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Abstract: Two decades ago, information and communication technologies were expected to precipitate
changes, manifesting in the reorganisation of mobility patterns. The pandemic led to a disruption in the
established daily routines, prompting a surge in e-commerce, e-learning and remote working. However,
reports indicate disparities in access to e-services and mobility reduction. Nowadays, the prevalence of e-
commerce and the practice of remote work is indeed widespread but in-depth analyses are necessary. The
objective of this study is to gain a better understanding of teleworking practices and their impact on everyday
mobility considering individual’s sociodemographic characteristics in the Metropolitan Region of Barcelona.
In this paper, we employ sequence analysis of individual profiles and clustering techniques to examine the
impact of teleworking on mobility choices and spatiotemporal patterns. Our results show that there are
significant differences in teleworking practices according to the area of residence, education, and having young
children in the household. Interestingly, gender does not play a determinant role. This study highlights
inequalities, individuals likely to have face-to-face working arrangements tend to have lower education levels,
likely to live in poor-deserved public transport areas. The implications of this study are of relevance for
transport and city planning policy interventions.

Keywords: teleworking; working from home; presence work; hybrid working arrangements;
gender; activity participation; fragmentation; sequence analysis

1. Introduction

Prior to the outbreak of the pandemic, there was a general consensus that the advent of
Information and Communication Technologies (ICTs) would result in significant shifts in our lifestyle
patterns, particularly with regard to how travel, for example, to work, shop and spend our leisure
time as discussed by Lyons et al. [1]. This would be reflected in the organisation of daily activities,
which would result in increased flexibility (in terms of both space and time) in scheduling our daily
activities [2,3]. It was assumed that transport systems and transport demand would be affected, given
that many activities would no longer be bound to specific times and specific places. Furthermore, as
observed by Alexander et al. [4], this may even impact the requirement of dwellings.

It is evident that the pandemic outbreak led to a disruption in the established routines of daily
life, prompting a surge in digitalisation activities. This included the exponential growth of e-
commerce, teleworking and even e-schooling. However, reports have indicated that there are
disparities in access to e-services [5,6]. Moreover, various studies have indicated that during the
pandemic, at EU level, certain population groups were more likely to reduce their mobility in a higher
proportion than others [7]. For instance, those with a higher socio-economic status [8] or those who
were able to work from home (WfH) and were not employed as frontline workers. Fana [9] observed
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that in the EU, WfH individuals were often high-skilled workers with better wages and contract
conditions.

In the decade preceding the pandemic, the proportion of the EU population engaged in remote
work was 5.2%, with Spain exhibiting a figure of just 4.3%, according to Eurostat [10,11]. However,
the pandemic significantly accelerated the integration of ICTs into everyday life, thereby facilitating
the widespread adoption of e-commerce and telework practices [12-14].

Immediately following the pandemic, transport authorities informed that the public transport
systems had experienced a significant reduction in its transport share compared to previous values
[15]. However, more recent analyses have demonstrated that mobility is returning to its pre-
pandemic levels [8,16,17].

It may be reasonably deduced that an increase in the utilisation of information and
communication technologies (ICTs) for the completion of specific activities may result in a
transformation of mobility behaviours, particularly among specific demographic groups and in
relation to specific activities. The aim of this study is to unveil the determinants of tele-working
practices and their impact on everyday mobility. In this paper, we employ an analysis of individual
sequences to elucidate the impact of novel formats of work on transport, accessibility, and activity
participation. The Metropolitan Region of Barcelona (RMB) is presented as a case study. This paper
aims to gain a better comprehension of the spatiotemporal patterns and travel behaviour in
Barcelona, analyse gendered mobility patterns, and discuss which characteristics play a pivotal role
in shaping mobility, immobility, and digitalisation of our daily activities after the pandemic outbreak.
Our approach is based on sequence analysis, utilising the two most recent mobility surveys in the
Metropolitan Region of Barcelona (RMB) and EMEF surveys [17,18].

This paper aims to make a contribution to the existing literature on the impact of recent
teleworking schemes on mobility patterns and transport choice after the COVID-19 outbreak. It does
so by focusing on the role of individual characteristics, such as gender and socio-demographic and
household characteristics in shaping these behaviours. To do so, we use the official EMEF surveys
elaborated by the transport authority (ATM), which after 2021 collect information regarding family
structure, working arrangements and in these two years fear of infection. At the same time, the paper
seeks to make a contribution to the existing studies applying fragmentation indicators in transport
behaviour, but using a totally different urban context, where, especially in some areas, multiple
alternatives of public transportation are available.

The objectives of this research are the following.

e First, we analyse fragmentation indicators in the light of teleworking arrangements using an
exploratory data analysis approach.

e Secondly, we carry out a clustering analysis to classify individuals that have similar mobility
patterns.

e Finally, we present a generalised linear model to identify which socio-demographic
characteristics play a relevant role in teleworking arrangements.

This paper is divided into four sections and organized as follows. After this introduction, and
the literature review, we present the methodological approach and the case study in Section 2. Section
3 presents the results. Finally, we present in section 4 the discussion and the main conclusions and
implications of this study.

2. Literature Review

The analysis of travel behaviour has been a prominent area of study for decades, with the
objective of designing mobility policies that address the adverse effects of transport, including
congestion, pollution, fuel consumption, accidents, time and monetary costs, while promoting
sustainable mobility practices. Similarly, the interrelationship between travel behaviour, land-use
planning and the negative externalities has been the subject of extensive analysis in multiple studies
[19-22].

Mobility behaviour is a consequence of the built environment, the transport systems available,
personal characteristics and social norms in the places where people live. In this regard, numerous
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authors from around the globe have highlighted the pivotal role of gender in shaping mobility
practices [23-28]. Gender and life stage are fundamental factors influencing the reasons, modes,
destinations, and companions of our mobility practices, as different studies observe [29,30].

The advent of new mobility alternatives is also a result of ICTs. Mobility alternatives, such as
micro-mobility or mobility as a service, has recently influenced our mobility patterns. However,
equity considerations remain absent from this evolving landscape [31,32]. Furthermore, the use of
ICTs also facilitates participation in diverse activities in novel ways, transcending spatial and
temporal limitations [33]. Consequently, the adoption of ICTs affects our mobility patterns, as they
determine the manner and location in which certain activities, such as shopping and working, are
conducted. It is evident that the pandemic served as a catalyst for the replacement of some person-
to-person connectivity with virtual mobility. Nevertheless, research has revealed discrepancies
between population groups in diverse geographical setting [34]. For instance, Bohman et al. [35]
examined the ways in which the option of teleworking in Malmo (Sweden), differed among
population groups, gender, and residential locations. Thulin et al. [36] employed a qualitative
approach to investigate WfH after confinement in Sweden. The interviewees proffered a number of
reasons for the continuation of WfH (at least partially), including efficiency when WfH, a slower pace
of life, reduced time pressure and stress, commuter time savings, climate benefits, and others. It is
noteworthy that the sample in question exhibited an overrepresentation of individuals with children
residing in the household. Asmussen et al. [37] studied telework arrangements using a sample of
workers in the state of Texas, before and after COVID. Their results show that women, individuals
residing in rural settings, lower income, and in smaller homes with no private study-room in their
residence, do not telework at the same levels of their counterparts.

