents, 57% of which were women. The
results analysed in this paper are related to the preliminary phases of a more extensive
study that will broaden the survey to a much larger sample (around 4000 answers ex-
pected). Table 1 provides an overview of the sample’s socioeconomic characteristics
(section 1 in Fig.1). The respondents are from different European countries: Portugal,
Spain, France, Italy, United Kingdom, Germany, Sweden, Denmark, Romania, Greece,



Lithuania, Latvia, Estonia. The TInnGO partners conducted the survey campaign
through their personal contacts, professional contacts and social media, thus resulting
in a good majority of respondents in the age ranges 25-34 (37%) and 35-44 (26%),
mainly with a high-level education (Degree, Master or Doctorate). The investigation on
the residential area type revealed a great majority of respondents living in an urban
environment (74% of answers), with only 6% of them declaring a rural one. Table 2
shows the sample’s breakdown according to age and gender; the respondents in the age
ranges 25-34 are mainly women, while the balance is greater for the other age ranges.

Table 1. Descriptive statistics on socioeconomics characteristics of the respondents.

Feature Choices %
Age bracket 18-24 years 14
25-34 years 37
35-44 years 26
45-54 years 11
55-64 years
65-74 years
>75 years
Children in the HH No 64
17
16
3
Dependent person No 71
Preschool age children (under 5 years) 13
School age children (5-10 years) 10
School age children (10-16 years) 12
Elderly relative 1
Residence area type Urban 74
Suburban 20
Rural 6
Level of education Secondary 13
Degree 15
Master 46
Doctorate 23

Other 3




Table 2. Age and gender characteristics of the respondents

Age/Gender Female Male Prefer not to answer

18-24 years 13 17 30
25-34 years 47 29 77
35-44 years 27 28 55
45-54 years 17 23
55-64 years 9 15
65-74 years 4 7
>75 years 1

117 90 208

4.2  Pre-COVID scenario

As could also be expected based on the respondents' age, most of them stated that they
worked in an office in the pre-COVID scenario, around 70% of answers (Table 3). It
also emerges that the proportion of women working remotely, self-employed or unem-
ployed, is higher than that of men, although this difference is relatively marginal. The
overview of professional status distribution is essential since, as pointed out above,
employment status can influence mobility choices, especially in the pandemic scenario.

Table 3. Professional status in pre-COVID scenario

Professional status pre-COVID Female Male
Paid employment - Working in an office/plant 70% 2%
Paid employment - Working remotely 5% 4%
Paid employment - Parental leave 1% 1%
Paid employment - Lay-off 0% 0%
Self-employed 7% 4%
Non-paid work 2% 0%
Student 11% 14%
Homemaker 1% 0%
Retired 2% 1%
Unemployed (health reason) 0% 0%
Unemployed (other reason) 2% 1%
Prefer not to answer 0% 1%
DK/NA 0% 0%
Other 0% 0%
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The focus goes on users’ mobility habits, distinguishing the answers according to
gender to highlight peculiarities and possible differences. In the pre-COVID scenario,
the most used mode of transport for each activity is investigated and the results are
reported in Table 4 separately for women and men. The only respondent that preferred
not to declare her/his gender was excluded from this analysis.

Table 4. Mobility habits according to gender and scope (pre-COVID scenario)

o
IS @ g 8
- . £ L e ks
Mobility habits £ = = _ S 2 5
pre-COVID o = 3 Iy = % <
[%] g s < s = °
£ 7 S 5
o
. F 41 1 15 30 2 7 5
Job/university/school
M 40 3 15 25 0 17 0
Visiting people ~ F 55 0 3 33 3 2
another town M 55 0 6 32 0 4
. F 39 1 14 10 3 32 1
Running an errand
M 41 1 14 17 0 26 1
. F 32 2 10 21 3 29 3
Out dinner
M 32 0 11 19 3 33 1
. F 21 3 17 24 2 32 1
Tourism
M 23 2 13 21 0 39 1
. . F 38 2 32 3 23 2
Tourism other city
M 49 0 28 0 20 3
. F 41 3 11 2 39 1
Groceries
M 34 2 8 0 48 1
. F 56 0 10 21 1 11 2
Shopping center
M 59 2 6 20 0 13 0
F 47 2 15 20 2 14 2
Weekend activities
M 50 1 16 21 1 10 1

