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ABSTRACT

Research background and motivation

The Coronavirus disease (COVID-19) is an infectious disease, predominantly transmitted from person
to person. As of January 2023, globally, more than 670 million infections and more than 6.7 million
deaths were observed, without any clear sign of stopping in the growth trend. The risk of COVID-19 is
still a threat to human beings. To fight against COVID-19, various pharmaceutical and non-
pharmaceutical measures have been taken, such as lockdown, restrictions of activity participation and
trip making, physical distancing, mask wearing, and hand disinfection. These measures played their
rightful roles in pandemic control on one hand, while they also brought about various negative impacts
on the other. After suffering from COVID-19 for nearly three years, it becomes more and more
important how to balance the control of the COVID-19 pandemic and the maintenance of economic
activities and daily life activities. However, there is a serious lack of scientifically sound evidence for
supporting pandemic policymaking, especially based on understanding of people’s decision-making
mechanisms related to those behaviors that are closely related to the virus transmission. For addressing
the above research gap, this study focuses on people’s daily activity participation and trip making as

well as social contact (referring to offline social contact) before and during the COVID-19 pandemic.

Research questions and objectives

This dissertation aims to provide a comprehensive investigation of people’s behavioral decisions on
daily activity participation and trip making as well as social contact under the impacts of COVID-19,
for providing behavioral insights into pandemic policymaking. The investigation is done from various
angles by answering the following different but connected research questions related to individual-level
decision-making mechanisms.
First, COVID-19 has brought about various changes in people’s behaviors; however, the following
question has remained under-explored.
0-1 How do people s daily activity-travel and social contact behaviors change over time by

considering the risk of COVID-19 and the influences of psychological factors?

Second, trip making is one of the virus transmission channels; however, the following questions
have not been investigated by existing studies in a satisfactory way.
0-2 How are travel mode choices associated with risk perception in different spatial scales,

trust in stakeholders’ policymaking capabilities, and cultural risk factors?



Q-3 How did people prepare for such a pandemic like COVID-19 and how the preparedness
affects travel mode choices under the impacts of COVID-19?

Q-4 How the performing factors of travel behavior (e.g., travel time, travel companion, travel
habit) affect people’s travel mode choice during the COVID-19 pandemic with individuals’

taste variations?

Third, individuals’ social contacts with others during activity participation and travelling are one
of the main channels of virus transmission; however, the following questions have not been well
examined.

Q-5 How are changes in the number of social contacts heterogeneous depending on
demographic characteristics and attributes of activity-travel behavior?

0-6 How do people behave social contact in different contact modes, including not only
physical or direct contact but also non-physical or indirect contact?

Q-7 Whether and how do people make joint decisions on choices of social contact modes and
the number of contacted persons during the COVID-19 pandemic, and what are the
roles/influences of various factors, including demographic attributes, psychological factors,

and attributes of activity-travel behavior?

Fourth, decisions on trip making behavior and social contact may vary across activity settings;
however, such setting-sensitivity analyses have been neglected in existing studies, leading to the
following unresolved research question.

0-8 How do travel mode choice and social contact decisions differ across activity settings,

especially related to leisure?

Methodology

Large-scale nationwide questionnaire surveys with a total of 9,888 respondents were implemented in
six developed countries (Australia, Canada, Japan, New Zealand, United States, and United Kingdom),
followed by extensive descriptive analyses. And models with temporal dynamics and choice decision-
making mechanisms were built, where respondents were recruited from the whole territory of each
country by reflecting population distributions in terms of age, gender and region.

Two types of questionnaire surveys were conducted online. The first type is a life-oriented panel
survey, where respondents in Japan reported their various daily life behaviors between April and
September 2020, month by month, in a retrospective way, where several ten behaviors were jointly
investigated. In this survey, 2,643 respondents provided valid data about both behaviors and potential
influential factors (both objective and subjective factors), in comparison with the behaviors before the
COVID-19 pandemic. The second type is a comparative questionnaire survey about both activity-travel

and social contact by comparing the current pandemic period and influenza seasons before the pandemic,



where social contact was investigated with respect to both activity participation and trip making. It was
carried out in all the six developed countries (Australia, Canada, Japan, New Zealand, United States,
and United Kingdom) form March to May 2021 and collected valid data from 7,245 respondents
(Australia: 1125, Canada: 1176, Japan: 1169, New Zealand: 1193, United Kingdom: 1305, United States:
1297). Question items include social contact information (e.g., contact modes, number of contacted
persons), activity participation attributes (e.g., frequency, duration, travel modes), and various
psychological factors when doing different daily activities and using different transport vehicles before
(influenza season in 2019) and during (March 2020 to May 2021) the pandemic.

Models include, (1) a dynamic structural equation model (DSEM) that is developed to investigate
the relationship between the latent psychological/cultural variables and individuals’ life behavior
changes over time, (2) a mixed hybrid choice model (XHCM) with correlated latent variables is
developed to reveal individuals’ travel mode choice behaviors with unobserved heterogeneities, and (3)
a copula-based model is applied to estimate the joint distribution and dependency between individuals’
contact modes (based on multinomial logit model) and the number of contacted persons (based on an

ordered logit model).

Main findings

First (answer Q-1), people’s accumulated behavior changes in the past can affect their psychological
factors (e.g., the reliability of information sources, the risk perceptions, the attitudes toward COVID-
19 policymaking capability, the attitudes toward PASS-LASTING based policies) and then further
influence the most recent behavior changes. People’s behavior changes are obviously represented by
avoiding social contacts with others. And there is a strong relationship between different psychological
factors during the process that accumulated past behavior changes affect the recent behavior changes
dynamically.

Second (answer Q-2, Q-3, Q-4, Q-8), people are less likely to change travel mode choices for
commuting than other travel purposes. The impacts of latent psychological/cultural factors on travel
mode choice show an obvious diversity across different travel purposes in direct and indirect way
simultaneously. Risk perception is found to be more remarkable at larger spatial scales than inside
crowded public transport vehicles. The effect of the cultural orientations on travel mode choices can be
divided into two dimensions: hierarchism-egalitarianism and individualism-fatalism because of the
higher similarities in each pair. The preparedness focusing on risk-concerned travel habits formed
before the COVID-19 pandemic shows a significant impact on travel mode choices, but the influences
are not consistent across travel purposes.

Third (answer Q-5, Q-6, Q-8), there is an obvious heterogeneity of the number of social contacts
and its changes across the targeted attributes and contact settings, the pandemic policymaking could
focus on the protection of specific group with higher danger level of social contacts. People’s contact

modes and the taken protecting measures are associated with the number of social contacts during the



pandemic and show different features across the contact settings. On one hand, most both physical and
non-physical contacts occurred in work/study setting and party setting, while the most non-physical
contacts contact (with the physical presence of others) occurred in shopping setting and public transport
setting. On the other hand, protecting measures are well implemented for work/study setting and
shopping settings during the pandemic.

Fourth (answer Q-6, Q-7, Q-8), the joint estimation of people’s different indexes of social contact
behaviors is possible via the copula approach. A significant joint correlation between the non-physical
contact mode and the number of social contacts is found indicating that people trend to simultaneously
increase the number of contacted persons and the probability of having non-physical contacts with
others under the influence of common unobserved factors during the COVID-19 pandemic. Not only
individuals’ demographic attributes but also the psychological factors and activity participation
attributes have a diversified influence on people’s joint choice of social contact behaviors. Having
contacts with others doesn’t means people would consequentially contact more people. The additional
psychological variables in copula analysis highlight that people’ risk-related psychological factors
surely have the significant impact on the a certain behavior change too. And it is reasonable to include
risk perception with different spatial scales in a certain behavior analysis like social contact because of
the obvious difference among them. The joint analysis of social contact also indicates that the difference
of behavioral mechanisms for different contact settings can be reflected not only in the difference of

positive-negative effects but also in different sensitivity to influencing factors.

Contributions

The contributions of this study are summarized in academic level and practical level respectively.

(1) Academic contributions

Academic contribution on research framework:

1) A seamless framework of individuals’ pandemic activity-travel behaviors mechanisms with

social contacts is built.

Academic contributions on research contents based on data:

1) The cultural risk factors basing on the cultural theory of risk are the first time to be applied for
the analysis of individuals’ travel mode choices.

2) The leisure related travel purposes/contact settings for choice analysis are specifically classified
into eating out, physical exercise, party, and cultural leisure in the comparative survey data of activity-

travel and social contact before-during COVID-19 of this study.



3) The heterogeneities of the changes in the number of social contacts are revealed not only across
personal attributes but also across individuals’ participation attributes of activity-travel behaviors for
different contact settings.

4) In addition to the close contact (direct physical contacts or close conversation) behavior,
individuals’ behavioral mechanisms for other contact modes (e.g., only non-physical contacts without

direct physical contacts or close conversation) are also investigated in a comprehensive perspective.

Academic contributions on modeling approach:

1) The dynamic associations between individuals’ behavior changes over time and psychological
factors is the first time to be quantified by a developed dynamic structural equation model (DSEM).

2) Individuals’ taste variations related to preparedness (travel mode choices corresponding to
different risk levels) and key travel attributes are incorporated into the mixed hybrid choice model with
correlated latent variables for travel mode choice analysis.

3) The copula-based approach is first time to be used for the exploration of the joint behavioral
mechanisms of different indexes for social contacts under the effect of personal attributes, activity

participation attributes and psychological factors.

(2) Practical contributions

1) The complementary relationship between policymaking for different kinds of activity-travel and
social contact is revealed.

2) A comprehensive perspective on the dynamic effect between people’s recent behaviors and the
behaviors in the past across the psychological factors is provided indicating a necessity of the timely
adjustment for pandemic policymaking.

3) The important impact of the risk perception in different spatial scales and the attitudes to
policymaking capacity on the change of the activity-travel behaviors with social contacts is highlighted
for the pandemic policymaking.

4) The logical relations between different psychological factors related to the pandemic
policymaking across multiple daily behavior changes and across travel mode choice behaviors are
confirmed.

5) The pandemic policymaking approach that could influence different aspects of social contact
behaviors simultaneously has been proven to be necessary and possible in this study. And the
policymaking for activity-travel behavior with social contact which is tailored to specific situations is

recommended.
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CHAPTER 1 Introduction

1.1 Background and motivation

The Coronavirus disease (COVID-19) is an infectious disease caused by the SARS-CoV-2 virus. The
virus of COVID-19 can spread from an infected person’s mouth or nose in small liquid particles when
they cough, sneeze, speak, sing or breathe. These particles range from larger respiratory droplets to
smaller aerosols. Anyone can get sick with COVID-19 and become seriously ill or die at any age'.

As 0f2022.11.21, the global cumulative number of the COVID-19 cases has exceeded 635 million.
And more than 6 million of people have lost their life due to the impact of the SARS-CoV-2 virus. As
seen in Figure 1.1, even though the number of new daily cases started to decrease dramatically across
the world since the February 2022, more than 2 million infection cases are newly reported in the world
during the last week before 2022.11.212.

New confirmed cases, by date of report (n = 635,229,101)

7,500,000 4
@
a 5,000,000 1
o
=
)
=z
2,500,000
0 -
2019.Dec 2022.Nov
Data of report
. African Region European Region Western Pacific Region
WHO Region Eastern Mediterranean Region South-East Asia Region Other

Figure 1. 1. Newly reported cases of the COVID-19 across the world (Source: WHO COVID intel
database https://worldhealthorg.shinyapps.io/covid/)

In addition to vaccination, the governments across the world have implemented various behavioral

interventions and policies from the strictest lockdowns (with penalties for violations) to the soft

1 WHO: Health topics/Coronavirus disease (COVID-19) https://www.who.int/health-
topics/coronavirus#tab=tab 1
2 WHO Coronavirus (COVID-19) Dashboard: https://covid19.who.int/data
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proposing changes in behaviors to control the current COVID-19 pandemic. The compulsory social
distancing policy (e.g., lockdown) has been conducted by some governments in the initial phase of the
COVID-19 pandemic and been proven to be effective for controlling the pandemic. However, it might
lead to a serious damage to the economies and people’s well-being. The COVID-19 pandemic is still
risky to people’ safety but it is difficult to sustain such kind of strict behavioral interventions and polices
due to people’s policy fatigue after the COVID-19 pandemic has lasted more than two years.

Under this background, it is crucial to find a sensible pandemic policymaking approach for
prompting people to make proposing behavior changes. Exploring individual’s behavioral mechanisms
contributes to the reasonable pandemic policymaking which would protect people from the infection
effectively by the soft non-pharmaceutical interventions (NPIs) instead of the strict lockdown.
Meanwhile, the transmission of the COVID-19 pandemic mainly relies on individual’s (offline) social
contacts with others in daily life, hence, to explore individual’s behavioral mechanisms during the
pandemic, a seamless behavioral study focusing on people’s activity-travel behaviors with social

contacts in the process of travels and daily activity is needed.

The risk ofthe

COVID-19 on
people’s safety f————————————— -
Need —»| Set{snble p?ndemlc F asfd T1> ﬂ?xldel?a%?sogehavioral Focus on I
policymaking mechanisms ﬁ | Exploring behaviors in
| » the process of travel with
Unsustainability of | social contacts
strict lockdown policy Refine the behavioral mechanisms :

Exploring behaviors in
> the process of activity

Transmission of virus N .
| with social contacts

via social contact in
akily (6 |

This study

Seamless behavioral
study on activity-travel
behaviors with social
contacts for
policymaking

Figure 1. 2. Background and motivation of this study

1.2 Research questions and objectives

This dissertation aims to investigate individuals’ behavioral mechanism of activity-travel behavior and
social contact (referring to offline social contact) under the impacts of COVID-19 in the case of six
developed countries, and to provide the scientific evidence for further pandemic policymaking, hoping
improving the efficiency of pandemic policymaking by decreasing the risk of infection and prompting

people to follow the policy. The investigation is done from various angles by answering the following
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different but connected research questions related to individual-level decision-making mechanisms.

First, COVID-19 has brought about various changes in people’s behaviors; however, the following
question has remained under-explored.
0-1 How do people s daily activity-travel and social contact behaviors change over time by

considering the risk of COVID-19 and the influences of psychological factors?

Second, trip making is one of the virus transmission channels; however, the following questions
have not been investigated by existing studies in a satisfactory way.

0-2 How are travel mode choices associated with risk perception in different spatial scales,
trust in stakeholders’ policymaking capabilities, and cultural risk factors?
0-3 How did people prepare for such a pandemic like COVID-19 and how the preparedness
affects travel mode choices under the impacts of COVID-19?
0-4 How the performing factors of travel behavior (e.g., travel time, travel companion, travel
habit) affect people’s travel mode choice during the COVID-19 pandemic with individuals’

taste variations?

Third, individuals’ social contacts with others during activity participation and travelling are one
of the main channels of virus transmission; however, the following questions have not been well
examined.

0-5 How are changes in the number of social contacts heterogeneous depending on
demographic characteristics and attributes of activity-travel behavior?

0-6 How do people behave social contact in different contact modes, including not only
physical or direct contact but also non-physical or indirect contact?

Q-7 Whether and how do people make joint decisions on choices of social contact modes and
the number of contacted persons during the COVID-19 pandemic, and what are the
roles/influences of various factors, including demographic attributes, psychological factors,

and attributes of activity-travel behavior?

Fourth, decisions on trip making behavior and social contact may vary across activity settings;
however, such setting-sensitivity analyses have been neglected in existing studies, leading to the
following unresolved research question.

0-8 How do travel mode choice and social contact decisions differ across activity settings,

especially related to leisure?
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1.3 Research framework

Before the COVID-19 pandemic (2019)

During the COVID-19 pandemic (2020-2021)
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* LASTING approach
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Figure 1. 3. Research framework
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Figure 1.3 shows the conceptual framework of this study. This study has investigated people’s activity-
travel and social contact behaviors before (2019) and during (2020-2021) the COVID-19 pandemic
based on a life-oriented panel survey and a comparative survey of behaviors. The solid line in the
framework shows the analysis that has been implemented in this study and the dashed line is the analysis
to be implemented for future study. For the methodologies, the life-oriented approach, psychological
theories, hybrid choice models, copula modeling approach, PASS approach, and LASTING approach
have been adopted in this dissertation.

A descriptive analysis of social contact across different activity-travel settings is conducted in
Chapter 6. While the modeling analysis at the individual level are conducted in Chapters 4, 5 and 7.
The influencing factors are collected in different cluster, the factors contained not only the COVID-
related psychological factors (e.g., policymaking capability, attitudes toward PASS-LASTING policies,
information reliability, risk perception, trigger to behavioral change) but also the independent
psychological factors and cultural risk factors. There are some associations between different factor
clusters, meanwhile, these factor clusters could impact the activity-travel and social contact decision
making in direct and indirect ways. People’s behaviors in pre-pandemic are treated as the preparedness
for individuals’ behaviors during the COVID-19 pandemic.

The multiple behaviors analysis of travel behaviors and social contact behaviors in chapter 4 has
examined the impact of people’s psychological factors about the COVID-19 infection risk on their
behavior changes in daily life and verified the dynamic associations between individuals’ accumulated
experience during the pandemic, current behaviors and subjective assessments (i.e., attitudes) of
policymaking. The modeling analysis in Chapter 5 has examined the the impact of psychological factors
on travel mode choice behaviors across different activity settings (or travel purposes) with individuals’
taste variations. While people’s social contact modes and number of contacted persons are investigated
jointly in Chapter 7. The analysis by contact settings in Chapter 7 has shown people’s average
performance of social contact behaviors under the influence of factor clusters.

In addition, the difference of behaviors for different travel purposes/different contact settings are
examined for the travel mode choice behavior and the changes of the number of social contacts directly,
while the joint choice analysis indicates the difference of behaviors across different contact settings by

evaluating the sensitivity of social contact choice to influencing factors.
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1.4 Contributions of dissertation

The contributions of this study are summarized in academic level and practical level respectively.

(1) Academic contributions

Academic contribution on research framework:

1) A seamless framework of individuals’ pandemic activity-travel behaviors mechanisms with

social contacts is built.

Academic contributions on research contents based on data:

1) The cultural risk factors basing on the cultural theory of risk are the first time to be applied for
the analysis of individuals’ travel mode choices.

2) The leisure related travel purposes/contact settings for choice analysis are specifically classified
into eating out, physical exercise, party, and cultural leisure in the comparative survey data of activity-
travel and social contact before-during COVID-19 of this study.

3) The heterogeneities of the changes in the number of social contacts are revealed not only across
personal attributes but also across individuals’ activity participation attributes for different contact
settings.

4) In addition to the close contact (direct physical contacts or close conversation) behavior,
individuals’ behavioral mechanisms for other contact modes (e.g., only non-physical contacts without

direct physical contacts or close conversation) are also investigated in a comprehensive perspective.

Academic contributions on modeling approach:

1) The dynamic associations between individuals’ behavior changes over time and psychological
factors are the first time to be quantified by a developed dynamic structural equation model (DSEM).

2) Individuals’ taste variations related to preparedness (travel mode choices corresponding to
different risk levels) and key travel attributes are incorporated into the mixed hybrid choice model with
correlated latent variables.

3) The copula-based approach is first time to be used for the exploration of the joint behavioral
mechanisms of different indexes for social contacts under the effect of personal attributes, activity

participation attributes and psychological factors.
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(2) Practical contributions

1) The macroscopic policymaking for multiple behaviors and the microscopic policymaking for
single behavior are complementary to each other. This study has provided a comprehensive
policymaking approach based on findings of behavioral analysis.

2) The strong dynamic effect between people’s recent behaviors and the behaviors in the past
indicate a necessity of the timely adjustment for pandemic policymaking.

3) Individuals’ psychological factors of their risk perception in different spatial scales and their
attitudes to policymaking capacity play an important role in changing the activity-travel behaviors with
social contacts. They are often ignored in the policymaking process, while this study highlights their
significance with the scientific evidence in the case of six developed countries.

4) This study confirmed the logical relation between different psychological factors related to the
pandemic policymaking across daily behavior changes and travel mode choice behaviors. Further
pandemic policymaking could refer to this logical relation.

5) This study has revealed the necessity and possibility of the simultaneous impact of pandemic
policymaking approach on different aspects of social contact behaviors. And the policymaking approach
for activity-travel behavior with social contact which is tailored to specific situations has been provided

in this study.

1.5 Outline of dissertation

This dissertation consists of eight chapters.

Chapter 1 introduces the background, motivation, research questions, objectives, research
framework, contributions, and outline of this dissertation.

Chapter 2 presents the literature reviews of the focused research contents in this dissertation:
behavioral and psychological adaptations to COVID-19, travel mode choice behavior and social contact
behaviors during the COVID-19 pandemic.

Chapter 3 introduces the survey data and modeling approach that used in the methodologies of this
study.

Chapter 4 provides a behavior analysis of activity-travel behavior changes during the pandemic in
Japan. The life-oriented panel data of behavioral and psychological adaptations to COVID-19 collected
from April to September 2020 in Japan is used. And a dynamic structural equation model (DSEM) is
developed to quantify the dynamic associations between individuals’ reliability of information sources,
risk perceptions, attitudes toward COVID-19 policymaking capability, attitudes toward PASS-
LASTING based policies and the behavior changes over time.

Chapter 5 provides a behavior analysis of individuals’ travel mode choice behaviors during the
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COVID-19 pandemic via the travel data in a comparative survey of activity-travel and social contact
before-during COVID-19 conducted in six developed countries (Australia, United States, New Zealand,
Canada, United Kingdom, Japan) in 2021. The latent impacts of risk perception at different spatial
scales, trust toward governments/medical agencies’ capacity to control the pandemic and the cultural
orientations related to risk on individuals’ travel mode choices across different travel purposes are
quantified by a mixed hybrid choice model (XHCM). The unobserved heterogeneities related to pre-
pandemic preparedness induced by experiencing influenza (measured by risk-concerned travel habits
formed during influenza seasons before the pandemic) and during-pandemic travel attributes are
reflected in the mixed logit form as well.

Chapter 6 shows the descriptive analysis of the changes of the number of social contacts before
and during the COVID-19 pandemic. The social contact data for different contact settings (in activity
locations and public transport vehicle) in the comparative survey of activity-travel and social contact
before-during COVID-19 is used to explore the changes of social contacts in the mentioned six
developed countries. The changes of the number of social contacts are obtained by calculating the total
number of social contacts for all participants and the mean number of social contacts for people who
have maintained their daily social contacts before and during the pandemic. The heterogeneities of
social contacts across personal attributes and key activity participation attributes are revealed.

Chapter 7 provides a quantitative behavior analysis of people’s joint social contact behaviors in
six developed countries during the pandemic. This chapter used the same social contact data for daily
activities in chapter 6. A joint copula-based model is developed to estimate people’s social contact
behaviors represented by the unordered choice of contact modes and ordered choice of the number of
contacted persons simultaneously. The impacts of people’s demographic attributes, activity
participation attributes and risk-related psychological factors on social contact behaviors are quantified
in the joint copula-based model. Not only people’s average performance of social contact for daily
activities but also the different sensitivity levels of social contact choice to influencing factors across
different contact settings are estimated.

Chapter 8 provides the conclusions in this dissertation.
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CHAPTER 2 Literature review

This chapter provides the literature review of the pandemic-related activity-travel behavior with social
contacts focused by this study. First, individuals’ behavioral changes for daily activity-travel behaviors
during the pandemic and the corresponding influence of psychological factors on behavioral changes
in previous studies are summarized in section 2.1 to give an overview of the impact of the COVID-19
pandemic on people’s activity-travel behaviors. Then, the literature reviews focusing on people’s travel
mode choice behaviors and social contact behaviors, which are two single aspects of the activity-travel
behaviors, are provided in section 2.2 and section 2.3 respectively. Finally, the research gaps of previous

studies are summarized in section 2.4.

2.1 Behavioral and psychological adaptations to COVID-19 for

multiple behaviors

2.1.1 Activity-travel behavior changes during the COVID-19 pandemic

In order to control the spread of COVID-19, governments in different countries have taken various
countermeasures, such as travel restrictions and social distancing. Abu-Rayash and Dincer (2020)
established a model with four indicators (transport efficiency, technology integration, traffic congestion
rate, and accessibility ratio) to analyze changing trends in global aviation and travel in selected cities
worldwide and found dramatic declines in global mobility caused by the various restrictions imposed
by authorities. It was further revealed that the transportation sector was virtually non-existent in some
cities at certain periods. Shamshiripour et al. (2020) conducted a panel data-based research on the
relationships between travel behaviors and the COVID-19 pandemic. They found that since the outbreak
of COVID-19, lots of Americans have cancelled their airline travels, and some tried to shift their
mobility styles from public transport and carsharing to active transport (i.e., cycling and walking) and
cars. However, not everyone can work at home or have access to alternative travel modes. If
policymakers effectively restricted the use of public transport, users would have to face a higher risk of
exposure to the virus, but if policymakers closed down public transport, travel or commuting would
become inaccessible for people without a car or bike (Brooks et al., 2020). Hotle et al. (2020) showed
that most people intended to seek safety in life. People who are infected want to avoid spreading the

virus, while people who are not infected want to reduce exposure. Males are less likely to alter their
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travel patterns in response to spreading the virus or increasing exposure. The perception of a high-level
risk at one's workplace does not significantly reduce travel. Stavrinos et al. (2020) analyzed the driving
behavior changes of adolescents during the pandemic in the USA. They found that driving time per
week and vehicle miles driven (VMD) declined after the COVID-19 restrictions from March 14 to April
22, 2020. The range of driving time and VMD declined by more than one third compared to previous
levels, and this trend was especially remarkable for younger teens, non-minorities, females, non-
working teens, and those with higher prosocial tendencies. Moreover, Katrakazas et al. (2020) observed
that with the decrease in the number of running cars, people prefer to drive faster and make more sudden
accelerations.

Activity-travel behavior changes might have negative impacts on people’s psychological states.
COVID-19 caused a career shock for many people around the world, forcing people to adapt as travel
restrictions made it difficult to commute to jobs and companies are closed (Akkermans et al., 2020),
while isolation at home led to a lack of social interactions and self-development, resulting in stress and
depression. Marroquin et al. (2020) investigated whether the policy of stay-at-home orders and
individuals’ personal distancing behaviors are related to mental problems (e.g. depression, generalized
anxiety disorder (GAD), intrusive thoughts, insomnia, and acute stress). They found that most people
have an increasing GAD and feelings of depression during the period when they had to stay at home
and maintain social distancing. What's worse, the proliferation of online information sources further
instigated negative impacts and as a result, some unusual behaviors (e.g., unusual purchases) occurred
(Miri et al., 2020; Laato et al., 2020a). Another study in China showed that every time important
negative news about COVID-19 is released, individuals’ negative emotions will increase (Li et al.,
2020). Furthermore, De Vos (2020, 2013) revealed that stay-at-home threatened individuals' subjective
well-being, resulting in limited physical activities and social isolation. During the COVID-19 pandemic,
people travelled less but performed more recreational activities and deliberately travelled shorter

distances.

2.1.2 The roles of information reliability in affecting activity-travel behavior
changes

When individuals face a perceived gap in their knowledge, they have a desire to seek additional
information (Cho et al., 2015: p.103). After seeking the information, people also need to process it. The
reliability of information will influence the extent to which a person will seek out risk information in
daily life and the extent to which he/she will spend on analyzing the risk information critically
(Neuwirth, 1999). For information seeking and processing, the reliability of information sources is
highly associated with one’s perceptions and behavior. During a new pandemic, different information
sources will provide various information to the public, such as people’s vulnerability to the virus, the
probability of infection or the sequelae of disease. Receiving information from different sources

influences the public’s knowledge about the risks, thereby changing their decisions (Smith, 2006). The
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reliability of information sources can affect people’s risk communication with external environment
and then affect their behaviors (Williams, 1998). Due to various factors, such as the spread of media,
individuals’ attributes and risk experience, the reliability of information sources may be distorted (Cho
et al., 2015: p.233). Zhao et al. (2020) conducted a study to test whether COVID-related behaviors will
change according to trust in left-leaning (e.g., CNN) or right-leaning media (e.g., Fox News) sources.
They used panel data in the USA to examine how the preventive and risky behaviors of people, who
trust different media sources, changed from March 10 to June 9. Their results indicated that false
information can be easily disseminated to the public by the media, and that individuals made different
behavioral responses according to the different levels of trust in the media. Individuals clearly do not
have equal beliefs in information from different sources. Lu et al. (2020) analyzed the relationship
between the trust of different COVID-19 information sources (health professionals, academic
institutions, government agencies, news media, social media, family, and friends) and individuals’
information sharing behaviors in China. Their results showed that people are prone to exchange the
information from media or social networks to share their feelings with each other. Meanwhile,
individuals prefer to improve their knowledge about COVID-19 prevention based on information from

authoritative sources, reflecting a higher trust in these sources.

2.1.3 The role of risk perceptions in affecting activity-travel behavior
changes

Individuals’ risk perceptions may affect behavior changes during pandemics. In general, the likelihood
of people following policy measures of protection may be associated with their risk perceptions (Leppin
and Aro, 2009; Sadique et al., 2007). When perceiving a risk, people will make a behavior decision
based on their own beliefs and attitudes (Fischer, 2017). A higher risk perception of exposure to a virus
may result in a higher likelihood to change travel behaviors (Pennington-Gray et al., 2011). Furthermore,
Ibuka et al. (2010) conducted a survey in the United States during the HIN1 pandemic and found that
people’s perceptions of risk regarding the pandemic increased over time; on the contrary, some
protection behaviors such as the intention to vaccinate decreased.

As in the case of previous pandemics, people’s risk perceptions have had a similar effect on
behavior changes during the COVID-19 pandemic. Hotle et al. (2020) used an ordered logit regression
model to analyze the risk perceptions and risk mitigation decisions with or without infection of COVID-
19 across the USA. They stated that individuals’ knowledge about COVID-19 has a larger impact on
reducing travels than the recent influenza experience, and people will reduce travel to non-work
locations in which they perceived medium or high risk. In the context of non-binding self-restriction
requests in Japan, Parady et al. (2020) conducted a panel web-survey to target the travel behavior
changes of individuals in the Kanto Region during the COVID-19 pandemic. They used a regression
model and a discrete choice model to estimate the behavioral changes for shopping, eating-out and

leisure. The results showed that people’s decline in shopping travels, eating-out and leisure activities
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are associated with other people’s perceptions of self-restriction. Moreover, they suggested that
policymakers should report more information about the seriousness of COVID-19 and emphasize the

behaviors of others to the public.

2.1.4 The role of attitudes toward policymaking in affecting activity-travel
behavior changes

COVID-19 policymaking aims to change people’s various behaviors. Pandemics may change people’s
attitudes toward policymaking (Van Bavel et al., 2020). When people face an external threat (e.g.,
pandemics, natural disasters), they are likely to show an increasing cohesion in their groups (e.g.,
nations), and have a higher trust in government staff (Greenaway and Cruwys, 2019; Sibley et al., 2020,
Toya and Skidmore, 2014; Li and Brewer, 2004; Postmes et al., 2013). However, with the increase of
financial problems (e.g., unemployment) and psychological problems (e.g., depression), the level of
trust for institutions and government staff may decrease (Bangerter et al., 2012; Quinn, 2013; Meltzer
et al., 1999). Nevertheless, one coin has two sides: some people may become more suspicious about the
institutions and fall into the trap of conspiracy theories (Dussaillant and Guzman, 2014; Van Prooijen
and Van Dijk, 2014).

Not only attitudes toward governments (Min et al., 2020; Blendon et al., 2008; Taylor et al., 2009;
Vinck et al., 2019), but also attitudes toward medical institutes (Gilles, 2011) may have a significant
influence on people’s decisions to follow recommended protection measures (e.g., social distancing,
washing hands, wearing a mask) during the current pandemic. Some studies showed that recommended
protection behaviors are more likely to happen when there is a positive attitude toward policymaking
(Wong et al., 2020; Laato et al., 2020b). Chan et al. (2020a) argued that the attitudes toward
governments and the attitudes toward health care systems may have a contradictory influence on
following the recommended policy measures. Some scholars found that attitudes toward governments
are strongly associated with adherence to health guidelines (Prati et al., 2011; Quinn, 2013). The effect
of local governments may be more influential than that of central governments (Shaw et al., 2020). In
addition, when attitudes affect behavior changes, the attitudes are also associated with individuals’ risk
perceptions (Prati et al., 2011). A trust in institutions can affect people’s judgments about risks and

benefits, and consequently can affect their behaviors (Siegrist et al., 2003).

2.1.5 PASS-LASTING based policymaking

Considering the severity of threats from this virus, it is crucial to make policy decisions in a seamless
and comprehensive way. In this regard, Zhang (2020) proposed a PASS approach for COVID-19
policymaking, especially in relation to the transport sector. The PASS approach emphasizes the different
roles of various stakeholders and argues that COVID-19 policies should be proposed from the following
four perspectives, i.e., Prepare-protect-provide (P), Avoid-adjust (A), Shift-share (S), and Substitute-

13



Chapter 2 Literature review

stop (S). More than 100 policy measures are proposed by Zhang (2020). As discussed previously,
behavioral interventions are an important category of COVID-19 policies. Related to this, Zhang (2021)
conducted a nationwide retrospective panel survey in Japan at the early stages of the COVID-19
pandemic and revealed that better communication design is crucial to encourage behavior changes for
mitigating the pandemic. To encourage voluntary behavior changes, Zhang (2021) further argued that a
LASTING approach is needed, which involves modifying people’s needs in life (L) and performing the
resulting activities (A) at places with proper spaces (S) at the proper time and with the proper timing
(TING), as much as possible.

2.2 Travel mode choice behavior during the COVID-19 pandemic

2.2.1 Travel mode choices under the impacts of COVID-19

As stated by WHO, “the virus spreads mainly between people who are in close contact with each other,
for example at a conversational distance.” In line with such existing evidence, it is reasonably argued
that travel for leisure involving more person-to-person conversation, such as party and eating out, may
by riskier than travel for other purposes. However, as evidenced by the following literature review, there
are limited studies on travel mode choices for leisure purposes and differences of factors (e.g., especially
risk-related factors) affecting travel mode choices for different detailed travel purposes have further
remained unknown.

As shown in the definition of the pandemic risk given by Zhang et al. (2021a), trip making and
activity participation are a key part of the whole virus spread process, in the form of exposure and
transmission. Thus, it is necessary to investigate travel mode choices together with activity participation
(i.e., travel purposes). Affected by the fear of infection, people may shift from public transport to private
car, walk and/or cycling (De Vos, 2020, Chen et al., 2022, Zhu et al., 2022). Although travel mode
choices were researched with respect to commuting (Bhaduri et al., 2020; Cusack, 2021; Das et al.,
2021) and shopping (Zannat et al., 2021; Shaer et al., 2021) and by classifying travel purposes into
commute, shopping, and other non-commuting purpose (Thombre et al., 2021; Tarasi et al., 2021;
Abdullah et al., 2021a), comparative studies on travel mode choices for more detailed travel purposes

(especially for leisure activities) during the COVID-19 pandemic are still very limited.
What kinds of changes in travel mode choices have been revealed

The COVID-19 virus spreads fast from people to people via daily trip making (Hendrickson et al., 2020;

3https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-covid-19-how-is-it-
transmitted (Accessed on May 22, 2022)
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Abdullah et al., 2021b). As a result, people may have to change some of their travel modes for avoiding
being infected. Shakibaei et al. (2021) revealed that about one-third of the respondents in Istanbul
shifted from public transport to private cars. Zhu et al (2022) found an obvious shift from subways to
walking for commuting in 58 cities of 31 countries across the continents of America, Asia, Europe, and
Oceania. De Vos (2020) and Zhu et al. (2022) observed that people increased walking or cycling for
recreational purposes, such as enjoying the sensation of speed or exposure to the natural environment.
Cusack (2021) found that the essential workers in USA increased active transport for commuting, even
though they were less satisfied with community support (e.g., safety in busy roads, lack of bicycle lanes)
for active transport choices. Das et al. (2021) showed that an increasing infection risk of shared travel
modes might result in a systematic shift from public transport to car commuting in India, leading to
worsened traffic congestion. Abdullah et al. (2021a) confirmed that people in Pakistan significantly
shifted from public transport to private car for long-distance travel (>5 km). Eisenmann et al. (2021)
revealed that during the strictest period of lockdown (i.e., April 2020) in Germany, the share of public
transport decreased, while the share of car users remained stable, indicating that private card became
more important during the pandemic. Przybylowski et al. (2021) found that people in Gdansk, Poland
shifted from public transport and shared mobility to cars, bicycles and walking significantly during a
lockdown period, while about 75% of the respondents who stopped or restricted the use of public
transport planned to return to using public transport when the infections became stabilized. Focusing
on the post-pandemic transformation in transport systems in Europe and North America, Ciuffini et al.

(2021) showed that active transport is required for reinforcing the resilience of urban transport.

Differences in travel mode choices across travel purposes

Using data collected in Istanbul, Turkey, Shakibaei et al. (2021) found that more people began to shift
from public transport to private car for commuting trips from February 25 to April, 2020 when people
became more sensitive to the virus infection risk and took actions against the pandemic; the decrease
of public transport was more obvious than that of private car and walking from February 25 to April 24,
2020 for social/recreational/leisure travels; and private car and walking are the most common modes
being used for social/recreational/leisure travels and shopping travels from March 23 to April 24 when
people took actions against the pandemic. Shaer et al. (2021) showed that older adults in Isfahan, Iran
increased the use of active transport for shopping and aimless recreational travels. Targeting India,
Bhaduri et al. (2020) observed that personal vehicles (car and motorbike) experienced the biggest
decrease for commuting, probably because of the shift to telework, and the use of personal vehicles
showed the biggest increase for shopping and other travel purposes, followed by active transport (walk

and cycle).
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Factors associated with travel mode choices under the context of the pandemic

Psychological factors and travel attributes could lead to tremendous changes in travel mode choices
during the COVID-19 pandemic (Chan et al., 2020b; Ding and Zhang, 2021; Zhang, 2021). Among the
psychological factors, risk perception in vehicle is one of the most popular factors to explain travel
mode choices in such a context (Zafti et al., 2022; Chen et al., 2022; Abdullah et al., 2021b). The risk
perception at a larger spatial scale was confirmed to be influential to changes in various behaviors in
daily life (Ding and Zhang, 2021). In Ding and Zhang’s study, respondents were asked about whether
they thought the infection risk increased at four spatial levels (the whole country, residence prefecture,
residence municipality, the often-visited places) or not. Another important psychological factor is
people’s trust in policymakers, Ding and Zhang (2021) found that higher trust in policymakers could
encourage people to reduce the use of public transport and increase the use of car and active transport
in Japan. For travel attributes, travel time (Chen et al, 2022; Aaditya & Rahul, 2021), travel habit (Gao
et al., 2020; Bhaduri et al., 2020; Ding and Zhang, 2021) were found to affect travel mode choices.
Aaditya et al., (2021) further observed that when choosing public transport, people are willing to spend

more time to ensure their personal safety.

2.2.2 Influences of risk perception and trust in policymakers on travel mode
choice

Risk perception is a typical factor to describe human behaviors under the threat of risk (Aaditya et al.,
2021; Chen et al., 2022), while trust in policymakers determines how people respond to policies (Wong
et al., 2020; Laato et al., 2020b). Travel mode choices during the COVID-19 pandemic are found to be
affected by risk perception inside vehicles (Chen et al., 2022; Zafri et al., 2022), risk perception at
activity destinations (Ding and Zhang, 2021; Zhang, 2021), and trust in governments and health/medical
agencies (Sibley et al., 2020; Wong et al., 2020; Laato et al., 2020b; Ding and Zhang, 2021; Zhang,
2021).

Zafri et al. (2022) analyzed perceived risks of viral transmission in different travel modes in
Bangladesh and identified influential factors based on an ordinal logistic regression model. It is found
that people perceived a high risk of viral transmission in bus, moderate risk in shared modes (rickshaw,
auto-rickshaw, ridesharing), and low risk in private modes (private car, motorcycle/scooter, walking,
cycling). It is further stated that risk perception about the use of public transport might encourage people
to shift to private modes, which would worsen urban transport problems and undermine sustainable
transportation goals. Targeting travel mode choices in the Netherland, Chen et al. (2022) measured risk
perception using the following three questions based on a five-point Likert scale: whether people think
it is unsafe in public transport, whether people want to share with others in public transport, and whether
people think it unsafe to share with others in public transport. Chen et al. showed that people were prone

to perceive public transport as a riskier mode, in comparison with private modes. Abdullah et al. (2021b)
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evaluated the risk perception inside transport vehicles by asking questions about whether safety
precautions (social distancing, wearing a facemask, use of hand sanitizers) were taken inside public
transport vehicles, using a five-point Likert scale. They revealed that perceived safety precaution was
significantly related to people’s willingness to choose a public transport.

At the level of activity destinations, risk perception has been measured at levels of country,
residence perfection, and residence municipality, also using a Likert scale (Zhang, 2021; Ding and
Zhang, 2021). Zhang (2021) estimated a structural equation model based on data collected in Japan to
investigate the associations between five latent variables (changes in daily life, reliability of information,
risk perception, triggers of behavioral changes, and attitudes) during the COVID-19 pandemic. Zhang
(2021) found that if people perceived a higher level of risk perception (inside transport vehicles and at
other spatial scales, they were more likely to reduce the use of public transport and increase car trips or
walking/cycling trips. The study conducted by Ding and Zhang (2021) also presented similar findings.

People’s trust in governments and health/medical agencies may change during the COVID-19
pandemic (Sibley et al., 2020). Some studies revealed that people may easily follow those recommended
behaviors by governments and health/medical agencies, if people highly trusted them (Wong et al., 2020;
Laato et al., 2020b). Ding and Zhang (2021) used a dynamic structural equation model to examine the
effects of subjective factors on individuals’ behavior changes over time and found that higher trust in
policymakers could encourage people to make more behavior changes during the pandemic. However,
the study by Ding and Zhang (2021) did not incorporate the decision-making mechanisms related to
travel mode choices and the analysis of travel modes did not pay attention to potential differences caused

by travel purposes.

2.2.3 Influences of cultural risk factors on transportation field

As for cultural risk factors, the cultural theory of risk, which was first proposed by Douglas (1970), has
been regarded to be a key theory. The cultural theory of risk treats risk perception as a social process
and argues that the perceived level of risk is affected by underlying cultural biases associated with one’s
worldview (i.e., values and preferred form of social order): i.e., the perceived risk is primarily explained
by the socio-cultural context (Douglas, 1992). The cultural theory of risk emphasizes two dimensions
of group and grid, where group refers to “the degree to which an individual is bonded into social groups”
(e.g., “who am I” or “who am I with”) and grid is “the degree to which social interactions should be
constrained by rules and norms” (e., “how should I behave”), where if an individual faces a threat to
his/her ideal cultural cognition or social order, he/she will perceive a higher level of risk (Jenkins-Smith
et al., 2009/2019; Kahan et al., 2006; Lodge et al., 2010; McEvoy et al., 2017; Nan et al., 2014;
Ripberger et al., 2012; Silva et al., 2007; Song et al., 2014a,b; Thompson et al., 2018; Wildavsky et al.,
1987; Wildavsky et al., 1990).

As stated in the above references about the two dimensions of group and grid, people can be

classified into four cultural orientations: hierarchism, egalitarianism, individualism, and fatalism.
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Hierarchism corresponds to a high-level group and a high-level grid. Hierarchists prefer strong group
attachment and clear obedience of social rules, and as a result, they often trust the authority in society
and insist on the contribution to the whole society. Egalitarianism corresponds a high-level group and a
low-level grid. Egalitarianists think that social relationship in a group is very important, but they do not
trust or want to follow the rules proposed by the authorities unless these social rules are decided by all
group members. Individualism is weak in both grid and group dimensions. Individualists, who enjoy an
untrammeled and self-regulated life, prefer competition with an equal opportunity rather than solidarity
in the society and dislike the regulations from the authorities. Finally, fatalism has a high level in the
grid dimension but a low level in the group dimension. Fatalists think that most things in life are totally
out of their control and the fate or luck plays the dominant role in their life. They are not interested in
the social relations in group/society and tend to avoid the social rules if possible.

In the transportation field, there are limited applications related to road traffic safety, but not
focusing on the whole picture of the above four types of cultural orientations. Gaygisiz (2010) revealed
that hierarchism is positively associated with traffic fatalities, while egalitarianism shows a negative
influence. Atchley et al. (2014) found similar associations of hierarchism and egalitarianism, not only
related to facilities but also related to traffic crashes and injuries. Solmazer et al. (2016) investigated
whether and how hierarchism and egalitarianism are associated with fatality rates and law enforcements
and confirmed that hierarchism is positively associated with traffic fatality rates and negatively
associated with law enforcements, which are opposite the results of egalitarianism. Uziimciioglu et al.
(2018) investigated the associations of not only hierarchism and egalitarianism but also individualism
with traffic law enforcements and drivers’ violation behaviors and found that non-speeding traffic
violations (e.g., aggressive violations, tailgating, and using a mobile phone without a hands-free kit) are

positively correlated with hierarchism and negatively with egalitarianism and individualism.

2.2.4 Influences of preparedness on under-pandemic travel mode choices

COVID-19 should be regarded as an unpreceded event for most people. Thus, it is difficult to say that
people could prepare for it. On the other hand, because some measures against COVID-19 (e.g., mask
wearing, hand washing) are similar to those against influenza. Travel habits formed during influenza
seasons before the COVID-19 pandemic could play a similar role of preparedness for COVID-19.
About the effect of preparedness on people’s travel mode behavior, Gao et al. (2020) investigated
the influences of travel habit, as a proxy variable of preparedness, on travel mode choices. The following
eight questions are used to measure travel habits: (1) I have frequently used car/metro in commuting
for a long time, (2) I habitually used car/metro for commuting, (3) I commute by car/metro without
having to consciously remember, (4) It makes me feel weird if I do not use car/metro in commuting, (5)
Besides car/metro, I do not think about other options for commuting, (6) I would find hard not to
commute by car/metro, (7) Commuting by car/metro belongs to my daily routine, and (8) I commute

by car without thinking. Obviously, travel habits are measured without distinguishing between different
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travel modes. Bhaduri et al. (2020) defined travel habit as the most frequently used travel mode before
the pandemic and found a positive effect on travel mode choices during the pandemic. Unfortunately,
it is unclear whether the period before the pandemic included any risky environment. In other words,
only travel habits without paying special attention to any risky choice environments were targeted.
During the COVID-19 pandemic, people may also try to form a kind of risk-concerned or virus-
sensitive travel habit. From such a perspective, Ding and Zhang (2021) incorporated people’s
accumulated behavior changes during the pandemic, as a kind of preparedness, to explain the recent
changes in various behaviors (including travel mode choices) based on a dynamic structural equation

model.

2.2.5 Applications of hybrid choice models in the COVID-19 context

Hybrid choice model (HCM) is an expanded choice model consisting of structural equations and
measurement equations as well as a utility equation, where latent variables are included. HCM has a
flexible choice structure, which can accommodate a probit-based or logit-based structure (Bhat et al.,
2016). Bhat (2015) formulated a generalized heterogeneous data model (GHDM) with a probit-based
structure to jointly estimate mixed types of dependent variables (ordinal/binary variables for
occurrences of weekly non-commute travel, nominal variables for travel mode and residential location
choices, continuous variables for commute distance). Kang et al. (2021) used the above GHDM to
investigate how people simultaneously choose five binary variables related to pooled ride-hailing. In
comparison with the probit-based model, the logit-based HCM is more widely applied in the
transportation field (Ben-Akiva et al, 2002; Hess et al., 2018; Scagnolari et al., 2015; Thorhauge et al.,
2019; Vij and Walker, 2016; Walker et al., 2002). Thus, in this study, we adopt the logit-based HCM.
There are also a lot of applications to the analysis of travel mode choices (Borriello et al., 2019; Hess
et al., 2018; Huan et al., 2021; Ingvardson et al., 2021; Kamargianni et al., 2015; Kim et al., 2017;
Mehdizadeh et al., 2019). However, the applications to travel mode choices in the COVID-19 context
are very limited. Only two studies have been found. The first study was done by Aaditya et al., (2021),
who focused on two latent variables of the safety perception about public transport (related to three
measures of sanitization, crowd management, social distancing) and attitude towards public transport
(i.e., whether people believe using a motorized travel mode is a symbol of prosperity, in comparison to
public transport). Aaditya et al. revealed that attitude towards public transport did not influence people’s
willingness to choose a public transport, while the safety perception showed a dominant effect on the
choice of public transport. The second study was conducted by Chen et al. (2022), who targeted four
latent variables of social responsibility, risk perception (using three questions about the perceived risk
in public transport, measured in a five-point Likert scale: 1) travel by public transport during the
COVID-19 pandemic is not safe; 2) I do not like sharing space with strangers in using public transport;
3) sharing space with strangers in public transport during the pandemic is unsafe)), fear of infection

(using two questions about physiological manifestation of fear, measured in a five-point Likert scale: 1)
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my heart races or palpitates when I think about getting COVID-19; 2) my hands become sweaty when
I think about COVID-19) and travel anxiety. Chen et al. incorporated four travel purposes (i.e., work,
shopping, leisure, and social purposes), as a dummy variable, respectively, into a travel mode choice
model and confirmed the statistical significance of all the latent variables. It is observed that the fear of
infection was positively related with choosing private cars and shared E-bikes, as well as walking, and

people were more likely to perceive public transportation as a more dangerous mode than private modes.