2.1. Sequence analysis (SA) and Clustering Technique

As previously outlined, the complexity of individual travel behaviour has been analysed
through the utilisation of diverse approaches and techniques pertaining to data analysis [38]. In
recent decades, there has been a notable advancement in the development of more sophisticated
models, including activity-based models [36]. One of the aims of activity-based modelling is to build
activity sequences of individuals. In this respect, sequence analysis (SA) has emerged as a reliable
alterative for representing the manner in which an individual allocates their time across all activities
and travel during a day. SA is a method of studying longitudinal data in order to analyse the
occurrence of activities or events in a structured manner, with a sequence representing the unit of
analysis. A sequence is defined as an ordered list of activities, events or states that describes a person’s
day. Sequence methods are a popular approach in the field of social sciences. Studer and Ritschard
[39] identify many key aspects when comparing sequences, namely experienced states, distribution,
duration, timing, and sequencing.

As observed by [40] the analysing of sequences of daily episodes (including places and trips) is
a technique that may be considered preferable to others as the sequences include the entire trajectory
of an individual’s entire daily activities. Furthermore, it is possible to evaluate the number and order
of activities, together with their duration. Recently, sequence analysis has been applied in mobility
analyses across diverse geographical contexts, including California, Barcelona, or Germany [40-42],
among others.

The concept of fragmentation in sequence analysis pertains to how activities and travel patterns
are spatiotemporal organised. This is achieved by subdividing activities into smaller components,
which are performed at distinct times and/or locations. As outlined by [43] there are different
indicators that may be used to analyse fragmentation. However, in the context of travel behaviour
only a subset of these is commonly utilised.

Furthermore, while the underlying mechanisms and motivations behind the spatiotemporal
activity fragmentation remain unclear, the categorisation of activity-travel fragmentation into
clusters offers a means of elucidating the characteristics of distinct groups. For instance, it enables the
establishment of a relationship between the socioeconomic characteristics of the segments and other
factors. These are based on similarities within individuals and differences among groups of
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individuals. Authors such as McBride et al. [39] present a review of dissimilarity measures for
sequence analysis. Furthermore, different approaches and examples of cluster analysis have been
used to understand sequence analysis and/or activity fragmentation [4,41,44-46].

3. Materials and Methods

The SA theory is applied to the Metropolitan Region of Barcelona (RMB), as illustrated in Figure
1. The area is subdivided into thirty-six municipalities within the Metropolitan Area of Barcelona
(AMB), which accounts for more than 3.2 million inhabitants. The remaining municipalities in the
RMB area, comprising 164 municipalities, are home of 1,848,514 residents. The region is served by a
wide public transportation network, comprising more than two hundred bus lines, ten metro lines,
fifteen railway lines, and two tramway lines.

A recent report by Institut Metropoli [47] demonstrated the existence of notable differences in
mobility patterns by activity purpose. Mandatory mobility attains 24.3% of all trips, discretionary
mobility accounts for 16.6%, and mobility related to work or study for 16.5% of the daily travel
patterns. The remaining trips are for the purpose of returning home (42.6%). Conversely, the use of
private vehicles increases as the area of residence moves away from Barcelona city, while the use of
active modes and public transport decreases. A great proportion of residents in the Barcelona
municipality utilise public transport for their journeys (25.8%) in comparison to those in the rest of
the RMB (10.4%). It is noteworthy that the ratio of public transport trips exhibits a decline as one
moves beyond the boundaries of the Barcelona municipality, with the following characteristics:

e  The ratio of public to private transport within the Barcelona municipality is 208:100.
e  The ratio of public to private transport between Barcelona municipality and the rest of the AMB

(delimited in red in Figure 1) is 119:100.

e  The ratio of public to private transport between Barcelona municipality and the rest of the RMB

(delimited in blue in Figure 1) is 102:100.

= Metropolitan Region of
Barcelona (RMB)

=~ Metropolitan Area of
Barcelona (AMB)

= Primary Crown of RMB
Rest of RMB
Rest of AMB
10km \ B Municipality of Barcelona

Figure 1. RMB Study Area: Transportation Analysis Zones. Primary crown subarea (EMT) in green.

Figure 2 depicts the mean walking access time to public transport stops and the average income
per residential area. The access time is based on the centre of gravity of the Transport Analysis zones
(TAZ-EMO) specified in the VISUM model [48] of the Metropolitan Region, with the values averaged
across all zones included in a TAZ-EMEF macrozone. Figure 3 illustrates the population and
employment densities.


https://doi.org/10.20944/preprints202411.0676.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 November 2024 d0i:10.20944/preprints202411.0676.v1

Figure 2. Average walking access time to public transport stops (left) and average income per TAZ-
EMEF (right).

Figure 3. Population density (left) and employment density (right) in the Metropolitan Region of
Barcelona.

Prior to and following the pandemic outbreak, multiple strategies and measures were
implemented in Barcelona with the objective of reducing individual mobility by private vehicles.
Among the initiatives to improve urban planning, the superblocks and green axes [49] are relevant
examples. The pandemic served as a catalyst to reinforce and promote tactical urbanism within the
city. Furthermore, in the last quarter of 2022, a national policy was introduced with the objective of
compensating citizens due to elevated inflation, reducing the consumption of fossil fuels by private
vehicles, and stimulating the use public transport. In the Metropolitan Area of Barcelona the policy
was implemented as follows: commuter rail services were made free of charge, and a 50% discount
was applied to the majority of transport tickets within the Barcelona Metropolitan Area [16]. Most
discounts remain in effect in the current year (2024) [50]. The report from the Metropolitan Transport
Authority ([51] in Catalan) indicates that thanks to the tariff discounts, there was a modal shift from
other modes to public transport between 2021-2022 of almost 22%.