In general, the private vehicle is the most frequently chosen means of transport, es-
pecially for visiting a shopping center, while the second choice is walking. This being
said, it emerges, however, in line with what is found in the literature, that men are more
likely both to use a private vehicle and to walk. On the other hand, women seem more
inclined to use local public transport except to run an errand or go shopping. Sharing
solutions seem to be of little attraction to both women and men at less than 3%. More
than 70% of the respondents stated that they work in an office (Table 3), so it is inter-
esting to focus on the mobility habits to get to the workplace, which is most probably
the main journey. Preferences are quite similar between men and women: the first
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choice is the private car with, respectively, 40 and 41% of answers, followed by public
transport with 25 and 30%. The following options are different, with 17% of men saying
they walk and 15% using their bicycles; women, on the other hand, prefer to cycle with
15% and walk with 7%.

4.3  Post-COVID scenario

Excluding the 28% of respondents who do not know or cannot answer, 38% of them
work remotely, whereas 35% declare going to the office in the post-COVID scenario.
As might be expected, these two percentages are very different from the pre-pandemic
scenario in which 71% of respondents went to the office, and only 5% worked smart.
Interestingly, in the pre-pandemic, no respondents had selected the DK/NA option;
probably this is linked to the still uncertain situation in Europe in the survey period
(July-September 2020). Table 5 reports the detailed percentage distribution of replies
according to gender and the variation from the declared answers for the pre-COVID
scenario.

Table 5. Professional status in post-COVID scenario and variation from pre-COVID one.

Professional status post-COVID [%] Female Variation Male Variation
Paid employment - Working in an office/plant 28 -42 21 -51
Paid employment - Working remotely 26 21 29 24
Paid employment - Parental leave 0 -1

Paid employment - Lay-off 0 0

Self-employed 5 -2 0 -4
Non-paid work 2 0 0 0
Student 4 -7 11 -3
Homemaker 0 -1 0

Retired 1 -1 1
Unemployed (health reason) 0 0 0
Unemployed (other reason) 2 2

Prefer not to answer 0 0 -1
DK/NA 30 30 24 24
Other 0 0 0 0

The mobility habits in post-COVID are expected to change according to different
governmental choices to limit non-essential travel. Countries across Europe have sig-
nificantly limited public life in order to stop the spread of the COVID-19 outbreak. In
Italy, France, Belgium, and Spain, for example, people are only permitted to leave the
house for health reasons or for going grocery shopping. Instead, Germany and Portugal
have opted for less restrictive measures, advising to limit unnecessary travel. Sweden,
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on the other hand, has not imposed severe lockdowns, for example, but adviced people
to work from home and avoid crowded public transport.

A possible additional answer, "I stopped making this trip”, has been introduced to
consider that a specific type of journey is no longer carried out. As shown in Table 6,
women and men stopped moving mainly for tourism to other cities (24% and 26%), to
go to the shopping center (21% and 19%), and to go out to dinner (16% and 20%).

Table 6. Mobility habits according to gender and scope (post-COVID scenario)

=
Mobility habits g X Z 8 2 4 gz
post-COVID g v 3 E - = £ 3B
[%] = & S S = © g5
= &% 0 & 3
Job/univer- F 38 3 15 12 1 9 9 14
sity/school M 4 1 10 12 0 18 4 13
another town M 59 2 4 12 1 7 3 11
. F 37 1 15 0 37 3 3
Running an errand
M 44 1 18 1 27 1
. F 28 1 12 1 28 4 16
Out dinner
M 32 0 9 1 27 2 20
. F 17 3 13 11 0 37 3 16
Tourism
M 21 4 14 6 0 38 3 13
. . F 39 2 4 13 0 14 4 24
Tourism other city
M 38 1 10 1 19 4 26
. F 36 0 11 1 44 3
Groceries
M 40 0 10 4 1 43 1
. F 44 0 11 0 12 4 21
Shopping centre
M 50 0 12 1 8 2 19
F 45 1 16 10 0 18 3 6
Weekend activities
M 49 1 18 7 0 18 3 4