2.3 Social contact behaviors during the COVID-19 pandemic

2.3.1 Ignorance of indirect social contact

As stated by WHO?*, COVID-19 spread between people mainly in three ways: (1) through close contact
with each other (e.g., at a conversational distance), (2) in poorly ventilated and/or crowded indoor
settings, and (3) when touching eyes, nose, or mouth after touching surfaces or objects that have been
contaminated by the virus. Thus, both direct and indirect social contacts could spread the virus. However,
existing studies only focus on skin-to-skin touch and face-to-face conversation (Fadilah et al., 2020;
Latsuzbaia et al., 2020; Zhang et al., 2020a; Trentini et al., 2022; Zhang et al., 2021b), by following the
definition for previous infectious respiratory diseases (Mossong et al., 2008; Hoang et al., 2019; Leung
et al., 2017). Existing studies (Brooks-Pollock et al., 2020; Dorélien et al., 2021; Wong et al., 2022;
Tomori et al., 2021; McCarthy et al., 2020; Tizzani et al., 2022; Jarvis et al., 2020) have mainly cited
the definition given by the POLYMOD (Improving Public Health Policy in Europe through Modelling
and Economic Evaluation of Interventions for the Control of Infectious Diseases) (Akakzia et al., 2007;
Mossong et al., 2008), which adopts the mean number of contacted persons. As confirmed by other
existing studies on COVID-19, the COVID-19 virus (i.e., SARS-CoV-2) can travel more than six feet
through people’s aerosols (Ge et al., 2020) and infect people by their indirect contact with virus-infected
surfaces (Daraei et al., 2020; Cai et al., 2020; Zhang, Z. et al., 2020). Hence, focusing only on close or
direct contact is insufficient and biased, and it is necessary to also accommodate indirect contact.
McCreesh et al. (2022) implemented one of the few studies investigating people’s indirect contact with
others. However, they only used the contact time and ignored the number of contacted persons because
of the unavailability of casual contact data.

In summary, most previous studies only focus on close contact (skin-to-skin touch or face-to-face
conversation) behaviors but neglect individuals’ indirect contacts, which could also transmit the virus

[Research gap 1].

4 https://www.who.int/news-room/questions-and-answers/item/coronavirus-disease-covid-19-how-is-it-
transmitted (accessed on December 15, 2022)
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2.3.2 Lack of the representation of joint social contact decisions

After the restrictions from the government were lifted gradually in many countries, social contact have
shown an increasing trend, but it is still difficult to return to the pre-pandemic levels (Wong et al., 2022;
Liu et al., 2021; Latsuzbaia et al., 2020). For instance, Zhang et al. (2021b) used the social contact data
collected on March 1-20, 2020 in Shanghai, Shenzhen, Changsha, and the data on May 7-15, 2020 in
Wuhan (about one month after the lockdown was lifted) to compare the changes in contact patterns
across the pre-pandemic, lockdown and post-lockdown periods. The mean number of contacts increased
from 5% to 17% after lockdowns in these cities. Although the intracity mobility has rebounded to pre-
pandemic levels, the number of contacts only recover from one-seventh to one-third of the pre-pandemic
level.

Such a mean number of contacts have been further investigated by associating with different
demographic attributes (e.g., age, gender, household size, occupation) and contact settings/locations
(household/home, workplace, school, community, leisure activity, transport, shopping). To be specific,
Tomori et al., (2021) applied a self-reported contact survey data and mobility data (from Google and
Apple) in German from April to June, 2020 to investigate the reduction of the mean number of social
contacts over time via the age-specific social contact matrices of direct social contacts. Respondents
were asked about the age and sex of their social contacts, the duration they spend with each contact and
the contact setting (household, school, work, transport). In their results, most of the social contacts
occurred in household. After the lockdown measures were relaxed in German, people’s mobility
behavior went back to pre-pandemic levels almost instantly, while the degree of contacts still maintains
a persistent reduction because people may reduce close contacts outside home and keep the social
distance deliberately. Sypsa et al. (2020) conducted a social contact survey in Greece from March 31 to
April 7, 2020, which is during the lockdown in Greece. They collected information about people’s social
contacts approximately two months earlier than the lockdown and during the lockdown. They found
that daily contacts were reduced by 86.9% during the lockdown. The decrease in contact during
lockdown is most obvious in a household, the school closure measure may lead to an increase in leisure
contact or a decline in work contact. People are prone to contact peers when doing leisure activities,
while that phenomenon is not obvious in other contact settings before the lockdown. Trentini et al.
(2021) collected individuals’ social contact data in the South West Shewa Zone (SWSZ) of Ethiopia
from November 2019 to December 2019 when schools were open as usual. And they explored the
impact of socio-demographic factors and observed mixing patterns on the COVID-19 disease burden
in three spatial scales: remote settlements, rural villages, and urban neighborhoods. For each spatial
scale, there are three contact settings: households, schools, and the general community. Their results
show that the mean number of social contacts (excluding school contacts) is higher in both urban
neighborhoods and remote settlements, but lower in rural villages, especially for these old people who
are over 60 years old. Nevertheless, the mean number of social contacts in school did not show obvious

differences across these three spatial scales. For the mixing patterns, these people aged below 30 years
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old (especially between 10 to 19 years) are more likely to contact their peers in a general community
across the three spatial scales. McCarthy et al. (2020) compared the average number of contacts per day
of one random individual during the pandemic (from January to May 2020) in Ontario, Canada with the
mean value of contacts in POLYMOD survey data before the pandemic to explore the age-specific
susceptibility of daily contact mixing patterns in workplace, household, school, and community settings.
They found an obvious reduction in the average contact rate (for total contact in all contact settings)
following the implementation of control measures, but the contacts in households increased 13% after
school closure, 45% after the additional physical distancing measures, and 51% after the closure of non-
essential businesses. Tizzani et al. (2022) used the CoMix social contact data (a multi-country social
contact survey started in March 2020 and conducted in 19 European countries including respondents’
information on social contact in the contact settings of home, work, school, leisure activities, other
places (Verelst et al., 2021)) and POLYMOD data in Italy to investigate the impact of tiered restrictions
on social contacts between December 2020 and April 2021. Tizzani et al. summarized the differences
in the mean number of contacts by waves for CoMix and Polymod from the perspective of age, gender,
and household size, and provided an analysis of the difference in the mean number of contacts by age
for different contact settings of home, work, other. Their results show that NPIs reduced the number of
contacts significantly across the age groups and contact settings. Elderly people aged over 60 had a
lower number of contacts and a lower decrease of contacts than other age groups. Household contact
did not show obvious differences across the regions with different levels of non-pharmaceutical
interventions. While the other contacts (such as leisure contact) are more likely to be affected by the
strictness of interventions, especially for younger people. Kiti et al. (2020) used online social contact
survey data obtained from 304 employees of three U.S. companies between April to June 2020 to
analyze the changes in daily contact among workforces. In their study, the collected contacts are
classified into different modes: conversation only (54 %), physical contact only (12 %), both
conversation and physical contact (34 %). The descriptive analysis shows that most contacts of
employees occurred at home (64 %), followed by shopping contacts (14 %). Most daily contacts lasted
more than 4 hours (38 %). The long-lasting contacts occurred at the respondent’s home, while short-
lasting contacts occurred outside. More than 60% of the daily contacts are repeated contacts over days.

In summary, previous studies only investigated the number of social contacts (especially only the
average values) as the indicator of social contact behaviors, and there is no study on social contact
mode choices, except the study by Kiti et al. (2020). Some studies explored the changes in the number
of social contacts for different contact settings, but they tend to categorize the shopping and leisure

settings into “other”, probably leading to seriously biased findings. These are Research gap 2.

2.3.3 Lack of modeling approaches with the dependence of social contact
behaviors

Concerning the modeling approaches of social contact behaviors, existing studies have mainly focused
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on the number of contacted persons, based on regression models.

Wong et al. (2022) estimated a generalized additive mixed regression model to investigate factors
affecting changes in average daily contacts by country and by contact settings (e.g., at home, at work)
based on a repeated cross-sectional survey implemented in 21 European countries between March 2020
and March 2022, where a zero-inflated Poisson distribution is assumed. Influences of age, household
size, gender, risk perception, measures taken against COVID-19 were quantified.

Latsuzbaia et al. (2020) applied a Poisson regression model to investigate influential factors to the
number of social contacts, where data were collected in Luxembourg during the lockdown (from March
25 to May 1) and after the lockdown (from June 12 to June 25), with respect to the number of social
contacts in different contact settings (home, work, leisure place, shopping places, etc.). They examined
the influences of age, nationality, and the survey period. To overcome the shortcomings of the Poisson
regression model, which allows for overdispersion (i.e., enables to model data exhibiting more variance),
Zhang et al. (2020a) estimated a negative binomial regression model by conducting social contact
surveys in Wuhan and Shanghai, China on February 1-10, 2020 to investigate the change in people’s
social contacts. The baseline of the number of contacts is defined as people’s contacts before the
pandemic. Gender, age, occupation, and household size are examined. Similarly, Feehan et al. (2021)
also applied a negative binomial regression model to analyze the number of daily contacts in the USA
between March 22 and September 26, 2020. Age, education, ethnicity, household size, residential
location, and gender are incorporated in the analysis. Dorélien et al. (2021) used a negative binomial
regression model to evaluate the number of social contacts from April to May 2020 in Minnesota, USA,
where age, gender, race/ethnicity, region, and other demographic characteristics are included as
explanatory variables. Using data collected in Milan, Italy between July 2020 and March 2021, Trentini
et al. (2022) also estimated a negative binomial regression model by targeting the number of daily
contacts, but under different levels of restrictions.

In summary, the previous social contact modeling methods are only based on the regression
approaches. As a result, the dependence between the number of social contact and contact mode choices
have been ignored. Furthermore, existing modeling analyses only focus on the effects of demographic
characteristics, and the impacts of people’s psychological factors have been ignored. These are the

Research gap 3 that is identified from the above literature review.

2.4 Summary

This chapter summarized the research background of the dynamic activity-travel behavior changes and
the behaviors of travel mode choice and social contacts related to the COVID-19 pandemic in previous

studies. Based on the literature review, the research gaps need to be resolved are found as follows.
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1) Behavioral and psychological adaptations to COVID-19

The dynamic association between people’s behavior changes and their psychological factors related to

the pandemic policymaking haven’t been explored.

2) Travel mode choice behavior during the COVID-19 pandemic

Limited research efforts were made to compare factors affecting travel mode choices for different travel
purposes, especially related to leisure. The studies focusing on the impact of people’s risk perception at
different spatial scales and the trust in governments and health/medical agencies on travel mode choices
are limited. the cultural risk factors have been recognized to determine people’s responses of travel
mode choices to the risks of the COVID-19 pandemic. Preparedness averts peril; however, it has
remained under-explored how people prepared for such a pandemic of COVID-19 and how
preparedness affects travel mode choices under the impacts of COVID-19. Previous studies about the
applications of HCM did not consider individuals’ taste variations and the associations between latent

factors for travel mode choices during the COVID-19 pandemic simultaneously.

3) Social contact behaviors during the COVID-19 pandemic

Most previous studies only focused on the close contact (physical contact or direct conversation)
behaviors but neglected individuals’ social contact behaviors in the forms of other contact modes, such
as the non-close contact, or both of them. Previous studies only studied on the number of social contacts
(especially for the changes of the mean numbers) as the indexes of social contact behaviors, the analysis
on people’s contact mode is very limited. Meanwhile, some studies explored the changes of the number
of social contacts for different contact settings, while they tend to categorize the shopping and leisure
settings into “other”, the classification of settings is rough. The previous modeling methodology used
for analyzing social contact is only restricted to the regression approach, so the coupling relationship
between the number of social contact and contact mode haven’t been explored in previous studies. And
the most previous modeling approach only focused on the effect of demographic characteristics on

social contact, the impact of people’s psychological factors was ignored in the modeling process.
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CHAPTER 3 Pandemic-responsive

methodologies

This chapter introduces the methodology used in this study. A life-oriented panel online survey is
conducted in Japan at the end of October 2020 to collect people’s behavior changes under the impact of
the COVID-19 pandemic before September 2020. And an online comparative survey of activity-travel
and social contact before-during COVID-19 is conducted in six developed countries (Australia, Canada,
Japan, New Zealand, the US, and the UK) form March to May 2021 to collect people’s behavior
information before May 1%, 2021. Figure 3.1 shows the trend of new daily confirmed cases in Australia
(AU), United States (US), New Zealand (NZ), Canada (CA), United Kingdom (UK) and Japan (JP)
from April 2020 to May 2021 and targeted survey period of behaviors in this study. It shows that the
number of new daily confirmed cases in latest wave of the pandemic before the survey declined after
January 2021 and remain stable since the end of February 2021. And most of the strict lockdown
measures have been lifted in these six countries before March 2021. The data in life-oriented panel
survey is used for the analysis in chapter 4, while the data in comparative survey of activity-travel and
social contact before-during COVID-19 is used in chapter 4-7. First, the details of surveys are
introduced in section 3.1, then the applied modeling approaches in this study are introduced in section
3.2.
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Figure 3. 1. Targeted survey period of behaviors in two surveys
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3.1 Nationwide behavioral surveys

3.1.1 Life-oriented panel survey of behavioral and psychological adaptations

to COVID-19

1) Survey design

The questionnaire of life-oriented panel survey has two parts. The first part includes the questions about
individual and household attributes. The second part of the questionnaire focuses on individuals’
changes in various behaviors from April 2020 to September 2020 and people’s subjective psychological
attributes. The former of second part is captured based on the life-oriented approach, while the latter
includes the reliability of major COVID-19 information sources, risk perceptions about the COVID-19
virus, and attitudes toward policymaking in terms of policymakers and health professionals as well as
PASS-LASTING based policy measures in a 5-point Likert scale. The behaviors included in the survey
contain not only travel behaviors but also other life choices and activities, within cities and across cities.

More details of the questionnaire can be found in Appendix 1.
2) Survey implementation

A life-oriented retrospective panel survey was implemented online with respect to 2,643 respondents
living across the whole of Japan, who reported changes in their various life behaviors between April
and September 2020, various attitudinal attributes, and individual socio-demographic attributes. The
collected samples approximately reflect the distributions of age and gender as well as 47 prefectures,
covering the whole population of Japan, based on data from the Statistics Bureau of Japan (2021). Table
3.1 shows the differences between the shares of respondents in the survey and those of the population
by regions of Japan. The population in Kanto and Hokkaido are over-represented by 5.9 and 4.4
percentage points, while the population in Chubu and Kinki are under-represented by 4.1 and 3.3

percentage points, respectively. The other differences are all within 2.0 percentage points.
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Table 3. 1. Share differences of respondents in the survey and the population by regions

Shares of respondents in the survey (%) Shares of the population
Regions A-B
(A) (B)
Hokkaido 8.6 4.2 4.4
Tohoku 6.2 7.0 -0.8
Kanto 40.3 344 5.9
Chubu 12.7 16.8 -4.1
Kinki 14.2 17.5 -3.3
Chugoku / Shikoku 7.1 8.7 -1.6
Kyushu / Okinawa 10.9 11.4 -0.5

3) Respondents

Regarding the location of survey respondents, 41.2% resided in megacity regions (e.g., Tokyo, Nagoya,
and Osaka), 29.3% in ordinance-designated cities, and the remaining in local cities. Among all 47
prefectures of Japan, the respondents from Tokyo accounted for the biggest share of 19.3%, followed
by those from Kanagawa Prefecture (10.4%) and Hokkaido (8.6%). As shown in Table 3.2, the
proportion of female respondents (52.8%) is a little higher than that of males (47.2%). More than half
of the respondents were aged between 30 and 60 years old, 18.2% were less than 30 years old, while
the share of the respondents aged 60+ years old was 23.8%. Most participants were company employees
or self-employed (40.2%), followed by housewives with the second biggest share of 17.1%. Only 7.5%
of the respondents were students. Respondents with a university education background (graduated or in
school) and high school (graduated or in school) accounted for 43.3% and 28.3%, respectively. Detailed

questionnaire items are explained in chapter 4.
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Table 3. 2. Socio-demographic attributes of the survey respondents

Attributes Definition N %
Gender Male 1247 47.2
Female 1396 52.8
Age Below 30 years old 480 18.2
Between 30 and 60 years old 1534 58.0
Over 60 years old 629 23.8
Occupation Company employee/self-employed 1062 40.2
Civil servants / organizational employees 89 34
Faf:ulty. apd staff of educational institutes such as schools and 33 12
universities )
Housewife 452 17.1
Part-time job 356 13.5
Student 197 7.5
Other unemployed (including pensioners) 366 13.8
Others 88 33
Education Junior high school 58 2.2
background High school 749 28.3
Specialized training college 278 10.5
Junior college / technical college 268 10.2
University 1144 43.3
Graduate School 146 5.5

3.1.2 Comparative survey of activity-travel and social contact before and

during the COVID-19 pandemic

1) Survey design

The questionnaire of comparative survey of activity-travel and social contact before-during COVID-19
consists of four parts.

The first part collects individual and household attributes (e.g., gender, age, resident region,
occupation, household size, marital status, education background and annual household income).

The second part collected people’s social contact information (e.g., contact mode, number of
contacted persons), average performance information (e.g., frequency, duration), and psychological
factors for doing different daily activities before (influenza season in 2019) and during (March 2020 to
May 2021) the pandemic. In this part, seven contact settings are designed to show the heterogeneities
of the social contacts occurred in different locations of the daily activities (working/studying in
company/school, shopping in supermarket/shopping mall, eating out in restaurant, doing exercise/sports
in indoor places like gym, joining the party in indoor places like bar, culture leisure in indoor places
like cinema, doing medical activities in indoor places like hospital).

The third part of the questionnaire collects people’s social contact information, average

performance information and psychological factors in different transport vehicle types before (influenza
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season in 2019) and during (March 2020 to May 2021) the pandemic.

The final part collects people’s subjective statements to the reliability of COVID-19 information
sources, risk perceptions about the COVID-19, triggers of the behavior change, attitudes toward
policymakers/health professionals, attitudes toward PASS-LASTING based policy measures, and the
cultural risk factors based on cultural theory of risk in a 5-point Likert scale.

The questionnaires can be found in Appendix 2 and 3.

2) Survey implementation

In this study, the retrospective survey was conducted online in six developed countries (Australia: AU,
United States: US, New Zealand: NZ, Canada: CA, United Kingdom: UK, and Japan: JP) from March
to May 2021. With the assistance of a major international survey company, the online questionnaires
were distributed to respondents by keeping the sample distributions of age, gender and regions within
each country to be consistent with the corresponding population distributions>. More than 1,000
respondents in each country (AU: 1125, US: 1297, NZ: 1193, CA: 1176, UK: 1305, JP: 1169) provided
valid information about activity and travel behaviors during and before the COVID-19 pandemic,
various psychological factors, and individual/household attributes. In total, data from 7,245 respondents
are used in this study.

Regarding the distribution of survey data by regions, most respondents in six countries resided in
megacity regions such as the New South Wales/Australian Capital Territory in AU (32.8%), California
in US (12.1%), Auckland/Northland in NZ (32.2%), Ontario in CA (35.5%), Greater London in UK
(12.2) and Kanto in JP (34.1%). Table 3.3 shows the differences between the regional shares of
respondents in the sample and in each country (at the time of February 2021). The shares of population
in Auckland, Northland (NZ), Ontario (CA), North West, North East and South East (UK) are under-
represented by 4.6, 3.5 and 2.2 percentage points, respectively, while the gaps between the sample and
the population in other areas are all less than 2.0 percentage points. Note that the sample
representativeness could also be defined using other sample attributes. Thus, it can be said that the

current survey sample roughly represents the whole population in these six countries.

> Australian Bureau of Statistics: https://www.abs.gov.au/ (2020)
U.S. Census Bureau: https://www.census.gov/ (2020)
Stats NZ: https://www.stats.govt.nz/ (2018)
Statistics Canada: https://www.statcan.gc.ca/en/start (2020)
Office for National Statistics - GOV.UK: https://www.gov.uk/government/organisations/office-for-national-

statistics (2020)
Statistics Bureau of Japan: https://www.stat.go.jp/english/ (2020)
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Table 3. 3. The shares of respondents and population by regions

Shares of Shares of the Deviation
. respondents in the opulation (% of share
Country Regions psurvey (%) pop (B) (%) (%)
(A) (A-B)
New South Wales, Australian Capital 328 337 0.9
Territory
Australia | Queensland 19.9 20.1 -0.2
(AU) South Australia, Northern Territory 8.9 7.9 1.0
Victoria, Tasmania 26.5 279 -1.4
Western Australia 11.9 10.4 1.5
Arizona, New Mexico, Colorado 6.5 5.7 0.8
Washington, Alaska, Hawaii, Oregon,
Wyoming, Montana, Idaho, Nevada, 6.5 5.8 0.7
Utah
California 12.1 12.3 -0.2
Texas 8.3 8.5 -0.2
Florida 6.6 6.6 0.0
North Carolina, South Carolina, Georgia 8.3 8.5 -0.2
Virginia, West Virginia, Maryland,
Delaware, Washington, D.C., Tennessee, 8.5 8.8 -0.3
usS Kentucky
Arkgqsas, Mississippi, Oklahoma, 6.2 6.1 01
Louisiana, Alabama
New York, Connecticut, Rhode Island,
Massachusetts, Vermont, New 9.3 9.6 -0.3
Hampshire, Maine
New Jersey, Pennsylvania 6.9 6.9 0.0
Wisconsin, Illinois, Indiana 7 8.2 -1.2
Michigan, Ohio 7.2 6.7 0.5
Minnesota, North Dakota, South Dakota, 6.6 6.3 03
Missouri, Kansas, Nebraska, lowa ) ) )
Auckland, Northland 32.2 36.8 -4.6
Bay of Plenty, Gisborne 8.8 7.7 1.1
Canterbury 13.7 13.0 0.7
New Manawatu-Wanganui, Taranaki, Hawke's 11.6 10.8 08
Zealand | Bay
(NZ) Marlborough, Nelson, Tasman, West
Coast, Southland, Otago 12.6 1.6 1.0
Waikato 9.9 9.4 0.5
Wellington 11.2 10.7 0.5
Alberta, Northwest Territories 12.3 11.3 1.0
British Columbia, Yukon 14.9 14.6 0.3
Manitoba, Nunavut, Saskatchewan 8.1 6.3 1.8
Canada | New Brunswick, Nova Scotia, Prince
(CA) Edward Island, Newfoundland and 7.8 6.2 1.6
Labrador
Ontario 35.5 39.0 -3.5
Quebec 214 22.6 -1.2
Scotland 8.7 8.5 0.2
Northern Ireland, Wales 9.0 7.5 1.5
North West, North East 12.8 15.0 2.2
UK Yorkshire and The Humber 9.2 8.4 0.8
West Midlands 8.8 8.9 -0.1
East Midlands 8.5 7.1 1.4
South West 9.4 8.5 0.9
South East 11.7 13.9 2.2
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Shares of Shares of the Deviation
. respondents in the population (%) of share
Country Regions survey (%) (B) (%)

(A) (A-B)
East of England 9.7 9.1 0.6
Greater London 12.2 13.1 -0.9
Hokkaido 4.5 4.4 0.1
Tohoku 7.7 7.4 0.3
Japan Kanto 34.1 34.5 -0.4
(IP) Chubu 16.6 16.9 -0.3
Kinki 18.6 18.2 0.4
Chugoku , Shikoku 7.3 6.7 0.6
Kyushu , Okinawa 11.2 11.9 -0.7

3) Respondents

Table 3.4 shows the attributes of all respondents in the six countries. The percentage of female (51.0%)
is slightly higher than that of male (49.0%), which is consistent with the population percentages (i.e.,
female: 50.7%, male: 49.3%). Almost half of the respondents were between 30 and 59 years old (49.6%).
As the evidence of population aging in some developed countries, the share of respondents aged 60 or
above 60 years old (29.6%) was bigger than the share of young respondents below 30 years old (20.8%).
The sample in each country has similar distributions of gender and age to the whole population.
Company employees, self-employed and other unemployed (including pensioners) account for more
than half of all the respondents (total: 64.0%). Most of the respondents have an education background
of undergraduate/bachelor (total: 32.9%), followed by college and vocational school (total: 22.5%), and
high school and senior high school (total: 19.8%).

Table 3. 4. Distribution of attributes for all respondents in six developed countries

. .. AU UsS NZ CA UK JP Total
Attributes Definition %) %) %) %) %) %) (%)

Gender Male 49.0 1 49.0 1 485 48.6 1 499! 48.6 1 49.0
Female 51.0 51.0 51.5 514 50.1 514 51.0
< 30 years old 23.6 1 207 224 1 20.6 19.3 18.5 20.8
Age 30-59 years old 49.7 50.1 504 51.1 52.7 429 1 49.6
60 years old or above 26.7 29.2 27.2 28.3 28.0 38.6 29.6
Company employee/self-employed 38.3 36.1 39.3 38.4 43.8 40.2 394
Civil servants / organizational employees 6.5 3.6 6.5 4.7 6.5 3.3 5.2
Faculty and staff of edl}catlgr}al institutes 30 40 44 36 31 07 31

such as schools and universities
Occupation | Housewife 7.9 6.5 6.4 5.7 5.9 18.4 8.3
Part-time job 124 8.3 10.0 8.0 7.0 10.5 9.3
Student 33 4.8 4.4 5.5 3.9 3.2 4.2
Other unemployed (including pensioners) 23.6 27.8 23.9 28.7 23.6 19.8 24.6
Others 5.0 8.9 5.1 5.4 6.2 3.9 5.9
No formal qualification 0.2 0.5 2.8 0.1 1.4 0.1 0.8
Elementary school 2.5 0.5 1.9 0.7 0.5 0.0 1.0
Middle school Junior high 136 05| 131] 14| 202 22| 86

Education sc'hool/Secondar}{ sch(?ol

background High school/ Senior high school 14.6 20.4 14.4 20.2 20.2 29.0 19.8
College/ Vocational school 26.2 27.8 20.1 31.0 12.1 18.3 22.5
Undergraduate/ Bachelor 26.7 26.0 35.2 33.7 30.4 46.1 329
Master degree 14.1 19.9 10.6 11.3 13.0 3.3 12.1
Doctoral degree 2.1 4.4 1.9 1.6 2.2 1.0 2.3
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3.2 Modeling application

The dynamic structural equation model and mixed hybrid choice model are developed and applied in
chapter 4 and chapter 5 for the behaviors analysis of dynamic activity-travel behavior changes and travel
mode choice respectively, while the Copula model is used in chapter 7 for the joint analysis of the social

contact behaviors.

3.2.1 Modeling of temporal dynamics of behavioral and psychological

adaptations to COVID-19: Dynamic structural equation model (DSEM)

Structural equation models (SEM) are the models that reveal the association between latent variables
by observable indicators (Bielby et al., 1977; Bagozzi et al., 1988; Duncan, 2014). It can help people to
measure the latent variables indirectly. However, the traditional SEM can’t indicate the dynamic
relationship between individuals’ behavior changes over time. Hence, a dynamic structural equation
model (DSEM) is developed in this study to show how the accumulation of changes in behaviors in the
past could affect the most recent changes in behaviors directly or indirectly through other latent

variables.

3.2.2 Hybrid choice modeling of heterogeneous preparedness and correlated
cultural and psychological factors in response to COVID-19: Mixed hybrid

choice model (XHCM)

Hybrid choice model (HCM) is a widely used model for transport studies that can indicate the impact
of the latent variables on the discrete choice (Vij et al., 2014; Kim et al., 2017; Aadity et al., 2021).
However, the HCM structure in previous studies usually ignore the association between latent variables
or the influence of the unobserved heterogeneities caused by individuals’ taste variations. to resolve this
problem, a mixed hybrid choice model with the association between latent variables (XHCM) is
developed in this study. To the best of the authors knowledge, this study is the first time to use a hybrid

choice model to investigate the travel mode choice behaviors with the association between latent
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variables and individuals’ taste variations simultaneously.

3.2.3 Dependence modeling of multi-faceted social contact decisions under

the impacts of COVID-19: Copula model

The copula-based model is a multivariate functional form to derive the joint distributions of given
marginal distributions (Trivedi et al., 2007). The term copula is first proposed by Sklar (1973) in English,
and the applications of copula have been widely extended to other fields of economic research since the
beginning of 21st century (Nelsen, 2007; Trivedi et al., 2007; Schmidt, 2007). The copula approach
could form the joint distribution and estimate the dependency between random variables without
restrictive distribution assumptions for the specific univariate marginal distributions (Irannezhad et al.,
2017; Trivedi et al., 2007; Schmidt, 2007; Meloni et al., 2011). Moreover, compared with other
multivariate correlation methods (e.g., Pearson, Kendall’s tau, Spearman’s rho), copulas can obtain
nonlinear central dependence and tail dependence in both symmetric and asymmetric forms (Frey et al.,
2001; Trivedi et al., 2007).
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CHAPTER 4 Capturing temporal dynamics of
behavioral and psychological adaptations to

COVID-19

4.1 Introduction

The COVID-19 pandemic has caused more than 100 million infections and more than 2 million deaths
as of the end of January 2021.6 Before vaccinations were widely available, governments implemented
various behavioral interventions, from forced lockdowns (with penalties for violations) to voluntary
changes in behaviors via communication campaigns. Even though daily new cases started to decline
across the world by the end of the first week of January 2021, the numbers remain higher than 600,000
cases per day. In Japan, the target country of this study, more than 370,000 cumulative infection cases
were confirmed by the end of January 2021, with three peaks observed in April 2020, August 2020, and
the first two weeks of January 2021. Daily new cases increased about three times from the first peak to
the second peak, and about four times from the second peak to the third peak. For policy measures,
Japan has mainly relied on “soft” behavioral interventions which request people to change their
behaviors, particularly regarding interactions with social contacts. Strict lockdown has not been adopted.

Some key measures taken from March to September 2020 are summarized below.

e March 2: All elementary, secondary and high schools in Japan temporarily suspended until the
spring break (April 6)

*  March 19: Governmental task force releases recommendations on behavioral changes to contain
the novel coronavirus

e March 25: The governor of Tokyo requests people to exercise self-restraint (e.g. limit trips outside
of home) on weekends

e March 30: The governor of Tokyo further requests people to exercise self-restraint on both
weekends and weekdays

o April 7: State of emergency declared for prefectures with major infection outbreaks

o April 9: Government requests companies to telework and stagger commuting times

o April 11: Government requests people to reduce trips by at least 70%

o April 12: Avoid 3Cs (Closed spaces, Crowded places, and Close-contact settings) at workplace

o April 16: State of emergency declared for the whole country

e May 4: State of emergency for the whole country extended until the end of May

e May 14: State of emergency lifted for 39 prefectures

e May 21: State of emergency lifted for prefectures with major outbreaks

e May 25: State of emergency lifted for the whole country

https://www.worldometers.info/coronavirus/ (Accessed on January 31, 2021)
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e May 26: Public advised to avoid unnecessary inter-prefectural travel until the end of May

e June 5: Public recommended to stop overseas trips

e June 18: Inter-regional travel restrictions relaxed

e June 19: Government releases a smartphone app COCOA (COVID-19 Contact-Confirming
Application) which informs people about physical contacts with infected persons

o July 22: Go To Travel Campaign launched

o August 28: Government announces goal of providing vaccines to all citizens by the first half of
next year

Research has shown that human behaviors change over time. Fatigue from behavioral
interventions may weaken the effects of policies. Such behavioral dynamics should be addressed in
COVID-19 policymaking. However, as the review by Zhang et al. (2021a) found, existing efforts are
very limited. This chapter aims to fill this important research gap by analyzing data from a six-month
life-oriented panel survey of behavioral and psychological adaptations to COVID-19 conducted in
Japan using a dynamic structural equation model (DSEM). The latent psychological factors of the
reliability of major COVID-19 information sources, risk perceptions about the COVID-19, attitudes
toward policymakers and health professionals and attitudes toward PASS-LASTING based policy

measures are considered in the structure of DSEM.

4.2 Data and descriptive analysis

In the survey, 2,643 respondents provided valid answers about behavior changes from April to
September 2020, and psychological factors that may be associated with behavior changes. Behaviors
are captured based on the life-oriented approach (Zhang, 2014, 2017; Zhang and Van Anker, 2017),
focusing on both intercity and intracity behaviors, which are further grouped into different life domains.
Psychological factors include not only subjective evaluations of reliability of COVID-19 information
and risk perceptions, but also attitudes toward policymaking. The attitudes further include subjective
assessments of policymaking capacity related to governments and health professionals, and willingness
to cooperate with policy measures based on the PASS approach (“Prepare-protect-provide”, “Avoid-
adjust”, “Shift-share”, and “Substitute-stop”) (Zhang, 2020) and the LASTING approach (“Life needs”,
“Activity participation”, “Space”, and “Time-timing”) (Zhang, 2021). The PASS approach argues that
COVID-19 policies should be made in a seamless and comprehensive way and the LASTING approach
emphasizes the role of people’s willingness to cooperate with policymaking via voluntary behavioral
changes. Before and during the period of April-September 2020, many policies were implemented,
which may or may not have affected the respondents’ behaviors and attitudes. This study focuses on
individual persons, but it is unknown how every individual perceived all of these policies. Therefore,
instead of directly focusing on actual policies common to everybody, the study asked each respondent
to report how he/she perceived existing policies that are classified based on the PASS and LASTING
approaches, i.e., PASS-LASTING policies. The descriptive analysis of modeling factors is introduced

as follows.

35



Chapter 4 Capturing temporal dynamics of behavioral and psychological adaptations to COVID-19

1) Reliability of COVID-19 information sources (RELIABILITY)

10 questions were included to evaluate the reliability of major COVID-19 information sources: i.e.,
official sources from the central government and local governments, authoritative sources from experts
and medical institutes, domestic and overseas news on mass media, sources of SNS (Facebook, Twitter,
etc.), search engines (e.g., Google, Yahoo), and information from personal social networks. The
reliability degree is assessed via a 5-point scaling method (1: very low, 2: low, 3: neither, 4: high, 5:
very high). As shown in Table 4.1, the information from medical institutes is perceived to be reliable (4:
high or 5: very high) by the largest proportion of respondents (64.4%), and the second largest group of
respondents believed that the information announced by local governments (60.3%), the central
government (56.9%), and domestic news (54.6%) are reliable. On the other hand, only 10.5% of
respondents perceive the information from SNS to be reliable, while more than 40% think the SNS
information reliability is low or very low. Experts should have played important roles in helping the
control of the pandemic; however, their opinions are trusted by only 38.1% of respondents. This
indirectly suggests that scientific knowledge about COVID-19 is still limited or not publicly acceptable,

and as a result, is not sufficient to convince the majority of the general public.
2) Risk perceptions about the virus infection (RISK_PERCEPT)

Risk perceptions about the virus infection are evaluated by asking each respondent to report how much
he/she agrees with each of the following eight questions: (1) the risk of infection in the whole of Japan
is increasing; (2) the risk of infection in the residence prefecture is increasing; (3) the risk of infection
in the residence municipality is increasing; (4) the risk of infection in the place that he/she often visits
(workplaces, schools, supermarkets, restaurants, gyms, etc.) is increasing; (5) the risk of infection in a
crowded train or bus is high; (6) the virus is a very horrific disease; (7) the risk of infection of COVID-
19 for himself/herself is high; and (8) he/she is susceptible to seasonal flu. Similarly, the assessment
was done based on a 5-point scale (1: strongly disagree, 2: somewhat disagree, 3: neither, 4: somewhat
agree, 5: strongly agree). It is revealed (see Table 4.2) that 67.9% of respondents perceived the risk level
in the whole of Japan to be increasing, while 66.9% thought the COVID-19 virus is very horrific. But
the share of respondents who perceived an increasing level of infection risk in the residence
municipality is more than 26 points lower than those perceiving an increasing level across the whole
country. Only 28.9% think that places they visit frequently are risky. As expected, a large share (60.1%)
of respondents reported that the risk of infection in a crowded train or bus is high. In spite of widespread
infections across the whole country, only 29.5% perceived the risk of infections for themselves as being
high.
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Table 4. 1. Evaluation of reliability of COVID-19 information sources

Low or High or
Reliability Mean Neither

very low very high
The information announced by the central government
(homepage information, news, public relations 3.5 11.9% 31.2% 56.9%
magazines, etc.)
The information announced by local governments
(homepage information, news, public relations 3.6 9.6% 30.1% 60.3%
magazines, etc.)
Experts’ opinions (through various channels) 32 14.3% 47.6% 38.1%
Domestic news 3.5 10.9% 34.5% 54.6%
Overseas news 3.0 19.4% 56.1% 24.5%
Medical institutes 3.7 6.4% 29.2% 64.4%
Workplaces / schools 3.0 16.8% 59.7% 23.5%
SNS (Social Networking Service): Facebook, LINE,

2.6 41.0% 48.5% 10.5%

Twitter, WhatsApp, etc.
Search engines: Google, Yahoo, etc. 2.9 23.6% 56.8% 19.6%
Personal social network: acquaintances, colleagues, etc. 2.9 23.2% 62.2% 14.6%

Table 4. 2. Risk perceptions about the virus infection

Somewhat or Somewhat or
Risk perceptions Mean Neither
strongly disagree strongly agree

The risk of infection in the whole of Japan is

3.7 12.2% 19.9% 67.9%
increasing
The risk of infection in the residence prefecture is

3.5 19.2% 26.0% 54.8%
increasing
The risk of infection in the residence municipality

3.2 25.7% 32.8% 41.5%
is increasing
The risk of infection in the frequently-visited
places (workplaces, schools, supermarkets, 3.0 31.3% 39.8% 28.9%
restaurants, gyms, etc.) is increasing
The risk of infection in a crowded train or bus is

3.6 13.6% 26.3% 60.1%
high
The COVID-19 virus is a very horrific disease 3.8 12.3% 20.8% 66.9%
The risk of infection of the COVID-19 virus for

3.1 22.6% 47.9% 29.5%
oneself is high
The respondent is susceptible to seasonal flu 23 62.0% 25.3% 12.7%
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3) Attitudes toward COVID-19 policymaking capability (ATTD_CAPACITY)

Attitudes toward policymaking capability were investigated by asking respondents to evaluate the levels
of expertise, enthusiasm, competence, and trust of governments and health/medical institutes, based on
a 5-point scaling method (1: strongly disagree, 2: somewhat disagree, 3: neither, 4: somewhat agree, 5:
strongly agree). These attribute measurements are closely related to the capacity of policymakers and
health professionals. Unfortunately, as shown in Table 4.3, only 21.3% and 48.1% of respondents
thought policymakers and health professionals are capable of dealing with COVID-19. The trust level
in governments is less than 30% and the perceived competence level of governments is only about 20%.
Health and medical institutes were perceived to be capable in terms of trust (48.1%) and expertise
(40.7%). It is therefore logical to interpret this lower level of capacity assessment as being related to

the increasing trend of infections in Japan since July 2020.

Table 4. 3. Attitudes toward COVID-19 policymaking capability

Somewhat Somewhat
Attitude Mean or strongly Neither or strongly
disagree agree

(Expertise) Japanese health and medical institutions

3.1 26.3% 33.0% 40.7%

have sufficient expertise for COVID-19

(Expertise) Japanese government has sufficient

2.8 36.3% 38.1% 25.6%
expertise for COVID-19
(Expertise) The local government in the residence

2.9 31.5% 44.0% 24.5%
municipality has sufficient expertise for COVID-19
(Enthusiasm) Can feel the central government's

2.7 41.3% 33.3% 25.4%
enthusiasm in preventing the spread of COVID-19
(Enthusiasm) Can feel the residence local
government's enthusiasm in preventing the spread 2.9 32.7% 39.2% 28.1%
of COVID-19
(Competence) The central government has a
competent management system and measures to 2.7 41.2% 37.5% 21.3%
prevent the spread of COVID-19
(Competence) The local government in the
residence municipality has a competent

2.8 33.6% 43.1% 23.3%
management system and measures to prevent the
spread of COVID-19
(Trust) Can trust that Japanese health and medical

3.3 18.5% 33.4% 48.1%
institutions can prevent the spread of COVID-19
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Somewhat Somewhat
Attitude Mean or strongly Neither or strongly
disagree agree
(Trust) Can trust that the central government can
2.8 36.7% 37.2% 26.1%
prevent the spread of COVID-19
(Trust) Can trust that the local government in the
residence municipality can prevent the spread of 3.0 27.6% 43.4% 29.0%
COVID-19

4) Attitudes toward PASS and LASTING based policy measures (ATTD_PASS LASTING)

Considering the severity of the threat of this virus, COVID-19 policies should be made in a seamless
and comprehensive way. In line with such considerations, two types of COVID-19 policymaking
methodologies have been proposed in the literature: one is based on the PASS approach (Zhang, 2020)
and the other is the LASTING approach Zhang (2021). The PASS approach argues that COVID-19
policymaking should be made from Prepare-protect-provide (P), Avoid-adjust (A), Shift-share (S), and
Substitute-stop (S) perspectives with respect to various stakeholders. The LASTING approach targets
individual persons and suggests the importance of individuals to adapt needs in life (L) and
consequently participate in activities (A) at locations with proper space (S) and at proper time and
timing (TING), based on individuals’ voluntary behavioral changes. In theory, both approaches are
applicable not only to the transport sector but also other sectors. Here, respondents were asked to report
their attitudes toward such policies from their personal viewpoints using a 5-point scaling method (1:
strongly disagree, 2: somewhat disagree, 3: neither, 4: somewhat agree, 5: strongly agree). The

questions of PASS and LASTING policy measures are shown in Table 4.4.

Table 4. 4. Attitudes toward PASS and LASTING based policy measures

Positive Negative
Policy measures (strongly or | (strongly or
somewhat somewhat
agree) disagree)
Prepare g(())uva}rlgc)_vlv;l;;)rrlzzirliej for emergencies like this 31.6% 23.0%
In order to prevent yourself or others from infection,
Protect | you keep your physical distance, even if you find it is 50.9% 10.4%
very inconvenient.
PASS In order to prevent yourself or others from infection,
Provide | you are willing to provide your details of behavior 46.7% 17.8%
history to medical and government agencies.
In order to prevent yourself or others from infection,
Avoid | You will avoid dense activities / actions with three Cs 66.7% 77%
(closed spaces, crowded places, and close contact),
even if you find it is very inconvenient
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Positive Negative
Policy measures (strongly or | (strongly or
somewhat somewhat
agree) disagree)
. In order to prevent yourself or others from infection, o o
Adjust you will adjust your activity / action schedule or plans >4.8% 10.8%
In order to prevent yourself or others from infection,

Shift it is better to shift the work style into telework and use 41.9% 14.1%

transportation modes other than public transportation,
even if you find it is very inconvenient.

In order to prevent yourself or others from infection,
Share you are totally not reluctant to share your behavior 41.4% 19.5%
history and health status information with others

In order to prevent yourself or others from infection,
it's better to switch to online activities, postpone

SUbZtltut travel, reduce the number and distances of trips, and 58.7% 9.3%
stop unnecessary activities, even if you find it is very
inconvenient.
In order to prevent yourself or others from infection,
it’s better to stop activities that involve traveling and
Stop avoid parties at home, even if you find it is very 65.0% 7.2%
inconvenient.
In order to keep yourself or others from infection, you
Life totally accept changing the needs in your life, and
. . . 49.5% 13.1%
needs your lifestyles, even if you find it is very
LASTIN inconvenient.
G Activity, | In order to keep yourself or others from infection, you
Space, | totally accept changing your daily activities, places 49 3% 13.4%

Time and | and time and timing of activity participation, even if
Timing | you find it is very inconvenient.

Table 4.4 shows that there are more respondents showing a positive attitude than a negative attitude.
The largest group of respondents prefer “avoid” measures (66.7%) and “stop” measures (65.0%),
followed by “substitute” (58.7%), “adjust” (54.8%), and “protect” measures (50.9%). Even though
“prepare” measures are less preferred, the share is still larger than 30%. The other three types of PASS
measures are preferred by more than 40% of respondents, respectively. Related to the LASTING
policies, about half of respondents are willing to change the needs in life and lifestyles and the resulting
daily activities, places and time/timing of activity participation. For both PASS and LASTING policies,
the gaps between agreements and disagreements are between 21.9 and 59.0 points, except in the case
of the “prepare” measures (only 8.6 points). All these data suggest that a large number of respondents
recognize the importance of PASS and LASTING policies and are willing to cooperate with COVID-
19 policy making and implementation. Even though preparedness is extremely important in the fight
against pandemics, there are still 23.0% of respondents who dislike the “prepare” measures. Information
sharing is also important to control the current pandemic; 19.5% of respondents are totally not reluctant
to share their behavior histories and health status information with others. With regard to social
interactions, negative attitudes may further affect other persons’ behaviors. Thus, it is not unrealistic to

assume that such reluctance has strongly hindered the progress of flattening the pandemic curve.
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5) Changes in behaviors

Changes in behaviors were investigated by asking respondents to report whether they changed a certain
behavior in each month of April to September 2020 (during the pandemic), compared with the
corresponding month in 2019 (before the pandemic).

These collected behavior changes come from different domains in life. For instance, the question
“Whether have more teleworking and studying at home” belongs to the domain of work. The life choices
also include the behavior changes of social life (avoid having visitors from places with severe infection),
family life (avoid visiting family), leisure/recreation (domestic/overseas travel decreased), three Cs
behavior (avoid going out to a crowded place; avoid activities in a closed space where there is contact
with people; avoid talking to people at a close distance) and daily travel behavior (attendance/leaving
time of work became more flexible; travel by public transport decreased; travel by car increased; travel
by walking and biking increased; fewer detour behaviors after leaving workplace or school; less
shopping in stores). The trends of behavior changes targeted in this study are shown in Figure 4.1.

Figure 4.1 reveals a decreasing trend from April to September for most behaviors, indicating that
individuals’ willingness to cooperate in preventing the virus spread declined over time. In other words,
fatigue from behavioral interventions probably occurred. The behavior change percentage of “Domestic
travel decreased” has the largest gap between April and September with 18.5 points, followed by
“Travel by public transport decreased” with a gap of 11.6 points. Even though some behavior changes
only showed a small gap (e.g., “Avoid having visitors from places with severe infection”: 0.9 points;
“Travel by walking and biking increased”: 1.8 points), it should be noted that they increased first and
then peaked in May: this fluctuating trend led to a very small change, which shouldn’t be ignored. More
than three quarters of respondents chose the three Cs activities (“Avoid going out to a crowded place”
from 90.0% to 80.2%, “Avoid activities in a closed space where there is contact with people” from 89.8%
to 80.4%; “Avoid talking to people at a close distance” from 81.8% to 76.2%). Other behavior changes
also showed a relatively high change ratio ranging between 20.7% and 62.4%. For instance, “Domestic
travel decreased” and “Travel by public transport decreased” declined from 58.8% to 40.3% and from
61.4% to 49.8%, respectively. Unexpectedly, “More flexible commuting time” (from 23.8% to 20.7%)
and “More teleworking” (from 26.1% to 20.2%) were less preferred.
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Less shopping in stores

Fewer detour behaviors after leaving workplace or
school

Travel by walk and bike increased

Travel by car increased

Daily travel behavior

Travel by public transport decreased

Attendance / leaving time (commuting / returning
time) became more flexible

Avoid talking to people at a close distance

Avoid activities in a closed space where there is
contact with people
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Avoid going out to a crowded place
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Figure 4. 1. Changes in behaviors from April to September 2020
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4.3 Methodology and framework

Risk perception about
the virus infection
[RISK_PERCEPT]

Reliability of COVID-19
information sources
[RELIABILITY]

The most recent changes
in behaviors
[RECENT CHANGE]

Accumulation of changes
in behaviors in the past
[ACCU_CHANGE]

Attitudes toward
COVID-19 policymaking
capability
[ATTD_CAPACITY]

Attitudes toward PASS and
LASTING based policy
measures
[ATTD_PASS LASTING]

Figure 4. 2. Conceptual framework about cause-effect relationships

In this study, a dynamic structural equation model (DSEM) is developed, as shown in Figure 4.2. It is
assumed that accumulation of changes in behaviors in the past (ACCU_CHANGE) first affects the
formation of various attitudes, and then the attitudes further affect the most recent changes in behaviors
(RECENT_CHANGE). ACCU_CHANGE is further assumed to influence RECENT CHANGE, i.e.,
the existence of state dependence is assumed. In other words, a sequential cause-effect relationship is
assumed. This assumption reflects the decision-making mechanisms related to human choice behaviors.
Looking at existing studies in the general literature, almost all of them only investigated a limited
number of behaviors while studies in the field of transportation mainly investigated travel behaviors.
As revealed by Zhang (2014, 2017) from both conceptual and empirical perspectives, people’s various
life choices (e.g., residence, neighborhood, health, education, work, family life, leisure and recreation,
finance, and travel behavior) are interdependent. As a part of life choices, travel behavior is associated
with other life choices (Zhang and Van Acker, 2017; Zhang and Jiang, 2020). Capturing changes in
various life behaviors caused by the COVID-19 pandemic, it is better to break the existing boundaries
of behavior research between different disciplines. The life-oriented approach provides a theoretical
framework for people-centered cross-sectoral policymaking. In this analysis, ACCU _CHANGE is
measured as the sum of 0-1 variables from April to August 2020 with respect to each behavior.
RECENT_CHANGE indicates a change in September 2020. Among the different types of attitudes,
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first, reliability of COVID-19 information sources (RELIABILITY) is assumed to influence risk
perceptions about the virus infection (RISK PERCEPT). This is straightforward because human
judgement/perception relies on information searching. Next, attitudes toward COVID-19 policymaking
capability (ATTD CAPACITY) are assumed to be associated with RISK PERCEPT. This is because if
people think policymakers are capable of dealing with COVID-19, then they may think COVID-19 is
under better control and therefore feel a higher level of safety. Furthermore, ATTD CAPACITY is
assumed to influence attitudes toward PASS and LASTING based policy measures
(ATTD_PASS LASTING) from an individual perspective. This final assumption is made by
considering that if people think policymakers are capable of dealing with COVID-19, they are more

likely to cooperate in changing their behaviors voluntarily.

4.4 Result and discussion

The DSEM model in this study was estimated using IBM SPSS Amos Ver 24. In total, 2,643 respondents
were included in the analysis. The generalized least squares (GLS) approach was used for estimation.
The RMSEA is 0.054, which is below 0.08 showing a good fit. If there are various variables included
in a structural equation model, it may be difficult to achieve a GFI (goodness-of-fit) bigger than 0.9;
the threshold of GFI can therefore be loosened to 0.8 (Doll et al., 1994; Seyal et al., 2002). For example,
some scholars also used a result with a threshold of 0.8 for GFI to make excellent studies on transport
policy analysis (Zhang, C. and Liu et al., 2019; Ona et al., 2013). The GFI in this study is 0.804, showing
an acceptable fit for the data.