Additionally, the report by the Mobility Observatory [15], indicates that from 2019 to 2022, the
percentage of individuals who were employed or engaged in academic studies from home evolved
by 5%, 18%, 20% and 15,3%, respectively. Similarly, a recent report [52] shows that in 2023, a greater
proportion of people residing in Barcelona engaged in WfH, accounting for 35.6 %, compared to a
25.2% in the rest of the Metropolitan area RMB

Barcelona has suffered from rising house prices which have skyrocketed in the past years, well
above household incomes, because of among other issues, overtourism [53,54] which has triggered
measures by the national and regional government [55]. Consequently, households with less
economic resources tend to move out of the city centre and households with higher income remain
in the city centre (as shown in Figure 2). Furthermore, Figure 2 shows, that accessibility to public
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transport stops worsens as one moves away from the city centre, whereas jobs tend to concentrate in
the inner part of the city (see Figure 3).

3.1. Dataset

Since 2003, the Metropolitan Transport Authority from Barcelona has published an annual
statistic, known as the Working Day Mobility Survey (EMEF) with the objective of identifying the
main drivers of mobility on working days among the population aged 16 and older, residing within
the Barcelona integrated tariff system [18]. The Barcelona region is subdivided into 173 macrozones,
as illustrated in Error! Reference source not found. The aforementioned zones are utilised for the c
ollation of survey data. In contrast to the Barcelona municipality, which is divided into ten
macrozones, in the RMB each TAZ-EMEF macrozone in the RMB is represented by a single a
municipality.

The information collected has evolved over time [56]. Prior to the pandemic, for instance, no
data regarding WfH or online schooling was collected, which constraints the differentiation between
undesirable immobility, sustainable practices, and hybrid working practices [57].

In this study, the official 2021-2022 EMEF survey is employed for the purpose of analysing
activity sequences utilising discrete sequence data. These surveys collected data pertaining WfH,
attitudes towards public transport (relevant after the pandemic outbreak) and other e-shopping
activities. These two surveys contain data about the family structure that has not been previously
analysed by the authors. It is worth noting that, although both surveys collected information
regarding ICTs and daily activities, the approach employed between 2021 and 2022 differs. Some
questions posed in 2021 were not repeated in 2022. Table 1 presents the sample and population size
(based on expansion factors provided by ATM authorities) represented in the 2021-22 EMEF surveys.

Table 1. Sample and population size per year and mobility status (without multivariant outliers).
Only representative municipalities are included.

Sample Sample ) . Population .
Yea . . Sample Population Trip- . Population
Trip- Non Trip- . Non Trip- .
r size makers size
makers makers makers
202
. 8544 999 9543 4,087,669 467,639 4,555,308
202
) 8582 870 9452 4,147,998 404,595 4,552,593
17126 1869 18,995 8,235,667 872,234 9,107,901

In light of the aforementioned considerations, we have conducted two approaches. The first
involves the independent analysis of the annual datasets, with a view to examining specific areas of
interest. Afterwards we consolidate both datasets, with a particular focus on the harmonisation of
comparable variables.

In this study, we employed sequence analysis to statistically examine the fragmentation of
respondents’ daily activities using a minute-by-minute time series, wherein each minute of the day
is represented by a distinct state for each individual in the study. These "states" correspond to the
locations visited by individuals or transport modes used to move from one place to another during a
working day.

Table 2 presents the dataset of activities and travel modes based on the types of locations
individuals visit or the transport mode they use during a working day. They are defined by their job
arrangements according to year 2021 and 2022. The following are Escorting (E), Casual (for not
frequently visited places, C), Home (H), Work (W), Recurrent (frequently visited places that are not
the working place, O), School (only for students, S). Transport modes are defined as TC for private
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transport (car, van, motorcycle), TE for e-scooters, TK for Bike, TP for public transport (bus, metro,
tram, and train), and TW for active modes (walking).

Table 2. Dataset of activities and transport modes per year by job type from 6:00 to 24:00.

Activity /TrModeused | E | C | H [ W | R | s |[TC| TE [ TK [ TP [ TW
job arrangements 2021
Hybrid WfH 0.86 | 1.38 | 69.75 | 16.15 | 448 | 1.2 | 291 | <0.01 | 0.2 | 1.33 | 1.73
Always presence 0.73 | 1.51 | 53.17 | 30.94 | 3.87 | 3.02 | 3.21 | <0.01 | 0.15 | 1.92 | 1.48
Nonactive 09 | 2578359 | 006 | 644 | 0.87 | 1.46 | <0.01 | 0.11 | 0.89 | 3.1
job arrangements 2022
Hybrid WfH 119 | 1.5 | 60.61 | 225 | 582|037 | 3.75 | <0.01 | 0.17 | 2.15 | 1.94
Always presence 1.03 | 1.57 | 50.99 | 33.49 | 4.77 | 0.67 | 3.58 | <0.01 | 0.16 | 1.97 | 1.76
Nonactive 1.01 | 25 | 7678 | 0.87 | 757 | 4.6 | 164 | 0.01 | 0.12 | 1.72 | 3.19

3.2. Methodological Approach

The analysis of activity sequences is the base of our analysis. Our approach is based on the
analysis of activity sequence.

Once the data has been orchestrated, filtered and the fragmentation indicators have been defined
(see Figure 4), three different statistics methods are undertaken. First, an Exploratory Data Analysis
(EDA) is conducted. Subsequently, a cluster analysis is developed, and finally, a generalized linear
model (GLM) is built. The next subsections present the details of these approaches.

It is worth mentioning that the activity sequences of professional drivers were omitted from the
analysis. Furthermore, multivariant outliers were identified in the fragmentation indicators, and also
excluded from the sample.

The following sections present the details of the methodological approach employed for the
analysis of activity sequences.

Cluster profiling

2021-22 EMEF Fragmentation Multiple Hierarchical P
Dat Sequence Trfdiceat::rts? Ex'jtl\:\r:lty‘;li-: ona!a Correspondence Clustering of on cha ;a:;enshcs
ata Definition N . Analysis (MCA) for projected .
Orchestration Computation Indicators Data Reduction sequences fragmentation

indicators

N

Figure 4. Data Analysis process on 2021-22 EMEF data.

3.2.1. Fragmentation Indicators

The definition of activity sequence patterns is not a uniform concept across the literature.
Consequently, this research employs the approach set forth in [44,58,59]. For each individual in the
EMEF survey sample, we represent their activity sequence over the course of a working day.

In this study we will utilize the following subset of fragmentation indicators: entropy,
turbulence, complexity, and travel time ratio. These indicators are commonly used in the field of
mobility research.

The entropy indicator explores the variety in daily schedules and gives a measure of the
proportion of total time spent in each state [59,60]

h(x) = h(m, ... m5) = — i, milog (m)) )
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Where m; is the proportion of occurrences of the ith state in the specific sequence, S is the number
of potential states, x is the sequence of daily activities defined from minute to minute, and function
log () refers to natural logarithm.

The turbulence indicator was proposed by Elzinga and Liefbroer [58] and gives a measure of
how intricate daily schedules may be, based on the number of state recurrences and variability of
daily activities” duration.