4.4 COVID impacts on mobility patterns

Having analyzed the main elements in the pre- and post-COVID scenario about mobil-
ity habits disaggregated by gender, in this section the particular aspects of the declared
changes are reported and discussed. As shown in Table 7, 62% of the women inter-
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viewed stated that they had not changed their professional status but their mobility hab-
its. A similar situation occurs among male respondents, of whom 63% have not changed
their job, but 64% have changed their travel choices.

In particular, filtering out the positive responses to the job change, it emerges that
the COVID-19 emergency brought changes in the professional situation mainly due to
the necessity of starting to work remotely (71% of respondents), but this affected
women and men differently, with this percentage coming to 68 and 75, respectively.

Table 7. Change in professional status and mobility habits based on gender and age

Change Professional Status Change Mobility Habits

Female Male Female Male
No 62% 63% 38% 36%
Of which
18-24 years 15% 23% 2% 26%
25-34 years 36% 26% 43% 23%
35-44 years 22% 28% 27% 32%
45-54 years 16% 9% 18% 10%
55-64 years 8% 9% 7% 6%
65-74 years 1% 5% 2% 3%
>75 years 1% 0% 0% 0%
Yes 38% 37% 62% 64%
Of which
18-24 years 5% 9% 15% 16%
25-34 years 48% 32% 38% 36%
35-44 years 25% 27% 21% 30%
45-54 years 11% 2% 13% 5%
55-64 years 7% 2% 8% 7%
65-74 years 5% 2% 3% 5%
>75 years 0% 0% 1% 0%

Most people, as expected, changed their travel choices, and the graph in Fig. 2 shows
the percentage changes between the pre- and post-COVID scenarios net of those who
said they would no longer make that journey.

It clearly emerges that public transport (yellow bar in Fig. 2) is the mode that has
been most affected by the changes in mobility due to the spread of the pandemic, prob-
ably because it is considered unsafe in terms of infection. Women were found to be the
primary users of this transport solution (Table 4), and indeed they are the ones who
report the main changes, especially for work-related trips. Sharing modes of transport,
which are already little used, decreased further regardless of the gender. On the other
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hand, private transport (cars and bicycles) or walking have increased, but not homoge-
neously by gender or purpose. For example, women started to walk for many of their
activities, more than men, with an increase of 7% for shopping for groceries or 11% for
tourism in their city. The opposite behavior is observed for the male component, which
has stopped going to groceries and shopping centers on foot but seems to have opted
for the own bicycle (orange bar in Fig. 2). This alternative is now used more by women
to travel mainly to other cities, for tourism or to visit other people.

30%

-30%

Fig. 2. Mobility habits variation based on gender and scope

In general, walking, owned bikes, and private cars have been declared as transport
modes used more than in the pre-COVID scenario, as shown in Fig. 3. These plots
collect the responses to the question “Which of the following travel mode have you
started using more than previously?”, where multiple choices are allowed for the fe-
male and male samples. The option “PT” combines various means, namely bus, private
bus, train, trolleybus, tram, and metro. The group of users who stated that they use new
means of transport more than previously are 25-34 years’ women (with 42% of the
answers), whereas, for male respondents, the change is more homogeneous in the three
minor age groups (18-24 years; 25-34 years; 35-44 years). Moreover, it could be ob-
served that in the female sample, a higher number of respondents have started being
passengers, both on private cars and taxis. In the former case, significant differences
among age ranges could be observed while comparing the genders. Indeed, a consider-
able number of people older than 35 years are found in the “Private car as a passenger”
column in Fig. 3(a), while they are absent in the corresponding column of Fig.3(b).
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Fig. 3. Number of users for means of transport used more than previously based on age for (a)
female and (b) male; SM before the blue line

A specific focus is proposed on the investigation of modes associated with Smart
Mobility, according to the definition provided in [4], namely shared modes, public
transport, walking, and biking. Results are proposed in Fig. 3, where SM’s means are
found before the blue line. The plot clearly shows that female respondents’ sample
seems less prone to approach some SM modes than men, mostly the shared ones.
Among these modes, those gaining more interest among the women are the shared bikes
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and services such as Uber and similar. Other means that have started spreading in the
cities and are expected to reach a good success after the COVID-19 emergency are
shared e-scooters. However, these means seem to attract men more than women, con-
firming what is assessed in Section 2.