4.4.1 Standardized direct effects between latent variables

RECENT CHANGE was originally assumed to be affected by ACCU CHANGE. However,
introducing such state dependence did not work, in the sense that converged estimation results could
not be obtained. Therefore, the influence of state dependence is ignored. Table 4.5 shows the results of
standardized direct effects between latent variables, without the effects of state dependence. It is found
that all these direct effects are statistically significant at 1% or 5% level. This confirms that all the
assumptions made in Figure 4.2 hold in this study. In other words, the conceptual framework formed in
Figure 4.2 is empirically applicable.

First, concerning the influence of ACCU_CHANGE on other latent variables, it is found that it is
most influential to RISK_PERCEPT (0.785) and ATTD CAPACITY (0.718), in a direct way. The direct
effect of ACCU_CHANGE on ATTD PASS LASTING is smallest and the effect on RELIABILITY is
moderate. Second, as for RISK PERCEPT, there are three direct effects from RELIABILITY,
ATTD_CAPACITY, and ACCU_CHANGE. ACCU_CHANGE shows the largest influence (0.785),
followed by ATTD CAPACITY (-0.519) and RELIABILITY (-0.155). Third, two direct effects are
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confirmed on ATTD_PASS LASTING. ACCU_CHANGE shows a larger direct effect (0.423) than
ATTD_CAPACITY (0.102). Finally, among all the direct effects, RECENT CHANGE is mostly
affected by ATTD_CAPACITY (0.493), followed by RISK PERCEPT (0.329), and RELIABILITY
(0.262). ATTD PASS LASTING shows the smallest influence but is still significant.

4.4.2 Standardized total effects between latent variables

Table 4.6 shows the results of standardized total effects between latent variables. First,
RECENT CHANGE is mostly influenced by ACCU_CHANGE (0.648). Thus, even though the direct
effect from ACCU_CHANGE on RECENT_CHANGE could not be observed, the influence of state
dependence (i.e., the influence of the previous behaviors on the present behavior) exists, but in an
indirect way via attitudinal factors. This result further supports the developed sequential modeling
structure. The second largest total effects on RECENT CHANGE come from ATTD CAPACITY
(0.331) and RISK PERCEPT (0.329), where RISK PERCEPT is mostly affected by
ATTD_CAPACITY (-0.517). This suggests that policymaking capacity is most influential in inducing
changes in behaviors. ATTD PASS LASTING, mostly affected by ACCU_CHANGE, is estimated to
be least (but significantly) influential for RECENT CHANGE.

Table 4. 5. Standardized direct effects between latent variables

Relationships | Parameter | Std. err. | t value | sig.
Influence of ACCU CHANGE on

RELIABILITY 0.587 0.592 5.315 ok

ATTD CAPACITY 0.718 0.540 5.259 ok

RISK PERCEPT 0.785 0.947 4.601 ok

ATTD PASS-LASTING 0.423 0.371 4.622 *ok
Influence of RELIABILITY

RISK PERCEPT -0.155 0.047 -3.441 ok

RECENT CHANGE 0.262 0.003 4.385 ok
Influence of ATTD CAPACITY on

RISK PERCEPT -0.517 0.101 -7.144 Hokk

ATTD PASS-LASTING 0.102 0.046 2.288 Hokk

RECENT CHANGE 0.493 0.006 5.173 Hokk
Influence of RISK PERCEPT on

RECENT CHANGE 0.329 0.003 4.796 Hokk
Influence of ATTD PASS-LASTING on

RECENT CHANGE 0.069 .002 2.024 *ok

Note: ** significant at 5% level and *** significant at 1% level.
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Table 4. 6. Standardized total effects between latent variables

Exogenous variables | ACCU CH  ATTD CA RELIABILI ~ ATTD PASS- RISK PE

ANGE PACITY TY LASTING RCEPT

Endogenous variables

ATTD CAPACITY 0.718

RELIABILITY 0.587

ATTD PASS-LASTING 0.497 0.102

RISK PERCEPT 0.323 -0.517 -0.155

RECENT CHANGE 0.648 0.331 0.211 0.069 0.329

The direct effects shown in Table 4.5 indicate that ACCU CHANGE mostly affects
RISK PERCEPT and ATTD_CAPACITY with similar influencing sizes. However, the total effects
suggest that the influencing size of ACCU CHANGE on ATTD CAPACITY is 0.718, which is 2.2
times larger than the size on RISK PERCEPT (just 0.323). Concerning ATTD_PASS LASTING,
relative influences of ACCU_CHANGE and ATTD CAPACITY do not change when reflecting indirect
effects: the influencing size of ACCU CHANGE is more than 4.0 times higher than that of
ATTD_CPACITY. ACCU_CHANGE shows the least direct effect on ATTD PASS LASTING;
however, its total effect on ATTD PASS LASTING becomes larger than RISK_ PERCEPT. Regarding
RISK PERCEPT, it is not mostly affected by ACCU CHANGE, as suggested by indirect effects;
instead, it is mostly influenced by ATTD_CAPACITY.

4.4.3 Features of latent variables

Estimation results about the relationships between latent variables and observed variables (i.e.,
estimation results of the measurement equations) are shown in Table 4.7 with standardized values. All
the measurement parameters are statistically significant at 1% level (note: one parameter is fixed to be

1 when estimating other measurement parameters for each latent variable).
Changes in behaviors (ACCU_CHANGE & RECENT CHANGE)

As for changes in behaviors in each month, both ACCU CHANGE and RECENT CHANGE are
characterized by "avoid going out to a crowded place” (0.691 | 0.637), “avoid activities in a closed space
where there is contact with people” (0.684 | 0.642), and “avoid talking to people at close distance”
(0.677 | 0.615). As shown in Figure 4.1, these behaviors show larger changes over the survey period,
whose shares range between 76.2% and 90.0%. There are four other observed variables with larger
standardized parameter values, including, “travel by public transport has decreased” (0.614 | 0.607),
“avoid visiting family” (0.574 | 0.580), “less shopping in stores” (0.565 | 0.496) and “avoid having

visitors from places with severe infection” (0.551 | 0.550).
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Attitudinal attributes

In the case of ATTD PASS LASTING, the standardized parameters range between 0.538 (“prepare”
measure) and 0.770 ("adjust” measure). This latent variable ATTD PASS LASTING is mostly featured
by people’s attitudes toward “adjust” measure (0.770), “avoid” measure (0.764), and “protect” measure
(0.700). The second group with larger parameter values include "substitute” measure (0.697), “stop”
measure (0.649), “life needs” measure (0.668), “activity, space, time” measure (0.681), and “shift”
measure (0.633). The third group includes “share” measure (0.572), “provide” measure (0.563), and
“prepare” measure (0.537). Concerning attitudes toward policymaking capacity (ATTD_CAPACITY),
all observed variables of expertise, competence, enthusiasm, and trust related to governments and health
professionals are significantly large: i.e., their standardized parameters range between 0.676 and 0.890.
This suggests that all these variables can better represent how people perceive the policymaking
capacity of governments and health professionals. Looking at risk perceptions about the virus infection
(RISK_PERCEPT), RISK PERCEPT seems to effectively capture them, with “the risk of infection in
the whole of Japan is increasing” (0.902), “the risk of infection in the prefecture where you live is
increasing” (0.873), and “the risk of infection in the municipalities where you live is increasing” (0.897).
Furthermore, focusing on reliability of COVID-19 information sources (RELIABILITY),
RELIABILITY well presents the reliability of “the information announced by the central government”

(0.880) and “the information announced by local governments” (0.882).

Table 4. 7. Standardized effects between latent variables and observed variables

Parameter std. err. | tvalue | sig.
RELIABILITY
The information announced by the central government (homepage 0.880
information, news, public relations magazines, etc.) ’
The information announced by local governments (homepage information, 44.59
. . . 0.882 0.021 Hrx
news, public relations magazines, etc.) 9
Experts' opinions (through various channels) 0.501 0.022 i2'76 ol
Domestic news 0.446 0.022 }9'99 otk
Overseas news 0.414 0.023 ;7'02 otk
Medical institutes 0.537 0.021 §5'44 ok
Workplaces / schools 0.403 0.021 :‘6'87 HAK
SNS (Social Networking Service): Facebook, LINE, Twitter, WhatsApp, etc. | 0.070 0.024 2.994  kxx
Search engines: Google, Yahoo, etc. 0.212 0.022 8.855 | HH*
Personal social network: acquaintances, acquaintances, colleagues, etc. 0.159 0.021 6.793 | ***
RISK_PERCEPT
The risk of infection in the whole of Japan is increasing 0.902
The risk of infection in the residence prefecture is increasing 0.873 0.038 ;8'66 wAK
The risk of infection in the residence municipality is increasing 0.897 0.042 36'61 wAK
The risk of infection in the frequently-visited places (workplaces, schools, 15.77
L - 0.529 0.039 HkE
supermarkets, restaurants, gyms, etc.) is increasing 8
The risk of infection in a crowded train or bus is high 0.433 0.030 16.62 | ***
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Parameter std. err. | tvalue | sig.
8
. . . 17.28
COVID-19 is a very horrific disease 0.464 0.031 ) ok
The risk of infection of COVID-19 for oneself is high 0.434 0.028 ;6'96 ok
The respondent is susceptible to seasonal flu 0.212 0.027 9.667 | **x*
ATTD_CAPACITY
(Expertise) Japanese health and medical institutions have sufficient expertise 0722
for COVID-19 ’
(Expertise) The central government of the residence municipality has 0.808 0.031 38.02 L.x
sufficient expertise for COVID-19 ’ ’ 1
(Expertise) The local government in the residence municipality place has 0.796 0.030 3781 | s
sufficient expertise for COVID-19 ’ ’ 0
(Enthusiasm) Can feel the central government's enthusiasm in preventing the 0836 0.047 2877 | e
spread of COVID-19. ’ ’ 7
(Enthusiasm) Can feel the residence local government's enthusiasm in 0.838 0.045 3040 L.
preventing the spread of COVID-19. ’ ’ 4
(Competence) The central government has a competent management system 0.839 0.044 29.89 | s
and measures to prevent the spread of COVID-19. ’ ’ 8
(Competence) The local government in the residence municipality has a 3174
competent management system and measures to prevent the spread of | 0.890 0.044 P ’ HAK
COVID-19.
(Trust) Can trust that Japanese health and medical institutions can prevent the 0.676 0.034 3150 Lux
spread of COVID-19 ’ ) 1
(Trust) Can trust that the central government can prevent the spread of 0.864 0.047 2984 1 Lux
COVID-19 ’ ’ 9
(Trust) Can trust that the local government in the residence municipality can 0.860 0.043 3133 ux
prevent the spread of COVID-19 ) ) 1
ATTD PASS-LASTING
L Life needs 0.668
ASTING Activity, Space, Time and Timing 0.681 0.021 28'21 HAK
Prepare 0.537 0.034 53'36 HAk
P Protect 0.700 0.033 ;9'39 Hokx
Provide 0.563 0.038 54'30 Hrx
Avoid 0.764 0.035 38'86 Hrx
A
Adjust 0.770 0.036 ;0'20 Hokx
Shift 0.633 0.039 ?5'24 Hokx
S
Share 0.572 0.039 53'77 Hrx
Substitute 0.697 0.036 f7'71 Hrx
S
Stop 0.649 0.036 §5'35 Hokx
ACCU_CHANGE
Attendance / leaving time (commuting / returning time) became more | 0.210
flexible
Decreased detour behavior after leaving company or school 0.417 0.435 5.957 | *k*
More teleworking and studying at home 0.290 0.280 5.638 | *E*
Less shopping in stores 0.565 0.903 5.393 | wE*
Avoid going out to a crowded place 0.691 0.746 5.484 | FE*
Avoid part.lclpatlng in activities at a closed space where there are direct | 0.684 0716 S470 | e
contacts with people
Avoid talking to people at a close distance 0.677 0.801 5450 | ***
Avoid visiting family 0.574 0.860 5416 | ***
Avoid having visitors from places with severe infection 0.551 0.709 5.404 | FE*
Travel by public transport decreased 0.614 0.864 5.434 | Hk*
Travel by car increased 0.408 0.494 5.040 | *E*
Travel by walking and biking increased 0.441 0.555 5.136  ***
Domestic travel decreased 0.378 0.516 5.098 | *E*
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Parameter std. err. | tvalue | sig.

Overseas travel decreased 0.196 0.242 3.927 | HEx
RECENT _CHANGE
Attendance / leaving time (commuting / returning time) became more
. 0.230

flexible
Decreased detour behavior after leaving company or school 0.379 0.355 6.092 | ***
More teleworking and studying at home 0.290 0.275 5.652 ¢ HEx
Less shopping in stores 0.496 0.723 5.693 | *E*
Avoid going out to a crowded place 0.637 0.758 5.848  *x*
Avoid part'lclpatmg in activities at a closed space where there are direct 0.642 0.740 5853 |
contacts with people
Avoid talking to people at a close distance 0.615 0.719 5.778 | *k*
Avoid visiting family 0.580 0.813 5783 | ***
Avoid having visitors from places with severe infection 0.550 0.671 5.785 | HH*
Travel by public transport decreased 0.607 0.677 5810  ***
Travel by car increased 0.433 0.464 5.349 | xEx
Travel by walking and biking increased 0.441 0.462 5292 | xEx
Domestic travel decreased 0.322 0.439 5.120  *Hx*
Overseas travel decreased 0.171 0.218 3.697 | HEx

4.4.4 Associations of observed variables with latent variables

It is important to rebuild confidence in using public transport; however, as shown in Table 4.2, more
than 60% of respondents perceive the use of public transport to be risky. The parameter of the influence
of RISK _PERCEPT on “the risk of infection in a crowded train or bus is high” is 0.433. This value is
not that large; however, it sufficiently shows that perceptions of higher risk in using public transport not
only lead to a decline in public transport ridership (as measured by “travel by public transport has
decreased”), but is also associated with major avoidance behaviors, including "avoid going out to a
crowded place”, “avoid activities in a closed space where there is contact with people”, “avoid talking
to people at close distance”, and “avoid visiting family”. A statistically significant connection with
“avoid having visitors from places with severe infection” further suggests that risk perceptions about
public transport are not independent of other types of risk perceptions.

Even though ATTD PASS LASTING has the least influence on RECENT_CHANGE, it is
statistically significant. The standardized parameter values indicate that policy measures of “avoid”,

LN LR T3

“adjust”, “protect”,

LE T

substitute”, “stop”, and LASTING are mainly attributable to the above avoidance
behaviors.

Furthermore, the above avoidance behaviors are more likely to result from people’s perceptions
about the competence of local governments and their trust in both local and central governments. This
observation reaffirms the importance of communication between governments and the general public.
Enhancing the reliability of the information announced by both local and central government seems
necessary. The largest influence of ACCU_CHANGE on RECENT CHANGE may suggest that policy
interventions should be made as early as possible. Early interventions may help people to form new
habits under the current pandemic. Such new habits may help COVID-19 policymaking work more
effectively.
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4.5 Conclusion

Scientifically-sound evidence is crucial to support COVID-19 policymaking. However, existing studies
have neglected the dynamic associations between policymaking and temporal behavior changes. This
chapter has made one of the first attempts in the literature to fill this important research gap. It used a
nationwide retrospective life-oriented panel survey of behavioral and psychological adaptations to
COVID-19 with respect to 2,643 individuals’ various behavior changes from April to September 2020
in Japan. The collected data had a similar age-gender-region distribution to that of the whole population.

A dynamic structural equation model was developed to quantify the effects of reliability of
information sources, risk perceptions, attitudes toward COVID-19 policymaking capability and PASS-
LASTING based policies on the most recent changes in behaviors. The above psychological factors
were further explained by accumulated behavior changes in the past. Capturing such dynamic
relationships, and the focus on policymaking, differentiates the current study from existing studies on
COVID-19. The major findings are summarized as follows:

1) More than 60% of respondents perceived that the risk of infection was increasing across the
whole country, and that risk of infection in a crowded train or bus is high. Even though about 70% of
respondents perceived that the COVID-19 virus is very horrific, less than 30% reported that they felt
the places they frequently visited were risky, and less than 40% perceived that the risk in their residence
municipalities is increasing. Such a low perception ratio may be because less than 30% of respondents
think the risk of infection of the COVID-19 virus for themselves is high.

2) The DSEM estimation results confirmed a statistically-significant sequential cause-effect
relationship between accumulated behavior changes in the past, psychological factors, and the most
recent behavior changes. In other words, accumulated behavior changes in the past affect all the
subjective psychological factors, which further influence the most recent behavior changes. Such
sequential dynamics reflect human decision-making mechanisms.

3) The DSEM estimation results indicate that the various behavior changes are mostly
characterized by avoidance behaviors: avoid going out to a crowded place; avoid participating in
activities at a closed space where there are direct contacts with people; avoid talking to people at a close
distance; and avoid visiting family.

4) The most recent behavior changes are most affected by accumulated behavior changes in the
past, in an indirect way, because the direct effects are not observed but the largest total effects are
confirmed. This observation further supports the assumed sequential relationships in Figure 4.2.

5) Effects of subjective assessments of policymaking on the most recent behavior changes are
significant but moderate. Within the attitudes toward policymaking, attitudes toward policymaking
capacity are more influential than willingness to follow PASS-LASTING based policy measures. At the
same time, it is also estimated that people who perceive policymakers to have higher expertise level, be

more enthusiastic and competent, and to be more trusted, are more likely to follow PASS-LASTING
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based policy measures.

6) High risks of using public transport are found to have a significant influence on the most recent
behavior changes, together with other risk perception factors. Meanwhile, a large association between
accumulated behavior changes and risk perceptions is also revealed.

7) The information announced by authorities (i.e., central/local governments, experts, medical
institutes) has the most influence on people’s perception of information reliability. Individuals’ risk
perceptions at the country and city levels are more likely to affect whether people change their behaviors.

Having emphasized the significant findings from this study, its shortcomings and corresponding
improvements for the future should be mentioned. First, as this case study was conducted in Japan, the
findings may be specific to Japan. It is desirable to conduct further studies in other countries in order to
make international comparisons. Second, this study adopts a sampling-based analysis and as a result,
the findings may not be generalizable. Accordingly, it is important to integrate this sampling-based
analysis with Big Data and Open Data based analyses. Third, policymaking is addressed in this study
via the help of psychological factors, which are crucial to better reflect personal feelings about
policymaking processes. However, detailed policy measures should be directly examined, even though
this involves the difficult task of assessing the impacts of policy decisions, made at an aggregate level,
on every individual. Last but not least, different countries have taken various policy measures. Some
measures are common, but there are also many unique measures. Broad international comparative
research should be promoted, with the support of sufficient research funds. Such investments in

scientific research are crucial to prevent and control future pandemics.
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CHAPTER 5 Influences of preparedness and
correlated cultural and psychological factors on
choice behaviors in response to COVID-19: A

case study on travel mode choices

5.1 Introduction

The COVID-19 pandemic has caused various changes to the transport sector and as a result, enormous
efforts have been made to address such changes (e.g., Rothengatter et al., 2021; Zhang et al., 2021b;
Zhang and Hayashi, 2022a,b). Even though there are a rich body of studies on transport and COVID-
19, there are still many unresolved research issues, among which travel mode choices are an under-
researched topic. Therefore, this study focuses on the travel mode choices under the COVID-19
pandemic.

Decline in public transport and increase in car and active transport have been commonly observed
in countries all over the world on one hand, while existing studies have mainly targeted a specific
country on the other, leading to the observed factors affecting travel mode choices to be largely
dependent on the targeted country. The risk of COVID-19 infection is obviously the key factor that
should be influential to travel mode choices; however, the reality suggests that the risk perception is not
always the same among people. Unfortunately, such a heterogeneity has not been well investigated from
perspectives of theoretical thinking and improvements of both survey and modeling methods. To
enhance people’s proper perception about infection risk, efforts of both health/medical agencies and
governments are crucial but unfortunately, such efforts have not been always highly evaluated by
general public (Zhang, 2021). In this regard, the role of trust in health/medical agencies and
governments has remained ill explored. Risk communication is essential to the pandemic policymaking;
however, existing communication practices are often ineffective and sometimes even improper (Zhang,
2021). There are various reasons for such an inconvenient practice, among which the ignorance or
disrespect of cultural aspects related to people’s decisions on the way to be involved in the pandemic
policymaking process may be one of the reasons. While preparedness is crucial to survive from
pandemics (Zhang, 2020; Zhang et al., 2021b), it is unclear whether preparedness is helpful or not. In

the case of travel mode choices, travel habit has been long recognized to be a key factor affecting travel
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behavior. Such a habit, especially formed during influenza seasons is a kind of preparedness; however,
such during-influenza risk-concerned travel habits formed before the COVID-19 pandemic have not
been investigated in the context of COVID-19.

Keeping the above unresolved research issues in mind, this study makes several initial attempts to
revisit factors affecting the travel mode choices under the COVID-19 pandemic, to the best of authors’
knowledge. First, this chapter examines the factors to travel mode choices by combining data (valid
sample: 7,245 respondents) collected from six developed countries (Australia, Canada, Japan, New
Zealand, the US, and the UK) in March-April 2021. Second, cultural risk factors, classifying people
into four types, are introduced to the analysis. Third, the travel habits (corresponding to different risk
levels) formed for the survival during influenza seasons before the COVID-19 pandemic are
incorporated into the analysis. Fourth, the “risk perception” — “trust” — “cultural risk factors”
relationships are jointly reflected in the representation of travel mode choices based on a mixed hybrid
choice model, where a mixed logit model is adopted to properly reflect the influences of unobserved
heterogeneities (or taste variations) related to key travel attributes. Combining data from the six
countries is expected to better capture the role of cultural risk factors in people’s decisions on travel
mode choices. The above modeling analysis is conducted with respect to major travel purposes

(work/study, shopping, eating out, physical exercise, party, cultural leisure, and medical activities).

5.2 Data and descriptive analysis

A comparative survey of activity-travel and social contact before-during COVID-19 was conducted in
all the six developed countries (Australia, Canada, Japan, New Zealand, the US, and the UK), which
includes daily travel mode choices with respect to the following main travel purposes (or activities):
work/study, shopping (at supermarket/shopping mall), eating out (at restaurants), physical exercise (at
indoor places (e.g., gym)), party (at indoor public places (e.g., bar)), cultural leisure (e.g., visiting
cinema, concert hall, etc.), and medical activities (e.g., see a doctor, purchase medicine). Travel mode
choices are asked with respect to both before and during the COVID-19 pandemic. The before-
pandemic period refers to popular influenza seasons when people may also need to pay attention to be
infected by influenza viruses. Travel modes contain shared mobility (Uber/DiDi/Grab, etc.), taxi, bus,
rail (train, metro, street car, etc.), private car, and active transport (walk, bicycle).

During the COVID-19 pandemic, some individuals may totally stop several activities as a
protective measure (Zhang, 2020). Because this study investigates travel mode choices, data without
out-of-home activities are excluded. As a result, the sample sizes for different travel purposes are 3,776
respondents for work/study; 7,042 for shopping; 4,412 for eating out; 3,366 for physical exercise; 2,998
for party; 3,039 for cultural leisure; and 5,545 for medical activities. Obviously, during the pandemic,
there were more people who worked/studied from home and reduced the participation to party, cultural

leisure and physical exercise. The smallest reduction was shopping. In this study, travel mode choices
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are analyzed for different travel purposes, separately.

Table 5.1 shows the distributions of respondents’ gender, age, and number of household members
by travel purpose. Male respondents performed more daily activities than female during the COVID-
19 pandemic, except shopping and medical activities. Among all age groups, young adults (20-29 years
old) showed the largest share of participating in out-of-home activities, followed by the 30—39 group.
The traveling share was the smallest for the 15—19 group, followed by the groups aged 60 and above.
Among all household groups, the respondents living in a two-member household account for the largest
share of the participation in out-of-home activities, while the one-member, three-member and four-

member households have similar shares.

Table 5. 1. The sample distributions of gender, age, and number of household members by travel

purposes
Travel purpose | Work/ | Shopping | Eating Physical Party Cultural | Medical
Individual an Study out exercise leisure activities
household attributes (%) (%) (%) (%) (%) (%) (%)
Gender Female 46.3 51.0 48.5 45.2 44.7 453 50.6
Male 53.7 49.0 51.5 54.8 55.3 54.7 49.4
15-19 29 1.9 2.3 2.6 2.5 24 1.9
20-29 26.8 18.8 233 26.7 27.9 27.6 19.1
30-39 21.8 16.7 19.3 21.7 22.1 22.3 16.7
Age 40-49 19.9 16.2 17.0 17.2 18.3 17.3 15.7
50-59 16.2 16.8 14.9 13.3 13.1 13.1 15.9
60—64 4.7 7.1 5.1 4.3 3.7 4.1 6.7
65-69 3.5 8.3 6.4 54 4.6 4.3 8.5
70 and above 43 14.1 11.8 8.8 7.9 8.9 153
1 21.0 21.0 18.3 17.0 16.8 20.0 20.5
Number of 2 27.0 36.0 33.8 30.2 30.5 27.9 36.1
household 3 20.9 19.2 20.3 21.5 214 214 19.1
members 4 20.7 15.7 18.3 20.6 20.8 20.2 16.2
5 6.8 5.3 6.0 6.5 6.5 6.4 5.3
6 and above 3.5 2.9 3.3 4.2 4.0 4.1 2.9

The descriptive analysis of modeling factors is introduced in subsequent sections.

5.2.1 Choices of travel modes

In this retrospective survey, respondents were asked to report their main travel modes for different travel
purposes (=activities), including shared mobility (Uber/ DiDi/ Grab, etc.) and taxi, bus, rail (train, metro,
streetcar, etc.), private car, and active transport (walk, bicycle) for both before and during the COVID-
19 pandemic.

Figure 5.1 shows the travel mode choice shares during the pandemic. Private car accounts for a
preponderant share of 59.0% or above for all travel purposes, where the share even reaches 73.1% for
shopping. The second largest shares are observed with respect to active transport, between 11.0% (for

party) and 19.6% (for physical exercise), which are however much smaller than the car shares. The third
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largest shares are related to rail, ranging between 3.6% (for shopping) and 10.6% (cultural leisure). The

shares of shared mobility and taxi and bus are similar.

Medical activities I} 6.2 6.0 68.9 13.6
Cultural leisure %Y 7.1 10.6 65.9 11.5
Party 6.1 6.9 10.4 65.6 11.0
Physical exercise [RECIIENKY 8.5 60.7 19.6
Eating out [EN/ANEE-Y) 7.1 71.2 11.3
Shopping 73.1 15.0
Work/study [} 7.7 9.9 59.0 18.1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Share mobility & taxi ®Bus M Rail Private car Active transport

Figure 5. 1. Choices of travel modes by travel purpose during the COVID-19 pandemic

Table 5.2 shows the changes (measured by a percentage value) in travel mode choices and trip
reductions before and during the COVID-19 pandemic. It is found that the pandemic led to an obvious
reduction of people’s daily trips, especially for leisure purposes (cultural activities: -31.6%, eating out:
-29.8%, party: -29.4%, physical exercise: -22.4%). The shopping trips show the least decline (-6.0%),
followed by medical activities (-9.1%) and work/study (-9.4%). Trips of shopping, commuting and
medical activities decreased less than other leisure trips, which may be because these three kinds of
trips are essential to people. About the travel mode changes, it is observed that the largest decline in
mode choice shares was the use of rail for cultural leisure (-51.6 percentage points) and the least changes
were the use of private car for work/study (-1.8 points) and shopping (+1.8 points). Larger declines
were found with respect to private car for cultural leisure (-48.4), bus for cultural leisure (-46.4), shared
mobility and taxi for party (-45.2) and rail for party (-45.0). Among all travel modes, public transport
modes (bus and rail) showed the largest declines. Comparing all travel purposes, cultural leisure and
party showed the largest declines in all travel modes. Looking at those travel modes with an increased
share, they are active transport for shopping (+10.8) and for work/study (+8.3) and shared mobility and

taxi for medical activities.
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Table 5. 2. Changes in travel mode choices and trip reduction before and during the COVID-19

pandemic
Shared Trip
Bus Rail Private car Active
Travel purpose | mobility & reduction
(%) (%) (%) transport (%)
taxi (%) (%)
Work/study -17.4 -36.5 -36.6 -1.8 8.3 -9.4
Shopping -18.2 -24.2 -28.6 1.8 10.8 -6.0
Eating out -31.9 -43.9 -27.8 -31.6 -21.6 -29.8
Physical
-15.2 -34.5 -22.0 -27.9 -20.6 -22.4
exercise
Party -45.2 -32.5 -45.0 -41.6 -39.6 -29.4
Cultural leisure -34.8 -46.4 -51.6 -48.4 -36.5 -31.6
Medical
5.4 -27.8 -24.6 -12.2 -17.3 9.1
activities

Note: The values (percentage points) are the shares during COVID-19 minus those before COVID-19.
5.2.2 Psychological risk factors
1) Risk perception

Risk perception has been revealed to affect people’s various behaviors performed during the COVID-
19 pandemic (e.g., Chan et al., 2020; Ding and Zhang, 2021; Zhang, 2021). In the survey, individuals’
risk perceptions about the infection of COVID-19 are measured at the following four spatial levels: (1)
in the whole country, (2) in the residence municipality, (3) at respondents’ frequently-visited places (e.g.,
workplaces, schools, supermarkets, restaurants, gyms), and (4) inside crowded public transport vehicles,
by asking the following question, where a five-point Likert scale (i.e., 1: strongly disagree, 2: somewhat

disagree, 3: Neither agree nor disagree, 4: somewhat agree, 5: strongly agree) is adopted.

To what extend do you agree or disagree to each of the following statements related to COVID-19?
1. The COVID-19 outbreak in your residence country is severe than many other countries.
2.  The infection risk of COVID-19 in your residence country is high
3. The infection risk of COVID-19 in your residence region (prefecture, province,
state) is high
4. The infection risk of COVID-19 in your residence municipality is high
The infection risk of COVID-19 in the place where you often go (workplaces,
schools, supermarkets, restaurants, gyms, etc.) in your daily life is high

6. The infection risk of COVID-19 in crowded train or bus is high

To ensure the fit of model, only the question 2, 4, 5 and 6 are included in the model, the
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distributions of these questions are summarized in Figure 5.2.

As shown in Figure 5.2, most of the respondents thought that the infection risk in crowed public
transport vehicles increased when performing all types of activities during the COVID-19 pandemic
(the “agree” (strongly agree or somewhat agree) responses range from 59.9% to 66.8%). The “agree”
shares for high-risk perception in the whole country are from 43.7% to 50.7% (especially for
work/study). The “agree” shares are obviously higher than the shares of “disagree” (strongly disagree
or somewhat disagree) in crowed public transport vehicles and the whole country; however, the
differences between “agree” and “disagree” are minor in the residence municipality or those frequently
visited places in people’s daily lives. The respondents who had a travel for work/study (agree: 41.2%,
disagree: 35.5%) and physical exercise (agree: 39.5%, disagree: 39.1%) thought the risk of infection in
the residence municipality increased. However, for respondents travelling for other purposes, more
people disagree that the risk of infection increased during the pandemic (agree: from 34.7% to 38.2%,
disagree: from 41.2% to 44.1%). More respondents who had a travel for work/study (agree: 43.2%,
disagree: 31.9%), physical exercise (agree: 39.8%, disagree: 35.4%), party (agree: 40.0%, disagree:
36.8%) and cultural leisure (agree: 40.6%, disagree: 36.1%) thought that their frequently-visited places
were riskier during the COVID-19 pandemic, while interestingly, those people travelling for eating out
are less likely to think that it is riskier at the restaurants they often visited (agree: 34.7%, disagree:
40.2%). The shares of “agree” and “disagree” for the risk in frequently visited places do not show
significant differences for shopping and medical activities. Thus, both similarities and dissimilarities
are observed with respect to the risk perception at the four spatial scales, which motivated us to make

use of all of them in the modeling modeling analysis.
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somewhat agree

neither agree nor disagree
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Figure 5. 2. The distributions of risk perception scores
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2) Trust in governments and health/medical agencies

Governments and health/medical agencies are the key decision makers in the fight against COVID-19.
People’s trust in these decision makers has been influential to behavioral adaptation to the COVID-19
pandemic (Laato et al., 2020b; Sibley et al., 2020; Zhang, 2021). In this survey, the following question
is prepared to measure people’s trust in governments and health/medical agencies, using the same five-

point Likert scale, as described above.

To what extend do you agree or disagree to each of the following statements related to COVID-19?
1. You can trust your residence country's health and medical institutions in preventing the
spread of COVID-19.
2. You can trust your residence country's central government in preventing the spread of
COVID-19.
3. You can trust your residence municipality's local government in your residence place in

preventing the spread of COVID-19.

As shown in Figure 5.3, most of the respondents agreed that they trusted governments and
health/medical agencies in preventing the spread of COVID-19 in the sense that the “agree” shares
related to health/medical agencies range from 63.6% to 67.7%, central government from 59.7% to
64.4%, and local government from 59.9% to 64.2%. Only less than 20% of the respondents had a
negative attitude (distrust) to governments and health/medical agencies. The “agree” shares of the trust
in health/medical agencies are slightly higher than that to central and local governments, while the
distrust in central government (from 15.7% to 20.3%) is slightly more obvious than that to local
government (from 14.6% to 16.2%). People who had a travel for shopping (agree: 66.7%) and eating
out (agree: 66.3%) have a slightly bigger share of trust in health/medical agencies than people with
other travel purposes. People who traveled for party (central government: 64.4%; local government:
64.2%) and cultural leisure (central government: 63.8%; local government: 63.7%) are more likely to

show a trust in governments.
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Figure 5. 3. The distributions of trust scores

5.2.3 Cultural risk factors

To mitigate the impacts of risk perception on people’s behavioral adaptions to the COVID-19 pandemic,
it is necessary to recognize the existence of people’s various heterogeneities related to risk, especially
knowing the empirical evidence that differentiated risk communication is crucial for controlling the
pandemic effectively (Zhang, 2021). In this regard, the grid-group cultural theory of risk (Thompson et
al.,2018; Wildavsky et al., 1987; Wildavsky et al., 1990) becomes relevant to this study, which classifies
people into four types: hierarchist, egalitarian, individualist, and fatalist. Previous research assumed
that an individual should belong to one of these four types; however, in reality, it may be difficult to
classify him/her into one type. Instead of identifying one specific type, this study asked respondents to
judge by themselves. To this end, the following question is asked in this study to capture such cultural
risk factors, using the same five-point Likert scale, as described above, where the first statement is about

hierarchist, the second about egalitarian, the third about individualist, and the last about fatalist.
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To what extend do you agree or disagree to each of the following statements related to COVID-19?

1. You are a person who leaves important decisions to experts or government and support
the social order.

2. You agree with that everyone is equal and the good of the many people comes before
the good of any individual, the risk decision should be made by all people instead of a
small elite or authority.

3. You agree with that individual freedom is absolutely important, and individual choices
should not be constrained by society and other people?

4.  You agree with that there is little you can do to control the environment so that you will

receive whatever fate throws at you and try not to know or worry about it.

Figure 5.4 shows the shares of the four types of cultural risk factors or cultural orientations. There
are more respondents showing a tendency of being an egalitarian (66.6%—69.3%) or a hierarchist
(57.6%—60.0%) than those being an individualist (46.6%—54.5%) or a fatalist (42.2%—-52.0%).
Hierarchists and egalitarians have no obvious differences across travel purposes (less than 4 percentage
point). In contrast, individualists and fatalists are mainly observed with respect to party (individualists:
54.5%; fatalists: 52.0%). Similar distributions of “agree” and “disagree” are found for the pairs of
egalitarians-hierarchists and individualists-fatalists. Thus, there are more respondents showing a
group/altruism orientation than those with ego-oriented cultural risk factors. On the other hand,
egalitarians and hierarchists should be opposite to each other, as argued in the grid-group cultural theory
of risk; however, the response overlaps between egalitarians and hierarchists were found, suggesting
that a person can be an egalitarian and a hierarchist simultaneously. It is hard to define a boundary
between egalitarians and hierarchists, or between individualists and fatalists in reality. It is therefore
important to conduct more comprehensive analyses of the cultural theory of risk. This study attempts
to provide additional insights related to the cultural risk factors in the context of COVID-19 and

transport.
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Figure 5. 4. The distributions of cultural risk factors by travel purpose

5.2.4 Pre-pandemic preparedness

Travel mode choices made before the pandemic are regarded as an indicator of travel habit, which is
expected to affect travel behavior in the present. Generally speaking, people tend to avoid extra thinking
and repeat some travel behaviors (e.g., travel mode choices) in daily life (Gonzalez et al., 2017, Gao et
al., 2020; Haggar et al., 2019). This kind of phenomenon is known as travel habit (Gérling & Axhausen,
2003, Lanzini & Khan, 2017), which is a spontaneous behavioral reaction caused by individuals’
psychological inertia (Sommer, 2011; Haggar et al., 2019). Such an inertia is built by people’s travel
experience for a long time (Kitamura & Van Der Hoorn, 1987). As a result, the inertia is difficult to
change and plays a crucial role in affecting individuals’ choices of travel modes (Cherchi & Manca,
2011; Gao et al., 2020; Gonzalez et al., 2017).

To analyze the effects of pre-pandemic preparedness on individuals’ travel mode choices during

the pandemic, risk-concerned travel mode choices made before the pandemic (i.e., during influenza
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seasons) are classified into three types: the travel habits with high risk, middle risk, and low risk (Zaftri
et al., 2022). Public transport (bus and rail) is regarded to have high risk because people may have
numerous direct or indirect contacts with others in the same vehicle. Shared mobility and taxi are
classified to have middle risk because even though users may contact some others, but the number of
in-vehicle social contacts can be controlled. Using a private car, an individual does not need to contact
any others expect their companions they know. Active transport (walk, cycling) is conducted in an open
outdoor environment. Hence, private car and active transport are regarded to have low risk. Figure 5.5
shows the distribution of travel habits. It is found that most people have a travel habit with low risk
before the pandemic for all travel purposes. This is most obvious for shopping (83.7%) and medical
activities (82.2%). The travel habit with high risk accounts for a bigger share in the cases of work/study
(21.3%), cultural leisure (17.4%), party (17.5%) and physical exercise (16.4%).

Medical activities 12.2 82.2
Cultural leisure 17.4 73.2
Party 17.5 - 73.3
Physical exercise 16.4 - 71.5
Eating out 14.7 78.0
Shopping 83.7
Work/study 21.3 69.0
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

®mhigh risk ®middle risk ®low risk

Figure 5. 5. The distributions of risk-concerned travel habits (or pre-pandemic preparedness) by

travel purpose

5.2.5 Travel attributes

For a proper understanding of travel mode choices, travel time and travel companion are further
investigated in the survey, by reflecting the findings from existing references (Chen et al, 2022;
Efthymiou et al., 2016; Guo et al., 2020; Ho and Mulley, 2015; Weiss and Habib, 2020; Wu et al., 2011).

1) Travel time

In the survey, travel time was measured using the following four categorical scales: (1) less than 10

mins, (2) 10 mins — 30 mins, (3) 30 mins — 1 hour, and (4) 1 hour or longer. The distribution of travel
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time is shown in Table 5.3. The second category shows the largest shares for all travel purposes,
following by the first category for the travel purposes other than party and cultural leisure. There are
more than 10% of respondents who had to take 1 hour or longer to go to workplace or go to school.
There are more medical activities conducted within a travel time less than 10 minutes than the travel
time between 30 minutes and 1 hour. Activities mainly conducted within a travel time less than 30 mins
were shopping (82%), medical activities (74.1%) and eating out (73.2%). Activities needing a travel
time longer than 30 mins include work/study (36.1%), party (36%) and cultural leisure (37.9%). In the
modeling analysis of this study, each category of travel time was transformed into a continuous value
for the chosen travel mode and for the unchosen travel modes, their travel times were calculated as the

mean of travel time of all other respondents who lived in same area with him/her.

Table 5. 3. The distribution of travel time during the COVID-19 pandemic

Travel time Work/ Shopping Eating Physpal Party Culltural ME.?d.IC.al
catecories Study out Exercise leisure activities
£ (%) (%) (%) (%) (%) (%) (%)
Less than 10 mins 26.5 35.7 23.9 27.7 20.9 17.0 28.5
10 mins — 30 mins 374 46.3 49.3 42.1 43.1 45.1 45.6
30 mins — 1 hour 25.5 14.6 21.6 234 27.0 29.4 18.5
1 hour or longer 10.6 3.4 52 6.8 9.0 8.5 7.4

2) Travel companion

Travel companions include three types: travel with family (including spouse/couple,
children/grandchildren, parents/grandparent), travel with friends (including close friend, other
acquaintances), and travel alone. Respondents need to make a choice from these three options. As shown
in Figure 5.6, during the COVID-19 pandemic, 60.1% of the respondents traveled alone for medical
activities (60.1%) and 50.6% traveled alone for shopping, while 62.0% traveled with family for eating
out. Other larger shares of traveling with family are cultural leisure (51.5%) and party (48.9%), followed
by traveling with family for shopping (42.0%) and traveling alone for physical exercise (41.3%). As for
traveling with friends, the largest share was found with respect to party (33.8%), while the smallest
share was travel for shopping. Comparing all types of travel companions, traveling with family is more

popular during the pandemic.

63



Chapter 5 Influences of preparedness and correlated cultural and psychological factors on choice
behaviors in response to COVID-19: A case study on travel mode choices

(9%}
a

Medical activities 0.4 60.1
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Figure 5. 6. The distributions of travel companions by travel purpose during the COVID-19

pandemic

5.3 Methodology and framework

5.3.1 Framework of XHCM

Here, a hybrid choice model (HCM) with three correlated latent variables (risk perception, trust, and
cultural risk factors) is built to analyze travel mode choices under the impacts of COVID-19, where the
structural equations represent the endogenous relations between the three latent variables are introduced
to the utility equation together with during-pandemic travel attributes, pre-pandemic preparedness and
individual/household attributes. To capture heterogenous influences of preparedness and travel
attributes, a mixed logit model is adopted in HCM. As a result, a mixed hybrid choice model (XHCM)
is built in this study, as shown in Figure 5.7, where both direct and indirect effects of the latent variables

are incorporated.
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Figure 5. 7. A mixed hierarchical hybrid choice model (XHCM)

Existing studies showed that individuals’ attitude factors are affected by cultural variables (Verweij,
2005; Nan et al., 2014; Atchley et al., 2014), and people’s attitude toward agency is significantly
associated with risk perception (Ding and Zhang, 2021; Prati et al., 2011; Siegrist et al., 2003).
Considering the above existing evidence and its unconfirmed effects in the case of travel mode choices
under the COVID-19 pandemic, Figure 5.7 adds a link from cultural risk factors to trust and a link from
trust in risk perception. Thus, the structure of HCM is used to capture the endogenous relations between
these three psychological/cultural risk factors.

Risk perception and trust in agency’s risk management are two crucial components of the
psychological analysis of risk (Slovic et al., 1991; Slovic, 1993; Dedeoglu et al., 2021; Liu et al., 2020;
Alaszewski, 2003). Trust and risk perception are the mirror image to each other (Das et al., 2004). In
this study, risk perception is represented by four observed variables measured at four spatial levels: the
whole country, residence municipality, frequently visited places, inside public transport vehicles. Trust
is measured as attitudes toward central government, local government, and health/medical agencies, etc.
Cultural risk factors are measured using four questions about how much a respondent think that he/she
is a person of hierarchists, egalitarians, individualists, and fatalists, respectively, based on the cultural
theory of risk (Thompson et al., 2018; Douglas, 1970; Douglas, M. 1982). The three latent variables of
risk perception, trust and cultural risk factors are further explained by respondents’ individual and
household attributes (i.e., age, gender, and number of household members).

Because travel time (Molin & Timmermans, 2010; Guo et al., 2020; Chen et al., 2022), travel
companion (LaMondia et al., 2010; Thrane et al., 2015; Bocker et al., 2016), travel habit (Gonzalez et
al., 2017; Lanzini & Khan, 2017; Gao et al., 2020) are crucial to travel mode choice decisions, all these

variables are also introduced into the XHCM.
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5.3.2 Equations included in the XHCM

1) Structural and measurement equations

The structural equations in the XHCM are defined as follows:

LVn,cul = Zk Ycul,an,k + Nn,culs nn,cul"’N(O: O—gcul) (5'1)
LVn,tu = Zk Ytu,an,k + thLVn,cul + Nntu nn,tu"'N(OJ Oﬁm) (5'2)
LVn,rp = Zk er,an,k + YtrLVn,tu + nn,rp: nn,rpNN(OJ 0-7?@) (5'3)

where LVy, cy1, LV iy, and LV, ., [LVy] are individual »’s latent variables representing risk
perception (7p), trust (fu), and cultural risk factors (cul), respectively; X, ; is individual n’s kth
attribute (e.g., age, gender, and the number of household members), and Yy 1, Yep, and Yop o [Vig]
are the unknown parameters associated with the three latent variables; Y, is the coefficient describing
the influence of cultural risk factors on trust and Yy, is the coefficient indicating the influence of trust
on risk perception [Yy: Yer, Yerls Mncuts Mneu » NMnrp are the error terms of the three latent variables,
respectively, each of which follows a normal distribution [n,,].

A latent variable usually represents a common factor behind two or more some observed variables.

Such a relationship is expressed as the following measurement equation:
In,l,q = (l,qLVn,l + 68y, 6,~N(O, 052) (5-4)

where, I,;, is individual n’s gth observed variable corresponding to the /th latent variable LV,
(! = mp, tu, cul) and ¢, is the unknown parameter representing an association degree of LV,; with

I 4, and &8, is a normally-distributed error term.
2) Utility equation

In addition to the above three latent variables, there are also other factors that are used to directly explain

the choice utility. Such a utility function is expressed below.

Un,m = Zs .Bm,an,m,s + Arp,mLVn,rp + 7\tu,mLVn,tu + 7\cul,mLVn,cul + Enm (5'5)

Here, Uy, is the utility that individual »n’s chooses travel mode m, X, ., indicates n’s sth
variable that is used to directly explain the choice utility of travel mode m (as shown in Section 6,
individual attributes are excluded from Equation (5-5) by referring to existing studies (e.g., Gao et al.,
2020; Kamargianni et al., 2015; Kim et al., 2017; Scagnolari et al., 2015; Thorhauge et al., 2019)).
Mpms Aeums and Acypm [Agm]  represent the influences of the three latent variables LV, rp, LVy 1y,

and LV), .,y on the utility of travel mode m. And &, ,,, is an error term, which is assumed to follow an
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independent and identical Gumbel distribution. This distribution results in the so-called multinomial
logit (MNL) model under the random utility maximization principle.

In this study, travel time, travel companion and pre-pandemic travel habits (i.e., preparedness)
formed to avoid being infected are used as X, ;,, 5. To capture the unobserved heterogeneities in these
three observed travel-related attributes, each of them is assumed to have a random parameter f,, s,
which follow a normal distribution with mean By, ¢ and standard deviation o;. Related to travel time,
such a normal distribution assumption allows the co-existence of negative and positive parameters. The
logit model with unknown randomly distributed parameters related to explanatory variables is called
mixed logit model. The model consisting of equations (5-1) — (5-5) with a mixed logit structure is called
mixed hybrid choice model (i.e., XHCM).

5.3.3 Estimation

In this study, the above-built mixed hybrid choice model (XHCM) is estimated based on a maximum

likelihood method, where the likelihood function is expressed as follows:

L, =

Xn,m,sa LVn,l;

‘B , )‘l m > Hq fI (In,l,q |LVn,l; Zl,q) Hl fL (LVn,l |Xn,k' LVn,j; Yl,k' Yj) dLVn,l
m,s’ b

fLVn,z Hm fY (yn,m

(5-6)

where, / indicates one of the three latent variables of risk perception, trust and cultural risk factors;
Y; refers to Yo or Yy fy(") (equation (5-7)) indicates the probability that individual n chooses
travel mode m under the influences of explanatory variables X, ., and latent variables LV, ;; f(-)
(equation (5-8)) is the joint density function related to each measurement equation, f;(-) (function (5-
9)) represents the joint density function of each structural equation, and y,,, (equation (5-10)) is a

dummy variable indicating whether individual » chooses travel mode m or not (yes: 1, no: 0).

f () — ( exP(Zs Bm,sXnm,s * }\rp,mLVn,rp + AeumlVntu + }\cul,mLVn,cul) )yn’m (5_7)
Y YheH exP(Zs BrsXnhs * }\rp,hLVn,rp + AwhlVntu + }\cul,hLVn,cul)
_ 1 In,l,q_ZI,qLVn,l
i) = — <D( Tae (5-8)
1 LV =Y Y1 X, . .
fil)=—0 (W) {corresponding to equation (5-1)} (5-9a)
7.l nl

LV =2 Y X o= YrLVp

()= #Cb ( ) {corresponding to equations (5-2) and (5-3)} (5-9b)

“77.1
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_ { 1, if  Uppm = max{Uy} (5-10)
0, otherwise

Here, @(-) is the probability density function of a standard normal distribution.
As for the identification issues of the above XHCM, details refer to existing studies (e.g., Vij et al.,
2014; Walker et al., 2004). To estimate this model, the software Apollo (Hess et al., 2019) was used,

where a simulated estimation approach is generated by random Halton draws (Train, 2009).

5.4 Result and discussion

To run the above XHCM, 100 Halton draws were applied for each random parameter. For each activity
category, the calculation time ranged between 31.82 min and 93.83 min, using a desktop PC (Inter ®
Core™ 17-9700/ 14 Core / 3.00GHz). Tables 5.4-5.6 shows the modeling estimation results with respect
to the following seven trip purposes: work/study, shopping, eating out, physical exercise, party, cultural
leisure, and medical activities. As shown in Table 5.4, the Rho-squared values of the XHCM models
range from 0.47 to 0.62, indicating that the modeling accuracy is sufficiently high. There are totally 502
unknown parameters in Tables 5.4-5.6, among which 304 parameters (60.6%) are statistically
significant. Concerning trip purposes, the model for medical activities has the largest share (77.0%) of
significant parameters, while the model for work/study has the smallest share (41.4%). As for structural
parameters of latent variables, even though there are more insignificant parameters representing the
direct effects of risk perception, trust and cultural risk factors, there are more significant parameters
indicating the influence of cultural risk factors on trust and the influence of trust on risk perception. All
the above observations suggest that the adopted XHCM is acceptable to conduct analyses for achieving

the research purpose of this study.