T(x) = log, (p(x) Pextt) @)

s2+1

For a given sequence x, the turbulence T(x) considers: ¢(x) is the number of distinct
subsequences that can be extracted from the distinct state sequence, considering time precedence;
s% is the variance for the state duration; sZ,, is the maximum variance, based on the sequence
duration, computed as spq, = (n — 1)(1 — )%, where n-1 is the number of transitions in the sequence
and t is the sequence duration divided by the number of distinct states in the sequence.

The Complexity indicator is a score based on entropy and the different sequences of the
individual’s [61]. It is defined as follows:

_ nt(x) h(x)
Cx) = (a(x)—l) hmax) ®)

Where nt(x) is the number of distinct transitions within a sequence, I(x) is the length of the
sequence, h(x) is the entropy indicator, and hy,, is the maximum entropy in the sample.

The Travel Time Ratio (TTR) represents the trade-offs of people between travel and activity [40]
and it is defined as follows:

T¢

T = 4
T+ Ts @

It is computed as the total time spent on daily activities (T;), divided by the sum of the total time
at home (T) plus the total time on daily activities (T).

Herein, we use TraMineR developed by Gabadinho, Ritschard, Studer, and Miiller to compile
the fragmentation indicators [59] in RStudio [62] to calculate the activity sequences of non-trip and
trip makers on a minute-by-minute basis.

3.2.2. Exploratory Data Analysis

Once the data orchestration process of the 2021-2022 EMEF surveys is carried out, activity
sequences are defined, and the fragmentation indicators are calculated, the exploratory data analysis
is undertaken (see Figure 4).

To do this, a data reduction technique based on multiple correspondence analysis [63] on activity
sequences is addressed. The final step considers the classification of projected activity sequences onto
the MCA reduced space and profiling clusters accounting for unit characteristics using FactoMineR
package [63]in RStudio [62].

The mean and standard deviation of fragmentation indicators per year are shown in Table 3
and distribution profile in Figure 5.

Table 3. Sample mean and standard deviation for fragmentation indicators and year.

year entropy turbulence complexity ttr
Mean

2021 0.560 9.675 0.027 0.587

2022 0.616 10.462 0.030 0.597

Standard Deviation
2021 0.271 3.397 0.012 0.060
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2022 0.281 3.637 0.012 0.063
2021 2021 2021 2021
entropy turbulence complexity ttr
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Figure 5. Fragmentation indicators per year.

3.2.3. Clustering Analysis

An agglomerative hierarchical clustering method (HCPC method in FactoMineR library for R
[63]) was employed following a dimensionality reduction through multiple correspondence analysis
to mitigate the potential for biases resulting from information loss. This analytical procedure
guarantees the utilisation of all available information (minute-by-minute activities), and it was
designed to circumvent distortions during the dimensionality reduction process. The reduction is
based on the Kaiser criteria [64], with the retained factorial axes accounting for more than 90% of the
data variability, thus ensuring representativeness. These axes were employed for the projection of
the sequences into the new space, resulting in a reduction of dimensions exceeding 95%. This enabled
the utilisation of Ward linkage [65] for the aggregation of hierarchical cluster.

In order to ensure the reliability of the results obtained through multiple correspondence
analysis, it is essential to have a sufficiently large sample size for each state. This study presents a set
of eleven states and mobility transitions that fulfil this requirement, thereby guaranteeing the
meaningfulness of the relationships identified.

In order to gain relevant insights into the differences between sequences, a clustering analysis
was conducted (see Figure 4). As previously stated, the analysis is based on the identification of
similarities within individuals and differences among groups of individuals. A clustering technique
is employed for the purpose of grouping sequences of activities with similar dissimilarity scores. The
final number of clusters was optimised in order to represent the data in an optimal manner, with the
objective of achieving a balance between within-group similarity and across-groups dissimilarity.
This is done based on a Silhouette chart [66]. It should be noted that the clusters are defined using
activity sequences projected in the factorial space. Individuals’ characteristics are not active variables
in this process; however they are useful for profiling of the clusters and in for constituting the
explanatory variables used in the modelling approach for the WfH variable described in subsection
3.2.4.
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3.2.4. Generalized Linear Model

As explained before, after the pandemic outbreak, questions regarding ICTs use and WfH were
included in the EMEF 2021-22 surveys. However, the questions were not identical, necessitating the
definition of a couple of variables that encompass different responses for similar issues. A variable
pertaining to WfH was defined as a three-level factor, comprising non-active, hybrid teleworking
schemes, and finally presence or face-to-face arrangement. Non-active workers are defined as
homemakers, retired individuals or those that are unemployed.

The 2021-2022 subsample, comprising economically active people, was used. The target variable
WIfH has transform as a binary factor that is used as the response variable in the generalized linear
model. A logistic regression approach has been developed to quantify the relevance of characteristics
at individual level with respect to the probability of having hybrid WfH arrangements.

4. Results

The next paragraphs present the most relevant results of the analyses conducted in this study.

Table 4 shows that hybrid working arrangements are more common in Barcelona city, more than
10 points above the rest of the metropolitan crownsError! Reference source not found.. Similarly, p
resence working arrangements notably differ between Barcelona municipality and the rest of crowns.

Table 4. Work arrangement distribution according to the RMB residence crown (EMEF 2021-22
subsample workers).

Crown Always.F2F | Mostly F2F | SomeOnline Both MostlyOnline All
BCN 63.09% 4.61% 22.61% 5.12% 4.58% 100 %
ETM 74.50% 3.21% 15.03% 3.91% 3.36% 100%
AMB 72.96% 4.01% 16.58% 3.53% 2.92% 100%
RMB 74.36% 3.37% 15.06% 3.83% 3.37% 100%

Figure 6 provides further insights into work arrangements. It shows that flexibility is not equally
distributed within the EMEF zones in the crowns. Error! Reference source not found.In comparison t
o other areas, the proportion of individuals engaged in presence work/study is lower in the
municipality of Barcelona. In the case of the yellow macrozones, they refer to high income
municipalities in the northern coast of the AMB and RMB (Alella, Teia, Sant Cebria de Vallalta). We
believe that this last one is not representative due to a small sample size, although it was not excluded
in the filtering preprocess. The grey zones indicate clearly underrepresented values, with very few
observations in the sample.

Always Face to Face Work or Study Proportion

04t005

05t006

0.6t00.7

0.7t00.8

0.8t00.9

09to 1.0

Missing
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Figure 6. Proportion of individuals with mandatory physical presence for work or studies according
to EMEF 2021-2022 (below). Missing values indicate clearly underrepresented municipalities in the
sample.