After it has become clear that the COVID-19 pandemic has changed mobility habits,
it is interesting to understand the motivations behind these changes, and this can be
done by assessing the answers to the question: “Which are the reasons behind your
changes in the modes used?”, with a multiple-choice option. In general, the most se-
lected answer was the motivation related to health issues to prevent infection. However,
Fig. 4 shows how all the possible choices separate between gender. For example, most
women are found among those respondents declaring a change in the modes due to a
longer travel duration while using the previous mode. A similar partition between gen-
der is found for the option “Increase of conditions in the use of previous modes (more
bike lanes, more bus lanes, ...)”. Women seem to be more affected by the reduction of
reliability in PT services, obviously connected to the fact that they are known to be
more frequent users of this means. In contrast, economic savings move more the
choices done by men.

More safety (in health terms),
low risk of contagion
80%
70%

60% Longer travel duration while
0

Reason DK/NA . ) .
using with previous modes

Increase of conditions in the
use of previous modes (more
bike lanes, bus lanes ...)

Less reliability in public
transport services

Economic incentives and/or More sustainable way of
mades purchase bonus travelling

Economic savings

—e=Fcmale Male

Fig.4. Reasons behind the changes in mobility habits separated according to gender.

5 Conclusion and discussion

The COVID-19 pandemic has affected in many ways people’s lives. The required
changes in the working conditions and the imposed restrictions in social activities have
inevitably affected mobility behavior. As expected, these changes are not homogeneous
across the population. Previously observed differences in travel behavior and mode
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choices among genders and age groups have amplified due to the current conditions.
This paper has analyzed changes in people’s mobility trends in 13 European countries,
focusing on how these changes vary between men and women and various age groups.

A survey that addressed mobility choices before and after the pandemic was per-
formed, and 208 replies were collected. The data analysis demonstrated that there are
actually differences in the new mobility patterns of men and women. The reasons that
led to these shifts in behavior are also explored. Monetary incentives drove men’s
choices while women were affected by the reliability and safety of public transport
services. The trip purpose also differentiated the mode choice between men and women,
with the latter showing a stronger shift towards walking while men towards biking for
groceries. For shopping and tourism, men revealed a preference for biking.

In general, walking increased while a significant decrease in the use of PT is ob-
served. These results have been expected due to the limitation of the trips performed
per day due to the mobility restrictions imposed in many cities and the increase of re-
mote work. These changes seem somehow correlated with gender, considering, for ex-
ample, that women are commonly more likely to use PT than men [8]. However, the
main reason behind the changes in mobility habits is the need for more safety in terms
of low risk of contagion, irrespective of gender. A shift towards private car use is evi-
dent in the age groups of people older than 35. Given the preventive measures of social
distancing and frequency of cleaning commonly used facilities, shared modes use has
dropped during the pandemic. However, shared bikes, specifically, have seen an in-
creased interest from male users.

The current exploratory analysis has shown that mobility behavior has been affected
by the pandemic’s advent and its impact on daily activities and working conditions.
Different groups of people, clustered by gender and age, have been experiencing these
changes in various ways as far as their mobility is concerned. In general terms, it is seen
that walking activities have in general increased, followed by biking while in motorized
transport, the private car usage is dominant followed by ride-hailing options. It is still
unknown how these changes will evolve in the future and how mobility behavior is
expected to be formed under the conditions of the pandemic and the post-pandemic era.
Future research aims to analyze the post-COVID19 mobility behavior of people and
analyze if the shifts towards active modes will remain or will be absorbed, again, by
the use of motorized transport and if the current preference towards private cars could
change towards public transport modes.
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