Table 5. 4. Estimation results of mixed hybrid choice model: Utility equation

Travel purposes | Work/Study : Shopping Eating out Physical Party Cultural Medical
exercise leisure activities
Explanatory variables Est. t-val. | Est. t-val. | Est. t-val.| Est. t-val.| Est. t-val.| Est. t-val.| Est. t-val.

Mean p | -0.05 -3.50{-0.06 -4.04:-0.09 -4.70: 0.02 0.85 {-0.13 -4.57:-0.05 -1.14:-0.24 -6.60

U STDEV o] 012 776 | 008 8.63 | 0.16 673 | 0.15 833 | 019 5.04 | 0.13 359 | 041 818

g Mean [ 002 235 120,07 3121006 -2.94] 001 0.09 [-0.04 2411003 288 003 312

, STDEV 6| 0.08 842 | 0.10 4.64 | 000 448 | 015 10.03] 008 507 | 0.07 823 | 0.06 5.2
Travel time ey Meanp [ 001 212 001 -4.14]-001 -2751:0.06_-5.07] 001 061|001 079 | 001 -037

STDEV | 0.01 222001 041001 264023 817001 106! 001 273001 1.26
Active  Meanp | -0.17 -7.551-0.24 -550!-0.12 -5.84% 0.03 1.51 {-0.11 -496!-0.11 -6.731-1.69 -5.29
transport STDEV | 0.20 837 | 0.22 6.00 | 0.13 11.55{ 0.10 5.07 | 0.15 7.24 | 0.13 742 | 132 533

Bus Mean p - - -0.75 -2251-0.81 -1.81!-2.18 -1.824 192 246 {-0.73 -1.59:-1.41 -3.13
STDEV 6| - - 096 1.61 | 0.87 153|354 294324 3.00| 0.05 0.06 | 123 255
Rail Mean p - - -0.75 -1.791-035 -0.72:-3.01 -2.53{-1.18 -1.23:-0.66 -1.70:-0.67 -1.98
STDEV 6| - - 269 478 1216 439429 389 (235 2731079 134|045 0.3
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Travel purposes | Work/Study | Shopping Eating out Physical Party Cultural Medical
exercise leisure activities
Explanatory variables Est. t-val. | Est. t-val.{ Est. t-val.{ Est. t-val.{ Est. t-val.! Est. t-val.! Est. t-val.
Travel Mean p - - -1.13 -1.07¢{-0.76 -2.04:-3.22 -1.70 ! -1.54 -2.05:{-0.50 -1.67{-1.54 -6.38
companion of Car
famil STDEV 6| - - 127 3.06 | 240 649 | 507 433|423 545105 239030 0.76
Y Active  Mean p - - -1.66 -5.61-1.05 -2.51:-4.09 -3.21§-2.17 -2.33{-0.71 -1.95 1.84 1.07
transport STDEV o| - - 041 1.10 {045 1.10 {390 3.12 | 157 1.68 | 140 226} 720 3.33
B Mean p - - 1-49.60 -7.85}-0.01 -0.02}{-2.04 -1.65{ 191 228 {-0.22 -042}9.18 5.16
us
STDEV 6| - - {4179 886 | 053 0.76 | 3.18 245|333 296 | 059 0.66 | 1528 6.06
Rail Mean p - - -0.54 -1.01}{ 091 140 |-2.64 -2.13}-0.55 -0.53}-0.24 -0.58{-3.76 -4.96
al
Travel STDEVo| - - 1250 267130 1.75}399 344|227 229|054 065|372 462
companion of
friend Car Mean p - - -0.52 -1.121-0.33 -0.64:-2.79 -2.27:-1.28 -1.35:-0.34 -1.04: 1.36 0.96
STDEV 6| - - 243 326 1.69 2751472 3.72}371 330076 135 [28.75 6.54
Active  Mean p - - -6.36 -4301-0.03 -0.05}-3.61 -2.94!-146 -1.40}-0.28 -0.68 {-47.43 -7.98
transport  STDEV o| - - 3.83 298 0.07 010294 244085 0.77 {072 1.11 {58.84 9.40
B Meanp | 3.00 533 {431 1171} 484 6.02{ 1.71 372 {245 561289 461 {11.18 838
us
STDEV 6| 434 450 ¢ 0.75 094 {599 503236 220258 275430 641 1433 8.10
- . Meanp | 224 519 | 572 1245! 396 4.84 1209 4621342 691185 3.83 414 477
Pre-pandemic Rail
preparedness: STDEV 6| 338 384 {414 436179 145160 156 0.80 091 {552 7.06} 322 276
Travel habit Meanp | 1.17 3.52 | 1.47 403 | 191 255084 1501|216 3.04 024 0.65] 1.00 1.28

. . . C
with high risk T STDEV G| 191 207 | 055 063 | 3.18 294 | 186 1.60 | 3.59 231 | 052 078 | 387 272

Active  Meanp | 252 476 1 492 10.781 3.67 4.83 ! 0.77 1021339 6.17 | 1.74 3.99 11448 582
transport STDEV o| 3.27 348 { 3.04 3.63 {414 403 0.13 0.10 {477 422177 269779 3.84
Meanp | 15.14 424 { 480 3.82 343 423102 170 {091 0.69 120 221 { 695 9.10

Bus
STDEV 6| 6.17 3.74 { 1.07 095! 6.16 1121} 1.70 1.42 {227 2.64 395 1036!14.48 8.82
- . Meanp | 13.83 392 1 7.01 586 i 351 481 1.77 3401333 208034 067182 476
Pre-pandemic Rail
preparedness: STDEV 6| 523 321 {697 644 {075 201|151 128 {052 039439 11.03} 2.30 5.08
Travel habit Meanp | 17.98 5.05 % 7.54 629 i 572 876496 7.56 %567 407270 932421 13.6
with low risk Car

STDEV 6| 9.65 5.15 | 3.19 333|387 848|218 186|520 499|150 795|031 1.27
Active Meanp | 18.83 5.17 { 9.15 682§ 629 9.58 i 334 395 6.06 438 {328 11.09{16.72 6.12
transport STDEV o| 7.53 4.44 { 511 493 {422 9.15:036 026547 516169 930! 7.11 6.19
Bus 0.33 0.06 | -5.62 -1.521-10.27 -0.58 {-10.13 -0.83 ! -3.30 -0.18 { -0.89 -0.20 !34.26 291
. . Rail 0.23 0.06 i-12.86 -7.12 1-14.29 -0.94 {-15.21 -0.73 { -1.83 -0.03 {10.79 3.44 : 741 1.69
Direct effect of risk
perception (p) Car | 0.16 003 | 028 017 {1863 136 {-58.95 -3.07 | 8.08 0.17 | -9.76 -3.03 {-11.53 -1.96
Active
transport
Bus -2.10 -0.09 | 15.66 0.93 {36.02 0.55 |{-531 -0.54-1.50 -0.19} 2.60 0.20 {-45.70 -1.90
Rail -1.22 -0.09 : 17.68 2.02 :150.23 0.85 { 4.08 0.51 {-1.05 -0.05i{-30.87 -2.94:-9.84 -1.41
Direct effect of trust () | Car [-1.36 -0.08| 223 024 {-6529 -1.14 | -8.15 -0.22} 249 0.17 |28.04 266 |15.15 1.57
Active
transport
Bus -0.23 -0.28 1} 5.62 1331158 058498 040} 003 0.031i-043 -0.50}-6.34 -3.51
. . Rail -0.22 -0.40{25.61 6.71 { 247 0.84 {1557 090 | 0.11 0.04 { 0.69 0.09 |-1.38 -1.78
Direct effect of cultural risk

factors (cul) Car |-028 -0421-272 -1.04|-3.66 -122{4297 136 | -0.88 -0.48|-159 -0.23{ 195 2.07
Active
transport
Structural equation: Influence of
cultural risk factors on trust (ct)

Structural equation: Influence of trust
on risk perception ()

033 0.06 {-1.63 -0.55}-6.46 -0.391-33.02 -1.98} 3.94 0.06 {-4.34 -1.39i-13.63 -0.45

-1.49 -0.08 !11.41 0.73 {23.23 0.40 {-13.07 -0.55! 1.06 0.05 {12.48 1.39 {18.16 0.45

-0.35 -0.47}-294 -0.82} 0.58 0.17 {1820 0.69 |-0.61 -0.22-0.73 -0.24| 2.58 0.51

-0.61 -0.72:-0.34 -4.00:-047 -3.41;{-1.69 -9.07:-1.69 -421:3.81 290 1.02 232

1.58 0.70 { 2.87 13.88%{ 1.94 221 ;024 1.11 ¢ 1.02 117 {264 849092 3.07

AIC 123876.3 228759.8 142787.1 109941.8 97181.7 98947.6 180531
BIC 124478 229554.1 143541.6 110673.3 97903.4 99670.5 181304.9
LL(0, choice) -6077.2 -11333.7 -7100.8 -5417.4 -4825.1 -4891.1 -8924.3
LL(final, choice) -3222.4 -4255.5 -2897.9 -2847.9 -2422.7 -2469.1 -3460.3
Rho-squared 0.47 0.62 0.59 0.47 0.50 0.50 0.61

Note: The values shown in grey indicate insignificant parameters and the other values represent significant parameters with

the significance level of 5% or lower.
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Table 5. 5. Estimation results of mixed hybrid choice model: Measurement equations

Work/ Shopping | Eating out { Physical Party Cultural Medical
Latent variables Observed variables study exercise leisure activities
Est. t-val.! Est. t-val. { Est. t-val.! Est. t-val.! Est. t-val.: Est. t-val. | Est. t-val.
whole country [ 0.57 0.83 10.29 8.64 {046 2.77{1.04 6.15|3.15 0941007 290 |0.34 3.92
Res.‘qenf.e 0.59 0.8310.30 8.68 {049 276! 1.12 6.1013.35 0941007 2.89 {035 3.86

Risk perception municipality
(rp) freq“;rigcyé:‘“ted 0.55 0.831027 852 {044 2751104 6.09}3.11 0.94{007 290 {032 3586
crowded public | 35 6340 16 773 1028 2711059 569|191 0941004 291 {020 3.92

transport vehicles

Health/medical | | 1 451 087 826 1-0.86 -3.761 0.68 3.4110.62 1.741-0.10 -3.37 |-023 -4.80

Trast agencies
(tu) central government |-1.33 -0.45{-1.05 -8.29 {-0.98 -3.80{ 0.76 3.41|0.64 1.74 {-0.10 -3.35 {-0.28 -4.62
local government  |-1.07 -0.45!-0.89 -8.30 {-0.84 -3.75! 0.65 3.36|0.54 1.751-0.08 -3.28 |-0.23 -4.67
Hierarchists 0.01 0.10 {-0.26 -11.09{-0.08 -1.66|-0.16 -4.76{-0.05 -1.32{-0.12 -3.69 {-0.01 -0.95
Cultural risk factors Egalitarians 0.01 1.19{-0.15 -6.97 {-0.09 -2.02{-0.14 -3.91{-0.07 -1.98{-0.12 -3.79 {-0.02 -2.30
(cul) Individualists | 0.07 1.68{0.02 0.95 | 0.15 6.84|0.10 233]{0.13 598]0.12 546 [0.09 7.16
Fatalists 0.09 1.721-0.01 -0.33 {0.17 8.09i0.09 247:0.19 891:0.16 738 {0.11 842

Note: The values shown in grey indicate insignificant parameters and the other values represent significant parameters with

the level of 5% or lower.

Table 5. 6. Estimation results of mixed hybrid choice model: Structural equations

Work/ Shopping  Eatingout  Physical Party Cultural Medical
Latent variables | Explanatory variables study exercise leisure activities
Est. t-val. Est. t-val. Est. t-val. Est. t-val. Est. t-val. Est. t-val. Est. t-val.
Gender 041 076 008 1.56 023 1.69 0.15 3.53 0.13 1.09 0.2 032 041 688
Risk P(efc)epﬁon Age -0.08 -0.47 -0.01 -1.43 -0.06 -1.69 -0.03 -4.30 -0.03 -2.05 -0.04 -0.28 -0.12 -6.39
p
Number of houschold | ) 04 653 005 245 008 1.80 0.01 120 0.02 091 -0.01 -0.07 0.13 433
members
Gender 1.88 0.66 0.09 3.09 054 331 0.19 373 175 254 -1.99 -1.70 -2.24 -2.23
T(;uit Age 2053 -0.60 -0.02 478 -0.14 -2.99 -0.03 -2.31 -0.49 2.72 0.72 1.89 0.72 2.70
u
Number of household | ) 47 655 002 196 0.16 2.77 0.04 239 043 222 -0.80 -1.91 -0.98 -2.78
members
Gender 306 146 009 271 107 453 0.16 3.60 1.07 3.68 077 3.65 223 7.87
Culmral(risll; factors Age 2091 -1.34 -0.04 -626 -0.28 -4.12 -0.02 -2.58 -0.30 -3.76 -0.24 -4.87 -0.67 -9.04
CU.
Number of houschold | g4 1 57 002 182 031 352 003 2.19 026 2.75 024 470 090 7.44

members

Note: The values shown in grey indicate insignificant parameters and the other values represent significant parameters with

the significance level of 5% or lower.

5.4.1 Features of psychological factors

The estimation results of the measurement equations for the three types of psychological factors (i.e.,

risk perception, trust, and cultural risk factors) are shown in Table 5.5. In total, there are 54 parameters

that are estimated to be significant (71.1% of the 77 unknown parameter), indicating that the constructed

three latent variables are suitable to capture risk perception, trust, and cultural risk factors.

Looking at the estimated parameters of the four observed variables for all the seven trip purposes,
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even though the correlations between the risk perception at the four spatial scales are between 0.72 and
0.82, all the estimated parameters with respect to all the seven trip purposes are positive, and no
contradictory or irrational results are obtained. This supports the joint use of the four measurements of
risk perception. The latent variable “risk perception” is obviously characterized by people’s perception
of the infection risks at a relatively large area (the whole country, the residence municipality, and a
frequently visited place), rather than within a crowded public transport vehicle (Shopping: 0.16; Eating
out: 0.28; Physical exercise: 0.59; Cultural leisure: 0.04; Medical activities: 0.20).

As for the latent variable “trust”, its three observed variables have similar parameter values,
indicating that people’s trust related to COVID-19 policy measures comes from not only governments
but also medical agencies.

In the case of the latent variable “cultural risk factors”, comparing the four observed variables
“hierarchists”, “egalitarians”, “individualists”, and “fatalists” (correlations: two correlations are less
than 0.10, two are less than 0.20, and the remaining two are less than 0.45), the former two variables
with significant parameters have negative parameter values, while the latter two with significant
parameters all have positive parameter values. Comparing the parameter values, “hierarchists” (high-
level group and high-level grid: experts and government are trusted, and the social order is supported)
and “egalitarians” (high-level group and low-level grid: equality of all people and the risk decision by
all people are emphasized) mainly represent the cultural risk factors of shopping (hierarchists: -0.26;
egalitarians: -0.15) and physical exercise (hierarchists: -0.16; egalitarians: -0.14), where the role of
group is strong. In contrast, “individualists” (low-level group and low-level grid: the individual freedom
is highly prioritized) and “fatalists” (low-level group and high-level grid) mainly explain the cultural
risk factors of eating out (individualists: 0.15; fatalists: 0.17), party (individualists: 0.13; fatalists: 0.19)
and medical activities (individualists: 0.09; fatalists: 0.11), where the role of group becomes weak. As
for cultural leisure, the cultural risk factors are mainly featured by “fatalists” (0.16): the respondents of
“fatalists” believe in fate, because he/she think there is little he/she can do to control the environment,
and they think that socially defined aspects (social classification, regulation or other external

constraints) impost more on an individual.

5.4.2 Influences of individual and household attributes on psychological factors

Table 5.6 shows that 39 parameters of gender, age and number of household members are statistically
significant. These three individual and household attributes are influential to all the three latent variables
of risk perception, trust and cultural risk factors for medical activities, but are not influential in the case
of work/study. These three individual and household attributes affect trust when travelling for shopping,
eating out, physical exercise, and party, and cultural risk factors when travelling for eating out, physical
exercise, party, and cultural leisure. Differently, these three individual and household attributes are not
that influential to risk perception in the sense that there are only seven significant parameters out of 21

relevant parameters (and there is no significant parameter for work/study and eating out). In the case of
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cultural risk factors, they are further affected by gender and age when travelling for shopping.

As for the influences of individual and household attributes on risk perception, people living in a
household with more members are mostly likely to perceive a higher level of infection risk at various
spatial levels in the cases of participating in shopping (0.05) and medical activities (0.13), than those
living together with a smaller number of household members. Male respondents tend to perceive a
higher level of infection risk at various spatial levels in the cases of physical exercise (0.15) and medical
activities (0.41). Younger respondents perceive a higher level of risk at various spatial levels when
participating in physical exercise (-0.03), party (-0.03), and medical activities (-0.12), than older
respondents.

About the influences of individual and household attributes on trust, because the result in Table
5.5 shows a heterogeneity of the meaning of latent variable across travel purposes (Shopping, Eating
out, Cultural leisure and Medical activities have negative sign, but Physical exercise has opposite sign),
we need to state the influence of individual and household attributes on trust by combining the results
in Table 5.5 and Table 5.6. For instance, the estimated coefficients of physical exercise in Table 5.5 have
opposite signs to other activities but the results of physical exercise in Table 5.6 are same with other
activities. Meanwhile, the estimated coefficients of medical activities in Table 5.5 have same signs with
other activities but its results in Table 5.6 are opposite to other activities. Thus, physical exercise and
medical activities show similar results of the influence of individual and household attributes on trust,
which are opposite to other activities. Based on that, we can find people living in a household with more
members and male persons tend to show a higher level of trust in governments and health/medical
agencies in the cases of physical exercise (0.19/0.04 in Table 5.6, positive in Table 5.5) and medical
activities (-2.24/-0.98 in Table 5.6, negative in Table 5.5), while people living in a household with more
members and male persons demonstrate less trust in governments and health/medical agencies in the
cases of shopping and eating out. On the other hand, higher trust is observed with respect to older
persons when traveling for shopping and eating out, while less trust is further observed for older persons
when participating in physical and medical activities.

Concerning the influences of individual and household attributes on cultural risk factors, female
persons are more likely to be a hierarchist in the cases of physical exercise and cultural and an egalitarian
in the cases of eating out, physical exercise, party, cultural leisure, and medical activities, but less likely
to be an individualist and a fatalist in the cases of eating out, physical exercise, party, cultural leisure,
and medical activities.

Older persons tend to be a hierarchist in the cases of physical exercise and cultural leisure and an
egalitarian when participating in eating out, physical exercise, party, cultural leisure, and medical
activities; however, older persons are less likely to be an individualist and a fatalist in the cases of eating
out, physical exercise, party, cultural leisure, and medical activities.

People living together with a smaller number of household members are more likely to be a
hierarchist in the cases of physical exercise and cultural leisure and an egalitarian in the cases of eating

out, physical exercise, party, cultural leisure, and medical activities, but less likely to be an individualist
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and a fatalist in the cases of eating out, physical exercise, party, cultural leisure, and medical activities.

5.4.3 Influences of psychological factors on travel mode choices

The correlations between latent variables are considered via a hierarchical structure in the XHCM of
this study. Hence, expect the direct effects (see Table 5.4), some latent variables may have indirect
effects on travel mode choice through other latent variables. Here, the latent variables “trust” can affect
the utility function indirectly through “risk perception”, while the latent variables “cultural risk factors”
show indirect impact on utility through “risk perception” and “trust”. To investigate the influences of
psychological/cultural factors on travel mode choices, the total effect (the sum of direct effect and
indirect effect) of each latent variable is calculated via the equation (5-1) (5-2) (5-3) and (5-5) as the
evidence of quantitative analysis. The result of total effect is summarized in Table 5.7.

As observed in Table 5.7, risk perception is only assumed to have a direct effect on travel mode
choices during the COVID-19 pandemic, while the other two latent variables “trust” and “cultural risk
factors” are assumed to have not only a direct effect but also indirect effect(s) on travel mode choices.
Observing the total effects shown in Table 5.7, about half of their parameters are statistically significant
in either a direct or an indirect way. As shown in Table 5.4, trust affects risk perception positively for
all trip purposes. All observed variables related to risk perception have positive parameters. Except
physical exercise, all other observed trust-related variables have negative parameters (see Table 5.5).
The above results indicate that higher distrust in governments and medical agencies leads to a higher-
level of perception about the infection risk. This is consistent with the observation by Ding and Zhang
(2021). For the trip purpose “work/study”, both direct and indirect effects are not significant, meaning
that neither of risk perception, trust and cultural risk factors does not affect the travel mode choice for
work/study. Considering that we collected data from six developed countries in March-April 2022, this
observation is surprising. Note that respondents were asked to compare travel mode choices before and
during the COVID-19 pandemic, where the pandemic period covered the whole period up to the end of
the survey. Thus, the travel mode choices during the pandemic indicate people’s average choices. The
above observation means that when people have to go to work/study on average days, they will choose
whatever travel mode without considering any psychological factors. This is probably due to the
essential feature of work/study for most people’s daily lives, at least in part. In other words, if
psychological factors may matter to commuting/school mode choices, they may only work tentatively
for a certain period, but not over a long period. This needs to be further confirmed based on a panel
survey of travel mode choices over a long period, which should be left as an important research issue
for the future.

Influences of the three types of psychological factors on travel mode choices for the trip purposes

other than work/study are analyzed below.
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Table 5. 7. Total effects of trust and cultural risk factors on the utility of travel mode choice

Latent Travel Work/ Shoppin Eating Physical Cultural | Medical
. . Party . .
variables modes Study g out exercise leisure | activities
Bus 0.33 -5.62 -10.27 -10.13 -3.30 -0.89 34.26
Risk Rail 0.23 -12.86 -14.29 -15.21 -1.83 10.79 7.41
perception Car 0.16 0.28 18.63 -58.95 8.08 -9.76 -11.53
(p) Active | 33 -1.63 646 | -33.02 | 394 434 | -13.63
transport
Bus -1.6 -0.5 16.1 -1.7 -4.9 0.3 -14.2
Rail -0.9 -19.2 22.5 0.4 -2.9 -2.4 -3.0
Trust (fu) Car -1.1 3.0 -29.1 -22.3 10.7 2.3 4.5
Adive |1 6.7 10.7 21.0 5.1 1.0 5.6
transport
Bus 0.7 5.8 -6.0 18.1 8.3 0.5 -20.8
Cultural risk Rail 0.3 32.1 -8.1 14.8 5.0 -8.4 -4.5
Car 0.4 -3.8 10.0 80.7 -19.0 7.1 6.6
factors (cul) Acti
clve 0.2 -5.2 4.4 53.7 9.2 3.2 8.3
transport

[Note] Grey-colored: none of the parameters related to the total effect is statistically significant.

Risk perception

In the case that the parameter of an observed risk perception variable and that representing the effects
of the latent variable “risk perception” on a travel mode have a different sign (or a same sign), if an
individual perceives a higher risk of infection, he/she is less likely (or more likely) to choose the travel
mode, in comparison to shared mobility and taxi. Concretely speaking, during the COVID-19 pandemic,
considering that shared mobility and taxi are given as a reference for mode choices, rail is not preferred
for shopping (-12.86), but preferred for cultural leisure (10.79), while bus is preferred for medical
activities (34.26). These observations may be due to that cultural leisure and medical activities are
generally less frequent than shopping, and/or the places of performing cultural leisure and medical
activities are located in a convenient built environment to use rail and bus. Unexpectedly, car is not
more attractive than shared mobility and taxi for physical exercise (-58.95), cultural leisure (-9.76), and
medical activities (-11.53) during the pandemic. This result is not intuitive, but probably due to the
places of performing these three activities are not convenient to use a car (e.g., lack of parking slots or

expensive parking fees).
Trust

It is assumed that trust not only directly affects travel mode choices but also indirectly affects through
risk perception. Similar to the above case of risk perception, the parameters of observed trust variables
and those representing the effects of the latent variable “trust” on travel modes have both consistent and
inconsistent signs. If the parameter signs are consistent (or inconsistent) for a certain travel mode, in

the case that an individual trusts governments and/or health/medical agencies, he/she is more likely (or
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less likely) to choose the travel mode, by comparing with shared mobility and taxi. Concretely speaking,
if an individual trusts governments and/or health/medical agencies, he/she is more likely to use rail for
shopping and cultural leisure as well as medical activities, bus for shopping and medical activities, car
for eating out; in contrast, he/she is less likely to use active travel modes for all trip purposes except
party, car for the trip purposes other than eating out, rail and bus for eating out, and bus for cultural
leisure, because of the opposite signs of the result in Table 5.7 and Table 5.5. Even though up to the
survey period, the governments of the targeted six countries had taken various protective measures (e.g.,
requirements of wearing mask, disinfection, and keeping social distance) for all types of travel modes,
the above seemingly contradictory observations suggest different trip makers’ complicated responses to
the pandemic, involving both logical and illogical perception about the infection risk, which is
significantly associated with the trust in governments and medical agencies. The above observations re-
confirm the importance of differentiated risk communication with respect to different activities, where

different stakeholders should play different roles in the communication, as evidenced by Zhang (2021).

Cultural risk factors

Cultural risk factors are assumed to not only directly affect travel mode choices but also indirectly affect
through trust and further risk perception. Most of the observed variables of cultural risk factors are
statistically significant, among which “hierarchists” and “egalitarians” have negative parameters and
“individualists” and “fatalists” have positive parameters.

Respondents who highly think that important decisions should be made by experts/governments
(hierarchists) and/or by all people (egalitarians) are less likely to choose rail and bus for shopping,
physical exercise and party, but they are more likely to choose rail and bus for eating out and medical
activities. Those of “hierarchists” and “egalitarians” also prefer the use of rail for cultural leisure. For
the use of rail and bus, “individualists” and “fatalists” show a completely opposite preference for all
trip purposes other than work/study.

Concerning car and active travel mode, they are preferred by “individualists” and “fatalists” for
physical exercise, cultural leisure, and medical activities, where car is also preferred by “individualists”
and “fatalists” for eating out. Car and active travel mode are further preferred by “hierarchists” and
“egalitarians” for shopping and party, where active travel mode for eating out is also preferred by
“hierarchists” and “egalitarians”. Individualists and fatalists pay more attention to their own benefits
and convenience than the benefit and convenience of the whole society: this can better explain why they
prefer the use of car and active travel mode more than other modes.

In the cases of shopping, eating out, physical exercise and party, individualists/fatalists (rather than
hierarchists/egalitarians) are more likely to have higher distrust in governments and health/medical
agencies. In contrast, if people travel for cultural leisure and medical activities, individualists/fatalists
would highly distrust governments and health/medical agencies.

The above differences in preference between hierarchists/egalitarians and individualists/fatalists
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obviously come from the feature that hierarchists/egalitarians are more likely to follow the social order
and respect equality among people (e.g., to obey social/physical distancing rules during the pandemic

for avoiding the infection), while individualists/fatalists concern too much about themselves.

5.4.4 Influences of pre-pandemic preparedness on travel mode choices

Pre-pandemic preparedness, i.e., risk-concerned travel habits formed before the COVID-19 pandemic,
is measured using three dummy variables: travel habit with high risk (i.e., public transport: rail and bus),
travel habit with middle risk (i.e., shared mobility and taxi), and travel habit with low risk (i.e., car and
active travel mode), where the travel habit with middle risk is treated as a reference during the modeling
estimation. In other words, the XHCM model only includes the travel habit with high risk and that with
low risk. It is found that most of the travel habit parameters (both high risk and low risk) (49 parameters)
are statistically significant, re-confirming the role of past choice behaviors in explaining the current
travel mode choices, but in the context of COVID-19.

Looking at the interval estimates of travel habit parameters (see Table 5.8), the only consistently
positive parameter of travel habit with high risk is observed with respect to the use of bus for shopping
(2.840, 5.780). Those consistently positive parameters of travel habit with low risk are related to the
use of bus for work/study (3.047, 27.233) and shopping (2.703, 6.897) , rail for work/study (3.579,
24.081) and eating out (2.040, 4.980) as well as party (2.311, 4.349), car for shopping (1.288, 13.792)
and physical exercise (0.687, 9.233) as well as medical activities (3.602, 4.818), and active transport
for work/study (4.071, 33.589), physical exercise (2.634, 4.046) and medical activities (2.784, 30.626).
A positive parameter of travel habit means that the corresponding travel habit (either high or low risk)
is associated with the use of one of the above-mentioned travel mode choices.

Even though preparedness with respect to any infection risk level is, on average, positively related
to choices of a majority of travel modes, there are surely a not small portion of respondents who dislike
traveling by a certain travel mode if they experienced some infection risks of influenza viruses before

the COVID-19 pandemic.

5.4.5 Influences of other factors on travel mode choices

Travel time

In the survey, travel time was only collected with respect to the chosen travel modes. Thus, it is
necessary to be included into the travel mode choice model. Here, the travel time of those unchosen
travel modes was imputed using that of other respondents who lived in the same residence region and
chose the same travel mode, with respect to each activity category, separately.

Concerning the modeling results, a majority of mean parameters of travel time are statistically

significant and have a logical negative sign, indicating that trip makers dislike longer travel time, on
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average. This result is consistent with existing studies in the COVID-19 context (Aaditya & Rahul,
2021; Sun et al., 2020). Unfortunately, travel time does not affect travel mode choices for participating
in physical exercise (except private car: -0.511, 0.391), cultural leisure (except rail: -0.107, 0.167, active
transport: -0.365, 0.145), and it does not affect choice of private car for medical activities. On the other
hand, looking at the interval estimates of travel time parameters with 95% confidence level (see Table
5.8), it is found that a value range from negative to positive is observed for all relevant parameters.
Positive values of travel time parameters mean that during the COVID-19 pandemic, some people had
to choose some travel modes with a longer travel time. The mean travel time parameters of private car
for work/study (mean: 0.01, see Table 5.4) and rail for cultural leisure (mean: 0.03, see Table 5.4) are
also positive, while their interval estimates also include negative parameter values.

It should be noted that all the above observations show significant unobserved heterogeneities, as

shown by those significant standard deviation parameters of travel time.

Travel companion

Among all the 48 mean parameters of travel companion (family and friends) introduced in the XHCM,
21 are statistically significant. Among these 21 significant parameters, 18 have a negative value,
meaning that when traveling together with family/friends, people tend to avoid using the corresponding
travel modes. Active transport is not preferred in the case of travelling together with family and/or
friends for shopping (mean: -1.66/-6.36, see Table 5.4), physical exercise (mean: -4.09/-3.61), travelling
with family for eating out (mean: -1.05) and party (mean: -2.17), and travelling with friends for medical
activities (mean: -47.43). In the cases of active travel for shopping (-2.464, -0.856) and eating out (-
1.932, -0.168), the interval estimates with 95% confidence level (see Table 5.8) only include negative
values, which further support the above observations. The use of bus (rail) is not preferred by people
traveling with family/friends for shopping (mean: -0.75 for family; -49.60 for friend, see Table 5.4) and
physical exercise (mean: -3.01 for family; -2.64 for friend). People travelling with family dislike the
use of private car for eating out (mean: -0.76), party (mean: -1.54) and medical activities (mean: -1.54),
while private cars are not preferred by people travelling with friends for physical exercise (mean: -2.79).
Looking at the three positive and significant mean parameters, when travelling with family/friends for
participating in a party, people are more likely to use a bus (mean: 1.92/1.91), while people traveling
with friends for medical activities also tend to use a bus (mean: 9.18).

It should be noted that most of the above observations show significant unobserved heterogeneities,

as shown by those significant standard deviation parameters of travel companion.
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Table S. 8. Interval estimates (95% confidence level) of the parameters of travel attributes and pre-

pandemic preparedness

Parameters following a normal Work/study | Shopping | Eating out | Physical Party Cultural Medical
distribution exercise leisure activities
Travel time Bus (-0.285, (-0.217, (-0.404, (-0.274, (-0.502, (-0.305, (-1.044,
0.185) 0.097) 0.224) 0.314) 0.242) 0.205) 0.564)
Rail (-0.177, (-0.266, (-0.236, (-0.284, (-0.197, (-0.107, (-0.148,
0.137) 0.126) 0.116) 0.304) 0.117) 0.167) 0.088)
Private (-0.010, (-0.030, (-0.030, (-0.511, (-0.010, (-0.010, (-0.010,
car 0.030) 0.010) 0.010) 0.391) 0.030) 0.030) 0.030)
Active (-0.562, (-0.671, (-0.375, (-0.166, (-0.404, (-0.365, (-4.277,
transport 0.222) 0.191) 0.135) 0.226) 0.184) 0.145) 0.897)
Travel companion Bus ) (-2.632, (-2.515, (-9.118, (-4.430, (-0.828, - (-3.821,
of family 1.132) 0.895) 4.758) 8.270) 0.632) 1.001)
Rail ) (-6.022, (-4.584, | (-11.418, (-5.786, (-2.208, (-1.552,
4.522) 3.884) 5.398) 3.426) 0.888) 0.212)
Private ) (-3.619, (-5.464, | (-13.157, (-9.831, (-2.558, | (-2.128, -
car 1.359) 3.944) 6.717) 6.751) 1.558) 0.952)
Active O (2464,- | (-1.932,- | (-11.734, (-5.247, (-3.454, | (-12.272,
transport 0.856) 0.168) 3.554) 0.907) 2.034) 15.952)
Travel companion Bus _ 1 (-131.508, (-1.049, (-8.273, (-4.617, (-1.376, (-20.769,
of friend 32.308) 1.029) 4.193) 8.417) 0.936) 39.129)
Rail ) (-5.440, (-1.638, | (-10.460, (-4.999, (-1.298, | (-11.051,
4.360) 3.458) 5.180) 3.899) 0.818) 3.531)
Private ) (-5.283, (-3.642, | (-12.041, (-8.552, (-1.830, |  (-54.990,
car 4.243) 2.982) 6.461) 5.992) 1.150) 57.710)
Active L1 (-13.867, (-0.167, (-9.372, (-3.126, (-1.691, | (-162.756,
transport 1.147) 0.107) 2.152) 0.206) 1.131) 67.896)
Pre-pandemic Bus (-5.506, (2.840, (-6.900, (-2.916, (-2.607, (-5.538, | (-16.907,
preparedne.ss: . 11.506) 5.780) 16.580) 6.336) 7.507) 11.318) 39.267)
lr,ra]:el, ?(ab‘t with | Rail (4385, | (-2.394, 0452, | (-1.046, (1852, | (8969, | (-2.171,
1gh 118 8.865) 13.834) 7.468) 5.226) 4.988) 12.669) 10.451)
Private (-2.574, (0.392, (-4.323, (-2.806, (-4.876, (-0.779, (-6.585,
car 4.914) 2.548) 8.143) 4.486) 9.196) 1.259) 8.585)
Active (-3.889, (-1.038, (-4.444, (0.515, (-5.959, (-1.729, (-0.788,
transport 8.929) 10.878) 11.784) 1.025) 12.739) 5.209) 29.748)
Pre-pandemic Bus (3.047, (2.703, (-8.644, (-2.312, (-3.539, (-6.542, | (-21.431,
preparedness: 27.233) 6.897) 15.504) 4.352) 5.359) 8.942) 35.331)
lTraV‘?l ll(lab“ with | Rail (3.579, | (-6.651, (2.040, | (-1.190, 2311, (-8264,| (-2.688,
ow s 24.081) 20.671) 4.980) 4.730) 4.349) 8.944) 6.328)
Private (-0.934, (1.288, (-1.865, (0.687, (-4.522, (-0.240, (3.602,
car 36.894) 13.792) 13.305) 9.233) 15.862) 5.640) 4.818)
Active (4.071, (-0.866, (-1.981, (2.634, (-4.661, (-0.032, (2.784,
transport 33.589) 19.166) 14.561) 4.046) 16.781) 6.592) 30.626)

Note: The values shown in grey indicate insignificant parameters and the other values represent significant

parameters with the significance level of 5% or lower.
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5.5 Conclusion

This research has revealed how psychological/cultural risk factors and pre-pandemic preparedness are
associated with individuals’ travel mode choices during the COVID-19 pandemic, by estimating a
mixed hybrid choice model with correlated latent variables. Risk perception and trust as well as cultural
risk factors are especially emphasized, where correlations between these factors are jointly incorporated
through the concept of the latent variable. Preparedness is reflected in the modeling analysis in the form
of risk-concerned travel habits formed to survive from influenza before the COVID-19 pandemic. The
modeling results are compared across travel purposes. Here, main findings are summarized.

First, the use of public transport decreased significantly due to the shock of COVID-19 pandemic
for all daily travel purposes. This observation is consistent with existing studies (e.g., Eisenmann et al.,
2021; Abu-Rayash et al., 2020; Crowley et al., 2021). While public transport is preferred for shopping
and medical activities in a pandemic era with the lowest decrease. Shared mobility and taxi are less
preferred for leisure activities when comparing with pre-pandemic era with a higher decrease. Travel
mode choices for commuting during the pandemic are considerably different from those for other travel
purposes in the sense that people are less likely to change their travel mode choices for commuting.

Second, risk perception, trust, and cultural risk factors are influential to travel mode choices for
shopping, physical exercise, cultural leisure and medical activities; however, their influences cannot be
confirmed with respect to work/study. Party-related travel mode choices are only affected by cultural
risk factors (Egalitarians: coefficient (-0.07), t-value (-1.98); Individualists: coefficient (0.13), t-value
(5.98); Fatalists: coefficient (0.19), t-value (8.91)) and travel mode choices for eating out are not
affected by risk perception. These three latent factors affect travel mode choices in both direct and
indirect ways and both expected and unexpected influences are detected, where there are more
significant indirect effects of trust and cultural risk factors than direct effects.

Third, risk perception is found to be more remarkable at larger spatial scales (coefficient: from
0.07 to 1.12) than inside crowded public transport vehicles (coefficient: from 0.04 to 0.59). Such a joint
reflection of different types of risk perception presents a more reliable understanding of risk perception
for supporting effective pandemic policymaking. People perceiving a higher level of infection risk are
more likely to reduce the use of public transport for some high-frequency daily activities (e.g.,
shopping) during the COVID-19 pandemic (-12.86). On the other hand, public transport is preferred for
some low-frequency activities (e.g., cultural leisure, medical activities) by some people with a higher-
level of risk perception (10.79/34.26). In the cases of cultural leisure, medical activities and physical
exercise, shared mobility and taxi are more preferred than car by people having a higher-level of risk
perception.

Fourth, travel mode choices are affected by trust in both governments and health/medical agencies
in a similar way, where trust is positively influential to risk perception (from 0.92 to 2.89). People who

trust governments and health/medical agencies prefer the use of rail for shopping and cultural leisure as
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well as medical activities, bus for shopping and medical activities and car for eating out, but do not
prefer the use of active travel modes for all trip purposes (except party), rail and bus for eating out, and
bus for cultural leisure.

Fifth, the four types of cultural orientations affect travel mode choices in two differentiated ways.
Concretely, the group-oriented hierarchism and egalitarianism are a pair with higher similarities, which
influences are very different from the pair of individualism and fatalism. The two ways of the influences
of cultural orientations show diverse influencing directions and magnitudes depending on travel modes
and purposes. Hierarchists and egalitarians are mainly reflected in travel mode choices for shopping
and physical exercise, while individualists and fatalists are dominating in travel mode choices for other
travel purposes. Hierarchists and egalitarians are less likely to choose public transport mode for
shopping, physical exercise and party, but they are more likely to choose rail and bus for eating out and
medical activities. Meanwhile, car and active travel mode are further preferred by hierarchists and
egalitarians for shopping and party, where active travel mode for eating out is also preferred by
hierarchists and egalitarians. Individualists and fatalists show a completely opposite preference for all
trip purposes except work/study. Car and active travel mode are preferred by individualists and fatalists
for physical exercise, cultural leisure, and medical activities, where car is also preferred by
individualists and fatalists for eating out.

Sixth, different from existing studies, this research has examined the role of preparedness by
focusing on risk-concerned travel habits formed before the COVID-19 pandemic, which were used to
survive from influenza viruses. Such a focus on influenza allows us to better capture the influences of
preparedness on travel mode choices during the pandemic. As a result, preparedness is surely influential
to travel mode choices, but the influences are not consistent across a majority of travel purposes.

This research has investigated travel mode choices with respect to different travel purposes,
separately, where for each purpose, the samples without the purpose have been excluded from the
modeling analysis. Such a kind of analysis has its own rationality, because the purpose of this research
is to clarify influential factors to travel mode choices. Representing choices of different travel modes is
also for a better understanding about how people attempt to avoid being infected. From such a
consideration, avoiding the participation in out-of-home activities is probably a much more effective
way to keep away from viruses. Thus, it is also worth analyzing travel mode choices by incorporating
their interactions with choices of activities, as argued by the popular activity-based approach. In
addition, in relation to the virus infection, a proper understanding of social contact cannot be neglected:
for example, how and how long to contact with other persons during travel and during performing an
activity, and how many persons are involved in social contact, etc. Furthermore, more importantly, it is
necessary to accumulate more data about the infection risk levels within different types of transport
vehicles (e.g., bus, subway, ridesharing vehicle, taxi), allowing policymakers to make scientifically
sound and practically effective/efficient policies to control the ongoing COVID-19 pandemic and
prepare well for future pandemics. Last but not the least, more countries should be added for deriving

more general findings based on cultural factors and social norms.
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CHAPTER 6 Differences of social contacts by
activity settings before and during the COVID-

19 pandemic and associational analysis

6.1 Introduction

Social contact is an important route of transmission for the SARS-CoV-2. The mechanism of
transmission of the COVID-19 pandemic can be expressed by the changes of individuals’ social contacts.
As the COVID-19 pandemic has been lasting for more than two years, more and more countries begin
to lift restriction measure of COVID-19 since 2021 gradually. People must get used to living in life with
the pandemic. As a result, to prepare for the complete end of the epidemic in the near future, it is
necessary to focus on people’s behavioral changes of social contacts between the pre-pandemic and
pandemic era so as to provide more scientific evidence for further academic research or policymaking.

Previous studies only focused on the heterogeneities of social contacts across a few limited
individuals’ attributes (e.g., age, gender), the heterogeneities across activity participation attributes (e.g.,
frequency, duration) are still unknown. To resolve that question, firstly, this chapter calculates the total
number of social contacts and the mean number of social contacts for people who have performed their
daily social contacts before or during the pandemic (as see in Appendix 4 and Appendix 5; total number
= sample* mean number) across the options of different individual/household attributes and key activity
participation attributes. The trend and heterogeneity of the number of individual’s social contact for
different groups are revealed. Secondly, this chapter calculates people’s changes of the number of social
contacts before (2019: during the Influenza season) and during the pandemic (2020 —2021. May) basing
on that obtained total number and mean number of social contacts. In the end of this chapter, the
circumstances with high risk of infection via social contacts is stated and some recommendations for
target circumstances are proposed. The contents of this chapter have provided a reference for further

social contact research and scientific evidence for policy making in the pandemic era.
6.2 Data

Most precious studies used POLYMOD data as the baseline of individuals’ social contacts before the
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pandemic, and mainly focus on the changes of the number of social contacts between the pre-pandemic
and during the lockdown. However, POLYMOD data only shows people’s social contacts in a normal
daily life (not during influenza season), people’s social contact is obviously different from the social
contact during an infectious disease period (such as the influenza). Hence, except the difference of
social contact between during normal daily life in pre-pandemic and during the pandemic, the difference
of that between during the influenza season in pre-pandemic and during the pandemic should not be
ignored as well. This chapter used the social contact data in comparative survey of activity-travel and
social contact before-during COVID-19 to investigate how individuals’ number of social contacts
changed after the outbreak of the COVID-19 pandemic and what is the heterogeneity of the number of
social contacts across different individual/household attributes, activity participation attributes
(frequency, duration, taken protecting measures) and contact modes.

In the comparative survey of activity-travel and social contact before-during COVID-19, people
responded their average number of contacted persons for performing daily activities each time in an
ordered sequence: (1) 1~2 persons, (2) 3~4 persons, (3) 5~6 persons, (4) 7~9 persons, (5) 10 persons or
more. It is assumed that people would only have one contact with one contacted persons each time in
this study. Thus, the number of social contacts is equal to the number of contacted persons at here. And
because the data of the number of social contacts is in an ordered sequence, this study transfers the
ordered options into numerical options with the average value of the ordered range. For example, the

option of “(4) 7~9 persons” is transferred into contacting average “8” persons.

6.3 Result and discussion

Based on the social contact data introduced in previous section, this section will give a descriptive
analysis of the changes of the number of contacts between the influenza season in the pre-pandemic (in
2019) and during-pandemic (since 2020). The changes of social contacts will be expressed across
different variables to show the heterogeneities among their options. In this analysis, it is assumed that
one person only has one contact with another person during performing the activities. Thus, the number
of contacted persons from participants’ responses is accounted as the number of social contacts for each
contact setting.

Only the contacts with the people outside of the companion (such as family) is counted as the
contacts in this analysis because people are more likely to get infected by households at home instead
of in other contact settings, so it is meaningless to talk about the contacts between families outside home,
and we didn’t include the household contacts at here.

The total number of social contacts and the mean value of social contact for each person are
calculated to show the changes of social contact behaviors between pre-pandemic and during-pandemic
from the perspective of different demographic attributes (age, gender, country, occupation, household

size, education, income), activity participation attributes (frequency, duration, protecting measures) and
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contact mode. The total number of social contacts can indicate the total change of social contacts in the
population, while the mean number of social contacts can explore the average change of social contacts
only for these people who still perform the according activities.

The results in Figure 6.1 and Figure 6.2 show the changes of the total number and mean number
of social contacts for each contact setting, respectively. Readers can find more details of the number of
contacts in different contact settings in appendix and calculate the results in Figure 6.1 and Figure 6.2
by themselves. For the total samples in targeted countries, although the restrict lockdown measures have
been lifted and most indoor places were allowed to reopen gradually since 2021, we can find the total
number of social contact still maintained a low level during the pandemic compared with that in
influenza season of pre-pandemic (as highlighted by Wong et al., 2022; Liu et al., 2021; Latsuzbaia et
al., 2020; Zhang, J. and Litvinova, M. et al., 2021; Tomori et al., 2021). Associated with common sense,
the mean number of social contacts is largest in workplace/school (pre-pandemic: mean: 8.85, 95%CI:
8.67-9.03; during-pandemic: mean: 7.42, 95%CI: 7.22-7.62). The mean numbers of social contact
happened in Party (pre-pandemic: mean: 7.21, 95%CI: 7.05-7.37; during-pandemic: mean: 5.68,
95%CI: 5.5-5.86), Cultural leisure (pre-pandemic: mean: 6.32, 95%CI: 6.16-6.48; during-pandemic:
mean: 5.29, 95%CI: 5.1-5.48), and Public transport (pre-pandemic: mean: 6.96, 95%CI: 6.77-7.15;
during-pandemic: mean: 5.96, 95%CI: 5.74-6.18) are also in a high level. On the contrary, people
only contact less than 4 persons during the medical activities on average (pre-pandemic: mean: 3.66,
95%CI: 3.56-3.76; during-pandemic: mean: 3.34, 95%CI: 3.24-3.44). And the most obvious decrease
of number of social contacts is found for Party (change of total number of contacts: -57.6%; change of
mean number of contacts: -1.53) and Cultural leisure (change of total number of contacts: -58.4%;
change of mean number of contacts: -1.03). They are followed by the decrease of contacts in public
transport (change of total number of contacts: -48.2%; change of mean number of contacts: -1.00). The
reasons for these dramatic changes would be that some venues are still closed (including bankruptcy),
and less people want to do these activities for the benefit of safety or money. The total number of social
contacts decreased obviously for Eating out (-44.6%) and Physical exercise (-45.2%), but for these
people who still do these activities, the decrease of the mean number of social contacts is limited (Eating
out: -0.59; Physical exercise: -0.97). In contrast, it seems that most people have resumed their essential
social contacts in places of work/study (change of total number of contacts: -34.0%), shopping (change
of total number of contacts: -22.1%), medical activities (change of total number of contacts: -28.4%)
after the initial lockdown in pervious waves of pandemic, while the average social contacts at workplace
or school decreased more obviously (change of mean number of contacts: -1.43). The descriptive

analysis of the number of contacts for different variables are summarized in subsequent sections.
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6.3.1 Social contacts across individual and household attributes and its

changes before and during the COVID-19 pandemic

1) Social contacts across age

More than 70% of the social contacts were made by the people aged between 20 ~ 60 years.

For the work/study setting, among the working ages (20~64 years), the mean number of social
contacts increased with people’s age. That is sensible because when people getting older, they are more
likely to get a higher position for the work and have more works to contact with others. The most
obvious decrease of the mean value of work contact between pre-pandemic and during-pandemic is
found for the people aged from 20 to 39 year (more than -1.5). The study contacts for the students less
than 19 years show a dramatic decrease with the value of -40.7% compared to pre-pandemic, which
may because the offline lecture wasn’t recovered totally, some student can still study online.

The mean value of social contacts during shopping activities begin to decrease gradually when
people are over 60 years. More young people aged less than 19 years have decreased their total shopping
contacts during the pandemic (-31.4%). Among these people who still have shopping contacts, the
people with a middle-age (40~49) seems to pay more attention to decreasing the mean value of
contacting others when shopping (-0.73).

The mean number of social contacts in eating out setting is negatively associated with people’s
age both in pre-pandemic and during-pandemic. For people with the working ages (20~64 years), the
change of the total number of contacts increased with people’s age, indicating that older people are
prone the decrease the number of social contacts for eating out. The total number of social contacts in
eating out setting have decreased more than 50% for all people aged over 50 years. And people aged 50
~ 59 years contacted less people for each eating out behavior than other age groups (change of mean: -
0.8).