The results above need to be explored in relation to public transport services. Therefore, the
availability of public transport services was obtained by accounting all types of public transport stops
by TAZ macrozone and categorising them according to the percentiles. The resulting categories are
as follows: 18 % have no stops (None); 30 % have less than two (Low); 70 % have less than ten (Med);
85 % have less than one hundred (Good); the last category (Super) is for more than 100 stops. Error! R
eference source not found. depicts the results.

Public Transport Senice

Figure 7. Categorization of public transport services (Autoritat Transport Metropolita, ATM).

The comparison of Figures 6 and 7 demonstrates that numerous areas with a high concentration
of presence jobs also exhibit a poor network of public transport stops. This issue prompted us to
conduct a more in-depth analysis of the dataset.

4.1. Exploratory Data Analysis

In this subsection we employ Multiple Correspondence Analysis (MCA) methods to further
analyse the categorical data used in this study. Further details of this approach may be found at
Husson et al. [63].

The distinct categories of the variable WfH are examined with a particular focus on the groups
of individuals that fall within each category. WfH is a three-level factor, comprising: alwaysF2F,
hybrid WfH arrangements, and nonactive. This definition encompasses the 2021-2022 survey
questions, and the distribution can be seen in Error! Reference source not found..

Table 5. WfH distribution according to EMEF 2021-2022 sample.

AlwaysF2F Hybrid NonActive n
2021 48.90% 17.31% 33.79% 8,544
2022 44.55% 15.03% 40.31% 8,582

In this instance, each category of "WfH" defines a sub-population group. The catdes() function,
as implemented in the FactoMineR Package in R [63], enables the exploration of variables, and
whether each sub-population can be characterized by the levels of the categorical variables or mean
values of numerical variables. Error! Reference source not found. presents the variable description.
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Table 6. Explanatory variables description (target WfH 2021-22).

Variab Description
le
educat
ion Educational level into 4 groups — None — Primary — Secondary - Higher
dpmo | Daily principal mode obtained through the classification of the most relevant transport
de modes
corTes Residence crown, either BCN city, ETM (first crown), AMB (second crown) or RMB
(rest)
PuT:T Whether individuals changed their public transport mobility habits to reduce travel
ime time. Three levels: yes/no/don’t know (unknown)

PuTr Whether individuals changed their public transport mobility habits due to wearing a
Mask | face mask (which was mandatory in PuTr). Three levels: yes/no/don’t know (unknown)

age.se
gment Age segment into 4 groups 16-29, 30-44, 45-64 and 65 or more
PuTrl Whether individuals changed their public transport mobility habits due to fear of
nfect infection. Three levels: yes/no/don’t know (unknown)
PuTrD Whether individuals changed their public transport mobility habits due to maintain
ist social distance. Three levels: yes/no/don’t know (unknown)
birth.r
egion Either Catalonia (Cat), the rest of Spain (Esp) or abroad (Other)
f.unde | Children under 13 years in the household, a categorical variable with 4 groups 0, 1, 2 or
r.13 3+
taz.Al TAZ residence average income, in thousands of euros,(numeric)
nr.trip
s Number of trips per day (numeric)
fam.m
ember
s Number of family members (numeric variable)

To study the link between one “WfH” category and other categorical variable of the dataset, the
function compares two proportions:

e  the proportion of individuals who possess the selected category among those who possess the
first category analysed.
e the global percentage of individuals who possess the selected category.

The categories that are significantly linked to the category WfH are shown in Error! Not a valid
bookmark self-reference. shows that the order of these variables was higher in 2021 than in 2022,
which implies a behavioural change as the period under consideration progresses. In the year 2022
vaccines were more commonly distributed in comparison to the year 2021, while restrictions had
diminished in comparison to previous year. As a result, the fear of being infected exhibited a change
between the two years.

, independently for years 2021 and 2022. Error! Not a valid bookmark self-reference. shows that
the order of these variables was higher in 2021 than in 2022, which implies a behavioural change as
the period under consideration progresses. In the year 2022 vaccines were more commonly
distributed in comparison to the year 2021, while restrictions had diminished in comparison to
previous year. As a result, the fear of being infected exhibited a change between the two years.

presents the Pearson’s Chi-Square Test of Independence [67]. This test examines the most
relevant variables that best characterise the sample according to the pvalue of the Independence Test.
Two categorical variables (the WfH factor) during 2021 and 2022 accounting for individual
characteristics are tested considering individual’s area of residence, educational level, age group, and
other individual characteristics. It is important to note in this subsample, students were removed,
and only active people is included. These tables present whether there is a global relationship among
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WI{H and any of the categories with a p-value lower than 0.05 based on the independency between
rows and columns in a contingency table. The results appear in an order of major to minor influence.

Furthermore, in Error! Not a valid bookmark self-reference. shows that the order of these
variables was higher in 2021 than in 2022, which implies a behavioural change as the period under
consideration progresses. In the year 2022 vaccines were more commonly distributed in comparison
to the year 2021, while restrictions had diminished in comparison to previous year. As a result, the
fear of being infected exhibited a change between the two years.

, some variables are marked with (*). These variables refer to themes surveyed related to the
Covid-19 pandemic. Individuals were asked if they changed their mobility behaviour due to fear of
infection (PuTrInfect), to reduce their commuting time (PuTrTime), to avoid wearing the (mandatory)
mask in transport services (PuTrMask) or to avoid the lack of social distancing measures in transport
(PuTrDist). Error! Not a valid bookmark self-reference. shows that the order of these variables was
higher in 2021 than in 2022, which implies a behavioural change as the period under consideration
progresses. In the year 2022 vaccines were more commonly distributed in comparison to the year
2021, while restrictions had diminished in comparison to previous year. As a result, the fear of being
infected exhibited a change between the two years.

Table 7. Independence test contingency table (target WfH 2021-22).

2021 2022

Variable p-value df Variable p-value df
education 1.34E-127 3 education 1.63E-115 3
dpmode 5.86E-40 6 cor.res 1.91E-23 4
cor.res 7.48E-17 4 dpmode 2.75E-18 6
PuTrTime* 2.93E-12 2 age.segment 1.12E-08 3
PuTrMask* 9.08E-12 2 f.under.13 6.12E-06 3
age.segment 7.22E-11 3 birth.region 1.14E-02 2
PuTrInfect* 1.48E-08 2 PuTrMask* 1.73E-02 2
PuTrDist* 2.36E-08 2 PuTrTime* 2.41E-02 2
birth.region 5.83E-04 2 PuTrInfect* 3.02E-02 2
f.under.13 3.64E-03 3 PuTrDist* 3.44E-02 2

A refined analysis of the categorical variable WfH (working from home arrangements) is
developed, by analysing the relationships between categories, in this case the groups of individuals
to understand if distinct categories of the WFH are specially linked to other variables/categories of
the dataset. For that sake, we carry out a description of a subpopulation or its categories by the
categories having presence job or having flexible working arrangements. using the catdes() function.