The mean number of social contacts during physical exercise is high for young people less than
19 years (pre-pandemic: mean: 6.01, 95%CI: 5.02-7; during-pandemic: mean: 5.69, 95%CI: 4.39-6.99).
A sharp decrease of the mean number is found between the age group of less than 19 years and 20~29
years, which may because more people begin to work since 20 years old and have less time to do
physical exercise with others. However, that mean number increased again with the raise of people’s
age after 30 years, and the mean number returns to the level of the group of “less than 19 years” when
people are over 70 years (pre-pandemic: mean: 6.45, 95%CI: 5.83-7.07; during-pandemic: mean: 5.78,
95%CIl: 4.96-6.6). Social contact during physical exercise decreased obviously for all people aged over
40 years, especially for people aged between 60 and 69 years (change of total number of contacts: -
59.8%; change of mean number of contacts: -0.98).

Young people less than 19 (pre-pandemic: mean: 8.06, 95%CI: 7-9.12; during-pandemic: mean:
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6.74, 95%CI: 5.39-8.09) are more likely to contact more people during the party than other age group.
Fortunately, the total number of social contacts have decreased obviously from -41.1% to -75.6% for
all age groups. The impact of the COVID-19 pandemic on the social contacts during party is especially
obvious for people aged from 40 to 49 years with the decrease of mean number (-1.72).

The mean number of social contacts during cultural leisure didn’t show obvious heterogeneities
across the age. During the pandemic, the total number of social contacts have decreased from -46.7%
to -67.6%, although these entertainment venues have been reopened after the lockdown.

During the pandemic, the mean number of contacts during medical activities is negatively
associated with people’s age for the people aged between 20 to 70. While that mean number is highest
for the age groups between 20 to 40 years, which may because these people aged between 20 to 40
years are more likely to be the parents who need to take care of their children during the during medical
activities. Because of the bad health status of the elderly, it is difficult for them to decrease the social
contacts even during the pandemic, that phenomenon is especially obvious for the people over 70 years
with the smallest decrease of total number (-17.3%) and mean number (-0.08) of contacts.

The mean number of contacts in public transport setting during the pandemic is the issue ranking
only second to work/study setting with value ranging from 5.47(95%CI: 5.12-5.82) to 6.6 (95%CI: 5.2-
8). If people are older, they are more likely to decrease more social contacts in public transport, which
may because they have more access to use a private car to avoid the risk of infection. These people aged
between 60 and 65 years have the biggest decrease of the total number of contacts in public transport
because they are more rich and more dangerous to the virus. Conversely, it is difficult for the people
aged between 30 and 39 years to decrease the total number of contacts, but they could try to decrease

the average number of contact each time (-1.14), such as avoiding traveling during rush hour.

2) Social contacts across gender

The share of males’ social contacts increased during the pandemic for all contact settings. It seems that
females decreased more social contacts than males (both the total number and mean number), especially
for shopping setting, eating out setting and cultural leisure setting. As a result, the shares of females’
contacts were surpassed by males’ contacts for these settings during the pandemic.

Males have more contacts than females in physical exercise setting, party setting and public
transport setting whether in pre-pandemic or in during-pandemic. Oppositely, females always have

more contacts than males during the medical activities.
3) Social contacts across countries
We collected the data in six countries from March 2021 to May 2021, the data from these countries help

us to conduct a cross-countries comparison of the social contact behaviors before and during the

pandemic.
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In the survey period, only a few new daily cases occurred in AU and NZ and the strict lockdown
in AU and NZ had been lifted for a long time. The new daily cases were high in US, but the strict
lockdown measures had been lifted for a long time in US as well. Thus, the data from AU, NZ and US
belong to the same stage, which people had lived with the COVID-19 virus in a normal life for a long
time during the pandemic. UK and CA had just eased the intervention of strict lockdown for not a long
time during the survey period. The data from these two countries can indicate the social contact
behaviors under stronger intervention. JP hadn’t taken strict lockdown measure in 2021, for example,
the restaurants were allowed to open from 5 a.m. to 20 p.m. every day, so the data in JP can show the
people’s social contacts behaviors with a persistent soft intervention to the COVID-19 pandemic.

The results show that the mean number of contacts for work/study setting, and shopping setting
fluctuated across six countries during the pandemic, but the mean number of contacts for leisure settings
(including eating out, physical exercise, party, cultural leisure) in AU, US, NZ (almost no interventions)
is obviously higher than CA and UK (strong intervention), especially higher for cultural leisure setting
(AU: mean: 5.49, 95%CI: 5.09-5.89; US: mean: 5, 95%CI:4.6-5.4; NZ: mean: 6.06, 95%CI: 5.65-6.47,
CA: mean: 4.24, 95%CI: 3.77-4.71; UK: mean: 3.82, 95%CI: 3.44-4.2). Nevertheless, the mean number
and total number of contacts during medical activities in AU, US, NZ were much higher than other
countries as well, whether there is an increase in the contacts during medical activity led by the infection
of the coronavirus needs further discussion. It seems that the total number and mean number of social
contacts in JP (county with soft interventions) for different settings are at the same level with that in
AU, US, NZ (almost no intervention countries) during the COVID-19 pandemic.

As expected, the decrease of the total number and mean number of social contacts between pre-
pandemic and during-pandemic is most obvious in CA and UK (countries with stronger interventions).
And most people hadn’t recovered their daily social contacts especially for party setting (CA: change
of total number: -81.2%, change of mean number: -2.93; UK: change of total number: -80.8, change of

mean number: -2.53).

4) Social contacts across occupation

We try to investigate individuals’ risky social contact behaviors outside home and found that more than
40% of social contacts were conducted by company employee / company officer or self-employed
people for all contact settings (excluding home).

The staff in government (pre-pandemic: mean: 9.97, 95%CI: 9.31-10.63; during-pandemic: mean:
8.49, 95%CI: 7.76-9.22) or educational institution (pre-pandemic: mean: 10.42, 95%CI: 9.61-11.23;
during-pandemic: mean: 8.82, 95%CI: 7.91-9.73) have a much higher mean number of work contacts
than other occupations revealed that they are more likely to contact more people than others during their
work.

During the pandemic, the mean numbers of social contacts made by housewife/househusband and

other unemployed people (including retired) were obviously lower than other occupations, although
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their mean numbers in pre-pandemic were at the same level with other occupations for some contact
settings. The unemployed people (including retired) have an especially lower mean contacts with others
during the medical activities than other occupations during the pandemic (mean: 2.51, 95%CI: 2.36-
2.66).

Housewife/househusband (change of total number: -55.0%; change of mean number: -1.27) and
other unemployed people (including retired) (change of total number: -61.9%; change of mean number:
-1.01) have decreased their contacts in public transport most obviously between pre-pandemic and
during-pandemic. An obvious decline of contacts in shopping setting (change of total number: -33.3%;
change of mean number: -0.96) and eating out setting (change of total number: -49.4; change of mean
number: -1.21) is found for student exploring that the students have much lower resistance to the close

of shopping and eating out venues.

5) Social contacts across household size

About 70% of the social contacts were made by the people with a household size ranging from 2 persons
to 4 persons (including themselves). And a two-person household (such a couple without children) have
much lower life pressure and higher intention to enjoy life than others, their social contacts account for
about one third of the total social contacts for all people. Interestingly, the mean number of social
contacts (excluding work/study contacts) is obviously lower for these people who live alone, it seems
that the social network of single people living alone is much simpler, as a result, they have fewer social
contacts no matter in pre-pandemic or in during-pandemic.

The mean number of work/study contacts didn’t show obvious heterogeneities across different
household size. However, the mean number of contacts in other settings increased with rising household
size and got the peak point at the household size of 5 persons. The reason may be that if people live
with more persons, they are more likely to join the activities outside home, and the household size of 5
can guarantee traveling together without too many troubles.

The decrease of work/study contacts (whether for total number or for mean number) between pre-
pandemic and during-pandemic is negatively associated with household size, which may because if
people have more economic pressures, they must earn more money and are difficulty to decreased work
contacts. People are prone to decrease more shopping contacts and medical activities contacts if they

have larger household size, which could avoid bringing the virus home from the activity venues.

6) Social contacts across education background

The mean number of party contacts during the pandemic is obvious higher for low educated people
(elementary school: mean: 6.49, 95%CI: 5.36-7.62; middle school/ junior high school: 6.22, 95%CI:

5.47-6.97) than high educated people (master’s degree: mean: 5.59, 95%CI: 5.17-6.01; doctor degree:
mean: 5.87, 95%CI: 4.68-7.06). The reason might be that most low educated people are young student,
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they have less risk to the virus and have plenty of time to join the party. The low educated people have
a higher dependence on the use of public transport for daily travels, as a result their mean number of
social contacts in public transport have increased slightly during the pandemic (elementary school: 0.03;
middle school/ junior high school: 0.05). The work/study contacts have decreased more for the people
with the master’s degree (change of total number: -38.4%; change of mean number: -1.82), which may

because they have more access to conduct online work or study during the pandemic.
7) Social contacts across income level

The mean number of social contacts occurred at work/study, shopping and leisure venues increased with
people’s household income since 25,000 USD both in pre-pandemic and during-pandemic. It is easy to
understand that if people have more money, they have better access to work/study, shopping and leisure
activities and contacts with others.

The people with low income (under 34,999 USD per year) have the smallest decrease of work
contacts between pre-pandemic and during-pandemic (under 24,999 USD: change of total number: -
32.7%, change of mean number: -0.92; 25,000 to 34,999 USD: change of total number: -26.0%, change
of mean number: -0.79). That means the poor people’s work don’t allow them to work online, the risk
of infection via work contacts would be still higher for them. Meanwhile, the poor people (under 34,999
USD per year) also show a smaller decrease of shopping contacts than others (under 24,999 USD:
change of total number: -11.0%, change of mean number: -0.13; 25,000 to 34,999 USD: change of total
number: -16.6%, change of mean number: -0.11). In fact, the total number of shopping contacts for the
people with a low income is at the same level with that for people with more money. Fewer poor people
have shopping contacts, and each poor people have a higher average number of contacts, if they have

shopping activities, so they have a higher risk of infection than other people with higher income.

6.3.2 Social contacts across activity participation attributes and its changes

before and during the COVID-19 pandemic

1) Social contacts across frequency

Consistent with common sense, the mean number of social contacts is positively associated with the
frequency of the performing the activities. However, during the pandemic, the contacts with the
frequency of daily or almost daily have decreased for all contact settings. For instance, more than 80%
of the work/study contacts occurred with the frequency of daily or almost daily in pre-pandemic, while
the total number of work/study contacts decreased -44.7% accompanied by the decrease of the mean

number with the value of -1.23, which may because there were fewer work opportunities due to the
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pandemic. Simultaneously, the work/study contacts with lower frequency increased, the total number
of work/study contacts for the frequency of “Once or twice a month” and “Once or twice a week” have
increased with the value of 29.5% and 17.1% respectively. Nevertheless, the mean number of
work/study contact with low-frequency decreased during the pandemic indicating that people would
contact fewer others for work/study in low frequency as well.

In a similar way, the low-frequency shopping contacts increased compared to pre-pandemic (Less
than once a month: 72.7%, Once or twice a month: 19.6%). About 70% of the shopping contacts
occurred once or twice a week in pre-pandemic, while during the pandemic the shopping contacts with
the frequency of once or twice a week decreased 33.4%, and the mean number of contact decreased -
0.44.

In addition, because of the dramatic decrease of the use of public transport, the social contact in

public transport decreased without the impact of the frequency.

2) Social contacts across duration

The duration of social contact is assumed as the average performing time of the activities in venues in
these chapter. The results show that the mean number of social contacts would increase with the extend
of duration. And comparing with the pre-pandemic, the contact with long duration decreased obviously
during the pandemic. In the case of work/study setting, about 70% of the work/study contacts have a
duration more than 4 hours each time in pre-pandemic, however, the total number of that contacts
decreased -39.0%, and the mean value declined -1.25 during the pandemic.

More than half of the shopping contacts have the duration between 15 mins and 1 hour, their total
number and mean number decreased -14.0% and -0.47 respectively. Meanwhile, the number of
shopping contact with long duration (more than 1 hour) decreased more than -40%, whereas the number
of contacts with the duration less than 5 mins increased (change of total number: 23.8%, change of
mean number: 0.24). About 80% of social contacts for eating out setting will continue 15 mins - 4 hours
in the influenza season before the pandemic. However, after the outbreak of the COVID-19 pandemic,
the eating out contacts continuing 15 mins -1 hour decreased -27.5% (change of mean number: -0.48),
the contacts continuing 1 hour - 4 hours decreased -59.6% (change of mean number: -0.47), while more
people prefer eating out less than 5 mins (change of total number of contacts: 7.4%, change of mean
number of contacts: -0.38).

To avoid the infection from the COVID-19, the social contacts with short duration (less than 5
mins) during medical activities increased 10.0%, and that mean number of contacts increased 0.23 as

well.

3) Social contacts across protecting measures

Three protecting measures of wearing mask, disinfecting hands, keeping a proper distance with others
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are included in this analysis. The results indicated that the total number of these contacts taking
protecting measures increased obviously compared to pre-pandemic, and the contacts without
protecting measures decreased more than -90%.

The total number of contacts wearing a mask increased most obviously when working/studying
(138.9%), doing medical activities (127.8%) and travelling in public transport (122.3%). The social
contacts with disinfecting hands increased most obviously for the contact setting of shopping (108.3%),
while it only increased 20.7% in the public transport. The obvious increase of the social contacts with
keeping a proper distance with others is found for work/study setting (172.3%) and shopping setting
(173.8%).

It is gratifying that people have taken more protecting measures (the total number with protecting
measures increased) and contact fewer others (the mean number decreased) for the contact setting of
shopping, leisure activities and medical activities during the pandemic. And it is reasonable for people
to contact more people for work/study setting and public transport setting during the pandemic if they
have taken enough protecting measures. However, it should be noted that some people haven’t taken
any protecting measures neither in pre-pandemic nor in during-pandemic, the mean number of contacts
without any protecting measures in the location of shopping, cultural leisure and medical activities had

increased during the pandemic as well.

6.3.3 Social contacts across contact modes and its changes before and during

the COVID-19 pandemic

There are three contact modes defined in this chapter: (1) ONPC: Only non-physical contacts (in the
physical presence of another person in same space without face to face conversation, skin-to-skin
touching or other indirect physical contacts); (2) OPC: Only physical contacts (having a face to face
conversation or, skin-to-skin touching or other indirect physical contacts); (3) PCNPC: both non-
physical and physical contacts. In addition, it is important to note that the virtual social contact without
the physical presence of social contact object in same space (e.g., online contact through SNS) is not
included in the targeted non-physical contacts of this study. This classification contains not only close
contacts but also indirect contacts providing a comprehensive overview for the social contact analysis.

About the relationship between number of contacts and contact mode, the results show that the
mean number of social contacts increased with the risk level across the contact modes (risk level: ONPC
< OPC < PCNPC). The number of contacts for medical activities setting is minimal among all settings,
and the mean number didn’t show obvious heterogeneities across the contact modes. The decreasing
value of the total number of social contacts is associated with risk levels of contact modes, namely,
PCNPC has the larger decrease of the total number of social contacts than OPC, and OPC has larger
decrease than ONPC for all contact settings.
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Obviously, people have more direct conversations with others when working/studying or joining
the party. Thus, most of the contacts occurred in work/study setting (55%) and party setting (45.2%)
have both non-physical and physical contacts. And that total number (work/study: -45.9%; party: -
67.7%) and mean number of contacts (work/study: -1.07; party: -1.51) in PCNPC mode show an
obvious decrease during the pandemic.

When people are shopping or traveling in public transport, they are usually in the physical presence
of others but don’t need to talk with them. As a result, the main contact mode for shopping and public
transport is only non-physical contacts (shopping: 42.2%; public transport: 45.4%). The shopping
contacts only showed a slightly decrease for the total number (-1.1%) and mean number (-0.48) of
contacts, while the decrease of ONPC in public transport is obvious (change of total number: -40.5%;
change of mean number: -0.93)

The mean number of contacts is average across three contact modes for cultural leisure, eating out,
physical exercise, medical activities. Because if people doing these activities with companion, some
people might only have conversations their companion. For these people they are more likely to have

contacts in ONPC mode.
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6.4 Conclusion

In this chapter, the descriptive analysis of the changes of people’s social contact behaviors between
during the influenza season in pre-pandemic and during the COVID-19 pandemic is conducted for eight
contact settings from the perspectives of different individual/household attributes, activity participation
attributes and contact modes. Not only the close contacts but also the indirect contacts are included in
this analysis expressed into three contact modes: only non-physical contacts, only physical contacts,
both of them. Two indicators were calculated to estimate the general changes of the total number of
social contacts and the average changes of social contacts for people who still continue daily social
contacts with others during the pandemic. The study findings are summarized as follows.

Obvious heterogeneities of social contacts were found across individual and household attributes
and contact settings. After the lockdown were lifted, essential social contacts in places of work/study,
shopping and medical activities would recover faster than the contacts for leisure activities, however, it
is difficult to return to the normal level before the pandemic (Wong et al., 2022; Latsuzbaia et al., 2020;
Zhang, J. and Litvinova, M. et al., 2021). The mean number of contacts is especially higher in
work/study setting and public setting.

During the pandemic, older people are prone to have more contacts during work and fewer contacts
during eating out. Young people are more likely to contact more people during the party. Older people
(less than 70 years) had tried to decrease the mean number of contacts more if they have to perform
medical activities. But it is difficult for the elderly (over 70 years) to decrease the social contacts during
the medical activities. Females have decreased more social contacts than males during the pandemic.
In countries with the ease of interventions for a long time, the mean number of contacts for these people
who still perform leisure activities during the pandemic was obviously higher than that in other countries.
However, the social contact during medical activities were high which could be led by the infection of
the coronavirus. If country have taken soft interventions, the negative impact of pandemic on the
economy could be likely to be smaller, but these interventions have only a slight impact on the decrease
of the mean contacts. The people work for school/university and government are more likely to contact
more people than other occupations when they are working. Housewife/househusband and other
unemployed people (including retired) had decreased their contacts in public transport most obviously.
Most of the social contact is made by the two-person household. These people who live alone have
fewer intentions to make social contacts whether in pre-pandemic or during-pandemic. If people have
a larger household size with more economic pressures, they are less likely to decrease the number of
contacts when working. The low educated people have a higher dependence on the use of public
transport for daily travels during the pandemic. The people with low income have an obvious higher
social contact with others for work/study setting and shopping setting.

When people have contacts with others during the pandemic, their number of social contacts is
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positively associated with the frequency and duration for performing the activities. The social contacts
occurred with high-frequency and long-duration had decreased significantly during the pandemic.
Meanwhile, the low-frequency contacts increased for work and shopping, and the short-duration
contacts increased for medical activities, shopping and eating out settings. The social contacts with the
contact mode of PCNPC (both physical contacts and non-physical contacts) show the most obvious
decrease during the pandemic, while the social contacts with the mode of ONPC (only indirect non-
physical contacts) have the smallest decrease. The social contacts for work/study setting and party
setting are most both non-physical and physical contacts. The social contacts for shopping setting and
public transport setting are most indirect non-physical contacts. The social contacts without protecting
measures have decreased more -90%. The social contacts with wearing a mask increased most obviously
for work/study setting, medical activities setting and public transport setting. The social contacts with
disinfecting hands increased most obviously when shopping. The social contacts with social distancing
measures increased obviously for work/study setting and shopping setting.

This chapter provides a glimpse on the heterogeneity of the number of social contact and its
changes across the demographic attributes, activity participation attributes and contact modes. However,
the obtained results in this chapter need to be combined with statistically significant results by modeling
approach for persuasive evidence. And due to the limitation of the length of the chapter, the differences
across some psychological variables that included in the multiple behaviors analysis are not reflected
in this part. The modeling analysis of social contact behaviors would be conducted by the research in

next chapter.
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CHAPTER 7 Investigation of multi-faceted
social contact decisions under the impacts of
COVID-19: Joint analysis of contact mode

choices and the number of contacted persons

7.1 Introduction

Individuals’ social contacts with others during activity participation and travelling are one of the main
channels of virus transmission (e.g., Mossong et al., 2008; Akakzia et al., 2007; Latsuzbaia et al., 2020;
Lietal., 2020; Colomer et al., 2021; Mikszewski et al., 2022; Zhang et al., 2021a). To restrain the spread
of COVID-19, various non-pharmaceutical interventions have been implemented. For example, strict
lockdowns (Abouk et al., 2021; Sypsa et al., 2020; Tomori et al., 2021; Latsuzbaia et al., 2020; Lv et
al., 2022) dramatically reduced the reproduction number (Brooks-Pollock et al., 2020; Zhang et al.,
2021b; Tizzani et al., 2022; Trentini et al., 2022). Physical distancing measures and infection prevention
measures (e.g., wearing a mask) have also been proven to be effective for the pandemic control (Haug
et al., 2020; Islam et al., 2020; Lopez et al., 2020; Thu et al., 2020; Huang et al., 2021). However, these
measures also caused various negative impacts on economic activities and people’s daily lives
(involving various social contacts), which should be well addressed (Chakraborty and Maity, 2020;
Guan et al., 2020; Oraby et al., 2021; Li et al., 2022; Nelson et al., 2022).

Social contact includes direct and indirect contacts between people. Because of the experiences
during lockdowns, people have learned to change the way of social contact and activity-travel behaviors
as well as to behave protectively for avoiding virus transmission (Wong et al., 2022; Liu et al., 2021;
Latsuzbaia et al., 2020; Zhang et al., 2021b; Tomori et al., 2021) and mitigating the COVID-19 impacts
on mental health (e.g., Pouso et al., 2020; Melnyk et al., 2022). However, it is not always successful to
rely on changes in social contact behaviors, as evidenced by the repeated peaks of new infection cases.
Thus, it is necessary to have a better understanding of social contact patterns and provide more reliable
input data for assessing various policies. At the aggregated level, consequences from such efforts could
offer valuable insights for improving the total environment, e.g., the reduced number of trips and

activities because of social contacts may lead to less carbon emissions. However, existing knowledge

96



Chapter 7 Investigation of multi-faceted social contact decisions under the impacts of COVID-19:
Joint analysis of contact mode choices and the number of contacted persons

regarding the changes in social contact behaviors and its associated influential factors is rare, leading
to various unknowns about social contacts and consequent misleading policymaking. As reviewed later,
we have identified three key research gaps.

[1] Close contacts have been mainly investigated, because of the popular 1.0m or 2.0m distancing
rule, as recommended by WHO and the US Centers for Disease Control and Prevention as well as many
other countries. Studies on early stages of the pandemic already showed that the maximum transmission
distance of SARS-CoV-2 aerosol might reach 4.0m (e.g., Guo et al. 2020) and modeling studies further
confirmed that even the 2 m rule is not adequate for protecting people, especially in an indoor
environment (e.g., Bazant and Bush, 2021). In other words, indirect social contacts may also transmit
the virus. However, existing studies have neglected the investigation of indirect social contacts.

[2] Existing studies have widely investigated the average number of contacted persons during the
COVID-19 pandemic but neglected the analysis of social contact mode choices (including physical (or
direct) and non-physical (or indirect) contacts). More importantly, no study has been done to examine
the association between social contact modes and the number of contacted persons, not mentioning
about heterogeneities of social contacts across activity settings.

[3] As for modeling approaches, regression-type models have been mainly applied, where
behavioral mechanisms have been beyond the scope of modeling framework. Concerning the two key
social contact behaviors (i.e., choices of contact modes and the number of contacted persons), no
relevant modeling effort has been made. In other words, the representation of the dependence between
the two contact behaviors have been fully ignored.

This study aims to fill the above research gaps from the following aspects.

(1) A multi-country questionnaire survey was conducted in March-May 2021, from which valid
answers were collected from more than 7000 respondents in six developed countries of Australia,
Canada, Japan, New Zealand, the USA, and the UK. All data are pooled for this study for deriving
cross-country common findings.

(2) Social contact mode choices and the number of contacted persons are jointly represented by
building a copula-based model that combines a multinomial logit model and an ordered logit model,
where utility-based behavioral decision-making mechanisms are reflected.

(3) Influences of seven key activity settings (work/study, shopping, eating out, physical exercise,
parties, cultural leisure, medical activities) are simultaneously incorporated into the utility functions of
the two contact behaviors. By doing so, observed heterogeneities of the influences of activity settings
can be revealed in a comparative way.

(4) In addition to respondents’ individual attributes, this study especially investigates the
influences of factors related to social contact settings (both objective and subjective factors) and risk-
related psychological factors (e.g., reliability of risk information, risk perceptions) as well as triggers
(e.g., from government and workplace) for behavioral changes.

The rest of this study is structured as follows. Section 2 briefly summarizes the findings of previous

studies related to social contacts. Section 3 describes the survey data. Section 4 discusses the copula-
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based model used in this study. Section 5 shows the model results and discussion, and Section 6 provides

the conclusion.

7.2 Survey and Data

7.2.1 Survey design

Based on the life-oriented approach (Zhang, 2017), a retrospective questionnaire survey was designed,
where social contact behaviors during the COVID-19 pandemic were investigated with respect to seven
representative social contact settings (work/study, shopping at supermarket/shopping mall, eating out
at restaurants, physical exercise at indoor places (e.g., gym), parties at indoor public places (e.g., bar),
cultural leisure (e.g., visiting cinema, concert hall, etc.), medical activities (e.g., see a doctor, purchase
medicine)). Social contact behaviors refer to choices of four types of social contact modes and the
number of contacted persons. The four contact modes are: (1) no contact (NC), (2) only physical
contacts [OPC] (e.g., having a face-to-face conversation or, skin-to-skin touching or other indirect
physical contacts), (3) only non-physical (or indirect) contacts (ONPC) (e.g., in the physical presence
of another person but without face to face conversation, skin-to-skin touching or other indirect physical
contacts), and (4) both physical and non-physical contacts (PCNPC). The number of persons to be
contacted was measured using an ordinal scale: (1) 1-2 persons, (2) 3—4 persons, (3) 5—6 persons, (4)
7-9 persons, and (5) ten persons or more. In the case of no contact, the number was reported to be zero.
Note that contacts between household members are excluded from this survey.

The survey further investigated potential determinants of social contact behaviors, including
factors related to social contact settings and risk-related psychological factors as well as triggers for
behavioral changes, in addition to individuals’ socio-demographic attributes. As for social contact
settings, both objective and subjective factors are incorporated into the modeling analysis. Objective
factors include activity frequency, distance from home to activity destination, travel party, and
protective measures taken for having social contacts (wear a mask, disinfect hands). Subjective factors
include respondents’ perceptions of contact situations at activity locations (i.e., closed spaces with poor
ventilation, crowded places, and close-contact settings), perceived safety levels and protective
capacities (or efficiency) (e.g., Witte and Allen, 2020) with respect to respondents themselves and their
household members, and attitudes toward the necessity and publishment related to activities.
Concerning risk-related psychological factors, this study focuses on the reliability of risk information,
risk perceptions at different spatial scales, and acceptance of changing the duration/timing of activity
participation. Triggers for behavioral changes (e.g., Sparkman and Walton, 2017) were captured from

the perspectives of stakeholders and the number of infected cases.
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7.2.2 Survey implementation and samples

The survey was conducted online in six developed countries (Australia, United States, New Zealand,
Canada, the United Kingdom, and Japan) in March-May 2021. To roughly reflect the representativeness
of the whole population in each country, the collected samples’ distributions in terms of age, gender and
residence region were set to be almost same as those in the whole population, based on official statistics
of these countries.” Finally, more than 1000 samples were collected in each country: Australia (AU:
1125), United States (US: 1297), New Zealand (NZ: 1193), Canada (CA: 1176), United Kingdom (UK:
1305) and Japan (JP: 1169). In total, 7265 respondents provided valid information. The differences
between the samples the whole populations are within two percentage points, respectively. Table 7.1
only shows the differences across regions in each country.

Table 7.2 shows distributions of individual attributes by country/region. The share of males (49.0%)
is slightly lower than that of females (51.0%) for the whole data. These shares well matched those in
the whole populations (males: 49.3%, females: 50.7%). People aged 30-60 years old account for the
biggest share (49.6%). The share of old people (aged 60 or above) (29.6%) is higher than that of young
people (younger than 30 or below) (20.8%). Company employees/self-employed people have the
biggest share (39.4%), followed by other unemployed/retirement (24.6%). About one-third of the
respondents have an educational qualification of undergraduate/bachelor (32.9%), followed by those

with college/vocational qualification (22.5%) and high school or senior high school (19.8%).

7 Australian Bureau of Statistics: https://www.abs.gov.au/ (2020); U.S. Census Bureau: https://www.census.gov/
(2020); Stats NZ: https://www.stats.govt.nz/ (2018); Statistics Canada: https://www.statcan.gc.ca/en/start (2020);
Office for National Statistics - GOV.UK: https://www.gov.uk/government/organisations/office-for-national-
statistics (2020); Statistics Bureau of Japan: https://www.stat.go.jp/english/ (2020)
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Table 7. 1. Differences of regional distributions between samples and whole populations

Shares in Shares in whole Differences of
Country | Regions samples (%) population (%) shares (%)
(A) (B) (A-B)
New South Wales, Australian Capital Territory 32.8 33.7 -0.9
Queensland 19.9 20.1 -0.2
AU South Australia, Northern Territory 8.9 7.9 1.0
Victoria, Tasmania 26.5 27.9 -1.4
Western Australia 11.9 10.4 1.5
Arizona, New Mexico, Colorado 6.5 5.7 0.8
Washington, Alaska, Hawaii, Oregon, Wyoming, 6.5 53 07
Montana, Idaho, Nevada, Utah ) ) )
California 12.1 12.3 -0.2
Texas 8.3 8.5 -0.2
Florida 6.6 6.6 0.0
North Carolina, South Carolina, Georgia 8.3 8.5 -0.2
Virginia, West Virginia, Maryland, Delaware, 35 38 03
UsS Washington, D.C., Tennessee, Kentucky ) ) )
Arkansas, Mississippi, Oklahoma, Louisiana, Alabama 6.2 6.1 0.1
New York, Connecticut, Rhode Island, Massachusetts, 9.3 96 03
Vermont, New Hampshire, Maine ) ) )
New Jersey, Pennsylvania 6.9 6.9 0.0
Wisconsin, Illinois, Indiana 7.0 8.2 -1.2
Michigan, Ohio 7.2 6.7 0.5
Minnesota, North Dakota, South Dakota, Missouri,
6.6 6.3 0.3
Kansas, Nebraska, lowa
Auckland, Northland 32.2 36.8 -4.6
Bay of Plenty, Gisborne 8.8 7.7 1.1
Canterbury 13.7 13.0 0.7
NZ Manawatu-Wanganui, Taranaki, Hawke’s Bay 11.6 10.8 0.8
Marlborough, Nelson, Tasman, West Coast, Southland,
12.6 11.6 1.0
Otago
‘Waikato 9.9 9.4 0.5
Wellington 11.2 10.7 0.5
Alberta, Northwest Territories 12.3 11.3 1
British Columbia, Yukon 14.9 14.6 0.3
Manitoba, Nunavut, Saskatchewan 8.1 6.3 1.8
CA New Brunswick, Nova Scotia, Prince Edward Island, 73 6.2 16
Newfoundland and Labrador ) ) ’
Ontario 35.5 39.0 -3.5
Quebec 214 22.6 -1.2
Scotland 8.7 8.5 0.2
Northern Ireland, Wales 9 7.5 1.5
North West, North East 12.8 15.0 2.2
Yorkshire and The Humber 9.2 8.4 0.8
UK West Midlands 8.8 8.9 -0.1
East Midlands 8.5 7.1 1.4
South West 9.4 8.5 0.9
South East 11.7 13.9 -2.2
East of England 9.7 9.1 0.6
Greater London 12.2 13.1 -0.9
Hokkaido 4.5 4.4 0.1
Tohoku 7.7 7.4 0.3
Kanto 34.1 34.5 -0.4
JP Chubu 16.6 16.9 -0.3
Kinki 18.6 18.2 0.4
Chugoku, Shikoku 7.3 6.7 0.6
Kyushu, Okinawa 11.2 11.9 -0.7
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Table 7. 2. Distribution of individual attributes by country

. . AU Us NZ CA | UK JP | Total
Attributes | Definition (%) (%) (%) (%) (%) (%) (%)
Gender Male 49.0 [ 49.0 [ 48.5 | 48.6 | 499 | 48.6 | 49.0
Female 510 ] 51.0] 515| 514 [ 50.1 | 514 | 51.0
<30 years old 23.6 | 20.7 | 224 206 ] 193 | 185 20.8
Age 30-59 years old 49.7 | 50.1 [ 504 | 51.1| 52.7 | 429 | 49.6
60 years old or above 26.7 ] 292 | 272 | 283 ] 28.0 [ 38.6 | 29.6
Company employee/self-employed 383 ] 36.1 | 393 | 384 | 438 [ 402 | 394
Civil servants / organizational employees 6.5 3.6 6.5 4.7 6.5 33 5.2
Faculty and staff of _educational institutes such as 3.0 40 44 36 31 0.7 31
schools and universities
Occupation | Housewife 7.9 6.5 6.4 5.7 59| 184 8.3
Part-time job 12.4 83 | 10.0 8.0 7.0 ] 10.5 9.3
Student 3.3 4.8 4.4 5.5 3.9 3.2 4.2
Other unemployed (including retirement) 23.6 | 27.8 | 239 | 28.7 | 23.6 | 19.8 | 24.6
Others 5.0 8.9 5.1 5.4 6.2 3.9 5.9
No formal qualification 0.2 0.5 2.8 0.1 1.4 0.1 0.8
Elementary school 2.5 0.5 1.9 0.7 0.5 0.0 1.0
IS\/CIIilc(i)((i)lf school/Junior high school/Secondary 136 05| 131 141 202 22 8.6
Education | High school/ Senior high school 14.6 | 204 | 144 ] 202 | 202 | 29.0 | 19.8
College/ Vocational school 262 | 27.8 1 20.1 | 31.0 ] 12.1 | 183 | 225
Undergraduate/ Bachelor 26.7 | 26.0 | 352 | 33.7 | 304 | 46.1 | 32.9
Master’s degree 1411 199 | 10.6 | 11.3 | 13.0 33 12.1
Doctoral degree 2.1 4.4 1.9 1.6 2.2 1.0 2.3

7.2.3 Data screening

To better understand social contact decisions, here, data without out-of-home activities are excluded.
As a result, samples included in the seven social contact settings are 3963 for work/study (51.8% out
of all the 7265 respondents), 7245 for shopping (99.7%), 4562 for eating out (62.8%), 3518 for physical
exercise (48.4%), 3044 for parties (41.9%), 3025 for cultural leisure (41.6%), and 5670 for medical
activities (78.0%). The largest shares of performing no out-of-home activities are observed with respect
to cultural leisure and parties, while only 0.3% did not go shopping. Stopping some out-of-home
activities is probably for the consideration of protecting people from being infected (Zhang, 2020).

As shown in Table 7.3, males performed more daily activities than females during the COVID-19
pandemic, except shopping and medical activities. People aged 20-29 participated in more activities
(especially for parties (28.1%) and cultural leisure (28.3%)) than other age groups. More than half of
respondents lived in a household with fewer members (three members or below) and about one-third of
respondents came from a two-member household. More than half of the respondents were married.
Respondents with the undergraduate/bachelor qualification ranged from 32.4% to 36.7%, followed by
the education qualification of college or vocational school. About 60% of respondents’ income levels
were between 35,000 USD and 149,999 USD.
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Table 7. 3. Individual attributes by social contact setting

Work/ Shopping | Eating out Physical Parties Cultural Medical Total
Study (%) (%) exercise (%) leisure activities (S’Z)l
(%) (%) (%) (%)
Gend Female 46.2 51.0 48.6 453 44.6 447 50.8 | 48.1
ender MVfale 53.8 49.0 514 547 55.4 553 492 | 519
15~19 2.8 2.1 23 2.7 25 25 1.9 23
2029 27.0 18.8 233 26.4 28.1 283 192 233
30~39 2.1 16.7 19.1 213 222 22.6 166 | 194
A 4049 202 16.2 16.9 17.0 18.1 177 15.5 17.1
& 50~59 16.5 16.7 14.9 133 13.1 13.1 157 | 151
60~64 4.6 7.1 53 45 37 3.8 6.8 55
6569 33 8.2 6.4 5.6 4.5 4.1 8.5 6.3
70 and above 35 142 11.8 92 7.8 7.9 158 11.0
1 15.9 19.1 16.3 15.4 14.1 15.1 18.1 16.8
2 28.6 36.6 34.1 31.0 31.0 29.1 368 | 333
Number of | 3 227 19.8 20.9 21.8 223 22.9 198 | 211
households | 4 21.8 16.1 19.0 20.9 214 21.6 167 | 19.0
5 73 5.4 6.1 6.6 6.7 6.8 54 6.1
6 and above 37 3.0 3.6 43 45 45 32 37
Married 55.1 55.8 582 57.8 59.0 57.0 581 | 572
. Other (including
Marriage | & ole, divorced, 44.9 442 41.8 02 41.0 43.0 419 | 428
widowed)
No formal
ormal 0.5 0.8 0.8 0.7 0.9 0.9 0.9 0.8
qualification
Elementary school 0.9 1.0 12 1.4 1.7 1.6 1.3 12
?@dle school/ 6.0 8.6 6.9 7.0 72 73 8.3 7.6
unior high school
High school/
Fducation | Sexior high school 17.5 19.7 182 16.5 162 16.0 187 | 18.0
S"“ege/ 20.0 225 225 206 20.7 206 28| 216
'ocational school
Dindorgraduate/ 36.7 32.9 342 347 34.0 345 324 | 339
achelor
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7.3 Features of Key Variables

7.3.1 Dependent variables: Social contact behaviors

As shown in Figure 7.1, more than 60% of respondents had a certain contact with others at all contact
settings, where parties have the largest contact share (75.7%), and shopping showed the smallest share
of 62.3%. Among the three modes with contact, the ONPC mode (i.e., only having indirect contact)
accounted for the largest share in all settings (among which, the shares during shopping and eating out
were larger than 37.0%). Considering that the PCNPC mode (the shares range between 11.5%
(shopping) and 25.7% (work/study)) also includes indirect contact, ignoring the indirect contact in
existing studies is obviously wrong. Smaller shares of the OPC mode than the ONPC mode at all settings
suggest that people surely tried to avoid close contact for safety as much as possible, but among all
settings, parties, cultural leisure, and medical activities had the largest shares of close contact.
Interestingly, the shares across modes during parties are similar to those during medical activities.

Figure 7.2 indicates that work/study, parties, and cultural leisure involved a larger number of
contacts (at least 5 persons: 29.2%-40.3%) than in other settings, where the routine activity “work/study”
should be regarded as the riskiest setting for pandemic control policymaking. Shopping, eating out and
medical activities showed the largest share of 1-2 persons. The shares of 3—4 persons varied across
settings slightly (11.9% (shopping) —20.6% (eating out)), in comparison to those of 1-2 persons (16.9%
(work/study) — 43.8% (medical activities)).

Concerning the relationships between social contact modes and the number of contacted persons
(see Figure 7.3), it is shown that the largest number of contacted persons (i.e., at least 5 persons) was
observed under both physical and non-physical contacts (i.e., PCNPC) at all settings. Thus, mixed
contact modes are associated with more persons to be contacted. Compared with the non-physical
contact mode (ONPC), the physical contact mode (OPC) has a higher share in the largest number of
contacted persons (i.e., at least 5 persons). This is consistent with the observation that the ONPC mode
is more likely to be linked with the smallest number of 1-2 persons than OPC and PCNPC. As for the
medium-size of contacts (i.e., 3—4 persons), its largest shares are not necessarily associated with either

PCNPC or OPC.
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Figure 7. 1. Distributions of social contact modes by activity
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Figure 7. 2. Numbers of persons contacted by activity
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Figure 7. 3. Distributions of numbers of persons contacted under different modes by activity
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7.3.2 Explanatory variables: Key candidates

7.3.2.1 Factors related to activity participation

1) Perceptions of 3Cs at activity locations

An analysis was conducted with respect to the shares of the respondents who perceived their daily
activity locations to be closed spaces with poor ventilation, crowded places, or places with close contact
(i.e., 3Cs). Pooling data from all social contact settings, it is found that the share perceiving closed
places is only 18.5%, the share of crowded places is 30.0% and the share of close-contact settings is
34.7%. This can be interpreted that people are willing to visit places without 3Cs, especially those who
hold a low tolerance to poor ventilation during the COVID-19 pandemic. Among the seven contact
settings, five of them showed the highest share of having places with close contact. Crowded places
were mostly perceived with respect to the settings of shopping, cultural leisure, and parties. People
suffered more from poor ventilation during work/study and parties than in other settings. Details refer

to the Figure 7.4 of Supplementary Information.
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Figure 7. 4. Perceptions of 3Cs at activity locations

2) Perceived safety during activity participation

Only about half of respondents perceived that participation in activities was safe. Performing medical
activities were perceived to be the safest among all social contact settings, followed by the setting of
work/study. The above observations are about themselves and their companions. More or less,
respondents perceived that the safety levels during parties and cultural leisure are lowest for themselves,
while they perceived that participating in shopping and eating out has the least safety level for their

companions. Details refer to the Figure 7.5 of Supplementary Information.
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Figure 7. 5. Perceived safety during activity participation

3) Protective measures taken during activity participation

Recognizing the above perceived safety level (relatively low, on average), the shares of wearing a mask

and disinfecting hands are about 60% by pooling data of all contact settings. Among all settings, the

shares of taking such protective measures are highest for shopping and medical activities. This may be

due to the high frequency of shopping and concerns about infection risks in hospitals. As expected, the

shares of taking protective measures when participating in parties are lowest, which are however not

significantly different from those for physical exercise and cultural leisure. It is further surprising that

the shares for eating out are much lower than those for work/study, even though eating out is usually

risker in terms of infection. Details refer to the Figure 7.6 of Supplementary Information.
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Figure 7. 6 Protective measures taken during activity participation
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4) Self-efficiency and others’ efficiency

In all contact settings, respondents’ belief in other people’s capacity to protect others (including
respondents) (i.e., others’ efficiency) is higher (shares of “high” and “very high”) than that in their own
capacity to protect themselves (i.e., self-efficiency). Respondents reported the highest capacity to
protect themselves during shopping and medical activities, while reported that other people’s capacity
to protect others (including respondents) during medical activities is the highest, which is probably
because of the higher belief in hospitals. Being aware of higher infection risks during parties and cultural
leisure activities, the perceived self-efficiency and others’ efficiency were lower than in other contact

settings. Details refer to the Figure 7.7 of Supplementary Information.
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Figure 7. 7. Self-efficiency and others’ efficiency

5) Attitudes toward necessity and punishment related to activity participation

An analysis was conducted about people’s attitudes toward whether they think performing a certain
activity during the pandemic should be published or not and whether they think performing the activity
is necessary even at the infection risk or not. In the case of total data, the shares of supporting
punishment and necessity are almost equally larger than 40% (“somewhat agree” and “totally agree”),
which are larger than the unsupported shares. The largest support share of activity necessity is
work/study (very close to 50%), while the support share of punishment to work/study is less than 40%.
The second largest support share of activity necessity is participation in medical activities, for which
only about 32% of respondents supported the punishment of medical activities. The largest more than
52% of respondents supported the punishment to party participation, while its necessity-support share
was about 37%. But the smallest necessity-support share does not necessarily correspond to the largest

punishment-support share, as shown by the shares for eating out. Details refer to the Figure 7.8 of
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Supplementary Information.
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Figure 7. 8. Perceptions of activity-related necessity and punishment

6) Activity attributes

Even under the COVID-19 pandemic, about 60% of respondents had to work/study in a daily or almost
daily basis. Going to shopping once or twice a week accounted for the largest share (55.7%), among all
shopping frequency categories. Participation less than once a month was dominant for parties, cultural
leisure, and medical activities as well as eating out. For physical exercise, less than once a month and
once or twice a week are the two main activity frequencies. Details refer to the Figure 7.9 of

Supplementary Information.
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Figure 7. 9. Activity frequencies
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Comparing with the travel distance for home to work/study locations that may be largely associated
with people’s daily action space, medical activities had a similar share of shorter distance (< 2km),
while culture leisure’s longer travel distance (Skm or longer) is similar to that of work/study. The travel
distances for shopping and physical exercise are similarly shorter than 2km. Respondents participating
in cultural leisure prefer a longer distance over a shorter distance. More or less, eating out and parties
showed similar distance distributions. In the case of medical activities, the shares of shorter and longer

distances are very similar. Details refer to the Figure 7.10 of Supplementary Information.
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Figure 7. 10. Travel distance from home to activity locations

Concerning the shares of whether people performed a certain activity with acquaintances
(including friends, but except their household members), expectedly, participating in a party had the
largest share (33.7%), followed by cultural leisure, while the shares for shopping and medical activities
were the lowest. Eating out and physical exercise showed similar shares (about 20%). Details refer to

the Figure 7.11 of Supplementary Information.
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Figure 7. 11. Shares of activity participation with acquaintances

7.3.2.2 Risk-related psychological factors

1) Risk perception and reliability of information

The shares of people perceiving a higher risk in crowded trains and buses are between 60% and 70%
(“somewhat agree” and “strongly agree”), which were much higher than the shares of a higher risk
perceived in residence regions (more than 40%) and residence country (between 30% and 40%). Thus,
it seems that people’s risk perception is negatively associated with spatial scales; however, the shares
of “disagree” and “agree” are almost equal for the risk perception at the level of residence region, while
the “disagree” shares are larger than the “agree” shares at the level of the residence country. Concerning
social contact settings, the shares of higher risk in crowded public transport are especially higher in the
cases of participating in medical activities, shopping, and work/study, while there are differences across
the settings, although the differences are not remarkable. For information reliability (provided by the
local government), more than 65% of the respondents trusted the information, and only about 10% did
not trust it, where the shares of reliability assessment are very similar across social contact settings.

Details refer to the Figure 7.12 of Supplementary Information.
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Figure 7. 12. Risk perception and reliability of risk information

2) Triggers for behavioral changes

Regarding the triggers for behavioral changes, more than 60% of respondents answered that they
changed their behaviors due to the influences of multiple triggers, irrespective of social contact settings.
In contrast, only less than 15% of respondents disagreed with the influences of multiple triggers. Among
the three triggers investigated in the survey, people were mostly triggered by the formal rules from the
government in the sense that the corresponding “agree” shares are much higher than the other two
triggers: i.e., the rules from the workplace/organization and the number of infected cases. This is
probably because the rules from the government are more mandatory and authoritative. The rules from
the government and the number of infected cases had larger impacts on the behavioral changes of those
people who had shopping and medical activities during the pandemic. The rules from the
workplace/organization/affiliation especially affected the behavioral changes related to work/study. The
“agree” shares for leisure activities (eating out, physical exercise, parties, cultural leisure) were not as
large as the shares for mandatory/maintenance activities (work/study, shopping, medical activities).

Details refer to the Figure 7.13 of Supplementary Information.
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Figure 7. 13. Triggers for behavioral changes

100%

3) Acceptance to change the duration/timing for activity participation

More than 70% of people were willing to change the duration/timing of performing activities (i.e., the
shares of “somewhat agree” and “agree”). The “disagree” shares were just about 10%. Among the seven
contact settings, the willingness was especially higher for medical activities and shopping, while the
willingness for other settings was almost similar. Details refer to the Figure 7.14 of Supplementary

Information.
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Figure 7. 14. Acceptance to change the duration/timing for activity participation

7.4 Integrated copula-based social contact decision modeling

As revealed from the above aggregate analyses, choices of social contact modes and the number of
contacted persons seem not to be independent of each other. Therefore, it is worth exploring how to
model these two decision variables together for a better understanding of people’s decisions on social
contact. Considering the features of the two variables, choices of social contact modes are presented by
a multinomial logit model and the number of contacted persons based on an ordered logit model. The

joint modeling is done based on a copula approach.
7.4.1 Modeling of social contact mode choices

Letn (n=1,2, ..., N) be the index for individuals, v (v=1, 2, ..., V) be the index for explanatory variables
and i (i=1, 2, ..., I) be the index for social contact modes. To incorporate the heterogeneity of social
contact decisions across activity settings for the same person, ¢, is a parameter introduced to capture
explanatory variables’ influencing magnitudes that may be sensitive to or heterogeneous across activity
settings (g=1,2, ..., G). Thus, a, can be called a sensitivity parameter. Let /,; indicate the utility

obtained by individual » who chooses contact mode 7 for activity setting g.
hnig = Yoo @gBivXniv + Enig (7-1)

Here, x,» is the explanatory variable for mode i, £ is the corresponding parameter to be estimated,
and &, 1s the random error term following an independent and identical Gumbel distribution. Based on

the random utility maximization principle, individual # chooses alternative i only when the utility of
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alternative i is larger than that of other alternatives:
hpig > max;.jhyjq (7-2)
Then, equations (7-1) and (7-2) can be rewritten as:
2w AgBivXniv > MaXizjhyjg — Enig (7-3)
Let 74 be a dummy variable indicating whether individual 7 chooses contact mode i (7.g=1) or

not (7i,=0) for activity setting g. It is equal to 1 only if the equation (7-3) is true, otherwise it is zero.

If we define:

Pig = {maxi:tjhnjg} — €nig (7-4)

Then the implied marginal distribution of F(X, agBiyXniv) (i.€., choice probability) can be

formed as follows:

exp(Ty @ g BivXniv) i=12,0,9 =12 ..,G

F(Zv agﬁivxniv) = P((Pig <y agﬂivxniv) = % exp(Ty @gBrotngs) )

(7-5)
7.4.2 Number of contacted persons

In this study, the number of contacted persons was measured using an ordinal scale. Thus, an ordered
logit model is selected to explain the number of contacted persons during performing an activity. Let &
(k=1, 2, ..., K) be the index for the number of contacted persons and s,;, be the number of contacted
persons corresponding to contact mode i for activity setting g. Sy;4 1s observed only if 7y is equal to
1. The underlying propensity of the number of contacted persons with respect to contact mode i is shown

as follows:

*

Snig = X AgVvZniv T Nnigr Snig = k if 14 < S:zig < Tg (7-6)

Here, zp;;, is the explanatory variable for the number of contacted persons, and y, is the
unknown parameter. 74;, represents the error term following the Gumbel distribution. ) terms
(Tg = =, = +) indicate the thresholds of sp;,. Let G(x) be the cumulative distribution
function of a standard logistic distribution. Then the marginal distribution of G (‘L’k - agy,,zm-,,) is

formed as follows.

__exp (Tk—2v AgVvZniv)
G(Tk - Zv agyvzniv) - 1+exp (Tx—Xv AgVvZniv) (7-7)
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The probability that the number of contacted persons being & is observed is written as follows.

P(Snig = k) = P(ng < Tk — Zv agyvzniv) - P(T’kg < Tg-1— Zv agyvzniv) = G(Tk - Zv agyyzniv) -
G(Tk—l - Zv agyyzniv)
(7-8)

In equation (7-8), because 7, follows the ordering condition (—00 < 7y < Ty < =+ < T4 <

+00), P(nkg <To— 2y agyvzni,,) is equal to 0 and P(nkg <Tg — D agy,,zm-v) is equal to 1.
7.4.3 Joint copula model of social contact

Here, the notion that contact mode choices and the number of contacted persons means that the above
two error terms (&xig and #,i;) are not independent. In other words, they should follow a joint distribution
(or a bivariate distribution). It is not easy to estimate models with such a joint distribution. To overcome
this difficulty, the copula approach has been widely applied, which can use marginal distributions and
dependence parameters to represent the joint distribution (Sklar, 1973; Nelsen, 2007; Schmidt, 2007;
Trivedi et al., 2007; Meloni et al., 2011; Irannezhad et al., 2017). In other words, with the copula
approach, it is not necessary to directly estimate the joint distribution, making the estimation tasks much
easier. Moreover, compared with other multivariate correlation methods (e.g., Pearson, Kendall’s tau,
Spearman’s rho), copulas can obtain nonlinear central dependence and tail dependence in both
symmetric and asymmetric forms (Frey et al., 2001; Trivedi et al., 2007). Because of the flexibility of
choosing marginal distributions, the copula-based approach allows complex dependency structures
between discrete variables (Huang et al., 2022; Seyedabrishami et al., 2019; Rashidi and Mohammadian,
2016), continuous variables (Sener et al, 2010; Wali et al., 2022; Zilko et al., 2016; Kuwano et al., 2011),
and ordered variables (Eluru et al., 2010; Laman et al., 2018; Wang et al., 2015). Only the copula
approach allows such combinations with different types of marginal distributions (Bhat et al., 2009;
Zhang et al., 2012; Habib et al., 2009; Spissu et al., 2009; Irannezhad et al., 2017; Nguyen et al., 2017;
Rith et al., 2019; Shabanpour et al., 2017).

To the best knowledge of the authors, it is the first time in the social contact research to apply the
copula approach. By referring to previous studies (Meloni et al., 2011; Jafari Shahdani et al., 2021;
Keya et al., 2019), the joint representation of social contact mode choices and the number of contacted
persons is described below.

According to Sklar’s theorem (Sklar, 1973), any joint distribution of multiple variables can be
represented in terms of a wunique copula function, in which the continuous marginal
probability distribution of each variable is uniform over the interval [0, 1]. For the bivariate case in this

study:
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Co (ulg, uzg) = P(Usg < Ugg, Upg < Upg) (7-9)

Here, C(.,.)is a copula function, 6 is dependence parameter vector of copula. Uyg, Uyg are
uniformly distributed random variables with support contained in [0,1]. In this study, copula approach
is applied to generate the joint multivariate distribution function with given marginals of contact modes
and the number of contacted persons, where u;g=F (Zv agy ﬁi,,xni,,) and Uy, = G(Tk —

h agyvzniv)- The joint distribution of random variables ¢;4 and 7,4 can be expressed as:

CG <F (Z agﬁivxniv> G (Tk - Z agyvzniv>)
v v
=P (Ulg <F (2 agﬂivxniv)r Ug <G (Tk - Z agyvzniv>>
v v

= P(F_l(Ulg) <Xy agﬁivxniv'F_l(UZg) < Tk — 2y agyvzniv)
= P((pig <X agﬂivxniv Mg < T — Yo agyvzniv) (7-10)

where F~1(.) is the inverse univariate cumulative distribution function.

Let “CM, =1” be the indication of “ry,;,=1" for each contact mode (i=1,2,3,4 represent the choice
of “no contact”, “ONPC”, “OPC”, “PCNPC”, respectively). If individual » has no contact with others,
the number of contacted persons by him/her is zero. Because there are three ordered alternatives of the
number of contacted persons, two thresholds are included in the model (k&=1, 2, 3). Then the bivariate

joint probability of social contact decisions is expressed as follows.
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F(Z agﬁivxniv> lf CMg =1
v
p ((pig < z agﬁivxniv'nkg <71 - Z agyvzniv) ifCMg =1,i=234% Snig = 1
P(CMy =i, spig = k) =5 v Y
p Pig < agﬁivxnivttl - AgVvZniv < Nkg <T;— AgYvZniv i — i = . -
v v v lfCMg i =234 spig=2
ifCM, =i,i =2,34; spi; =3
L P ((pig < Z agﬁivxniv;nkg >T; — z agyvzniv> f g g
v v

( F (2 agﬂwxniv) if CM, =1
v
Co <F (Z agﬁi,,xni,,),G (‘L’l - Z agyvzni,,)> ifCMg =0,1=234 spg=1
v v
p (‘Pig < Zvagﬁivxniv'nkg <T;— Evagyvzniv> - P(‘Pig < Zvagﬁivxniv'nkg <7 - Zvagyvzniv) ifCMg =i,i=234 Spy=2
ifCM, =1i,i=2,3,4; Spig =3
P <(pig < Z agﬁivxniv ) - P((pig < Z agﬁivxniv'nkg <7 - Z agyvzniv) f g g
v v v
( F (2 agﬂivxniu) if CM, =1
v
Co (F (Z agﬁivxniV)'G (Tl - Z angZn“’)) ifCMg = i,i = 23,4 spig =1
v v
CB <F (zvagﬁivxniv) ’ G (TZ - Zvagyvzniv>> - CB <F <zvag.8ivxniv)' G (Tl - zvagyvzniv)> ifCMg — i,i — 2’3’4; Snig =2
ifCMy = i,i = 2,3,4; spiy =3
F <Z agﬂivxniv) - CG (F (2 agﬁivxniu) G (TZ - Z agyvzniv)>
v v v

(7-11)

=4
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There is no general agreement about which copula approach among the copula families should be
used for a specific research target (Nelsen, 2007; Trivedi et al., 2007; Schmidt, 2007). Generally
speaking, if people are more likely to have contact in normal times, no matter what kinds of contact
modes are involved, it is reasonable to speculate that they would contact more persons. Thus, these
types of contact decisions would be positively dependent. For such situations, adopting Gumbel,
Clayton, or Joe copulas is obviously suitable. However, such positive associations may not always be
observed in the context of COVID-19, because people may want to reduce the number of contacted
persons for avoiding the infection in the case of, for example, having physical contact with others. For
accommodating such possibilities, copulas allowing for negative dependence between these two types
of contact decisions should also be an option. Therefore, in this study, five major copulas functions
(FGM, Frank, Gumbel, Clayton, and Joe) are estimated and compared with a model assuming
independence between the two social contact decision variables to find out the most suitable model.

These copulas are introduced below.

FGM copula

The FGM (Farlie-Gumbel-Morgenstern) copula was proposed by Morgenstern (1956) and further
discussed by Gumbel (1960) and Farlie (1960). In the FGM copula function, the dependence parameter
6 must range between [-1, 1], and the correlation between variables is independent when 6 = 0. The
FGM copula allows either negative or positive dependence for the correlation between the uniform
marginals of u;, and u,, with the assumptions of asymptotic independence and radial symmetry in

dependence structure. In this bivariate case, the FGM copula is formed as:

Co(U1g Uzg) = Usgling(1 + O(1 — usg) (1 — Uzg)) (7-12)

Frank copula

The Frank copula is the only comprehensive Archimedean copula approach allowing for both positive
and negative dependence, which is proposed by Frank (1979). It imposes the assumption of asymptotic
independence and is suited for strong central dependency with weak tail dependency. The 6 of Frank
copula has the threshold value of (—oo, +00), but the Frank copula is equal to independent structure

when 6 — 0. The Frank copula function for the bivariate case is defined as:

e—Gulg_l)(e—Huzg_l)

1
Co(tsg tzg) = —31n (1 +E—2E

(7-13)

Gumbel copula
The Gumbel copula (also called as the Gumbel-Hougaard copula) is proposed by Gumbel (1960). The

Gumbel copula is an Archimedean copula suited for cases with strong right-tail dependence (strong
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correlation at high values) and weak left-tail dependence (weak correlation at low values). The
dependence parameter 6 of Gumbel copula must be [1,+0), and the structure is independent when

0 = 1. The function of Gumbel copula for the bivariate case is provided as:

Co (ulg, uzg) = exp (—((—lnulg)g + (—lnuzg)e)l/g) (7-14)

Clayton copula

The Clayton copula is an Archimedean copula proposed by Clayton (1978) which only indicates
asymmetric positive dependence (8€(0, +00)). It can achieve the Fréchet upper bound when 6 — +co.
The dependence parameter 6 of Clayton copula should be larger than 0 and show independence when
6 — 0. The Clayton copula is suited for strong left-tail dependence and weak right-tail dependence. The

form of Clayton copula for the bivariate case is expressed as
Co (ulg: ng) = (ulg_‘9 + ng_‘9 - 1)_1/9 (7-15)

Joe copula

The Joe copula (Joe, 1993; Joe, 1997) is another copula function that only accounts for positive
dependence. Just like for Gumbel copula, the dependence parameter 6 of the Joe copula should satisfy
the restricted condition of f¢e[1,+), and indicates the dependence when 6 = 1. The Joe copula
cannot achieve the Fréchet lower bound but achieves the Fréchet upper bound when 6 — +oo as well.
Some scholars think the Joe copula is more like to be the reverse of the Clayton copula instead of that

of the Gumbel copula (Bhat et al., 2009). The Joe copula function for the bivariate case is formed as:

Colurgtzg) = 1= (1= rg)” + (1= 12g)’ = (1= 1) (1~ uzg) HV* (7-16)

7.4.4 Estimation and goodness of fit

In this study, the derived copula-based integrated model of social contact decisions is estimated by the

maximum likelihood method, where the log-likelihood function is expressed as follows:
LL = ZN ZI ZKZG Mnikgln(P(CMg = i' Snig = k)) (7'17)
Mhikg = 1rn, = 1] X 1[s,, = k] (7-18)

where, My, 1s an indicator of choice result (1 or 0), which is decided by the function 1[.], Myxg is

equal to 1 only when individual #n chooses i and & simultaneously for contact setting g; otherwise, it is
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R programming language and the R package “maklik” (Henningsen et al., 2011) were used to
evaluate the maximal value of the log-likelihood function. In this study, Newton-Raphson maximization
was applied for the unconstrained optimization problems of Frank copula and independent copula. The
Nelder-Mead maximization was applied for the optimization problems of FGM copula, Clayton copula,
Joe copula and Gumbel copula, because there are some constraints for their dependence parameters of
0.

To compare the goodness-of-fit for different copula models, the Bayesian Information Criterion
(BIC) and Akaike Information Criterion (AIC) are used. The BIC can control the complexity of the
model and avoid overfitting (Aho et al., 2014). The lower the BIC value, the higher goodness-of-fit.

7.5 Results and discussion

As shown in Table 7.4, six models were estimated, including the model assuming independence between
social contact mode choices and the number of contacted persons, where the “no contact” mode is

chosen as the reference for MNL-based contact mode choice model.

7.5.1 Choosing the best copula

As evidenced by AIC and BIC, the Frank copula-based model generates the smallest values, suggesting
it is the best model. In other words, the Frank copula-based integrated social contact decision model
also outperforms the independence model. Other copula models unfortunately even perform worse than
the independence model. This indicates that the other non-Frank copula-based models do not work well
to represent the current social contact decisions. Looking at the range of dependence parameters, which
are compared in Table 7.4, the Frank copula accommodates the largest range of dependence parameters,
which can be understood to be the theoretical foundation that supports the Frank copula to be used for
capturing people’s joint decisions on social contact modes and the number of contacted persons.
Hereafter, the Frank-based model (estimation results are shown in Table 7.5) will be explained and

discussed.
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Table 7. 4. The model fit for six copula-based models

Copula function Range of dependence Number of Log-likelihood AlIC BIC
parameter parameters

Independence - 123 -60814.91 121875.8 | 1221823
FGM [-1, 1] 126 -61376.02 123004.0 | 123318.0
Gumbel [1,+00) 126 -61550.8 123353.6 | 123667.6
Joe [1, 4+0) 126 -61821.76 123895.5 | 124209.5
Clayton (0, +) 126 -62092.45 124436.9 | 124750.9
Frank (—00, 400) 126 -60667.03 121586.1 | 121900.1

The Frank-based modeling estimation results show that the dependency parameter is statistically
significant for the ONPC mode and the number of contacted persons (estimated value: 1.06, t-test
against 0: 3.80). The positive dependency parameter implies that the higher the probability of having
only non-physical contacts with others, the more the number of contacted persons during activity
participation. In other words, because an individual chooses to keep away from others with physical
contact, contacting more people becomes less risky and consequently he/she contacts more people. The
insignificance of the dependency parameters for OPC and PCNPC may suggest that once an individual
decides to have physical contacts with others, he/she is less likely to care about the number of contacted
persons during activity participation. Allowing different dependency parameters with respect to

different contact modes makes the representation of the above heterogeneous responses possible.

Table 7. 5. Estimation results of copula-based social contact behavior model

Ordered Logit
Multinomial Logit (MNL) Model
(OL) Model

Both physical and Number of

Variables No Non-physical Physical contact
non-physical contacted
contact contact (ONPC) (OPO)
contact (PCNPC) persons
Est. t-val(0) Est. t-val(0) Est. t-val(0) Est. t-val(0)

Threshold 1 - - - 1.12 791
Threshold 2 - - - 2.23 15.22
Constant term -1.04 -4.31 -3.11 -9.40 -4.50 -11.44 -
Individual attributes
Gender 0.10 2.88 0.18 4.00 0.02 0.40 0.20 5.73
Age -0.05 -4.91 -0.12 -9.15 -0.12 -8.79 0.01 0.08
Household size -0.01 -0.47 0.02 1.18 -0.01 -0.30 0.09 5.44
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Marital status - 0.12 3.02 0.29 6.05 0.12 2.55 -0.14 -2.68
Education qualification - 0.05 3.69 0.09 4.78 0.11 5.71 0.03 2.08
Income - 0.02 2.67 0.02 225 0.06 5.70 0.06 8.33
Factors related to activity participation
Activity frequency - 0.02 1.35 0.12 5.20 0.26 9.80 0.26 14.00
Travel distance - 0.18 12.34 0.28 14.65 0.38 18.95 0.18 12.93
Companion of acquaintances - 0.76 8.50 1.20 11.95 0.93 9.99 0.71 12.51
Wearing a mask - -0.51 -11.70 -0.91 -17.28 -0.59 -11.42 -0.57 -12.76
Disinfecting hands - 0.40 10.02 0.07 1.48 0.18 3.92 -0.21 -5.82
Closed spaces with poor

- 0.12 2.57 -0.01 -0.23 0.36 6.69 -0.10 -2.44
ventilation
Crowded places - 0.37 8.66 0.53 9.96 0.42 7.63 0.45 12.84
Close-contact settings - 0.32 8.59 0.65 14.88 0.68 14.87 0.46 13.20
Self-efficiency - -0.11 -5.83 -0.12 -5.35 -0.02 -1.03 0.07 371
Other's efficiency - 0.01 0.69 0.04 1.76 0.09 3.44 -0.05 -2.86
Self-safety - 0.04 1.90 0.06 2.12 0.13 4.63 0.03 1.85
Household member' safety - 0.10 4.79 0.17 6.14 0.09 345 -0.05 -2.88
Necessity of activity - 0.08 5.60 0.22 11.38 0.23 12.32 0.05 4.06
Punishment to activity - -0.08 -6.03 -0.04 -2.34 -0.10 -5.91 -0.04 -2.16
Risk-related psychological factors
Reliability of the information from

- 0.12 5.79 0.17 6.67 0.19 7.20 -0.01 -0.60
local government
Risk perception in residence

- -0.06 -3.02 0.03 1.20 -0.11 -4.73 -0.07 -3.61
country
Risk perception in residence

- 0.06 2.84 0.18 7.20 0.10 4.09 0.10 6.69
region
Risk perception in public transport - -0.03 -1.59 -0.09 -3.79 -0.11 -4.54 -0.03 -2.10
Trigger of government - -0.05 -2.18 -0.19 -6.97 -0.10 -3.53 -0.07 -3.51
Trigger of

- 0.01 0.41 0.03 1.17 0.06 2.40 0.12 6.99
workplace/organization/affiliation
Trigger of the number of infected

- -0.04 -1.76 0.00 0.10 -0.04 -1.34 -0.07 -3.93
cases
Acceptance of changing the
duration/timing of activity - -0.01 -0.60 -0.12 -4.47 -0.10 -3.75 0.01 -0.23
participation
Dependency - 1.06 3.80 -0.31 -1.54 -0.33 -1.35 - -
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Sensitivity parameters of social

Est. t-val(0) t-val(1l)
contact settings
Work/study 1.02 26.71 0.46
Shopping - -
Eating out 0.69 24.44 -11.18
Physical exercise 0.90 22.02 -2.45
Parties 0.85 21.32 -3.71
Cultural leisure 0.82 23.03 -5.01
Medical activities 0.42 17.83 -24.79

7.5.2 Factors related to contact settings

Activity frequency

People are prone to have physical contact (fully or partially (i.e., mixed with non-physical contact))
when performing activities with high frequency, and the number of contacted persons increases with
the increase in frequency. This observation may be due to psychological fatigue (Shearston et al., 2021)
from following social distancing measures accumulated during the long COVID-19 pandemic. For
those highly frequent activities (e.g., shopping, work/study), people may become less concerned about
the exposure to the virus via social contacts and as a result, they are more likely to have OPC/PCNPC

contacts, potentially leading to more and more infections.

Travel distance

The travel distance between home and destination shows positive influences on both social contact
mode choices and the number of contacted persons, indicating that if people go to a distant place, they
are more likely to have contacts with others in all possible contact forms (modes of OPC, ONPC, and
PCNPC) and contact more people. This is probably because during the pandemic, many activity venues
nearby people’s homes were closed and as a result, these people had to visit activity venues that are far

from their homes, making such venues gathering points that result in social contacts with more people.

Companion of acquaintances

If an individual performs an activity together with his/her acquaintances, he/she is more likely to have
all kinds of social contacts with others and contact more people. In line with common sense, if people
are going to perform daily activities excluding work/study with acquaintances, that daily activity itself
has a social nature of communication with people, so it is easier to have more social contacts around

them.
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Protective measures

Wearing a mask does not prompt people to have contact with strangers except their household members
or acquaintances. If people wear a mask, they are prone to contact fewer strangers, indicating that they
already reduced their social contact consciously when realizing the necessity of wearing masks to keep
themselves safe during the pandemic.

Oppositely, if people already disinfected their hands before/during/after performing an activity
(e.g., shopping, eating out, parties), they do not mind contacting others in a physical or non-physical
way. However, although people do not mind participating in activities with the physical presence of
others after disinfecting their hands, they are still prone to contact fewer persons during the pandemic.
This finding is in line with Chen et al. (2021) who showed that disinfection measure does not lead to a

higher probability to use public transport.

Protective capability and perceived safety

Here, the following protective capability and perceived safety are analyzed: i.e., self-efficiency (an
individual’s belief in his/her capability to protect him/herself from the infection), others' efficiency (an
individual’s belief in other persons’ capability to protect themselves from the infection), self-safety
(whether an individual thinks he/she is safe from the infection when performing an activity), household
members' safety (whether an individual thinks his/her household members are safe from the infection
when performing an activity).

It is estimated that if people think they are highly capable of protecting themselves from the
infection of the COVID-19 virus, they tend to contact more people. People would reduce their social
contact with others in the cases of only non-physical contacts and only physical contacts: i.e., people
with higher self-efficiency do not prefer to contact with others under these two contact modes. If people
cannot avoid social contact with both physical and non-physical contacts (e.g., in the case of work/study
and parties), they do not mind contacting more people, under the condition of high self-efficiency (e.g.,
being able to take sufficient protective measures). On the contrary, if people believe in others’ capability
of taking protective measures, they do not mind making social contact even when neither physical nor
non-physical contact could not be avoided, but they would consciously reduce the number of contacts.

For the risk perception about whether people think themselves and their household members are
safe from the infection, expectedly, when people think they or their household members are safer during
performing daily activities, they are more likely to have social contact with others in different modes.
However, if people think that their household members are safer, the number of contacted persons would
decrease. This indicates that individuals would not try to contact more people during performing daily

activities for the safety of household members.
Perception of 3Cs in activity locations

As for the 3Cs (i.e., closed spaces with poor ventilation, crowded places, close contacts), if activity

venues have closed spaces with poor ventilation, people are more likely to contact fewer persons
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(parameter: -0.10, t value: -2.44) for reducing the probability of being infected from others.
Unexpectedly, people would not avoid contacting others and would not reduce the number of social
contacts even when indoor activity venues are crowded places with close contact. This phenomenon
reveals that although people can choose to go to locations without a crowd or close contact, it is difficult
for individuals to avoid social contact when they have to do daily activities in crowded places or places
with close contact (e.g., work/study, shopping, medical activities). Thus, there is still a lot of

possibilities to improve crowded places with close contact.

Necessity and punishment

The perception of activity necessity (whether doing an activity is necessary or not) and punishment
(whether doing a certain activity should be punished or not) have significant effects on people’s social
contact behaviors. People are more likely to have social contact with others in all contact modes and
contact more people when they think that performing daily activities (e.g., work/study, shopping,
medical activities) is necessary even with a high risk of infection. Conversely, if people think that
performing daily activities during the pandemic should be punished (e.g., gathering in a concert), the
number of persons they contact decreases, and they are prone to make no contact with others. It seems
that most people have a clear understanding of the balance between necessity and punishment (or
responsibility) when performing activities, which indirectly indicates the effectiveness of governments’

policy measures and public opinion guidance related to COVID-19.

7.5.3 Risk-related psychological factors

Reliability of information

The more reliable the information announced by the local government, the higher the probability of
having contact with others, while such a phenomenon is not confirmed with respect to the number of
contacted persons. This may be due to the fact that people in these target countries have been willing to
live with the virus. Hence, people are prone to have social contact with others if they trust the infection
information (e.g., the Omicron variant only presents a low fatality rate) announced by the local
government. However, although people trust such information, they tend to not take the risk of infection

by contacting more people.

Risk perception at different spatial scales

The impacts of risk perception on people’s social contact behaviors show spatial differences. To be
specific, when people perceive a higher risk of infection in their residence country, they are prone to
reduce the number of contacted persons and the social contacts through the modes of ONPC and PCNPC.
If people’s risk perception about public transport increases, they would reduce social contacts through
the modes of OPC and PCNPC and the number of contacted persons for daily activities as well.

Conversely, social contact behaviors are positively associated with the risk perception observed in
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people’s residence regions (province/prefecture/state), and people would have more contact with others
although they perceive that the risk is increasing in their residence regions. This is probably because a
high-risk perception at the national level makes people realize how serious the risks are, and the high-
risk perception at specific locations (e.g., in public transport vehicles) reveals that the risk of infection
has been increasing nearby their daily action spaces. Thus, people feel they need to reduce social contact
instantly for safety, while the risks in residential regions are not treated as an obvious threat to people’s

daily lives.

Triggers of behavior changes

If people think they are more likely to change their behaviors because of formal governmental rules,
they tend to make no contact with others and decrease the number of contacted persons. Meanwhile,
people are prone to reduce the number of contacted persons if they attach more importance to the
number of infection cases. However, for those people who are easier to be affected by the formal rules
from their workplaces/organizations/affiliations, they tend to have social contact, through the mode of
both non-physical and physical contact, and contact more people. This may be because the share of the
contact mode “PCNPC” is highest for work/study, and the rules of workplaces/organizations/affiliations
only have a strong binding force on people’s contact behaviors for work/study. The rules of
workplace/organization/affiliation may tend to request people to take protective measures rather than

reducing work/study contacts.

Acceptance of changing the duration/timing of activity participation

The modeling results show that if people accept to change the duration/timing (or activity schedule) for
performing activities, even leading to various inconveniencies, they will reduce the probability of
contact through the modes of OPC and PCNPC simultaneously. That makes sense because if people can
reschedule their activities, they could avoid the peak hours of daily activities and avoid social contact

if there are fewer other people around.

7.5.4 Individual attributes

Males are more likely to have social contact with others through the forms of ONPC and OPC, and they
are further prone to contact more people, than females. For the contact mode “PCNPC”, gender does
not matter. This observation may be because males usually have more social opportunities (e.g.,
working contacts or eating out after work) than females. But for activity settings with more participants
(e.g., parties, and cultural leisure), both males and females are easier to have ONPC and OPC
simultaneously, leading to a slight gender difference for the contact mode “PCNPC”. Older people are
less likely to contact with others through all contact modes, in comparison with no contact. However,
age is not influential to the number of contacted persons. This may be because older people well
recognize the higher infection risk (infection rate and severity of illness) of their age group. As a result,

on one hand, they consciously try to avoid any contact with others for daily activities as far as possible.

126



Chapter 7 Investigation of multi-faceted social contact decisions under the impacts of COVID-19:
Joint analysis of contact mode choices and the number of contacted persons

On the other hand, if social contact with others cannot be avoided, they would have no way or no ability
to reduce the number of persons they contact. People with higher education qualifications and income
are more likely to contact others and contact more other people. This may be because such people have
more opportunities or better access to perform various daily activities and consequently make more
social contacts with others.

Married people are more likely to have social contact with others, probably because they have to
perform more maintenance/mandatory (e.g., shopping, work) activities to support their family lives. On
the other hand, married people try to contact fewer people. This may be because they are more worried
about household members’ infections through out-of-home social contact. Household size does not
matter to people’s contact mode choices, but it surely does to the number of contacted persons. This
indicates that if people live with more household members, they are prone to contact more people during
daily activities. This observation is intuitively understandable because larger households have more
opportunities to perform maintenance/leisure activities (e.g., shopping, gathering) together with their

members, resulting in contacting more people during activity participation.

7.5.5 Heterogeneous influences across activity settings

Larger (smaller) sensitivity parameter means that the people’s choice probabilities of the social contact
behaviors for corresponding contact setting are more (less) sensitive to external variables and easier
(harder) to change under the impact of these variables when they are compared with the choice
probabilities of contact behaviors for shopping setting. All the above observations are further
heterogeneous across activity settings because all the activity-specific sensitivity parameters (except
the work/study setting) are statistically significant against both 0 and 1. The t-test against O is for testing
whether the obtained sensitivity is meaningful or not, and the t-test against 1 is for testing whether the
obtained sensitivity is the same as that of the reference activity (i.e., shopping) or not. All the sensitivity
parameters are positive, while the sensitivity for work/study is statistically indifferent from that for
shopping. The sensitivity parameters for other activity settings are all smaller than 1, indicating that
individuals’ social contact behaviors for these activities are less sensitive (in terms of influencing
magnitudes) to those significant factors identified from the modeling analysis, relative to shopping. This

phenomenon is especially obvious for eating out (0.69) and medical activities (0.42).

7.6 Conclusion

In this study, a unique social contact survey concerning seven main daily contact settings (work/study,
shopping, eating out, physical exercise, parties, cultural leisure, and medical activities) was conducted

in six developed countries from March to May 2021 and more than 7000 respondents provided valid
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answers. A copula approach was used to capture the dependence between social contact mode choices
and the number of contacted persons which were represented by a multinomial logit model and an
ordered logit model, respectively. Various factors affecting the social contact behaviors were

investigated.

Findings

First, five types of copula functions, including FGM, Gumbel, Joe, Clayton, and Frank, were estimated
and compared with a model without dependence on the two social contact behaviors. Results
empirically confirmed that the Frank copula outperforms other copulas, where the theoretical features
of the Frank copula also support this empirical observation. As for the dependence related to social
contacts, indirect contacts were estimated to be dependent on the number of contacted persons.
Considering that existing studies have neglected the role of indirect contact in COVID-19 transmission,
the above finding is especially important to implementing more effective pandemic policies.

Second, frequency of activity participation is positively associated with more physical contacts
and having contacts with more people during performing an activity. Various social contacts were
observed at places far from home, while the presence of acquaintances will increase the number of
social contacts in all modes and the number of contacted persons.

Third, people tried to perform activities in spaces with poor ventilation, but unexpectedly, crowded
places with close contact would not encourage people to perform safer social contact. Wearing a mask
and disinfecting hands discouraged people to contact more people. Disinfecting hands does not
necessarily encourage people to avoid unsafe contact, but wearing a mask does.

Fourth, various influences of psychological factors on social contact are found. People feel
struggling between performing necessary activities and worrying to be punished. Trust in the
governmental risk information leads to more contact in all modes but does not affect the number of
contacted persons. People’s risk perceptions at different spatial scales (the highest risk was perceived
within public transport vehicles) present inconsistent influences on the choices of social contact modes
and the number of contacted persons: this observation seems to be in line with the fact of many
infections even under strict restrictions, which obviously brings difficulties and complexities into
pandemic policymaking.

Fifth, government rules are more effective in to encourage safer social contacts than the rules from
workplaces/organizations/affiliations. Higher acceptance of changing the duration/timing for activity
participation is positively associated with safer social contacts.

Sixth, all the above observations show their sensitivity to the specific social contact settings, in
terms of the magnitudes of the effects, in the sense that the parameters supporting the above
observations vary significantly across different settings.

The revealed influences of various factors on social contact behaviors in different contact settings
suggest that pandemic control policies should be carefully designed and timely adjusted in response to

various changes. In this regard, technology-supported scientific monitoring of people's behaviors and
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the risk-protection conditions of activity-travel environments and the resulting context-sensitive

warnings should be implemented in a seamless manner.

Academic contributions

Both survey and modeling approaches have unique and attractive features. The social contact survey
implemented in this study differs from existing social contact surveys in several ways: (1) leisure
activities are detailed; (2) psychological factors are investigated with respect to different social contact
settings; (3) altruism is reflected by asking respondents’ perceptions of their household members’
capacity of managing social contacts under risky environments. The copula modeling approach is
flexible and logical to represent the dependence between social contact mode choices and the number
of contacted persons and especially, it has the potentials to represent more complicated social contact

decisions even with larger dimensions.

Limitations and future challenges

The social contact survey of this study only targets average situations during the COVID-19 pandemic,
which ignores changes and variations in social contact decisions themselves and their influential factors.
It is therefore worth investigating a panel survey in the future, which is especially useful to capture the
effects of social-distancing fatigue, even though the panel survey is costly and time-consuming. The
way of investigating social contacts could also be improved, for example, by conducting an activity-
travel diary survey, even though this will increase respondents’ answering burdens. For deriving general
findings, this study pooled all data collected from six developed countries. In the future, it may be worth

exploring how the findings from this study may vary across countries.
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CHAPTER 8 Conclusions

8.1 Introduction

This dissertation gives a seamless exploration of individuals’ behaviors mechanisms of the activity-
travel behaviors with social contacts and provides important policy implications for pandemic
policymaking. In the beginning of this study, the necessity of pandemic policymaking based on analysis
of behavioral mechanism is stated and the key research questions of pandemic behaviors is introduced
(Chapter 1). Then, an overview of the research status about individual’s pandemic behaviors is reviewed
for the behavioral and psychological adaptations to COVID-19, travel mode choice and social contact
(Chapter 2). The methodology applied in this study is introduced from the perspectives of survey data
and modeling approaches (Chapter 3). Individuals’ behaviors mechanisms are explored in the multiple
behaviors case of dynamic activity-travel behaviors with social contacts (Chapter 4) and the single
behavior cases of travel mode choice behaviors (Chapter 5) and social contact behaviors (Chapter 6 and
7) respectively. To answer the research questions in this study, this Chapter 8 would first give a summary
of the research conclusion. Then it is followed by a discussion of policy implications. Finally, the

limitations and future research challenges of this study are described.

8.2 Conclusion

The COVID-19 pandemic has made a tremendous impact on people’ behaviors for whether multiple
activity-travel behaviors with social contact or a certain single behavior in it during the process of
travelling and doing activity. Exploring the individuals’ behaviors mechanisms of the activity-travel
behaviors with social contacts and obtaining a sufficient knowledge about it are the basic of conducting
a sensible pandemic policymaking. A reasonable modelling approach and survey design contributes to
exploring individuals’ behavioral mechanisms. And individuals’ demographic attributes, psychological
factors and activity participation attributes play an important role in affecting people’ behavior changes.

To realize the research purposes for exploring pandemic-related behavioral mechanism, this
dissertation first attempts to develop a dynamic structural equation model for clarifying the dynamic
associations between psychological factors of policymaking and temporal behavior changes with the

data of Japan. After that, this study makes two single behavior analyses for travel mode choice behaviors
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and social contact behaviors respectively with the case study in six developed countries (Australia,
United States, New Zealand, Canada, United Kingdom, Japan). The impact of psychological/cultural
risk factors and pre-pandemic preparedness on individuals’ travel mode choices across travel purposes
during the COVID-19 pandemic is revealed by estimating a mixed hybrid choice model with correlated
latent variables. The changes of the number of social contacts between influenza period in 2019 and
pandemic period since 2020 and its heterogeneity across variables and contact settings are revealed by
the calculation of total number and mean number. Meanwhile, the joint social contact behavioral
mechanism of the contact modes and the number of contacted persons are revealed by a copula-based
approach. The analysis results of the dynamic activity-travel and social contact behavior changes, travel
mode choice and social contact behavior in this study have shown an evident consistency with each
other.

Some findings are summarized to show individuals’ behaviors mechanisms of the activity-travel
behaviors with social contacts under the background of the COVID-19 pandemic as follows.

First (answer Q-1), it is significantly confirmed that people’s accumulated behavior changes in the
past can affect all psychological factors of the reliability of information sources, the risk perceptions,
the attitudes toward COVID-19 policymaking capability, the attitudes toward PASS-LASTING based
policies. And these psychological factors will further influence the most recent behavior changes. That
influence is especially obvious for the relationship between risk perception and recent/accumulated
behavior changes. People have an obvious different share of the high-risk perceptions in different spatial
scale. Meanwhile, the recent behavior changes are most affected by accumulated behavior changes in
the past in an indirect way. People’s behavior changes are mostly characterized by avoidance behaviors
for the direct contacts or talking with others (avoid social contacts). The attitudes toward policymaking
capacity (e.g., government) may be more important than the attitudes toward specific policy on
influencing people’s behavior changes. The positive attitudes (e.g., specialized, enthusiastic, competent,
can be trusted) toward policymaking capacity can prompt people to follow PASS-LASTING based
policy measures. People’s perception of information reliability is most decided by the information from
authorities (i.e., central/local governments, experts, medical institutes)

Second (answer Q-2, Q-3, Q-4, Q-8), people’s travel mode choice behavior shows a diversity
across the travel purposes. Although the use of public transport decreased significantly during the
COVID-19 pandemic, people still rely on public transport for shopping and medical activities. People
are less likely to change travel mode choices for commuting than other travel purposes. The impact of
latent psychological/cultural factors on travel mode choice show an obvious diversity across different
travel purposes. The trust is positively influential to risk perception, and the significant associations
between latent factors indicate a direct and indirect effect of them on the travel mode choice behaviors.
Risk perception is found to be more remarkable at larger spatial scales than inside crowded public
transport vehicles. The effect of the cultural orientations on travel mode choices can be divide into two
dimensions: hierarchism-egalitarianism and individualism-fatalism because of the higher similarities in

each pair. Hierarchists and egalitarians are mainly reflected in travel mode choices for shopping and
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physical exercise, while individualists and fatalists are dominating in travel mode choices for other
travel purposes. Individualists and fatalists show a completely opposite preference to Hierarchists and
egalitarians for all trip purposes except work/study. The preparedness focusing on risk-concerned travel
habits formed before the COVID-19 pandemic shows a significant impact on travel mode choices, but
the influences are not consistent across travel purposes.

Third (answer Q-5, Q-6, Q-8), there is an obvious heterogeneity of the number of social contacts
and its changes across the targeted attributes and contact settings, the pandemic policymaking could
focus on the protection of specific group with higher danger level of social contacts. For instance, people
especially contact more people in work/study setting and public transport setting. Older people are more
dangerous to the virus, but it is difficult for the elderly (over 70 years) to decrease the social contacts
during the medical activities. If a country (e.g., US, AU) has eased the lockdown interventions for a
long time, people in that country would contact more people for leisure activities averagely than other
countries. However, the number of social contacts in that country were high as well for medical
activities which could be led by the infection of the coronavirus. There is an obvious inequity of the
access to safety from infection by decreasing social contacts for the people with low educated level and
low income. People’s number of social contacts is positively associated with the frequency and duration
for performing the activities, but the social contacts occurred with high-frequency (e.g., shopping) and
long-duration had decreased significantly after the pandemic. People’s contact modes and the taken
protecting measures are associated with the number of social contacts during the pandemic and show
different features across the contact settings. On one hand, most PCNPC contacts occurred in
work/study setting and party setting, while the most ONPC contact occurred in shopping setting and
public transport setting. On the other hand, protecting measures are well implemented for work/study
setting and shopping settings during the pandemic.

Fourth (answer Q-6, Q-7, Q-8), the joint estimation of people’s different indexes of social contact
behaviors is possible via the copula approach. Thus, a significant joint correlation between the ONPC
mode and the number of social contacts is found indicating that people trend to simultaneously increase
the number of contacted persons and the probability of having ONPC contacts with others under the
influence of common unobserved factors during the COVID-19 pandemic, but that significant
dependency is not found for OPC/ PCNPC contacts. Not only individuals’ demographic attributes but
also the psychological factors and activity participation attributes have a diversified influence on
people’s joint choice of social contact behaviors. Some factors may have a significant influence on the
probability of a certain contact mode, while they may not be significant for other modes. Moreover,
having contacts with others doesn’t means people would contact more people, for instance, the
perception of higher self-efficiency and lower other's efficiency would prompt people not to contact
with others, but when they can’t avoid the social contacts, they don’t mind contacting more people.
People’s safe feelings (safe from infection) of their household members can decrease the probability of
having no contacts with others, but it will decrease the number of contacted persons at the same time.

Some attributes show the same impact on social contact choices that consistent with the findings in
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descriptive analysis of the number of social contacts in chapter 6, which proves the consistency of model
analysis and description analysis of social contacts. The behavior changes of social contact during the
COVID-19 pandemic are found in the forms of dramatic decrease of the number of social contacts and
avoid contacts with others. The additional subjective psychological variables in copula analysis
highlight that people’ risk-related psychological factors (e.g., reliability of information source, risk
perception in different spatial scale) surely have the significant impact on a certain behavior change too.
And it is reasonable to include risk perception with different spatial scales in the behavior analysis
because of the obvious difference among them. The joint analysis of social contact also indicates that
the difference of behavioral mechanisms for different contact settings can be reflected not only in the

difference of positive-negative effects but also in different sensitivity to influencing factors.

8.3 Policy implication

Based on the result obtained in the case study of target countries, this dissertation has found five key
prerequisites for the pandemic policymaking:

1) The pandemic policymaking for multiple activity-travel behaviors in daily life and the
policymaking for a certain single behavior aren’t separated process from each other. On one hand, the
policymaking of multiple behaviors can comprehensively regulate people's daily behaviors and provide
the guidelines for the policymaking of single behavior. Some influences of variables in the process of
multiple behaviors policymaking are also applicable to that of single behavior policymaking, which can
be used as a reference. On the other hand, the single behavior policymaking adds more operational
details of conducting measures for multiple behaviors policymaking by including the influences of more
external variables. And if the details in single behavior policymaking are contrary to the multiple
behaviors policymaking, the feedback and error correction from single behavior policymaking can be
made to the multiple behaviors policymaking reversely. The policymaking for multiple behaviors and
single behavior is complementary to each other.

2) The dynamic associations between policymaking and behavior changes over time are especially
important for behavior policymaking. Previously conducted policies (e.g., strict lockdown in initial
phase of pandemic) may not be effective and practical anymore as the COVID-19 pandemic continues.
And avoiding people’s policy fatigue and prompting preparedness for the pandemic should be
considered for pandemic policymaking as well.

3) Individuals’ psychological factors are crucial for the pandemic policymaking. Especially the
risk perception in different spatial scales can provide an overall view on the behavioral mechanisms
when people facing the risk of a pandemic like the COVID-19, hence, it shouldn’t be ignored in the
policymaking process of activity-travel behavior and social contact.

4) There exists a significant logical relation between different psychological factors, policymaker
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should pay attention to that, because it is very likely that changing one policy related to one aspect of
individuals’ psychological factors will have a knock-on effect on the implementation of other policies.

5) The pandemic policymaking should be tailored to specific situations of activity-travel behavior
with social contact because people’s behaviors have obvious differences not only across the groups of

attributes but also across the contact/travel settings.

From the perspective of the five mentioned prerequisites, the specific recommended policies of

activity-travel behavior with social contact are summarized as follows.

Policy implications of behavioral and psychological adaptations to COVID-19

1) All categories of the PASS-LASTING based policy measures should be taken to effectively
control the COVID-19 pandemic. The PASS-LASTING based policy measures appear to be widely
accepted and followed by individuals during the COVID-19 pandemic, proving that PASS-LASTING
based policy measures (Zhang, 2020; Zhang, 2021) are rational and effective. In particular, the “Avoid”
measures show a significant impact on people’s behavior changes. Some measures such as avoiding
inconsistent information, avoiding crowded platforms and vehicles of public transport systems, and
avoiding activities/trips involving close physical distance should be strongly recommended. Such
measures are not only feasible but also less costly. The importance of such avoidance measures is also
consistent with the observations by Shimizu and Negita (2020), who studied Japanese people’s
responses to the first wave of the COVID-19 pandemic.

2) Governments should ensure that the information they provide is reliable. The more authoritative
the government is, the more likely it is that people will cooperate in making behavior changes which
will prevent the spread of the virus. Communications between governments and the general public
should be better designed by reflecting the up-to-date insights from social psychological research.
Governments also need to build a channel to receive feedback from the public about perceptions of the
reliability of their information and address any concerns in a timely way. The above policy
recommendations are in line with the argument by Hyland-Wood et al. (2021), who stated that
government policymakers should promote widespread public participation by involving diverse
communities and using digital technologies in communication and engagement activities.

3) Government (especially local governments) should pay more attention to the public’s attitudes
to them and take some feedback to improve people’s feelings about governments’ expertise, enthusiasm,
competence and trust. In this regard, Kim et al. (2020) showed a similar observation that effective risk
communications can improve the public’s attitudes to governments. Both central and local governments
should ensure the consistency of policymaking. After the central government takes policy measures,
local governments should take subsequent measures, accordingly. Ren (2020) compared COVID-19
policymaking in China, Italy, and the US to examine how crisis responses in each country are shaped

by its central-local government relations and concluded that central governments should play the key
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role in controlling the current pandemic. To guarantee such policymaking consistency, the COVID-19
policymaking headquarters in the central government should involve key members from local
governments. As behavioral interventions have to be made with respect to various behaviors across life
domains, a cross-sectoral and interdisciplinary policymaking framework should be established as the
most fundamental framework to support effective policymaking. It is already very obvious that public
health authorities cannot stop the pandemic by themselves. The importance of such a cross-sectoral
policymaking system is strongly supported by Mei’s (2020) research.

4) COVID-19 policymakers should pay more attention to people’s time-varying behaviors by
encouraging behavior changes that are helpful in controlling the pandemic, while at the same time
restricting behavior changes which worsen the pandemic. Acuia-Zegarra et al. (2020) also revealed that
individuals’ intentions to follow preventive measures change over time. Co-changes in various
behaviors and fatigue of behavior changes caused by continuous interventions should be addressed. It
seems important to figure out several key behavior changes that may trigger other changes automatically
without further interventions. In other words, intervention policymaking should have clear targets in
order to avoid unnecessary pressures on people and to enhance policymaking efficiency. This is because
when a policy is implemented for a long time, people will inevitably show policy fatigue, which may

weaken the effects of the policy (Rahmandad et al., 2021; Petherick et al., 2021).

Policy implications of travel mode choice during the COVID-19 pandemic

1) The traffic restriction of public transport can control the infection, but it is worth discussing
because people rely on the use of public transport for essential activities, such as shopping and medical
activities travels. Guaranteeing a safer environment for the use of public transport during the COVID-
19 pandemic and rebuilding confidence in using public transport after the pandemic would be crucial
questions, even when people are inside public transport vehicles for a long time. Pandemic-resilient
transport policies (e.g., social distancing) should be sensitive to locations. These previous measures
could ensure the objective and subjective safety of people.

2) Trip makers’ cultural risk factors should be properly reflected in making pandemic-resilient
transport policies that can well distinguish between the four types of cultural orientations: i.e.,
hierarchism, egalitarianism, individualism, and fatalism, depending on different travel purposes. For
instance, individualists and fatalists prefer to choose risky public transport for unessential activities,
they are not interested in following social rules, thus some virtual personal benefits (e.g., free parking)
for choosing a car or active transport would be more effective to attract individualists and fatalists. If
policymakers want the use of public transport to restore to the level of pre-pandemic, building a social
consensus that the use of public transport is recommended and safe for high-frequency daily travels
(e.g., for shopping travel) would be more useful.

3) Governments and health/medical agencies should make efforts to encourage people to form a

well-prepared distance-sensitive lifestyle that is useful to survive from pandemics. For instance, it is
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difficult and uncomfortable for people to change their habit of travel mode for commuting suddenly,
hence, consciously changing the travel habit of mode choice for commuting (e.g., from high-risk mode
to low-risk mode) in the early pandemic would be helpful for people to prepare for or adapt to the life
in a post-pandemic era. More types of preparedness should be made with respect to various stakeholders,
as suggested by the PASS approach, from which various “prepare-protect-provide”, “avoid-adjust”,
“shift-share”, and “‘substitute-stop” policy measures have been summarized/proposed (Zhang, 2020).

4) As the during-pandemic tentative measures, reasonably sufficient parking places should be
prepared at areas of shopping and physical exercise as well as medical activities, for the use by car, bus,
shared mobility and taxi. At areas with medical facilities, bus stops should be further installed, which
could contribute to the use of bus. Higher dependence on car caused by COVID-19 should be restricted
by both effective transport and non-transport policy measures after the pandemic, where non-transport
policies should be given a higher priority considering that travel demand is derived from activity
participation.

5) Even though up to the survey period in this study, the governments of the targeted six countries
had taken various protective measures (e.g., requirements of wearing masks, disinfection, and keeping
social distance) for all types of travel modes, our analysis results revealed trip makers’ diverse,
heterogeneous and complicated responses to the pandemic, where some responses are even seemingly
contradictory from each other. Both logical and illogical perceptions about the infection risk, which is
significantly associated with trust in governments and medical agencies, are detected. The above
observations re-confirm the importance of differentiated risk communication with respect to different
activities, where different stakeholders should play different roles in the communication, as evidenced
by Zhang (2021).

Policy implications of non-household social contact during the COVID-19 pandemic

1) The pandemic policymaking on social contacts should focus on the target population with high
risk of infection through the daily social contacts. For instance, the people aging over 60 years have
higher risk of the COVID-19 virus, however, they have contacted more people during the work. It is
sensible to increase the percentage of telework and vaccination for old working people during the
pandemic. The older people are harder to avoid social contact with others. And the elderly over 70 years
is most dangerous under the exposure of the COVID-19 virus, however, they have to perform medical
activities usually during the pandemic due to their health status. It is difficult for them to decrease the
social contacts. But the remote medical services can resolve these problems easily. The government can
provide some financial supports for the private or communal remote medical services. There are more
social contacts for the staffs in government and educational institution, such as the contacts with the
people coming to government for formalities or students in school. To ensure the normal operation of
the government and the safety in reopened school during the pandemic, the staffs in these organization

should take more protecting measures and regular nucleic acid amplification test could be conducted in
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government and school if someone want to have a test. If people have a larger household size, they are
less likely to decrease the work contacts, this phenomenon is also applicable to other contact settings
as well. That is caused by many complicated reasons, such as the responsibility of earning money and
support the family. But the government could provide more subsidy to these people who have higher
economic pressures with a larger household size. The low educated people and people with low income
have less ability to decrease their daily social contacts especially for public transport, work, and
shopping during the pandemic. They are suffering from the higher risk of getting infection. The
government could provide some free medical supplies for pandemic prevention (such as mask or
disinfectant) to the people with low education background or low income.

2) The pandemic policymaking should especially focus on the protection in the locations of
people’s high-frequency activity (e.g., workplace, school, shopping venue), because it is easy for people
to form a policy fatigue when performing high-frequency activities and relax their vigilance of the
infection via social contacts. Closing the venues of daily activity (such as restaurants) near people’s
residences can reduce people's social contact, but it also encourages people to travel farther and meet
more people, which in turn increases the risk of infection. Taking protecting measures could prompt
people to decrease the social contact behaviors consciously. But the measures of disinfecting hands in
public transport is very limited. It is necessary to provide more hand disinfection facilities in public
transport and disinfect the public transport vehicle regularly. The social contacts without any protecting
measures decreased significantly during the pandemic, however, the contacts without any protecting
measures still increased slightly for shopping, cultural leisure, and medical activities settings, which
means there are some people who never taking protecting measures and contacted more people during
the pandemic. The policymaker should pay attention to these parts of people in the next wave of the
pandemic. People are sensitive to the 3Cs features in activity locations, hence, the policy avoiding 3Cs
should continue.

3) Pandemic policymaking should be made from the perspective of ensuring personal safety and
from the perspective of ensuring the safety of people’ household members. Because people are more
willing to reduce social contact for the safety of their families even than the safety of themselves.
Clarifying the necessity and possible punishments for performing activities during the pandemic can
further improve the effectiveness of policies. In addition, the importance of the differentiated risk
communication pathways (e.g., reliability of information source, trigger of formal rules introduced by
the government) with respect to different activities for policymaking is confirmed again.