Table 8 presents the target variable “Always face-to-face” and modality refers to the categories
of the explanatory qualitative factors with significance or under-representation in the target class
compared to the whole sample. The analysis of year 2021 showed that individuals who had presence
jobs represent 72% of the subsample. Table 8 shows the following results: they attained only primary
or secondary education or have no formal education. They live in the outskirts of the Barcelona
Metropolitan Region, most likely commuting with bus or metro. Young 16-29 years old or older
(between 45-64 years old) categories are overrepresented and most of them do not come neither from
Spain, nor the Catalonian region (77% of foreigners have a whole presence job). They live in
households with no children, and they had not considered to change their mobility habits due to the
pandemic measures.
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Table 8. Always face-to-face Class working arrangements (2021).
Target Class= Always Class conditional to Modality conditional Global p-
Face-to-face — 2021 Modality percentage to Class percentage Modality | valu
Modalities in percentage e
explanatory factors by
TOWS
ducation=Prima 6.08
education= Ty 9.52E+01 17.192 12991 | E-64
. 1.22
education=Secondary 8.35E+01 39.776 34254 | E-45
dpmode2122=Bus and 1.68
Metro 7 66E+01 45.930 43129 | E-11
6.32
PuTrInfect=Unknown 7.30E+01 93.362 9198 | E-09
. 1.76
PuTrTime=Unknown 7.30E+01 93.285 91.948 | E-08
, 216
PuTrDist=Unknown 7.30E+01 93.311 91985 | E-08
216
PuTrMask=Unknown 7.30E+01 93.311 91985 | E-08
439
cor.res=Other 7.87E+01 20.600 18.828 | E-08
2.07
dpmode2122=Other 7.98E+01 12.563 11326 | E-06
428
age.segment=16-29 7 87E+01 15.412 14.089 | E-06
. 9.66
education=None 100 0.7126 0.512 E-05
. . 3.24
birth.region=other 76.604 18.819 17.676 | E-04
3.85
age.segment=45-64 74434 44.354 42872 | E-04
2.95
funder.13(0,1) 72.878 67.929 67.063 | E-02
4.80
activity=Unemployed 85.365 0.890 0.750 E-02

In comparison, Table 9 presents individuals in year 2021 with hybrid WfH arrangements,
workers with hybrid arrangements represent about 14% of the subsample. They reached higher
education, they live in Barcelona municipality and declared not having a principal commuter mode

or having train as principal mode. They belong to the age group of 30-44 years old, living in
households with two children under 13 years old. It may be related to the fact that in 2021 many
home-schooling activities took place to reduce risk of infections, and therefore parents stayed at
home. This is the only case where E-scooter appears as a relevant transport mode (borderline p-

value).

Table 9. hybrid WfH arrangements 2021.

Target Class= Hybrid
WfH jobs — 2021

Class conditional to
Modality percentage

Modality conditional
to Class percentage

Global
Modality
percentage

P-
valu
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Modalities in
explanatory factors by
TOWS
5.22
education=Higher £
4.17E+01 77.690 52.241 128
1.02
dpmode=None 5.54F+01 12.654 6.404 E-28
1.95
cor.res=BCN 3.77E+01 29.549 22.012 E-16
9.65
PuTrMask=No 4.61E+01 8.936 5.434 E-12
) 1.36
PuTrTime=No 5.02E+01 6.588 3.677 E-11
7.55
age.segment=30-44 3.28E+01 48.401 41.427 E-11
2.07
PuTrInfect=No 4.03E+01 8.088 5.635 E-06
. 5.01
PuTrDist=No 43.076 5.4792 3.568 E-06
‘ 5.75
dpmode2122=Train 32.828 29.680 25.361 E-06
3.08
f.under.13=[2,3) 33.913 15.264 12.625 E-04
1.17
PuTrDist=Y
uTrDist=Yes 37448 5.936 4.446 E-03
1.64
PuTrInfect=Yes 40.769 3.4573 2.378 E-03
. ‘_ 4.33
birth.region=Esp 31.792 11.219 9.899 E-02
451
dpmode=eScooter 33.220 6.392 5.397 E-02

Results in year 2022 show that those individuals that always have presence work (76% of the
sub sample), who attained primary or secondary education levels and account for approx. 14% and
25% of the sample of active units, respectively. They are more likely to use public transport and live
in the outer areas of Barcelona or even farther away, which implies longer commuting times. They
are young (in the 16-29-year-old group) and no children under 13 years old in their household.
Finally, they have not thought about changing transport habits (see Table 10).

Table 10. Always face-to-face in 2022.

Target Class= Always Class conditional to Modality conditional Global p-
Face-to-face — 2022 Modality percentage to Class percentage Modality | valu
Modalities in percentage e
explanatory factors by
TOWS
education=Primary 372
9.66E+01 17.969 13.67742 | E-71
7.30

education=Secondary

8.70E+01 29.849 25.23502 E-43
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cor.res=Other T
8.14E+01 20.175 18.23041 E-10

dpmode=Bus and 4.91
Metro 7.75E+01 42.330 40.1659 E-08
age.segment=16-29 8.12E+01 15.137 13.71429 éj)17
4.90

f.under.13=[0,1) 7 55E401 68.220 66.451 E-06
birth.region=other 7 73E+01 18.997 18.064 E_?);
293

cor.res=RMB 7 63E+01 30.125 29.032 E-03

9.51

PuTrTime=Unknown 7 40E+01 94.360 93.843 E-03
9.51

PuTrInfect=Unknown 7 40F401 94.360 93.843 E-03
dpmode=Other 76.785 16.165 15.483 é_?)g
2.27

PuTrDist=Unknown 73.901 94.385 93.935 E-02
PuTrMask=Unknown 73.880 94.285 93.861 ;.%)Z

In comparison to presence work, Table 11 presents the analysis of individuals with hybrid
working arrangements (partially or mostly working from home) in 2022. The results show that they

have higher educational levels, between 30-44 years old who live in Barcelona Municipality, with
children (two kids under 13 years old). They were born in Catalonia. Risk of infection does not play
a role in their mobility habits.

Table 11. Hybrid arrangements (2022).