4) In fact, most people have a clear understanding of the high risk of infection for the close contacts,
that is why previous studies and policymaking were focusing on close contacts. However, the the
significant dependency between the number of social contact and the choice probability of having only
indirect non-physical contacts has revealed that the policymaking for indirect non-physical contacts is
also indispensable. When the policy affects the number of contacts, it will also affect the probability of
having non-physical contacts. That increases the complexity of the policymaking for non-physical

contacts. But this does not mean that ignoring policymaking for non-physical contacts is reasonable.
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On the contrary, considering non-physical contacts is crucial for a comprehensive pandemic
policymaking.

5) Non-mandatory policies have different effectiveness under different contact settings. A certain
policy that is effective for work/study and shopping setting may not be so effective for other contact
settings. For instance, people especially show less intention to change their contact mode and the
number of contacted persons for medical activities setting. So, the pandemic policymaking needs to be

flexible and depend on the specific circumstances.

8.4 Future research challenges

This dissertation has focus on the pandemic policymaking based on the exploration of people’s
behavioral mechanism of activity-travel behaviors with social contacts. However, there are some
research challenges need to be discussed in future research.

First, for the research data, this study only applied the RP survey data for the behavior
policymaking analysis, the Big Data and Open Data of people’s mobility behaviors and social contact
behavior could well expand the scope of macroscopic behavior analysis. And because the data is
collected in a few target countries, the findings may not be generalizable, it is necessary to conduct
further studies in other countries in order to make international comparisons. It is difficult to obtain the
dynamic psychological data precisely in our conducted surveys, only individuals’ psychological status
during the conducted periods of surveys are collected. A longitudinal panel survey with dynamic
psychological data at different points in time would be helpful for further dynamic analysis for
behaviors.

Second, for the research framework, a comprehensive framework is built for the analysis of
activity-travel and social contact. However, there are some elements illustrated by dotted arrows need
to be resolved in future studies. Pre-pandemic preparedness is an important factor indicating the
dynamic effect of people’s behaviors before and during the pandemic, but the detailed behavior analysis
of pre-pandemic preparedness hasn’t been conducted with the correlations between different factor
clusters in this study. And it is only be adopted to the analysis of travel mode choice behavior. For the
behavioral analysis of activity-travel and social contact in this dissertation, only the analysis of social
contact has considered about the joint relationship between different behaviors (contact mode and
number of contacted persons), that kind of correlations across other behaviors could be further studied.
In the multi-behavior dynamic analysis of activity-travel and social contact, I only analyzed the
influence of accumulated experience during the pandemic on current behavior and ignored the dynamic
effect between the behaviors at different time points within accumulated behavior.

Third, for the research contents, this dissertation explores the behavioral mechanism and conducts

the pandemic policymaking with the help of psychological factors reflecting personal feelings about
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policymaking processes. However, some unique policy measures made for all individuals in different
countries haven’t been examined directly. Only the travel mode choice behaviors and social contact
behaviors outside home are further investigated in the scale of single behavior. Further research may
focus on the single behavior research in other aspects of people’s activity-travel behaviors during the
pandemic. And the impact of individuals’ influencing factors (e.g., psychological factors) on their
behaviors is explored, however, the daily behaviors could also significantly affect people’s
psychological factors in reverse, that kinds of explorations haven’t been investigated in the single
behavior analysis of this study. Including the bidirectional relationship between behaviors and
influencing factors in research is an important challenge for a comprehensive policymaking. The
dynamic effect of behaviors is only investigated in the analysis in chapter 4 and 5, further dynamic
analysis for people’s social contact behaviors is needed.

Fourth, for the modeling analysis, the social contact behaviors in public transport vehicles setting
are only explained by descriptive analysis due to the limitation of data. The modeling analysis for social
contact behaviors in public transport vehicles is need for solid evidence of pandemic policymaking. The
contact time for different contact setting is another important index of people’s social contact behaviors,
while it is only explored by the descriptive analysis in this study. Further study may investigate the
social contact behaviors in the three dimensions of contact mode, number of contacts and contact time
simultaneously via the Copula approach or other joint modeling approaches. The applied copula-based
approach couldn’t resolve the sample selection bias caused by individuals' random responses during the
process of survey, a mixed copula-based model with randomness could be developed for further

research.
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Appendix 2: Questionnaire of comparative survey of activity-travel and social contact before-during

COVID-19 in English

Intro The current COVID-19 pandemic has imposed various impacts on people’s lives. This questionnaire survey aims to investigate
changes in your daily life, social contacts, and protective measures against infection from viruses, etc., during the current pandemic
(2020 and 2021) and before the pandemic (i.e., during influenza seasons in and before 2019). Your perceptions and attitudes related
to the control of the current pandemic are also asked. All data collected will be treated statistically and used only for scientific
research on how to control the current pandemic and prevent future pandemics. Any privacy information that can identify a
specific person will not be included in the data. We would like to express our sincere thanks to your kind cooperation.

Part 1 Individual Household Attributes

Al Please tell us your gender.

1
2

A2 Please tell us your age.

Male

Female

14 and below
15~19
20~29
30~39
40~49
50~59
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7 60~64
8 65~69
9 70 and above

A3 Please tell us region/state, city/town and Postal
code of your residence.
Province/State/Region
City/town
Zip code/postal code
A4 Please tell us your occupation.
1 Company employee / company officer or self-employed
2 Governmental officier/staff / organization employee
3 Faculty or staff of an educational institution: e.g., school or university
4 Housewife or househusband
5 Part-time job
6 Student
7 Other unemployed (including pensioners)
8 Other
A5 Which industry does your occupation belong

to?

Agriculture, forestry, or fishery

Mining, or construction
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3 Manufacturing industry

4 Electricity, gas, heat supply, or water supply
5 Information and communication industry

6 Transportation industry

7 Wholesale / retail

8 Finance / insurance business

9 Real estate business

10 Restaurant / accommodation business

11 Medical / welfare

12 Education / learning support business

13 Other service industries (legal, academic, religion, complex services, etc.)
14 Others

A6 How many household members (including
yourself) live together?

1 Total number of household members living together (including yourself)
2 Number of children under 11
3 Number of children 11-18
4 Number of people aged 65 and over

A7 Please tell us your marital status.
1 Unmarried
2 Married
3 Divorce / bereavement
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Civil Partnership (not marriage but a legal status for couples)

A8 Please tell us the family members with whom
you live?

1 Spouse/Couple
2 Your child/children
3 Grandchild / Grandchildren
4 Parents/grandparents of you / Parents/grandparents of your spouse
5 Other
6 None

A9 What is the type of your house?
1 Rental: Detached
2 Your own: Detached
3 Rental: Semi-Detached
4 Your own: Semi-Detached
5 Rental: Terraced
6 Your own: Terraced
7 Rental: Flat/Apartment
8 Your own: Flat/Apartment
9 Other

Al10 What is the highest level of educational

qualification you have achieved?
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(Allows one selection)

1 No formal qualification

2 Primary school/Elementary school

3 Secondary school/Middle school/ Junior high school
4 High school/Senior high school

Vocational school/College
Undergraduate/ Bachelor

Master degree

[c<REEEN e Y

Doctoral degree

All Which of the following represents the total ANNUAL income of your household BEFORE covid-19 PANDEMIC from all sources,
before tax?
(Allows one selection) AUD USD NZD CAD GBP

1 under 15,000AUD under 15,000USD under 15,000NZD under 15,000CAD under 10,000GBP
2 15,000AUD to 24,999AUD 15,000USD to 24,999USD 15,000NZD to 24,999NZD 15,000CAD to 24,999CAD 10,000GBP to 19,999GBP
3 25,000AUD to 34,999AUD 25,000USD to 34,999USD 25,000NZD to 34,999NZD 25,000CAD to 34,999CAD 20,000GBP to 29,999GBP
4 35,000AUD to 49,999AUD 35,000USD to 49,999USD 35,000NZD to 49,999NZD 35,000CAD to 49,999CAD 30,000GBP to 39,999GBP
5 50,000AUD to 74,999AUD 50,000USD to 74,999USD 50,000NZD to 74,999NZD 50,000CAD to 74,999CAD 40,000GBP to 49,999GBP
6 75,000AUD to 99,999AUD 75,000USD to 99,999USD 75,000NZD to 99,999NZD 75,000CAD to 99,999CAD 50,000GBP to 74,999GBP
7 100,000AUD to 124,999AUD | 100,000USD to 124,999USD | 100,000NZD to 124,999NZD | 100,000CAD to 124,999CAD 75,000GBP to 99,999GBP
8 125,000AUD to 149,999AUD | 125,000USD to 149,999USD | 125,000NZD to 149,999NZD | 125,000CAD to 149,999CAD | 100,000GBP to 124,999GBP
9 150,000AUD to 174,999AUD | 150,000USD to 174,999USD | 150,000NZD to 174,999NZD | 150,000CAD to 174,999CAD | 125,000GBP to 149,999GBP
10 175,000AUD to 199,999AUD | 175,000USD to 199,999USD | 175,000NZD to 199,999NZD | 175,000CAD to 199,999CAD 150,000GBP and over
11 200,000AUD and over 200,000USD and over 200,000NZD and over 200,000CAD and over

181



Appendices

Part 2 Social Contacts During Activity

activity category of social activity location of social contact Q1. How often do you perform the following activity at the following
contact location?
[1] Never
[2] The first time
[3] Less than once a month
[4] Once or twice a month
[5] Once or twice a week
[6] Daily or almost daily
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) present
work/study company/ school [17 [21 [3]1 [41 [51 [e] [1T [21 [3]1 [41 [51 [e]
shopping supermarket/shopping mall [17 [21 [3]1 [4]1 [5] [e] [11 [21 [3]1 [4] [5] [e]
eating out restaurant [11 [2]1 31 [4] [5] [e] [11 [2]1 31 [4] [5] [e6]
leisure/re exercise/sports indoor places (e.g., gym) [1T [2]1 [3] [41 [51 [e] [11 121 [31 [4]1 [5]1 [e]
creation |+ indoor public places(e.g., bar) [11 21 31 [4] [5] [6] [11 21 B1 [4] [5] [6]
culture leisure cinema, concert hall, etc. [11 21 [3]1 [4]1 [5] [e] [11 121 [31 [4]1 [5] [e]
medical seed . ..
s doctor/purchase | hospital, clinic, etc. [11 121 [31 [4]1 [5]1 [e] [11 121 [31 [4]1 [5]1 [e]
activities ..
medicine
category location [Multiple choice] Q2. How long is the distance between the following activity location and
your home?
[1] Less than 1 km
[2] 1 km or longer, but less than 2 km
[3] 2 km or longer, but less than 5 km
[4] 5 km or longer, but less than 10 km
[5] Longer than 10 km
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to

2019 (during the Influenza season) present
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work/study company/ school (21 Bl 16 [5] (k1 By M 6
shopping supermarket/shopping mall (1 k1 Bl M B (rrr By Mo B

eating out restaurant (R B P B K I G B R (rrr By Mo B
leisure/re | €Xercise/sports | indoor places (e.g., gym) (21 B1 41 [5] (k1 By M 6
creation | vty indoor public places(e.g., bar) (r 21 Bl 16 [5] (ar k1 B M 6

culture leisure

cinema, concert hall, etc.

(r k1 B M 6 (L I P R K1 I ) B B

medical
activities

see a
doctor/purchase
medicine

hospital, clinic, etc.

activity category of social

activity location of social contact

Q3. How much is your average time to perform the following activity at

contact the following location each time?
[1] less than 5 mins
[2] 5 mins or longer, but less than 15 mins
[3] 15 mins or longer, but less than 30 mins
[4] 30 mins or longer, but less than 1 hour
[5] 1 hour or longer, but less than 4 hours
[6] 4 hours or longer
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) | present
work/study company/ school [17 [21 [3] [41 [5]1 [e] [17 [21 [3]1 [4]1 [51 I[e]
shopping supermarket/shopping mall [11 21 [B1 [4] [5] [e] [11 [21 31 [4] [5] [e]
eating out restaurant [11 21 [B1 [4] [5] [e] [11 [21 31 [4] [5] [e]
leisure/re exercise/sports indoor places (e.g., gym) [11 [21 31 [4] [5] [e6] [11 [21 31 [4] [5] [6]
creation |ty indoor public places(e.g., bar) [11 21 B1 [4 [5] [6] (11 21 B1 [4 [5] [6]
culture leisure cinema, concert hall, etc. [11 21 [31 [4]1 [5]1 [e] [11 121 [31 [4] [5]1 I[6]
. see a
medical . ..
doctor/purchase | hospital, clinic, etc. [11 [2]1 3] [4] [5] [e6] [11 [21 B3] [4] [5] [6]
activities 0
medicine
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activity category of social
contact

activity location of social contact

Q4. What is your major transportation to reach the location of the

following activity?

[1] Shared mobility: Uber/DiDi/Grab, etc.

[2] Taxi

[3] Bus

[4] Rail: Train, metro, street car, etc.

[5] Private car

[6] Active transportation (walk, bicycle)
[7] Others

Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) present
work/study company/ school [1T 21 [3]1 [4] [51 [6] I[7] [1T 121 [3]1 [41 [51 [6] [7]
shopping supermarket/shopping mall [17 [2] [3] [4] [5] [6] [7] [17 [2] [3] [41 [5] [6] [7]
eating out restaurant [11 [2] [31 [41 [5]1 [6]1 [7] [11 [21 [31 [41 [5]1 [6]1 [7]
leisure/re | €Xercise/sports | indoor places (e.g., gym) [11 [2]1 [3] [4] [5] [6] [7] (11 21 3] [4]1 [5]1 [6] [7]
creation | .o indoor public places(e.g., bar) [11 [21 [3] [4] [5]1 [6] [7] [11 [21 [3] [4] [5]1 [6] [7]
culture leisure cinema, concert hall, etc. [17 [2] [3] [4] [5] [6] [7] [17 [2] [3] [41 [5] [6] [7]
medical see a . ..
doctor/purchase | hospital, clinic, etc. [1T [2]1 [3]1 [4] [51 [6] I[7] [17 [2]1 [3]1 [41 [51 [6] [7]
activities -
medicine
activity category of social activity location of social contact Q5. How much is your average travel time (one-way) to reach the
contact following location of performing the following activity?
[1] Less than 10 mins
[2] 10 mins or longer, but less than 30 mins
[3] 30 mins or longer, but less than 1 hour
[4] 1 hour or longer
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to

2019 (during the Influenza season)

present

work/study company/ school [1] [2] [3] [4] [1] [2] [3] [4]
shopping supermarket/shopping mall [1] [2] [3] [4] [1] [2] [3] [4]
eating out restaurant (1] (2] (3] [4] (1] [2] [3] (4]
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exercise/sports indoor places (e.g., gym) [1] [2] [3] [4] [1] [2] [3] [4]
leisure/re . .
creation party indoor public places(e.g., bar) [1] [2] [3] [4] [1] [2] [3] [4]
culture leisure cinema, concert hall, etc. [1] [2] [3] [4] [1] [2] [3] [4]
medical | 52
o doctor/purchase | hospital, clinic, etc. [1] [2] [3] [4] [1] [2] [3] [4]
activities ..
medicine

activity category of social

activity location of social contact

Q6. Please tell us your main companion when performing this activity at

contact this location.
[1] Spouse/Couple
[2] Children/Grandchildren
[3] Parents/Grandparents
[4] Friends
[5] Other acquaintances
[6] Alone
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) | present
shopping supermarket/shopping mall [11 21 [3] [4] [5] ¢[6] [11 21 [3] [4] [5] ¢[6]
leisure/recreation restaurant [11 121 [3] [4] [51 [6] [11 21 [3] [41 [51 [e]
exercise/sports indoor places (e.g., gym) [17 21 [3] [4] [51 [6] [11 21 [3] [4] [51 16]
party indoor public places(e.g., bar) [11  [21 31 [4] [5]1 [6] [11  [21 [31 1[4 [5] [6]

culture leisure

cinema, concert hall, etc.

(11 2] Bl [ [51 [6] (11 21 Bl [ [5] [6]

see a
doctor/purchase
medicine

hospital, clinic, etc.

(11 2] Bl [4 [5] [6] (11 21 Bl 4 [5] [6]

activity category of social

contact

activity location of social contact

Q7. Except for your main companion, do you have contact with other
persons during performing this activity at this location?

[1] No contact

[2] Yes: only non-physical contacts (e.g., in the physical presence of another
person without face to face conversation, skin-to-skin touching or other
indirect physical contacts)

[3] Yes: only physical contacts (e.g., having a face to face conversation or,
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skin-to-skin touching or other indirect physical contacts)
[4] Yes: both non-physical and physical contacts

Target periods

Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) | present

company/ school (Your colleagues and classmates are also included as

gy contacts with other persons for this location of company/school) [1] (2] 3] (4] (1 2] 3] 4]
shopping supermarket/shopping mall [1] [2] [3] [4] [1] [2] [3] [4]

eating out restaurant [1] (2] [3] (4] [1] (2] [3] [4]
leisure/re | exercise/sports | indoor places (e.g., gym) (1] (2] (3] (4] [1] (2] (3] [4]
creation party indoor public places(e.g., bar) [1] [2] (3] [4] (1] (2] (3] [4]

culture leisure

cinema, concert hall, etc.

(1] (2] (3] [4] (1] (2] (3] (4]

. see a
medical
N doctor/purchase
activities ..
medicine

hospital, clinic, etc.

(1] (2] (3] [4] (1] (2] (3] (4]

activity category of social
contact

activity location of social contact

Q8. Except for your main companion, how many persons do you contact
when performing the following activity?

[1] 2 persons or fewer

[2] 3~4 persons

[3] 5~6 persons

[4] 7~9 persons

[5] 10 persons or more

Target periods

Before the COVID-19 pandemic: in
2019 (during the Influenza season)

During the pandemic: from 2020 to
present

company/ school (Your colleagues and classmates are also included as

LIy contacts with other persons for this location of company/school) R S I S
shopping supermarket/shopping mall [1] [2] [3] [41 [5] [1] [2] [3] [41 [5]
eating out restaurant [1] [2] [3] [41 [5] [1] [2] [3] [41  [5]
leisure/re | €Xercise/sports | indoor places (e.g., gym) [1] [2] [3] [41 [5] [1] [2] [3] [41  [5]
creation | . indoor public places(e.g., bar) (11 1 B M@ - (1 21 B1 4 I8
culture leisure cinema, concert hall, etc. [1] [2] [3] [41 [5] [1] [2] [3] [41 [5]
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. see a
medical
o doctor/purchase
activities ..
medicine

hospital, clinic, etc.

activity category of social
contact

activity location of social contact

Q9. Do you take the following protective measures when performing this
activity at this location?

[1] Wear a mask

[2] Disinfect your hands before/during/after activity

[3] Keep a proper distance with others

[4] Other measures

[5] No measures are taken

Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) present
work/study company/ school (1 21 Br Mo Il (121 Br o moIE
shopping supermarket/shopping mall [1] [2] [3] [4]1 [5] [1] 2] [3] 41 [5]
eating out restaurant (1 21 Br  [moIEl (121 Br o moIE
leisure/re exercise/sports indoor places (e.g., gym) [1] [2] [3] [41 [5] [1] [2] [3] [41  [5]
creation |+ indoor public places(e.g., bar) [ [ Bl @[5 [ [ Bl @[5
culture leisure cinema, concert hall, etc. [1] [2] [3] [41 [5] [1] [2] [3] [41 [5]
medical seed . ..
o doctor/purchase | hospital, clinic, etc. [1] [2] [3] [4] [5] [1] [2] [3] [4] [3]
activities .
medicine
activity category of social activity location of social contact Q10. How do you think about your self-efficiency for protecting yourself
contact when performing the following activity at the following location? (here,
self-efficiency means your belief for your power of protecting yourself
from infection)
[1] Very low
[2] Low
[3] Neither
[4] High
[5] Very high
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to

2019 (during the Influenza season) present
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workistudy company! school 0oRoB @ moR B [
shopping supermarket/shopping mall [1] [2] [3] [4] [5] 1] [2] [3] [4] [5]

I S— mo@oBl Mo | R Bl M)
Y [ P p— 0@ Bl Mo | o Bl M
creation [ indoor public places(e.g., bar) 0@ Bl Mo o Bl M

culture leisure | cinema, concert hall etc 0@ Bl oMol | o Bl M
medical | G50 rehase | hospital, clinic, etc. 0 @Bl Mo | o Bl M s
acvilies | e dicine

activity category of social

activity location of social contact

Q11. Do you agree that people (e.g., staffs, other consumers) in the

contact following activity location take proper measures to protect other persons
(including you)?
[1] Strongly disagree
[2] Somewhat disagree
[3] Neither
[4] Somewhat agree
[5] Strongly agree
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) | present
work/study company/ school (11 21 Br [ Il (1 21 Br Mo
shopping supermarket/shopping mall [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
eating out restaurant (21 Br M0l (1 21 61 moIE
leisure/re | €Xercise/sports | indoor places (e.g., gym) [1] [2] [3] [41 [5] [1] [2] (3] [41  [5]
creation |y indoor public places(e.g., bar) [ Bl 4[5 m ©r Bl 4[5
culture leisure cinema, concert hall, etc. [1 [2] [3] [41 [5] [1] [2] [3] [41  [5]
medical | 3¢
edica doctor/purchase | hospital, clinic, etc. [1] [2] [3] [41 [5] [1] [2] [3] [41  [5]
activities 0
medicine
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activity category of social
contact

activity location of social contact

Q12. Do you think that the following activity is performed at the following
location with either of the following three Cs (Closed spaces with poor
ventilation, Crowded places, Close-contact settings)?

[1] Closed spaces with poor ventilation

[2] Crowded places
[3] Close-contact settings
[4] None of the above

Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) present
work/study company/ school [1] [2] [3] [4] [1] [2] [3] [4]
shopping supermarket/shopping mall [1] [2] [3] [4] [1] [2] [3] [4]
eating out restaurant (1] (2] [3] (4] [1] (2] (3] [4]
leisure/re exercise/sports indoor places (e.g., gym) [1] 2] [3] [4] [1] [2] [3] [4]
creation | ity indoor public places(e.g., bar) (1] 2] 3] [4] (1] [2] (3] [4]
culture leisure cinema, concert hall, etc. [1] 2] [3] [4] [1] [2] [3] [4]
medical see a . ..
— doctor/purchase | hospital, clinic, etc. [ [2] [3] [4] [1] [2] [3] [4]
activities ..
medicine
activity category of social activity location of social contact Q13. Do you feel you are safe (from infection) when performing the
contact following activity at the following location?
[1] Strongly disagree
[2] Somewhat disagree
[3] Neither
[4] Somewhat agree
[5] Strongly agree
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to

2019 (during the Influenza season)

present

work/study company/ school (e B M 6 (arrzr B Mo B
shopping supermarket/shopping mall [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
eating out restaurant [ I P N K I G B B (e By M 6
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exercise/sports | indoor places (e.g., gym) [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
ieri:;gz:e party indoor public places(e.g., bar) (1] (2] (3] (4] (5] (1] (2] [3] (4] 3]
culture leisure cinema, concert hall, etc. [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
medical | 4o\ ourchase | hospitl,clic, t SR I R I R & R B M
activjtjes ocC .Or.purc ase OSpl al, clmic, €tc. [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
medicine

activity category of social
contact

activity location of social contact

Q14. Do you feel your household members is are safe (from infection) if
they are performing the following activity at the following location?

[1] Strongly disagree

[2] Somewhat disagree

[3] Neither

[4] Somewhat agree

[5] Strongly agree

Target periods

Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) | present

work/study company/ school (11 21 Br ¢ 6l (21 B1 [ [5]
shopping supermarket/shopping mall (11 21 B [l I8 (11 21 B1 [ I8

eating out restaurant (1 21 B1 Mo I (21 B [ I8
leisure/re | eXercise/sports | indoor places (e.g., gym) (11 21 Bl [ 6] (2 B1 [ 06l
creation | oy indoor public places(e.g., bar) (1 [rr Br [ I8 (1 rr B Mo [

culture leisure

cinema, concert hall, etc.

[ R P N K I G B B (e By M B

. see a
medical
S doctor/purchase
activities -
medicine

hospital, clinic, etc.

[ R P N K I G B B (e By M B

activity category of social
contact

activity location of social contact

Q15. What is your psychological state when performing the following
activity at the following location?

[1] Exhausted

[2] Depressed, discouraged

[3] Nervous

[4] Energetic, vigorous
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[5] Tensed, under pressure
[6] Happy, satisfied

[7] Helpless

[8] Refresh, rested

[9] Impetuous, inpatient
[10] Anxious

[11] Other

Target periods

Before the COVID-19 pandemic: in
2019 (during the Influenza season)

During the pandemic: from 2020 to
present

(11 2] [BI 4 [5] [6]

work/study company/ school (70 (81 [9] [10] [11] [70_[81 [9] [10] [11]
opping supermarket/shopping mall m Pl B E e e e b e

cating out restaurant [1][7] [2][8] [3][9] [4][10][5][11][6] mm [2][8] [3][9] ) [10] 5][11] ’
leisure/re | XCreise/sports | indoor places (c.g., gym) B O O AN (T TS AR O (T (T
creation | indoor public places(e.e. bar) M 2 B1 @ 51 [6 | 11 2 B @ 51 [6

(71 8] [9] [10] [I1]

culture leisure

cinema, concert hall, etc.

(11 2] [B1 4 [5] [6]
(71 8] [9] [10] [I1]

. see a
medical
o doctor/purchase
activities ..
medicine

hospital, clinic, etc.

(11 21 [B] [4 [5] [6]
(71 8] [9] [10] [i1]

(71 8] [9] [10] [i1]

activity category of social
contact

activity location of social contact

Q16. What are your benefits/purposes for doing the following activities?

[1] Warm relationships with others
[2] Convenience of life

[3] Supply of food and daily life

[4] Relieve the pressure

[6] Self-Security

[7] Saving money

[8] Make money

[9] Wisdom

[10] Physical Health

[11] Sense of accomplishment
[12] Feeling of freedom

[13] Self-fulfillment/ Self-respect
[14] Sense of belonging

[15] Fun-enjoyment-excitement

]
]
]
[5] Preserving my public image/ Social recognition /Being well-respected
]
]
1
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[16] Relaxation
[17] Other

Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) | present
(11 21 381 1[4 [5] (11 21 381 1[4 [5]
T 9Ny conTEy Eohgsl [...] [15] [16] [17] [...] [15] [16] [17]
shopping supermarket/shopping mall {1]] [2][1 5][3] [l 6[31] [1[3]] F]] [2][1 5][3] [ 6[4]‘] [l[g]]
. M 21 Bl M4 Bl M 21 Bl M Bl
eating out restaurant L..] [5] [6 [17] L..] [5] [e6 [7]
- . (11 21 81 [41 [5] (11 21 381 1[4 [5]
i || SECEETE | merpheEs (. G [...] [15] [16] [17] [..] [15] [16] [17]
creation party indoor public places(e.g., bar) {1]] [2][1 5][3] [ 6[‘]1] [1[3]] F]] [2][1 5][3] [ 6[‘]1] [1[%
- - (11 21 Bl 1@l ] (11 21 Bl [ 5]
culture leisure cinema, concert hall, etc. L1 5] [16] [17] L1 [s] [16] [17]
. see a
mi.dl.ctal doctor/purchase | hospital, clinic, etc. [17 21 [31 [4] [5] [11 2] [31 [41 [5]
ACUVILES | 1edicine [..] [15] [16] [17] [...] [15] [16] [17]
activity category of social activity location of social contact Q17. Do you agree with that in order to avoid the spread of virus, without
contact governments' permission, the people performing the following activity at
such a location should be punished?
[1]Totally disagree
[2]Somewhat disagree
[3]Neither
[4]Somewhat agree
[5]Totally agree
Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) | present
work/study company/ school [1] [2] [3] [4] [5] [1] [2] [31] [4] [5]
shopping supermarket/shopping mall [1] [2] [3] [4] [5] [1] 2] [3] [4] [5]
eating out restaurant (1 =1 Bl M 6l 1 rr Bl M 6l
leisure/re . .
creation exercise/sports indoor places (e.g., gym) [1] [2] [3] [4] [5] [1] 2] [3] [4] [5]
party indoor public places(e.g., bar) [1] [2] [3] [4] [5] [1] 2] [3] [4] [5]
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culture leisure cinema, concert hall, etc. [1 [2] [3] [4] [5] [1] [2] [3] [4] [5]
medical | G0 rchase | hospital, clini 1 Bl @I 1 @ Bl @I
activities | doctor/purchase | hospital, clinic, etc. [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
medicine

activity category of social
contact

activity location of social contact

Q18. Do you agree with that you will perform the following activity at the

following location, even if a high infection risk is known?
[1] Strongly disagree
[2] Somewhat disagree
[3] Neither
[4] Somewhat agree
[5] Strongly agree

Target periods | Before the COVID-19 pandemic: in | During the pandemic: from 2020 to
2019 (during the Influenza season) present

work/study company/ school (1] 2] (3] [4] [5] [1] 2] (3] [4] [5]
shopping supermarket/shopping mall [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]

eating out restaurant (1] [2] (3] [4] [5] [1] [2] (3] [4] [5]
leisure/re | €Xercise/sports | indoor places (e.g., gym) [1] [2] [3] (4] [5] [1] [2] [3] [4] [5]
creation party indoor public places(e.g., bar) (a1 = Bl [« 6l (21 B1r Mo Bnl

culture leisure cinema, concert hall, etc. [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
medical | G ureh hospital, clinic, et 1 2 3 4 5 11 [21 Bl [ [
activities or/purchase ospital, clinic, etc. [1] [2] [3] [4] [5] [1]

medicine

Part 3 Social Contacts in Transport

Transport modes

Q19. How often to use each of the following transport modes in your daily life?
[1] Never

[2] The first time

[3] Less than once a month

[4] Once or twice a month

[5] Once or twice a week

[6] Daily or almost daily
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Target periods | Before the COVID-19 pandemic: in 2019 (during the During the pandemic: from 2020/to present
Influenza season)
Taxi; Shared mobility (Uber/DiDi/Grab, etc.) [1] [2] [3] [4] [5] [6] [1] [2] [3] [4] [5] [6]
Public transport (train, metro, street car, bus, etc.) [1] [2] [3] [4] [5] [6] [1] [2] [3] [4] [5] [6]
Flight [1] (2] [3] (4] [5] (6] [1] (2] (3] [4] [5] [6]
Ship / cruise [1] (2] [3] (4] [5] (6] [1] (2] [3] [4] [5] (6]
Transport modes Q20. How much is your average time to use the following transport modes each time?
[1] less than 5 mins
[2] 5 mins or longer, but less than 15 mins
[3] 15 mins or longer, but less than 30 mins
[4] 30 mins or longer, but less than 1 hour
[5] 1 hour or longer, but less than 4 hours
[6] 4 hours or longer
Target periods | Before the COVID-19 pandemic: in 2019 (during the During the pandemic: from 2020 to present
Influenza season)
Taxi, Shared mobility (Uber/DiDi/Grab, etc.) [1] [2] [3] [4] [5] [6] [1] [2] [3] [4] [5] [6]
Public transport (train, metro, street car, bus, etc.) [1] 2] [3] [4] [5] [6] [1] 2] [3] [4] [5] [6]
Flight [1] (2] (3] (4] [5] (6] [1] (2] (3] [4] (5] [6]
Ship / cruise [1] (2] [3] (4] (5] [6] [1] (2] (3] [4] (5] [6]

Transport modes

Q21. Who are your main companion when using each of the following transport modes?
[1] spouse/couple

[2] children/grandchildren
[3] parents/grandparents
[4] friends

[5] other acquaintances
[6] alone

Target periods

Before the COVID-19 pandemic: in 2019

During the pandemic: from 2020 to present
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Taxi, Shared mobility (Uber/DiDi/Grab, etc.) [1] [2] [3] [4] [5] [6] [1] [2] [3] [4] [5] [6]
Public transport (train, metro, street car, bus, etc.) [1] [2] [3] [4] [5] [6] [1] [2] [3] [4] [5] [6]
Flight [1] (2] (3] (4] [5] (6] [1] (2] (3] [4] (5] [6]
Ship / cruise [1] (2] (3] (4] [5] (6] [1] (2] (3] [4] (5] [6]

Transport modes

Q22. Except for your companion, do you have contacts with other persons when using each of the following
transport modes in your daily life?

[1] No contact

[2] Yes: only non-physical contacts (e.g., in the physical presence of another person without face to face conversation,
skin-to-skin touching or other indirect physical contacts)

[3]Yes: only physical contacts (e.g., having a face to face conversation, skin-to-skin touching or other indirect
physical contacts or other indirect physical contacts)

[4] Yes: both non-physical and physical contacts

Target periods | Before the COVID-19 pandemic: in 2019 (during the | During the pandemic: from 2020 to present
Influenza season)
Taxi, Shared mobility (Uber/DiDi/Grab, etc.) [1] [2] [3] [4] [1] [2] [3] [4]
Public transport (train, metro, street car, bus, etc.) [1] [2] [3] (4] [1] [2] [3] [4]
bl [1] [2] [3] [4] [1] [2] [3] [4]
Ship / cruise [1] [2] [3] [4] [1] [2] [3] [4]

Transport modes

Q23. Except your companion, how many persons do you contact when using each of the following transport
modes in your daily life?

[1] 2 persons or fewer

[2] 3~4 persons

[3] 5~6 persons

[4] 7~9 persons

[5] 10 persons or more

Target periods

Before the COVID-19 pandemic: in 2019 (during the | During the pandemic: from 2020 to present
Influenza season)

Taxi, Shared mobility (Uber/DiDi/Grab, etc.)

[1] (2] [3] [4] [3] [1] (2] [3] [4] [3]
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Public transport (train, metro, street car, bus, etc.)

[1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
Flight [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
Ship / cruise (1] 2] [3] [4] [5] [1] [2] [3] [4] [5]

Transport modes

Q24. Do you take the following protective measures when using each of the following transport modes in your

daily life?

[1] wear a mask

[2] disinfect your hands before/during/after using it
[3] distancing with others

[4] other measures

[5] no measures are taken

Target periods | Before the COVID-19 pandemic: in 2019 (during the | During the pandemic: from 2020 to present
Influenza season)
Taxi, Shared mobility (Uber/DiDi/Grab, etc.) [1] 2] [3] [4] [5] [1] [2] [3] [4] [5]
Public transport (train, metro, street car, bus, etc.) [1] 2] 13] [4] [5] (1] 2] [3] [4] [5]
Flight [1] 2] [3] [4] [5] [1] [2] [3] [4] [5]
Ship / cruise [1] 2] [3] [4] [5] [1] [2] [3] [4] [5]

Transport modes

Q25. How do you think about your self-efficiency for protecting yourself when using each of the following

transport modes in your daily life? (here,
yourself from infection)

[1] very low

[2] low

[3] neither low or high

[4] high

[5] very high

self-efficiency means your belief for your power of protecting

Target periods

Before the COVID-19 pandemic: in 2019 (during the
Influenza season)

During the pandemic: from 2020 to present

Taxi, Shared mobility (Uber/DiDi/Grab, etc.)

[1] (2] [3] [4] [3]

[1] (2] [3] [4] [3]

Public transport (train, metro, street car, bus, etc.)

[1] (2] [3] [4] [3]

[1] (2] [3] [4] [3]
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Flight

[1] [2] [3] [4] [3] [1] [2] [3] [4] [3]

Ship / cruise

[1] (2] [3] [4] [5] [1] (2] [3] [4] [5]

Transport modes

Q26. Do you think each of the following transport modes involves either of the following three Cs (Closed
spaces with poor ventilation, Crowded places, Close-contact settings)?

[1] Closed spaces with poor ventilation

[2] Crowded places

[3] Close-contact settings

[4] None of the above

Target periods | Before the COVID-19 pandemic: in 2019 (during the | During the pandemic: from 2020 to present
Influenza season)
Taxi, Shared mobility (Uber/DiDi/Grab, etc.) [1] [2] [3] [4] [1] [2] [3] [4]
Public transport (train, metro, street car, bus, etc.) [1] [2] [3] [4] [1] [2] [3] [4]
g [1] [2] [3] [4] [1] [2] [3] [4]
Ship / cruise [1] [2] [3] [4] [1] [2] [3] [4]

Transport modes

Q27. Do you agree that people using each of the following transport modes take sufficient measures for
protecting other persons (including you) in your daily life?

[1] strongly disagree

[2] somewhat disagree

[3] neither agree nor disagree

[4] somewhat agree

[5] strongly agree

Target periods | Before the COVID-19 pandemic: in 2019 (during the | During the pandemic: from 2020 to present
Influenza season)
Taxi, Shared mobility (Uber/DiDi/Grab, etc.) [1] 2] [3] [4] [5] [1] 2] [3] (4] (5]
Public transport (train, metro, street car, bus, etc.) [1] 2] 3] [4] [5] [1] 2] [3] [4] [5]
Flight [1] [2] [3] [4] 51| [ [2] [3] [4] [5]
Ship / cruise [1] 2] 3] [4] 51| [ [2] [3] [4] [5]
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Transport modes

Q28. Do you think you are safe (from infection) when using each of the following transport modes in your

daily life?
[1] strongly disagree
[2] somewhat disagree

[3] neither agree nor disagree

[4] somewhat agree
[5] strongly agree

Target periods | Before the COVID-19 pandemic: in 2019 (during the | During the pandemic: from 2020 to present
Influenza season)
Public transport (train, metro, street car, bus, etc.) [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
Flight [1] 2] 3] [4] 51| [ 2] 3] [4] [5]
Ship / cruise [1] 2] 3] [4] 511 [ 2] 3] [4] [5]
Transport modes Q29. Do you think your household members are safe (from infection) when using each of the following
transport modes in your their daily life?
[1] strongly disagree
[2] somewhat disagree
[3] neither agree nor disagree
[4] somewhat agree
[5] strongly agree
Target periods | Before the COVID-19 pandemic: in 2019 (during the | During the pandemic: from 2020 to present
Influenza season)
Taxi, Shared moblhty (Uber/DlDl/Grab, etc.) [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
Public transport (train, metro, street car, bus, etc.) [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
Flight [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
Ship / cruise [1] [2] 3] [4] 51 | [ 2] 3] [4] [5]
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Part 4 Psychological Factors

Q30. What is your evaluation of reliability for the following strongly somewhat Neither agree somewhat strongly
information sources? disagree disagree nor disagree agree agree
Information (homepage information, news, public relations
magazines, etc.) announced by the central government of your 1 2 3 4 5
residence country
Information (homepage information, news, public relations
magazines, etc.) announced by the local government of your 1 2 3 4 5
residence city/town
Domestic news 1 2 3 4 5
Overseas news 1 2 3 4 5
Medical institution 1 2 3 4 5
Workplace / school 1 2 3 4 5
SNS (Social Networking Service): Facebook, LINE, Twitter,
1 2 3 4 5
WhatsApp, etc.
Q31. To what extend do you agree or disagree to each of the strongly somewhat Neither agree somewhat strongly
following statements related to COVID-19? disagree disagree nor disagree agree agree
The COVID-19 outbreak in your residence country is severe
. 1 2 3 4 5
than many other countries.
The infection risk of COVID-19 in your residence country is
. 1 2 3 4 5
high
The infection risk of COVID-19 in your residence region
) . 1 2 3 4 5
(prefecture, province, state) is high
The infection risk of COVID-19 in your residence city/town is 1 > 3 4 5

high
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The infection risk of COVID-19 in the place where you often go

(workplaces, schools, supermarkets, restaurants, gyms, etc.) in 1 2 3 4 5
your daily life is high
The infection risk of COVID-19 in crowded train or bus is high 1 2 3 4 5
Q32. There were various triggers causing the changes in
your life during the current COVID-19 pandemic. To what strongly somewhat Neither agree somewhat strongly
extent do you think the following things triggered you to disagree disagree nor disagree agree agree
make the correspoding change?
You have changed your behavior because of your own
. . 1 2 3 4 5
understanding of the virus.
You have changed your behavior because of the formal rules | ) 3 4 5
which the government of your residence country has introduced.
You have changed your behavior because of the advice by your
1 2 3 4 5
household.
You have changed your behavior because of the advice by your
. . 1 2 3 4 5
colleagues, acquaintances and friends.
You have changed your behavior because of the formal rules | ) 3 4 5
which your workplace/organization/affiliation has introduced.
You have changed your behavior because of the number of
. 1 2 3 4 5
infected cases.
You have changed your behavior because of worrying about 1 5 3 4 5

other people's eyes or blames.
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Q33. To what extend do you agree or disagree to each of the strongly somewhat Neither agree somewhat strongly
following statements related to COVID-19? disagree disagree nor disagree agree agree
You can trust your residence country's health and medical 1 ) 3 4 5
institutions in preventing the spread of COVID-19.

You can trust your residence country's central government in | ) 3 4 5
preventing the spread of COVID-19.

You can trust your residence city's/town's local government in 1 ) 3 4 5
your residence place in preventing the spread of COVID-19.

Behavior trajectories of infected persons should be obtained

from telecommunication companies and published on maps on 1 2 3 4 5
the Internet, by following proper privacy protection.

In order to keep yourself or others from infection, even if you

find it is very inconvenient, you are totally accepting to change 1 2 3 4 5
the needs in your life, and your lifestyles.

In order to keep yourself or others from infection, even if you

find it is very inconvenient, you are totally accepting to change 1 2 3 4 5
your daily activities.

In order to keep yourself or others from infection, even if you

find it is very inconvenient, you are totally accepting to change 1 2 3 4 5
places that you perform activities.

In order to keep yourself or others from infection, even if you

find it is very inconvenient, you are totally accepting to change 1 2 3 4 5
time/timing that you perform activities.

You are a person who well prepare for emergencies like this 1 > 3 4 5

COVID-19 pandemic.
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In order to keep yourself or others from infection, you are the
person who can keep physical distance well, even if you find it is
very inconvenient.

In order to keep yourself or others from infection, you are totally
accepting to provide your details of behavior trajectories to
medical and government agencies.

In order to keep yourself or others from infection, you are the
person who can avoid performing activities and making trips
with three Cs (closed spaces, crowded places, and close
contacts), even if you find it is very inconvenient.

In order to keep yourself or others from infection, you are the
person who can adjust your activity-travel schedules or plans,
even if you find it is very inconvenient.

In order to keep yourself or others from infection, you are the
person who can shift to the telework working style and to use of
travel modes other than public transport, even if you find it is
very inconvenient.

In order to keep yourself or others from infection, you are totally
accepting to share your behavior trajectories and health status
information with other persons.

In order to keep yourself or others from infection, you are the
person who can perform more online activities, postpone travel
and tourism, reduce the frequency and distance of trips, and stop
unnecessary and non-urgent activities, even if you find it is very
inconvenient.

In order to keep yourself or others from infection, you are the
person who can stop activities involving trips and avoid parties
at home, even if you find it is very inconvenient.

Even if vaccination against COVID-19 is very expensive to you,
you are still willing to get vaccinated.
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You are a person who leaves important decisions to experts or
government and support the social order.

You agree with that everyone is equal and the good of the many
people comes before the good of any individual, the risk decision
should be made by all people instead of a small elite or authority.

You agree with that individual freedom is absolutely
important, and individual choices should not be constrained by
society and other people?