Target Class= Hybrid Class conditional to Modality conditional Global p-
WEH jobs - 2022 Modality percentage | to Class percentage | Modality | valu
Modalities in percentage €
explanatory factors by
TOWS
2.36
education=Higher E-
3.74E+01 85.365 60.350 124
1.12
cor.res=BCN 3.70E+01 31.916 22.838 E-20
5.28
dpmode=None 4.65E+01 10.104 5.751 E-15
2.15
age.segment=30-44 3.02E+01 46.341 40.553 E-07
3.46
f.under.13=[2,3) 3.23E+01 14.982 12.276 E-04
5.68
PuTrMask=No 3.47E+01 5.365 4.092 E-03
. . 1.23
birth.region=Cat 2.74E+01 75.749 73.253 E-02
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1.47

PuTrDist=No 3.44F+01 4.459 3.428 E-02
1.79

f.under.13=(3,5] 3.78E+01 2369 1.658 E-02
dpmode=Train 2 96E+01 17.979 16.055 E_})i
PuTrTime=No 34 437 3.623 2.783 é.?)i
2.89

PuTrInfect=No 32530 5.644 4.589 E-02

Figure 8 presents different histograms according to the different fragmentation indicators of
people having presence jobs or hybrid teleworking arrangements (WfH factor variable). The mobility
patterns start at 6 am to midnight. There are relevant differences among jobs’ arrangements. It is
worth mentioning that complexity is related to the entropy and turbulence indicators. The entropy
profile shows a greater incidence of large entropy values in the face-to-face job arrangements and the
same applied to travel time ratio (TTR). Turbulence does not seem to be affected by the type of job

arrangement.

Always.F2F Always.F2F Always.F2F Always.F2F
entropy turbulence complexity ttr
Illlll‘l‘lll_ IIII‘|||III-

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 05 1.0 0 10 20 30 000 002 004 006 00805 06 07 08
Both Both Both Both
entropy turbulence complexity ttr

(2]
c
(0]
II- II II.-_
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.5 1.0 0 10 20 0.00 002 004 006 008 05 06 07 08
NonActive NonActive NonActive NonActive
entropy turbulence complexity ttr
||||‘|III.- |‘III.----
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
00 05 10 15 0 10 20 000 002 004 006 00805 06 07 08

value

Figure 8. Fragmentation indicators and job arrangements (WfH). EMEF21-22.

We analysed the groups defined by presence (or face-to-face) jobs and hybrid jobs (both
categories: always or frequent) in a subsample containing only active individuals using the catdes()
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partitioning method in FactoMineR package for R [63]. Table 12 presents the mean fragmentation
indicators (numeric variables) and characteristics of individuals.

The results show that, in the case of presence workers all fragmentation indicators are
significantly above the overall mean in the subsample, as well as other complementary variables as
the family size characteristic and the number of trips: In the case of the hybrid working arrangement,
the indicators show the opposite behaviour.

Table 12. Fragmentation indicators for the category presence jobs and other characteristics. Overall

indicates the whole sample (any work arrangement).

Variable Mean in Overall Standard Overall p-value
category mean deviation standard
in category deviation
ttr 0.6178 0.6081 0.0574 0.0627 1.16E-160
entropy 0.6860 0.6415 0.2594 0.2933 8.17E-155
complexity 0.0312 0.0296 0.0128 0.0137 8.96E-94
turbulence 10.0882 9.8012 3.92518 4.0797 9.63E-35
nr.trips 3.9479 3.8385 2.2041 2.2369 1.20E-17
fam.members 3.1964 3.1585 1.2024 1.1922 2.62E-08

4.2. Cluster Analysis

Figure 9 presents the cluster analysis of sequences for years 2021 and 2022 for the nine clusters
obtained in the clustering of 2021-22 activity sequences restricted to workers in hybrid arrangements
and Figure 10 considers the state distribution based on the WfH categories of: always presence work
(F2F), hybrid working arrangements and non-active workers. The clusters of activity sequences for
workers with hybrid arrangements are shown in Figure 9:

e  C(luster 1 reflects morning workers spending most of the time out of home,

e  (luster 2 overrepresents late afternoon workers,

e  C(luster 3 shows presence workers in hybrid arrangements with afternoon and evening patterns
involving other recurrent activities.

e  Cluster 4 shows WfH employees most of the day.

e  C(luster 5 is dominated by hybrid arrangement workers involving escorting.

e  (lusters 7 and 8 accounts for hybrid arrangement workers that use part of the day in educational
activities (presence studies).

e  (luster 9 presents immobility patterns.

e  Finally, Cluster 6 obtained in the clustering process does not involve any hybrid workers, and

therefore is not included in Figure 9.
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Figure 9. Sequence analysis: states distribution in a working day for hybrid working arrangements
using EMEF surveys 2021 and 2022.

A first glance into the figures, may lead us conclude that presence workers, spend more hours
at work in comparison to hybrid workers. However, such a lecture is biased, as people stating that
they are at home, are surveyed with the activity “at home” and the activities within home (which
could be caring activities, WfH or homemaking) are neglected. This issue may also be appreciated in
detail in the next Figure 10.
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Figure 10. Sequence analysis: states distribution across a working day according to WfH factor. EMEF
2021 and 2022.

To see how different type of work arrangements lead to specific travel behavioural sequences,
the state distribution for a finer WfH factor definition can be seen in Figure 11. It is remarkable the
non-work activities in the late afternoon for the “some.online” and “mostly.online” categories.
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Figure 11. Sequence analysis: states distribution across a working day according to WfH refined
factor. EMEF 2021 and 2022.

4.3. Generalized Linear Model

Error! Reference source not found. presents the sample size and categories used as binary target
variables. The analysis of deviance table [68] to evaluate the significance of the net-effects of model
components in the binary alternative presence work (F2F) and hybrid arrangements is presented in

Table 14. The positive outcome is hybrid working arrangements. The model includes different
main effects and interaction terms related to the characteristics of individuals in the subsample of
working population whose terms are statistically significant (p-value below 5%). The availability of
public transport was included in the initial model, but the term was removed as it did not improve
the quality of the model and was not significative.

Table 13. Face to Face against hybrid arrangements per year.

Year AlwaysF2F Hybrid WfH Sample size

2021 4336 1707 6043

2022 3957 1428 5385
8293 3135 11428

Table 14. Analysis of deviance (Type II - Errors): net-effect test of terms based on log-likelihood ratio
test in RStudio [62].

Response: btelework2122

Type II tests LR Chisq Df Pr(>Chisq) Signif.
f.under.13 8.44 3 0.0377153 *
taz.Al 88.61 1 <2.2e-16 o
year 12.5 1 0.0004065 i
gender 242 1 1.20E-01
age.segment 23.72 3 2.86E-05 o
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education 764.5 2 <2.2e-16 ok
birth.region 6.52 2 3.84E-02 *
gender:education 31.28 2 1.61E-07 i
education:birth.region 62.53 4 8.50E-13 ok

Significance codes: 0 “*** 0.001 ** 0.01 ** 0.05°."0.1"" 1

Table 15 shows the final generalized linear model (GLM) that explains WfH jobs (at least hybrid
working arrangements for active people according to different variables. Model selection is based on
Bayesian Information Criteria (BIC) [69]. Furthermore, the Variance Inflation Factor (VIF) was
checked to avoid collinearity effects in the final model [70].

The results clearly show that in comparison to year 2021, in year 2022 the WfH arrangements
was notably reduced. The results show that education is key in the probability of at least hybrid
working arrangements. Individuals with higher education are more likely to WfH. After education,
the average income in the macrozone of residence appears as the second most relevant term.
Moreover, female gender increases the probability of hybrid WfH arrangements depending on the
educational level. The main effect of the number of children under 13 cannot be rejected globally at
the 5% significance level (see net-effect test on Table 14).

The number of children younger than 13 years old seems to increase the probability of hybrid
WI{H arrangements, nevertheless it is worth noting the few observations of large families (three or
more kids) that makes this third category not representative. Birthplace does not play a role in
teleworking arrangements once the individuals attain higher educational levels. On the other hand,
the younger the individuals are, the less likely are to WfH.

Table 15. GLM active people with presence jobs or hybrid job arrangements in 2021 and 2022. People
stating that they did not go through formal education were removed from the data.

btelework 2122
Predictors Odds Ratios CI pvalue
(Intercept) 0.01 0.01-0.02 <0.001
f under 13 [1-2) 1.12 0.98-1.28 0.094
f under 13 [2-3) 1.23 1.05-1.44 0.011
f under 13 [3,5] 0.88 0.59 -1.32 0.548
taz.Al 1.08 1.07-1.10 <0.001
year [2022] 0.83 0.75-0.92 <0.001
gender [F] 1.42 0.81-2.49 0.217
age.segment30-44 1.46 1.25-1.72 <0.001
age.segment45-64 1.27 1.09-1.48 0.002
age segment [65+] 1.54 1.04-2.25 0.03
education [Secondary] 4.28 2.76 — 6.93 <0.001
education [Higher] 14.6 9.61-23.25 <0.001
birth region [Esp] 0.46 0.14-1.16 0.141
birth region [other] 1.14 0.56 -2.17 0.708
gender [F] x education [Secondary] 1.06 0.58 - 1.92 0.855
gender [F] x education [Higher] 0.55 0.31-0.97 0.039
education [Secondary] x birth region [Esp] 2.35 0.86 — 8.27 0.129
education [Higher] x birth region [Espl 2.51 0.97 — 8.60 0.09
education [Secondary] x birth region [other] 0.29 0.14-0.62 0.001
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education [Higher] x birth region [other] 1.03 0.53-2.15 0.929
Observations 8844
R2 McFadden 0.1135
BIC 9205.456

Figures 12-14 graphically show different interaction terms regarding at hybrid teleworking
arrangements.

Figure 12 presents the interaction among gender and education with teleworking arrangements.
Figure 13 shows hybrid working arrangements with family members under 13 years of age in the
household and gender.

Figure 14 shows the interaction of hybrid working conditions with average income in the
macrozone where the individual lives (variable taz.Al) and education.
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Figure 12. Interaction terms according to gender and education in hybrid working arrangements.
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Figure 13. Interaction terms family members under 13 years old with at least hybrid arrangements
(non-significant gender effect).
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Figure 14. Interaction terms for hybrid arrangements according to TAZ average income per
macrozone (in thousand €) and education.

5. Discussion and Main Conclusions

This study presents an exploratory analysis of individuals residing in the Barcelona
Metropolitan Region who may or may not be able to work from home. This study is based on the last
two mobility surveys, conducted in 2021-2022, which included questions regarding ICTs activities.

In the year 2022, the WfH alternative decreased in comparison to the preceding year. Moreover,
between 2021 and 2022 the significance of the variables related to getting infected by COVID-19 (such
as mask-wearing in public transport or infection-related fear) diminished over time. The presence of
children in the household, defined as family members younger than 13 years of age, is associated
with an increased likelihood of teleworking arrangements. Education constitutes a highly relevant
factor to WfH. Furthermore, our results indicate that gender does not exert a substantial influence on
WIH in most of the cases. This information is relevant and builds upon previous analyses inexistent
[57], which have demonstrated that the fragmentation of daily activities (as a measure of mobility
behaviour) and immobility patterns converge between genders when individuals attain higher
educational levels. At this stage, the difference among genders becomes inexistent. Thus, regarding
our results, education is key in reducing the gender gap.

The geographical area of residence is also a highly relevant factor in WfH. As previously stated,
dwelling prices are significantly higher especially in Barcelona Municipality than in the surrounding
areas due to among others issues, overtourism and a shortage of affordable social housing. In
contrast, this central area of Barcelona benefits from a wide offer of public transport services. Our
findings indicate that individuals residing in the inner zones of Barcelona are more prone to having
WI{H arrangements and less likely to be employed in roles that necessitate physical presence. It is
unsurprising that these individuals state that they do not have a principal transport mode, as multiple
alternatives are available (and likely affordable to this group). Conversely, individuals residing in the
outer areas are compelled to commute longer distances, predominantly utilising bus or metro as
principal transport mode, and are more likely to be employed in non-remote or presence jobs, thereby
limiting their probability of hybrid WfH arrangements. In light of these findings, equity
considerations should be better analysed in urban and transport planning.

Indeed, novel formats of shopping, work, and mobility have emerged in our daily lives, with
the pandemic outbreak serving as a catalyst for these changes. However, the impacts are not uniform
across all population groups, and existent inequalities remain. In terms of the labour market, only
those who have attained higher education are in a position to change to hybrid working
arrangements (mostly or partially WfH): Many of these individuals live in zones with higher income,
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well-serviced public transport areas, whereas those individuals with lower educational attainment,
have presence working arrangements and live in the outskirts of Barcelona (where house rents are
not that expensive). This population group are captive users of public transport services and were
not in the situation of considering changing to other transport mode, even with the pandemic
restrictions.

The findings of this study also indicate that some issues need to be improved in the following
surveys. Given the changes in activity patterns triggered by ICTs, activities at home, ranging from
caring activities, WfH or homemaking, need to be better collected and identified. The act of remaining
at home may encompass manyfold activities, including WfH arrangements on a full-time basis or on
a hybrid arrangement, as well as homemaking or caring for others. Moreover, although this survey
does collect escorting activities, these activities are limited to accompanying an individual from one
place to another. In contrast, caring activities, cover a wider aspect, as they involve activities that
intend to ensure the physical, psychological, and emotional needs of others [71]. Caring goes beyond
a certain place and time and it occurs in multiple forms.

National, regional, and local governments should promote sustainable transport measures for
the population segments that need it the most, and the revision of accessibility cannot be disentangled
from residential area, ICTs, mobility alternatives, activities, and sociodemographic characteristics, to
facilitate universal accessibility in most circumstances.
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