You agree with that there is little you can do to control the
environment so that you will receive whatever fate throws at you
and try not to know or worry about it..
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Appendix 3: Questionnaire of comparative survey of activity-travel and social contact before-during

COVID-19 in Japanese

Intro REOHFHIAF VA NRBERIEK (COVID-19 XTI v o) BALDEFICHKRLE
HEEHEZTETVWEYT, 2077 — MAEIE, COVID-19 /87T 2 v 7 HARH
(2020 FE & 2021 ) /XTIy o8 (2019 F& ZhLFIOA > 7 VT HEH) (I
B33, HBEEOREEE. Y-y Nav 20+ (HANEM: AL ALOfnD
W) . TANRICBREINGVW-DHDOREBRBELEZ2EIRVELET, £ BED
NRYTFIy DAY FPA—NVICETIHE-OMEPCEER LB TV EIThIEE
WTT, INEINAET—RIETRTHRAMWICNEL, BEDONSYTIy 0 A—
WEFRDNRT Iy 7 DRBEEICEIODHENLEAROAKICEVE T, HEDEAZH
MNTBZEDTERTFTANRNY—BRET—ZICMY ANE LA, FAEOEEICT
BLTWwEE, €0, BEISML W EETREZEVWTISVET,

NR—F1 BHEEEAEHEOZEIZDDTHATLESL,

Al HET-OHERZEHBEUCZEL,
1 B
2 otk
A2 HE-DEMELRUCIEEL,
1 15 Al
2 15~19 7%
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3 20~29 7%
4 30~39 i%
5 40~49 %
6 50~59 ji%
7 60~64 i
8 65~69 ik
9 70 LA E

A3 REOEEHZESAANCIEZEL,
HIE T IR
7 PCHTARS
T 5
Ad CHEOBRERSEUCLESL,
1 SR/ SRR EITAE ¥
2 N5 B - R
3 FERK TR E DBERBIDOBIE
4 L& S
5 IN—=Re TS AR
6 FE
7 Z DD EER (F e EEEEE L)
8 ZOfth,
A5 HET-OEERMGBEEZHRZ TILEL,
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1 R E

2 PR, HERE

3 SRS

4 HR - AR - BMIG - KBS
5 R SEEEES

6 g e

7 HIFE - INFEE

8 b - RIRSE

9 AEEESE

10 BUELE - fEIRE

11 ZEf - @tk

12 HE - FERE

13 OO —E 23 QL. i, BB HEr—EALE)
14 Z DA

A6 CEHEEZETHEHFARECAACLESL,
1 THE & E TR AL
2 11 A O F-fik D%
3 11-18 BEAN M D F LD ¥
4 65 LA LoD @i E O
A7 WRAEDBMEAKRE BBV IZE L,
1 A
2 WEAE
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R - SE R

A8 FERREICOVWTHRZTLIZE,
1 BBE - 1y S
2 BEHOTE
3 F
4 HE OB - QR BUBE OB - R
5 Z DA
6 FELTh2Rn (—AELHL)
A9 FERDAA FIZODNWTHZTLIESLY,
1 g — T
2 Fibg <o va BoEAESE
3 B —FRT
4 B~ al BOEAEE
5 Z DA
A10 CEENRERFEREZLRUCEEL,

ATl el w

INEE

i

g - EMER - X - BE
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6 | KZ
7| KERELATH (BL) FE
8  RERRELHE (8L) #iE

>

All HE-OHBFOER FRAHA) FROENICEHETEEYETH, L LIRALRHEIAN2ZLULENRIBEF, TXTOFORAZEHL
TLEEELY,

1 30 0 /PR

2 300/3M~4 0 03k

3 400 7AM~50 05kl

4 50 07M~6 0 0J7FAR

5 600 /M~70 075 M A

6 7007~ 8 0 07K

7 8 0 077M~9 0 0 JIFIAI

3 90 0/AM~100 0 MK
9 1000/HM~150 077k
10 15007M~200 0/
11 2000 HMME

IN—FI HFRaOFT A ILRARBESETEKRD (COVID-19 /80T S v HlD : 2020 ENSMEICESET) EZDLIET (2019 £) DEHELE - BARACEDY— v
V429 b R OWRRIZONWTHZTLESLY,

EBEE EENGET QL UFEBZ UG TITOREEHRATIESZLY,
[1] Fo=< &G
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2] IHT

[3]1 14 A 1EXRE
[4] 1B 1ED 2[EH
[5] 338 1 |A 2 [
[6] #BAMNXIFER

HREFT | COVID-19 /8T S Y501 : 20195EDA 27 | COVID-19 A> 7 3 v ZH . 2020 4E5 5

LI UHITRHA BHECEZ FT
= - 5k Bii5 - 2 [1] [2] [3] [4] [51  [6] (1] [2] [3] [4] [51  [6]
BEY A—i8—, YavyEVTE—IL [1] 2] [3] [4] [51  [6] [1] 2] [3] [4] 51 [6]
NEe LRAKRS Y (1] (2] (3] [4] [51  [6] (1] [2] (3] [4] [51  [6]

BE) - RAR—Y ENEE AFEPDLELE) [1] [2] [3] [4] [5] [6] [1] [2] [3] [4] [5] [6]
ARAR - pag ENESR (LR RS o0N—1%

IN—T 4 —
&) [1] [2] [3] [4] [51 [el | [1] [2] [3] [4] [5]1  [6]
XALHIRIR BREfECD VY — rR—IL [1] [2] [3] 4] 51 [6] 1 [2] [3] [4] 5] [6]
EREH 2. EOEA fRbE - BB E [1] [2] [3] 4] [51 [6] 1 [2] [3] [4] 5] [6]
EENTESE TEENSAT Q2. LERFERIEHE CHELDEHIEA S NTTH,
[1]1 Ok

[2]11 FOLE. 2 FOXKH
[3]2 FALLE, 5 FOKRFE
[4]5 FOLLE, 10 FOXKE
[5110 ¥OLIE

MR | COVID-19 /8T S YO0 : 20195EDA 27 | COVID-19 Y7 3 v ZHIRH: 2020 5 5
LI UHHRATHA FECES T
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iT% - M3k Bi5 - PR [1] (2] (3] [4] (5] (1] (2] (3] [4] [5]
=L RA—I"—, YavEVITE—IL [1] [2] [3] [4] [5] (1] [2] (3] [4] (5]
e LRSSV (1] (2] (3] [4] [5] (1] (2] (3] [4] [5]
EE) - RAR—Y EAMR (FRHFELOLGE) [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
RIR - 1A% o ERER (LR RS 20N—4
IN—T 4 —
&) (1] (2] (3] [4] [5] (1] (2] (3] [4] [5]
XALRI SRR BREfE®D VY — FR—IL [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
EREE 2%, EOBA kT - ERAAE [1] 2] (3] [4] (5] (1] (2] (3] [4] [5]
EENAEEE TEENIEFT Q3. BEl, HREHEURGEM T OIRRORSERA TS,
[1]5 PkiE
[2]15AE. 15 9KiE
[B]115 2L E. 1 BRERE
[4] 1 BERELAE . 4 BERERGE
[5]4B¥RELLE
JRHE | COVID-19 /8Ty IR : 2019FEDA > 7 | COVID-19 A > 7 3 v 7 HH: 2020 F 4 5
LI U RATH RECESET
T - f5k Bi5 - PR (1] (2] (3] [4] (5] (1] (2] (3] [4] (5]
Y A—nN—, YavEVITE—IL [1] [2] [3] [4] (5] [1] [2] (3] [4] [5]
ne LRSSV (1] (2] (3] [4] [5] (1] (2] (3] [4] [5]
EE) - RAR—Y EAMR RHFEPOLGE) [1] (2] (3] [4] (5] [1] [2] (3] [4] (5]
RER - pRE o FAER (LA RS 0N—1
N—TF 41—
&) (1] (2] (3] [4] [5] (1] (2] (3] [4] [5]
XALRIRER BEfE®LD VY — FR—IL [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
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EREH . EOEA Rkt - BB E [1] [2] [3] [4] [5] [1] [2] [3] [4] [5]
SEENESE SEENSFT Q4. UFEBEUZRBATITIODELBEFERERA T IEEL,
[1] Uber % DiDi DH—ERZEZHT 549 2 —
2] BEDR Y > —
[3] /AR
[4] UERIRE : KB, A +O, BEABEE, FXEVRATLEE
[5] BERA=E
[6] &5 - BERE
[7] ZDfth
FIREE | COVID-19 /80T S v I8 : 2019 5ED4A4 > T | COVID-19 /3> 7 3 v 2 BiH: 2020 42> 5
VI YT BfrEcEZ LT
T - f15k Bi5 - PR (11 21 B [ 51 [61 (7] (11 =1 B[4 51 (6] [7]
=L R—i—, YavEVITE—L (11 [ Bl M 61 6 M (11 [ B [ 1 [6 (1
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Appendix 4: Statistics of social contacts for Work/Study, Shopping, Eating out, Physical exercise setting

before and during the COVID-19 pandemic

Work/Study Shopping Eating out Physical exercise
Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic
Variabl Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean
ariable (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI)
8.85 (8.67- 7.42 (7.22- 4.98 (4.85- 4.5 (4.36- 4.85 (4.74- 4.26 (4.13- 5.8 (5.63- 4.83 (4.66-
Total 3606 (1) 5.0%) 2838 (1) 762) 5236 (1) SiD) 4512 (1) 64) 5318 (1) 4.96) 3355 (1) 4.39) 3427 (1) 597 2254 (1) 5
Age
111 9.04 (8- 7.73 (6.44- 118 5.36 (4.48- 4.93 (4.02- 117 5.65 (4.83- 5.29 (4.33- 100 6.01 (5.02- 5.69 (4.39-
Less than 19 (0.031) l00s) | 170027 9.02) (0.023) 6.24) 88 (0.02) 5.84) (0.022) 6.47) 75 (0.022) 6.25) (0.029) 7 55 (0.024) 6.99)
20~29 943 7.91(7.57- 765 (0.27) 6.41 (6.06- 1056 5.18 (4.9- 944 4.64 (4.36- 1071 5.16 (4.91- 797 4.43 (4.17- 875 5.42(5.13- 664 4.53 (4.26-
(0.262) 8.25) - 6.76) (0.202) 5.46) (0.209) 4.92) (0.201) 5.41) (0.238) 4.69) (0.255) 5.71) (0.295) 4.8)
30~39 787 8.66 (8.27- 651 7.13 (6.72- 938 5.14 (4.83- 830 4.61 (4.3- 954 5(4.73- 668 4.43 (4.14- 739 5.52(5.19- 528 4.74 (4.41-
(0.218) 9.05) (0.229) 7.54) (0.179) 5.45) (0.184) 4.92) (0.179) 5.27) (0.199) 4.72) (0.216) 5.85) (0.234) 5.07)
40~49 758 (0.21) 8.99 (8.58- 579 7.53 (7.08- 912 5.3 (4.97- 790 4.57 (4.25- 908 4.94 (4.65- 583 4.34 (4.02- 619 5.81(5.41- 398 4.66 (4.27-
) 9.4) (0.204) 7.98) (0.174) 5.63) (0.175) 4.89) (0.171) 5.23) (0.174) 4.66) (0.181) 6.21) (0.177) 5.05)
50~59 599 10.24 (9.8- 454(0.16) 8.87 (8.34- 853 5.4 (5.03- 709 4.92 (4.53- 855 5.12 (4.81- 501 4.32 (3.94- 473 6.24 (5.74- 264 5.14 (4.55-
(0.166) 10.68) - 9.4) (0.163) 5.77) (0.157) 5.31) (0.161) 5.43) (0.149) 4.7) (0.138) 6.74) (0.117) 5.73)
174 9.83 (8.96- 136 9.32 (8.29- 343 4.77 (4.23- 276 4.59 (3.98- 349 4.46 (4.03- 162 3.82(3.23- 149 5.97 (5.08- 5.11(3.88-
60~64 71 (0.031)
(0.048) 10.7) (0.048) 10.35) (0.066) 531) (0.061) 52) (0.066) 4.89) (0.048) 441 (0.043) 6.86) - 6.34)
126 9.6 (8.59- 8.27 (7- 379 4.34 (3.86- 328 3.93 (3.45- 389 4.43 (4.03- 197 3.87(3.33- 180 6.31 (5.5- 102 4.95 (4-
65~69 88 (0.031)
(0.035) 10.61) : 9.54) (0.072) 4.82) (0.073) 4.41) (0.073) 4.83) (0.059) 4.41) (0.053) 7.12) (0.045) 5.9)
7.12 (6.01- 6.21 (5.06- 637 3.83(3.5- 547 3.66 (3.3- 675 4.03 (3.75- 372 3.59(3.22- 292 6.45 (5.83- 172 5.78 (4.96-
70 and above 108 (0.03) 8.23) 88 (0.031) 7.36) (0.122) 4.16) (0.121) 4.02) (0.127) 431) (©.111) 3.96) (0.085) 7.07) (0.076) 6.6)
Gender
Mal 1889 8.46 (8.21- 1542 7.13 (6.86- 2593 4.9 (4.72- 2287 4.58 (4.39- 2629 4.81 (4.65- 1745 4.37 (4.19- 1808 5.6 (5.38- 1280 4.75 (4.53-
ale (0.524) 8.71) (0.543) 7.4) (0.495) 5.08) (0.507) 4.77) (0.494) 4.97) (0.52) 4.55) (0.528) 5.82) (0.568) 4.97)
Femal 1717 9.28 (9.01- 1296 7.77 (7.46- 2643 5.06 (4.87- 2225 4.41 (4.21- 2689 4.9 (4.73- 1610 4.14 (3.95- 1619 6.02 (5.77- 974 4.95 (4.67-
cmale (0.476) 9.55) (0.457) 3.08) (0.505) 5.25) (0.493) 4.61) (0.506) 5.07) (0.48) 4.33) (0.472) 6.27) (0.432) 5.23)
Country
AU 535 8.29 (7.82- 446 7.21(6.71- 795 5.02 (4.68- 717 4.73 (4.39- 835 4.87 (4.59- 631 4.46 (4.17- 571 5.51(5.13- 479 4.82 (4.46-
(0.148) 8.76) (0.157) 7.71) (0.152) 5.36) (0.159) 5.07) (0.157) 5.15) (0.188) 4.75) (0.167) 5.89) (0.213) 5.18)
uUs 651 7.92 (7.5- 489 6.23 (5.78- 1009 4.85 (4.57- 851 4.35 (4.06- 1028 4.91 (4.65- 673 4.46 (4.15- 675 5.64 (5.28- 455 4.64 (4.28-
(0.181) 3.34) (0.172) 6.68) (0.193) 5.13) (0.189) 4.64) (0.193) 5.17) (0.201) 4.77) (0.197) 6) (0.202) 5)
NZ 619 9.44 (9- 553 8.63 (8.16- 908 5.28 (4.95- 823 5 (4.66- 956 (0.18) 5.1 (4.82- 762 4.68 (4.39- 608 6.29 (5.88- 489 5.9 (5.46-
0.172) 9.88) (0.195) 9.1) 0.173) 5.61) (0.182) 5.34) - 5.38) 0.227) 4.97) 0.177) 6.7) 0.217) 6.34)
563 8.74 (8.26- 360 6.86 (6.3- 5.11(4.77- 4.28 (3.92- 854 4.76 (4.47- 394 538 6.12 (5.67- 228 4.01 (3.55-
CA (0.156) 9.22) 0.127) 7.42) 840 0.16) 5.45) 633 (0.14) 4.64) (0.161) 5.05) oun | 33639 1 gasy 6.57) (0.101) 4.47)
UK 647 9.05 (8.62- 445 6.52 (6.03- 880 4.59 (4.28- 680 3.82(3.51- 895 4.62 (4.36- 303 (0.09) 3.84 (3.48- 590 5.23 (4.85- 266 3.8 (3.44-
(0.179) 9.48) (0.157) 7.01) (0.168) 4.9) (0.151) 4.13) (0.168) 4.88) - 4.2) (0.172) 5.61) (0.118) 4.16)
P 591 9.65 (9.19- 545 8.55 (8.07- 304 5.07 (4.71- 308 4.68 (4.33- 750 4.82 (4.49- 592 416082 [ s 013 | G266 [ 557015 | 495445
(0.164) 10.11) (0.192) 9.03) (0.154) 5.43) (0.179) 5.03) (0.141) 5.15) (0.176) 4.5) : 6.61) : 5.45)
Occupation
Company employee / self- 2054 8.85 (8.61- 1663 7.42 (7.16- 2236 5.42 (5.21- 1951 4.84 (4.63- 2273 5.21 (5.03- 1524 4.46 (4.26- 1673 5.75(5.52- 1140 4.6 (4.37-
employed (0.57) 9.09) (0.586) 7.68) (0.427) 5.63) (0.432) 5.05) (0.427) 5.39) (0.454) 4.66) (0.488) 5.98) (0.506) 4.83)
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Work/Study Shopping Eating out Physical exercise
Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic
Variable Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean
(%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI)
G al offi 273 997031 [ ¢ 008 | 54 076 281 5.67 (5.07- 248 5.15 (4.55- 305 5.01 (4.54- 208 4.6 (4.05- 229 6.03 (5.39- 170 5.22 (4.61-
overnmental otheer (0.076) 10.63) : 9.22) (0.054) 6.27) (0.055) 5.75) (0.057) 5.48) (0.062) 5.15) (0.067) 6.67) (0.075) 5.83)
Faculty or staff of an 178 (190:12_ 150 8.82 (7.91- 171 6.35(5.52- 152 5.94(5.1- 185 5.81(5.14- 125 5.6 (4.89- 143 634(5.49- | g0 043) | 5:92(5.06-
educational institution (0.049) 1123) (0.053) 9.73) (0.033) 7.18) (0.034) 6.78) (0.035) 6.48) (0.037) 6.31) (0.042) 7.19) : 6.78)
Housewife or 88.(0024) | 318695 | 4 o017y | 3320636 394 4.11 (3.67- 329 3.75 (3.28- 382 4.01 (3.63- 238 3.44 (3.03- 211 5.51 (4.85- 124 4.48 (3.75-
househusband : 9.41) : 6.78) (0.075) 4.55) (0.073) 4.22) 0.072) 4.39) 0.071) 3.85) (0.062) 6.17) (0.055) 5.21)
Part-time iob 424 8.1(7.56- 371 734 (6.78- 490 5.17 (4.72- 444 471 (427- 499 4.83 (4.45- 338 43(3.88- 321 5.42 (4.89- 223 4.81 (4.26-
art-ime jo (0.118) 8.64) (0.131) 7.9) (0.094) 5.62) (0.098) 5.15) (0.094) 5.21) (0.101) 4.72) (0.094) 5.95) (0.099) 5.36)
Student 242 894822 |71 (0 | T02610- 250 5.5 (4.88- 202 4.54 (3.93- 251 572 (5.14- 161 4.51 (3.94- 210 6.1 (5.41- 124 5.23 (4.44-
uden (0.067) 9.66) : 7.85) (0.048) 6.12) (0.045) 5.15) (0.047) 6.3) (0.048) 5.08) (0.061) 6.79) (0.055) 6.02)
Other unemployed 200 8.63(781- | g5 o9 | 631 (GS12- 1128 3.85 (3.6 945 3.54 (3.28- 1142 4.09 (3.87- 585 3.55(3.26- 467 5.97 (5.48- 250 5.36 (4.71-
(including retired) (0.055) 9.45) : 7.5) 0.215) 4.1) (0.209) 3.8) 0.215) 431) (0.174) 3.84) (0.136) 6.46) 0.111) 6.01)
Other 147 7.5 (6.63- 126 6.17 (5.26- 286 4.91 (4.34- 241 4.48 (3.9- 281 4.73 (4.22- 176 438076 53005 | 5G4 127 4.54 (3.85-
e (0.041) 8.47) (0.044) 7.08) (0.055) 5.48) (0.053) 5.06) (0.053) 5.24) (0.052) 5) : 6.54) (0.056) 5.23)
Household size
| 552 8.83 (8.35- 424 7.35 (6.81- 926 4.45 (4.14- 798 4.11 (3.79- 936 4.48 (4.22- 531 371 (3.41- 503 572526 [ 330 015 | 453 @06
(0.153) 9.31) (0.149) 7.89) (0.177) 4.76) (0.177) 4.43) (0.176) 4.74) (0.158) 4.01) (0.147) 6.18) : 5)
N 1056 8.95 (8.61- 793 7.66 (7.27- 1827 4.81 (4.58- 1565 4.45 (4.21- 1890 4.66 (4.47- 1098 4.15 (3.91- 1061 5.87 (5.56- 623 4.87 (4.51-
(0.293) 9.29) (0.279) 8.05) (0.349) 5.04) (0.347) 4.69) (0.355) 4.85) 0.327) 4.39) (0.31) 6.18) (0.276) 5.23)
5 818 88885 | (54023 | 126635 1092 SISA86- [ g1 gy | 4358 429- 1079 4.88 (4.63- 723 428 (4.01- 767 5.66 (5.32- 515 4.67 (4.33-
(0.227) 9.26) - 7.67) (0.209) 5.44) - 4.87) (0.203) 5.13) (0.215) 4.55) (0.224) 6) (0.228) 5.01)
4 787 8.75 (8.36- 648 7.34 (6.92- 916 543 (5.11- 791 4.58 (4.28- 929 5.27 (4.99- 666 4.57 (4.28- 716 5.86 (5.52- 509 5 (4.65-
(0.218) 9.14) (0.228) 7.76) (0.175) 5.75) (0.175) 4.88) (0.175) 5.55) (0.199) 4.86) (0.209) 6.2) (0.226) 5.35)
s 260 8.63 (7.95- 213 7.45 (6.7- 309 5.64 (5.08- 267 5.24 (4.65- 309 5.53(5.07- 209 4262 g0y | 3G 162 4.71 (4.16-
(0.072) 9.31) (0.075) 8.2) (0.059) 6.2) (0.059) 5.83) (0.058) 5.99) (0.062) 5.22) : 6.46) (0.072) 5.26)
P 133 9.02 (8.08- 106 7.38 (6.31- 166 5.02 (4.3- 144 4.74 (4- 175 5.48 (4.81- 128 5.08 (4.31- 139 5.82 (5.03- 108 5.76 (4.87-
(0.037) 9.96) (0.037) 8.45) (0.032) 5.74) (0.032) 5.48) (0.033) 6.15) (0.038) 5.85) (0.041) 6.61) (0.048) 6.65)
Education
10.26
e 6.53 (3.65- 4.36 (2.93- 415 (2.55- 423 (3.11- 3.4 (2.42- 5.33(2.99- 4.8 (2.63-
No formal qualification 17 (0.005) f;‘:ll ) 16 (0.006) 241) 37 (0.007) 5.79) 26 (0.006) 575 40 (0.008) 539) 24.(0.007) 23%) 21 (0.006) 7.67) 15 (0.007) 6.97)
6.88 (4.96- 5.78 (4.17- 4.47 3.12- 432 3.41- 4.41 (3.36- 5.57 (4.42- 5.02 (4.13- 5.81 (4.83-
Elementary school 24 (0.007) 2.8) 32(0.011) 7.39) 38 (0.007) 5.82) 46 (0.01) 5.23) 57(0.011) 5.46) 47(0.014) 672) 42(0.012) 501) 43(0.019) 5.79)
Middle school/ Junior 199 8.56 (7.76- 167 7.06 (6.24- 387 4.59 (4.1- 321 411 (3.62- 376 4.27 (3.89- 213 3.79 (3.37- 200 5.28 (4.6 143 4.87 (4.16-
high school (0.055) 9.36) (0.059) 7.88) (0.074) 5.08) (0.071) 4.6) (0.071) 4.65) (0.063) 421) (0.058) 5.96) (0.063) 5.58)
High school/ Senior high 606 8.53 (8.08- 490 7.41 (6.92- 998 4.63 (4.34- 880 4.28 (3.99- 960 4.47 (421- 584 4.19 (3.87- 569 5.49 (5.09- 358 4.82 (4.38-
school (0.168) 8.98) (0.173) 7.9) (0.191) 4.92) (0.195) 4.57) (0.181) 4.73) (0.174) 4.51) (0.166) 5.89) (0.159) 5.26)
College/ Vocational 725 8.86 (8.45- 565 7.39 (6.93- 1162 5.06 (4.77- 990 4.53 (4.23- 1199 497472 | a0y | H19G89 | o500y | 583646 434 4.86 (4.45-
school (0.201) 9.27) (0.199) 7.85) (0.222) 5.35) (0.219) 4.83) (0.225) 5.22) : 4.49) : 6.2) (0.193) 5.27)
Undereraduate/ Bachel 1347 9.22 (8.92- 1025 7.94 (7.6- 1770 5.14 (4.9- 1527 4.54 (4.3- 1824 4.99 (4.79- 1175 424 (4.02- 1200 6(5.71- 786 4.73 (4.43-
ndergraduate/ Bachelor (0.374) 9.52) (0.361) 8.28) (0.338) 5.38) (0.338) 4.78) (0.343) 5.19) (0.35) 4.46) (0.35) 6.29) (0.349) 5.03)
Master d 588 8.5 (8.05- 461 6.68 (6.2- 711 5.22 (4.87- 606 4.83 (4.47- 730 5.18 (4.87- 486 4.53 (4.19- 575 5.91(5.52- 408 4.91 (4.53-
aster degree (0.163) 8.95) (0.162) 7.16) (0.136) 5.57) (0.134) 5.19) (0.137) 5.49) (0.145) 4.87) (0.168) 6.3) (0.181) 5.29)
100 8.58 (7.45- 6.99 (5.79- 133 4.99 (4.21- 116 4.87 (4.04- 132 5.03 (4.31- 4.83 (3.89- 100 5.78 (4.84- 4.81 (3.85-
Doctoral degree (0.028) 9.71) 82(0.029) 8.19) (0.025) 5.77) (0.026) 5.7) (0.025) 5.75) 89(0.027) 5.77) (0.029) 6.72) 67(0.03) 5.77)
Income
Under 24.999USD 317 8.03 (7.4- 241 7.11 (6.4~ 621 4.52 (4.15- 569 439 (4- 541 436 (4.01- 365 418 3.77- 300 5.44 (4.89- 206 4.9 (4.28-
nder 24, (0.088) 8.66) (0.085) 7.82) (0.119) 4.89) (0.126) 4.78) (0.102) 4.71) (0.109) 4.59) (0.088) 5.99) (0.091) 5.52)
25.000 to 34.999USD 269 7.62 (6.95- 223 6.83 (6.12- 533 3.81 (3.45- 458 3.7(3.32- 539 4.01 (3.69- 318 3.56 (3.2- 285 5.52 (4.95- 205 4.9 (4.3
> 0% (0.075) 8.29) (0.079) 7.54) (0.102) 4.17) (0.102) 4.08) (0.101) 4.33) (0.095) 3.92) (0.083) 6.09) (0.091) 5.5)

235



Appendices

Work/Study Shopping Eating out Physical exercise
Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic
Variable Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean
(%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CT)
388 8.21 (7.65- 310 6.99 (6.39- 4.61 (4.26- 579 4.08 3.72- 677 4.58 (4.27- 371 3.95(3.57- 360 575 (5.22- 222 473 (4.16-
35,000 to 49,999USD (0.108) 8.77) (0.109) 7.59) 681(0.13) 4.96) (0.128) 4.44) (0.127) 4.89) (0.111) 433) (0.105) 6.28) (0.098) 53)
606 8.86 (3.41- 463 7.14 (6.65- 385 4.84 (4.52- 744 3.96 (3.66- 923 4.69 (4.42- 543 3.83 (3.54- 611 5.4 (5.02- 371 451 (4.1-
50,000 to 74,999USD (0.168) 9.31) (0.163) 7.63) (0.169) 5.16) (0.165) 4.26) (0.174) 4.96) (0.162) 4.12) (0.178) 5.78) (0.165) 4.92)
583 9.05 (8.6- 446 7.58 (1.07- 304 553 (5.17- 686 488 (4.51- 847 523 (4.93- 4.50 (4.24- 553 5.99 (5.57- 374 162 (4.21-
75,000 to 99,999USD (0.162) 9.5) (0.157) 8.09) (0.154) 5.89) (0.152) 5.25) (0.159) 5.53) 338 (0.16) 4.94) (0.161) 6.41) (0.166) 5.03)
487 92 (8.7- 390 739 (6.85- 605 524 (4.84- 518 4.68 (4.28- 648 4.94 (4.62- 410 4.26 (3.89- 463 5.67 (5.23- 289 4.62 (4.19-
100,000 to 124,999USD (0.135) 9.7) (0.137) 7.93) (0.116) 5.64) (0.115) 5.08) (0.122) 5.26) (0.122) 4.63) (0.135) 6.11) (0.128) 5.05)
374 9.2 (8.64- 293 771 (7.08- 443 5.4 (4.94- 379 511 (4.63- 451 5.06 (4.67- 317 4.61 (4.18- 331 5.93 (541- 224 5.09 (4.55-
125,000 to 149,999USD (0.104) 9.76) (0.103) 8.34) (0.085) 5.86) (0.084) 5.59) (0.085) 5.45) (0.094) 5.04) (0.097) 6.45) (0.099) 5.63)
266 937 (8.7- 229 8.09 (7.37- 294 5.63 (5.04- 266 5.17 (4.56- 307 5.58 (5.07- 230 4.96 (4.39- 235 6.56 (5.89- 167 5.56 (4.85-
150,000 to 174,999USD (0.074) 10.04) (0.081) 8.81) (0.056) 6.22) (0.059) 5.78) (0.058) 6.09) (0.069) 5.53) (0.069) 7.23) (0.074) 6.27)
134 937 (8.39- 103 8.07 (6.93- 573 (4.93- 129 541 (4.57- 165 5.55 (4.86- 110 4.67 (3.94- 130 6.42 (5.54- 47 (3.83-
175,000 to 199,999USD (0.037) 10.35) (0.036) 9.21) 159 (0.03) 6.53) (0.029) 6.25) 0.031) 6.24) (0.033) 5.4) (0.038) 73) 87(0.039) 5.57)
9.99 (9.15- 140 826 (7.29- 59(5.16- 184 5.48 (4.69- 220 6.02 (5.36- 153 5.06 (431- 159 6.48 (5.64- 109 5.67 (4.7
200,000USD and over 182 (0.05) 10.83) (0.049) 9.23) 211 (0.04) 6.64) (0.041) 6.27) (0.041) 6.68) (0.046) 5.81) (0.046) 7.32) (0.048) 6.64)
Frequency
. 116 4.63 (3.97- 427 (357 416 (3.46- 107 462 (3.92- 434 (3.61- 103 437 (3.69- 426 (3.36- 100 453 (3.78-
A few times a year (0.032) 5.29) 94 (0.033) 4.97) 730019 4.86) (0.024) 5.32) 770014 5.07) (0.031) 5.05) 66 (0.019) 5.16) (0.044) 5.28)
Less th " 212 55 (4.93- 268 A9 @a L0 00s) | 237691 503 3.93 (3.59- 1263 439 (4.17- 1483 3.97 3.77- 692 5.08 (4.73- 648 429 (3.99-
css than once a mon (0.059) 6.07) (0.094) 5.4) - 4.83) (0.111) 4.27) (0.237) 4.61) (0.442) 4.17) (0.202) 5.43) (0.287) 4.59)
Once or twice a month 191 5.52 (4.92- 260 525 (4.75- 739 4.66 (4.34- 969 425 (3.98- 1914 4.96 (4.76- 966 438 (4.13- 683 5.16 (4.85- 499 429 (3.99-
ce ortwice a mo (0.053) 6.12) (0.092) 5.75) (0.141) 4.98) (0.215) 4.52) (0.36) 5.16) (0.288) 4.63) (0.199) 5.47) (0.221) 4.59)
o i N 413 726 (6.74- 524 6.7 (6.26- 3558 5.05 (4.88- 2594 461 (442- 1819 497 (4.77- 654 449 (4.19- 1323 6.26 (5.98- 669 548 (5.14-
nee or twice a wee (0.115) 7.78) (0.185) 7.14) (0.68) 5.22) (0.575) 4.8) (0.342) 5.17) (0.195) 4.79) (0.386) 6.54) (0.297) 5.82)
Dail 1most dail 2674 9.78 (9.57- 1692 8.55 (3.28- 604 534 (4.93- 339 518 (4.65- 245 571 (5.13- 149 53 (4.64- 663 644602 | a0 01y | A9 (496
atly or almost daily (0.742) 9.99) (0.596) 8.82) (0.115) 5.75) (0.075) 5.71) (0.046) 6.29) (0.044) 5.96) (0.193) 6.86) : 6.02)
Duration
. 579 (4.69- 109 FYCREA 3.61 (2.92- 123 3.85(3.1- 123 3.53 (2.98- 148 315 (2.58- 146 391 (3.23- 116 34 (275
Less than 5 mins 90(0.025) 6.89) (0.038) 4.83) 106 (0.02) 4.3) (0.027) 4.6) (0.023) 4.08) (0.044) 3.72) (0.043) 4.59) (0.051) 4.05)
5 mins - 15 min 245 539 (4.81- 190 475 (4.14- 562 419 (3.84- 578 3.95 (3.62- 387 385 (3.51- 292 3.64(3.25- 267 45 (4.02- 237 3.97 (3.56-
S- S (0.068) 5.97) (0.067) 5.36) (0.107) 4.54) (0.128) 4.28) (0.073) 4.19) (0.087) 4.03) (0.078) 4.98) (0.105) 4.38)
15 mins - 1 hour 623 621 (5.85- 599 513 (4.82- 2953 481 (4.64- 2813 434 (417 2045 451 (4.34- 1659 4.03 (3.86- 1476 5.08 (4.86- 1102 434 (4.13-
! ul (0.173) 6.57) (0.211) 5.44) (0.564) 4.98) (0.623) 4.51) (0.385) 4.68) (0.494) 42) (0.431) 5.3) (0.489) 4.55)
L hour- 41 377 6.98 (6.45- 365 6.25 (5.73- 1508 552 (5.26- 924 529 (4.96- 2656 524 (5.07- 1180 4.77 (4.52- 1417 6.87 (6.59- 712 5.81 (5.45-
our - 4 hours (0.105) 7.51) (0.129) 6.77) (0.288) 5.78) (0.205) 5.62) (0.499) 5.41) (0.352) 5.02) (0.413) 7.15) (0.316) 6.17)
10.38
2271 ] 1575 9.13 (8.85- 7.68 (6.61- 6.05 (4.82- 7(6.02- 6.08 (5.05- 121 7.19 (6.27- 73 (6.21-
4 hours or longer ©63) (11(?6115) 0355 5.41) 107 (0.02) 875 74 (0.016) 7.28) 107 (0.02) 7.98) 76 (0.023) 71D 0.035) 8.1 87 (0.039) 8.30)
Contact mode
Only non-physical 108203 | 634 (623 1188 5.88 (5.6- 2442 451 (4.32- 2703 4.03 (3.86- 2051 4.12 (3.95- 1694 3.7 (3.53- 1267 4.86 (4.61- 1039 4.12 (3.88-
contacts - 6.85) (0.419) 6.16) (0.466) 47) (0.599) 42) (0.386) 429) (0.505) 3.87) 0.37) 5.11) (0.461) 4.36)
only ohysical contact 838 8.69 (8.32- 633 7.24 (6.84- 1279 496 (4.71- 977 479 (451- 1514 5.03 (4.82- 383 46 (435 1041 59662 | 09 (0a1) | I8 AE-
nly physical contacts (0.232) 9.06) (0.223) 7.64) (0.244) 5.21) (0.217) 5.07) (0.285) 5.24) (0.263) 4.85) (0.304) 6.18) : 5.47)
Both non-physical and 1686 (ig"l‘;_ 1017 9.34 (8.99- 1515 5.75 (5.48- 832 5.65 (5.28- 1753 5.57 (5.35- 778 5.1 (4.79- 1119 6.77 (6.45- 516 5.8 (5.38-
physical contacts (0.468) 1067) (0.358) 9.69) (0.289) 6.02) (0.184) 6.02) (0.33) 5.79) (0.232) 5.41) 0.327) 7.09) (0.229) 6.22)
Protecting measures
Ves 797 7(6.61- 1775 751 (7.25- 1006 431 (4.03- 3093 42 (4.04- 769 4.34 (4.06- 1700 3.8 (3.62- 533 4.56 (4.23- 1010 4.14 (3.89-
Wear a es (0.221) 7.39) (0.625) 7.77) (0.192) 4.59) (0.686) 4.36) (0.145) 4.62) (0.507) 3.98) (0.156) 4.89) (0.448) 4.39)
mask N 2809 938 (9.18- 1063 7.28 (6.97- 4230 5.14 (4.99- 1419 5.16 (4.92- 4549 4.94 (4.81- 1655 4.74 (4.55- 2894 6.03 (5.84- 1244 539 (5.15-
° (0.779) 9.58) (0.375) 7.59) (0.808) 5.29) (0.314) 5.4) (0.855) 5.07) (0.493) 4.93) (0.844) 6.22) (0.552) 5.63)
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Work/Study Shopping Eating out Physical exercise
Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic
Variable Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean
(%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI)
. Y. 936 (0.26) 8.19 (7.83- 1709 7.88 (7.61- 1351 4.87 (4.62- 3108 441 (4.24- 1345 4.61 (4.39- 2104 3.98 (3.82- 828 5.5(5.19- 1199 4.75 (4.5-
Disinfect s - 8.55) (0.602) 8.15) (0.258) 5.12) (0.689) 4.58) (0.253) 4.83) 0.627) 4.14) (0.242) 5.81) (0.532) 5)
hands No 2670 9.08 (8.87- 1129 6.73 (6.43- 3885 5.02 (4.86- 1404 4.68 (4.44- 3973 4.94 (4.81- 1251 4.73 (4.51- 2599 5.9(5.71- 1055 4.93 (4.69-
(0.74) 9.29) (0.398) 7.03) 0.742) 5.18) 0.311) 4.92) 0.747) 5.07) 0.373) 4.95) (0.758) 6.09) (0.468) 5.17)
Y. 617 7.34 (6.93- 1606 7.68 (7.41- 1068 4.52 (4.26- 3011 4.39 (4.22- 995 4.57 (4.33- 2136 4.1 (3.94- 692 4.97 (4.67- 1207 4.75 (4.51-
Distancing s (0.171) 7.75) (0.566) 7.95) (0.204) 4.78) (0.667) 4.56) (0.187) 4.81) 0.637) 4.26) (0.202) 5.27) (0.535) 4.99)
with others No 2989 9.16 (8.96- 1232 7.09 (6.79- 4168 5.1 (4.95- 1501 4.72 (4.49- 4323 4.92 (4.79- 1219 4.55 (4.33- 2735 6.01 (5.82- 1047 4.93 (4.68-
(0.829) 9.36) (0.434) 7.39) (0.796) 5.25) (0.333) 4.95) (0.813) 5.05) (0.363) 4.77) (0.798) 6.2) (0.465) 5.18)
Y. 1900 10.05 (9.8- 220 7.78 (7- 2933 5.22(5.03- 194 5.69 (4.91- 3041 5(4.84- 216 5.39 (4.73- 1805 6.34 (6.08- 177 5.83 (5.04-
No measures s (0.527) 10.3) (0.078) 8.56) (0.56) 5.41) (0.043) 6.47) (0.572) 5.16) (0.064) 6.05) (0.527) 6.6) (0.079) 6.62)
are taken No 1706 7.51(7.25- 2618 7.39(7.18- 2303 4.67 (4.49- 4318 4.44 (4.3- 2277 4.66 (4.5- 3139 4.19 (4.06- 1622 5.2 (5-5.4) 2077 4.75 (4.57-
(0.473) 7.77) 0.922) 7.6) (0.44) 4.85) 0.957) 4.58) (0.428) 4.82) (0.936) 4.32) (0.473) : ’ 0.921) 4.93)
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Appendix 5: Statistics of social contacts for Party, Cultural leisure, Medical activities, Public transport

setting before and during the COVID-19 pandemic

Party Cultural leisure Medical activities Public transport
Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic
Variable Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean
(%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI)
7.21 (7.05- 5.68 (5.5- 6.32 (6.16- 5.29 (5.1- 3.66 (3.56- 3.34 (3.24- 6.96 (6.77- 5.96 (5.74-
Total 4278 (1) 737) 2304 (1) 5.86) 4476 (1) 6.48) 2223 (1) 5.48) 5365 (1) 3.76) 211 (1) 3.44) 3186 (1) 715) 1928 (1) 618)
Age
96 55 6.74 (5.39- 101 6.67 (5.7- 55 5.25(4.11- 113 4.75 (3.95- 3.62(2.87- 87 6.93 (5.81- 63 6.03 (4.81-
Less than 19 ©.022) | 30607912 1 (o4 8.09) (0.023) 7.64) (0.025) 6.39) (0.021) 5.55) 84 0.02) 437) (0.027) 8.05) (0.033) 7.5)
20~29 959 6.87 (6.56- 663 5.45(5.13- 974 6.17 (5.86- 632 5.07 (4.75- 1041 4.47 (4.22- 834 4.06 (3.81- 787 635 (6-6.7) 574 5.47 (5.12-
(0.224) 7.18) (0.288) 5.77) (0.218) 6.48) (0.284) 5.39) (0.194) 4.72) (0.198) 431) (0.247) : : (0.298) 5.82)
30~39 857 (0.2) 7.06 (6.72- 539 5.55(5.18- 899 6.24 (5.91- 539 4.99 (4.64- 940 4.4 (4.13- 741 3.93 (3.66- 673 7.15 (6.74- 454 6.01 (5.58-
- 7.4) (0.234) 5.92) (0.201) 6.57) (0.242) 5.34) (0.175) 4.67) (0.176) 4.2) 0.211) 7.56) (0.235) 6.44)
40~49 769 7.39 (7.01- 422 5.67 (5.23- 798 6.46 (6.09- 404 5.18 (4.74- 900 3.78 (3.53- 663 3.47 (3.21- 563 6.85 (6.4- 356 5.74 (5.23-
(0.18) 7.77) (0.183) 6.11) (0.178) 6.83) (0.182) 5.62) (0.168) 4.03) (0.157) 3.73) (0.177) 7.3) (0.185) 6.25)
50~59 672 7.67 (7.25- 293 6.33 (5.74- 700 6.91 (6.48- 284 6.06 (5.43- 861 3.19 (2.96- 659 2.91 (2.68- 447 8 (7.42- 222 7.21 (6.43-
(0.157) 8.09) (0.127) 6.92) (0.156) 7.34) (0.128) 6.69) (0.16) 3.42) (0.156) 3.14) (0.14) 8.58) (0.115) 7.99)
60~64 250 7.67 (6.99- 73 6.41 (5.24- 275 6.48 (5.8- 74 5.16 (3.91- 358 3.04 (2.68- 265 2.93 (2.53- 178 7.42 (6.53- 67 6.6 (5.2-8)
(0.058) 8.35) (0.032) 7.58) (0.061) 7.16) (0.033) 6.41) (0.067) 3.4) (0.063) 3.33) (0.056) 8.31) (0.035) T
65~69 262 7.22 (6.58- 97 5.57 (4.66- 272 5.96 (5.29- 86 6.17 (4.94- 418 2.75 (2.49- 339 2.62 (2.35- 174 7.02 (6.11- 71 6.36 (4.97-
(0.061) 7.86) (0.042) 6.48) (0.061) 6.63) (0.039) 7.4) (0.078) 3.01) (0.081) 2.89) (0.055) 7.93) (0.037) 7.75)
70 and ab 413 6.73 (6.25- 162 5.3 (4.61- 457 5.69 (5.19- 149 5.66 (4.79- 734 2.6 (2.42- 626 2.52(2.33- 277 6.46 (5.75- 121 5.89 (4.85-
and above (0.097) 7.21) (0.07) 5.99) (0.102) 6.19) (0.067) 6.53) (0.137) 2.78) (0.149) 2.71) (0.087) 7.17) (0.063) 6.93)
Gender
Mal 2189 6.87 (6.66- 1302 5.65(5.41- 2204 6.04 (5.83- 1250 5.15 (4.91- 2615 3.83 (3.69- 2103 3.56 (3.41- 1664 6.68 (6.42- 1072 5.83 (5.55-
ale (0.512) 7.08) (0.565) 5.89) (0.492) 6.25) (0.562) 5.39) (0.487) 3.97) (0.499) 3.71) (0.522) 6.94) (0.556) 6.11)
Femal 2089 7.56 (7.33- 1002 5.72 (5.43- 2272 6.59 (6.36- 973 5.47 (5.16- 2750 3.5(3.36- 2108 3.12 (2.98- 1522 7.26 (6.97- 856 6.14 (5.79-
cmale (0.488) 7.79) (0.435) 6.01) (0.508) 6.82) (0.438) 5.78) (0.513) 3.64) (0.501) 3.26) (0.478) 7.55) (0.444) 6.49)
Country
AU 726 6.88 (6.52- 510 5.83 (5.44- 728 6.06 (5.7- 500 5.49 (5.09- 848 3.86 (3.59- 727 3.51(3.26- 549 6.62 (6.18- 397 5.88 (5.42-
(0.17) 7.24) (0.221) 6.22) (0.163) 6.42) (0.225) 5.89) (0.158) 4.13) (0.173) 3.76) (0.172) 7.06) (0.206) 6.34)
us 827 6.84 (6.5- 481 5.26 (4.89- 846 6.57 (6.22- 419 5(4.6-5.4) 1065 3.81 (3.6- 868 3.33 (3.13- 483 6.63 (6.17- 290 5.01 (4.58-
(0.193) 7.18) (0.209) 5.63) (0.189) 6.92) (0.188) o (0.199) 4.02) (0.206) 3.53) (0.152) 7.09) (0.15) 5.44)
NZ 795 7.97 (7.6- 614 6.95 (6.54- 800 6.67 (6.29- 598 6.06 (5.65- 969 3.41 (3.19- 860 3.11(2.9- 519 6.5 (6.04- 373 6.22 (5.68-
(0.186) 8.34) (0.266) 7.36) (0.179) 7.05) (0.269) 6.47) (0.181) 3.63) (0.204) 3.32) (0.163) 6.96) (0.193) 6.76)
CA 696 7.46 (7.06- 215 453 (4.02- 735 6.55 (6.16- 196 424 (3.77- 867 336 (3.13- 557 272 (2.5- 466 7.69 (7.15- 203 5.98 (5.34-
(0.163) 7.86) (0.093) 5.04) (0.164) 6.94) (0.088) 4.71) (0.162) 3.59) (0.132) 2.94) (0.146) 8.23) (0.105) 6.62)
UK 798 6.78 (6.42- 247 4.25 (3.84- 815 5.46 (5.12- 214 3.82(3.44- 865 29(2.7- 511 2.81(2.57- 654 6.69 (6.26- 302 4.78 (4.3-
(0.187) 7.14) (0.107) 4.66) (0.182) 5.8) (0.096) 4.2) (0.161) 3.1) (0.121) 3.05) (0.205) 7.12) (0.157) 5.26)
P 436 7.44 (6.94- 237 5.47 (4.86- 552 6.72 (6.23- 296 5.55 (4.94- 751 4.75 (4.42- 688 4.34 (4.02- 515 7.79 (7.26- 363 7.53 (6.91-
(0.102) 7.94) (0.103) 6.08) (0.123) 7.21) (0.133) 6.16) (0.14) 5.08) (0.163) 4.66) (0.162) 8.32) (0.188) 8.15)
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Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic
. Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean
Variable P P P P P P P P
(%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI)
Occupation
Company employee / self- 1994 7.4 (7.17- 1149 5.64 (5.38- 2029 6.53 (6.3- 1131 5.29 (5.02- 2197 4(3.84- 1674 3.64 (347- 1484 7.22 (6.94- 927 6.22 (5.9-
employed (0.466) 7.63) (0.499) 5.9) (0.453) 6.76) (0.509) 5.56) (0.41) 4.16) (0.398) 3.81) (0.466) 7.5) (0.481) 6.54)
. 267 170 6.42 (5.69- 272 6.85 (6.23- 158 5.93 (5.18- 296 4.56 (4.06- 236 425 (3.72- 207 6.93 (6.21- 134
Governmental officier 0062 | 7020829 1 0074 7.15) (0.061) 7.47) 0.071) 6.68) (0.055) 5.06) (0.056) 4.78) (0.065) 7.65) (0.07) 3.75(5-6.3)
Faculty or staff of an 177 7.52(6.77- 104 6.56 (5.66- 177 75 (6.71- 97 6.62 (5.65- 189 4.94 (4.32- 158 4.15 (3.56- 119 7.39 (6.41- 86 5.78 (4.93-
educational institution (0.041) 8.27) (0.045) 7.46) (0.04) 8.29) (0.044) 7.59) (0.035) 5.56) (0.038) 4.74) (0.037) 8.37) (0.045) 6.63)
. 267 119 499 (42- 306 5.97 (5.36- 106 482 (3.94- 403 341 (3.06- 315 32 (282 203 6.62 (5.82- 113 535 (4.39-
Housewife or househusband 0062 | 016722 | o052 5.78) (0.068) 6.58) (0.048) 5.7) (0.075) 3.76) (0.075) 3.58) (0.064) 7.42) (0.059) 6.31)
Part-time iob 393 6.97 (6.47- 238 572 (5.13- 412 595G 4 | 500y | 478025 496 3.65 (3.32- 407 343 (3.11- 302 6.91 (6.27- 197 6.5 (5.77-
art-ime Jo (0.092) 7.47) (0.103) 631) (0.092) 6.46) : 531) (0.092) 3.98) (0.097) 3.75) (0.095) 7.55) (0.102) 7.23)
Stadent 221 — 126 6.17 (5.33- 228 6.7 (6.03- 121 5.61 (481- 240 467 (&1- 180 352 (3.02- 194 721 (6.43- 130 6.13 (5.28-
ude (0.052) U (0.055) 7.01) (0.051) 737) (0.054) 6.41) (0.045) 5.24) (0.043) 4.02) (0.061) 7.99) (0.067) 6.98)
Other unemployed 752 6.78 (6.41- 278 537 (4.84- 828 5.66 (5.29- 261 4.98 (4.39- 1259 2.57 (2.44- 1008 2,51 (2.36- 525 6.49 (5.98- 237 5.48 (4.8-
(including retired) (0.176) 7.15) (0.121) 5.9) (0.185) 6.03) (0.117) 5.57) (0.235) 2.7) (0.239) 2.66) (0.165) 7) (0.123) 6.16)
oth 207 6.75 (6.03- 120 5.08 (4.29- 224 6.08 (5.4- 126 5.07 (427- 285 352 (3.09- 233 317 2.78- 152 6.03 (5.18- 104 4.67 (3.82-
er (0.048) 7.47) (0.052) 5.87) (0.05) 6.76) (0.057) 5.87) (0.053) 3.95) (0.055) 3.56) (0.048) 6.88) (0.054) 5.52)
Household size
| 698 7.06 (6.67- 311 525 (4.75- 764 5.83 (5.45- 330 481 (43- 968 291 (2.72- 752 278 (2.59- 601 6.71 (6.24- 337 5.95 (5.37-
(0.163) 7.45) (0.135) 5.75) (0.171) 6.21) (0.148) 5.32) (0.18) 3.1) (0.179) 2.97) (0.189) 7.18) (0.175) 6.53)
) 1446 715 (6.88- 636 5.72(5.37- 1483 6.45 (6.17- 610 553 (5.14- 1938 328 (3.13- 1494 3.03 (2.87- 979 73 (6.93- 532 6.17 (5.72-
(0.338) 7.42) (0.298) 6.07) (0.331) 6.73) (0.274) 5.92) (0.361) 3.43) (0.355) 3.19) (0.307) 7.67) (0.276) 6.62)
3 902 7.06 (6.73- 525 571 (5.33- 952 6.15 (5.83- 523 53 (4.92- 1081 4.07 (3.83- 861 3.63 (3.39- 632 6.79 (6.37- 422 5.92 (5.47-
(0.211) 7.39) (0.228) 6.09) (0.213) 6.47) (0.235) 5.68) (0.201) 431) (0.204) 3.87) (0.198) 721) (0.219) 6.37)
4 309 738 (7.02- 511 5.76 (5.38- 850 6.53 (6.19- 496 524 (4.85- 903 421 (3.95- 724 3.67 (3.43- 647 6.93 (6.52- 416 5.68 (5.25-
(0.189) 7.74) (0.222) 6.14) (0.19) 6.87) (0.223) 5.63) (0.168) 4.47) (0.172) 3.91) (0.203) 7.34) (0.216) 6.11)
5 267 7.63 (7.01- 164 538 (4.75- 274 6.75 (6.14- 159 5.14 (4.52- 312 4.64 (4.17- 239 4.14 (3.65- 207 7.26 (6.53- 137 6.16 (5.36-
(0.062) 8.25) (0.071) 6.01) (0.061) 7.36) (0.072) 5.76) (0.058) 5.11) (0.057) 4.63) (0.065) 7.99) (0.071) 6.96)
o 156 7.61 (6.81- 107 6.68 (5.72- 153 6.65 (5.86- 105 581 (4.93- 163 4.97 (4.24- 141 471 (391- 120 6.07 (5.21- 84 5.98 (4.98-
(0.036) 8.41) (0.046) 7.64) (0.034) 7.44) (0.047) 6.69) (0.03) 5.7) (0.033) 5.51) (0.038) 6.93) (0.044) 6.98)
Education
No formal qualification 31 5.73 (3.86- 21 521 (3.09- 33 432 (2.76- 21 381 (2.26- 39 2.63 (1.79- 32 2.91 (1.69- 16 372 (2.26- 13 258 (1.52-
© tormal qualiticatio (0.007) 7.6) (0.009) 7.33) (0.007) 5.88) (0.009) 5.36) (0.007) 3.47) (0.008) 4.13) (0.005) 5.18) (0.007) 3.64)
Element ool 47 7.02 (5.8- 45002 | 69636 50 6.61 (5.58- 46 7.12 (5.89- 59 752 (6.18- 54 551 (4.3- 43 5.59 (4.46- 6 5.62 (4.64-
cmentary schoo (0.011) 8.24) - 7.62) (0.011) 7.64) (0.021) 8.35) (0.011) 8.86) (0.013) 6.72) (0.013) 6.72) (0.024) 6.6)
Middle school/ Junior high 295 6.98 (6.38- 155 6.22 (5.47- 315 524 (471- 150 4.88 (4.2- 406 291 (2.61- 319 2.83(2.51- 215 5.45 (4.75- 112 5.5 (4.59-
school (0.069) 7.58) (0.067) 6.97) (0.07) 5.77) (0.067) 5.56) (0.076) 321) (0.076) 3.15) (0.067) 6.15) (0.058) 6.41)
High school/ Senior high 717 6.94 (6.56- 365 5.81(5.33- 734 6.16 (5.78- 343 531 (4.82- 994 343(321- 773 325 (3.02- 501 6.49 (6.01- 334 5.83 (5.3
school (0.168) 7.32) (0.158) 6.29) (0.164) 6.54) (0.154) 5.8) (0.185) 3.65) (0.184) 3.48) (0.157) 6.97) (0.173) 6.36)
Colless/ Vocational sehool 916 742 (7.08- 458 5.76 (5.33- 968 651 (6.16- 428 5.06 (4.62- 1206 351 (331- 941 3.05 (2.86- 628 7 (6.56- 345 5.83 (5.31-
otiege/ Vocational schoo (0.214) 7.76) (0.199) 6.19) (0.216) 6.86) (0.193) 5.5) (0.225) 3.71) (0.223) 3.04) (0.197) 7.44) (0.179) 6.35)
Undergraduate/ Bachelor 1497 738 (7.11- 794 547 (5.16- 1591 6.44 (6.17- 773 529 (4.96- 1784 374 (3.56- 1379 341 (3.23- 1098 751 (7.17- 644 635 (5.94-
crgraduate/ bachelo (0.35) 7.65) (0.345) 5.78) (0.355) 6.71) (0.348) 5.62) (0.333) 3.92) (0.327) 3.59) (0.345) 7.85) (0.334) 6.76)
Master d 662 6.87 (6.49- 405 559 (5.17- 662 6.44 (6.05- 400 5.46 (5.03- 739 4.09 (3.82- 597 376 (3.5- 510 6.75 (6.3 340 5.65 (5.17-
aster degree (0.155) 7.25) (0.176) 6.01) (0.148) 6.83) (0.18) 5.89) (0.138) 4.36) (0.142) 4.02) (0.16) 7.2) (0.176) 6.13)
Doctoral d 113 7.92 (6.92- 61 5.87 (4.68- 123 6.76 (5.83- 62 5.75 (4.58- 138 4.11 (3.46- 116 3.69 (3.02- 36 8.05 (6.78- 59 6.42 (5.13-
octoral degree (0.026) 8.92) (0.026) 7.06) (0.027) 7.69) (0.028) 6.92) (0.026) 4.76) (0.028) 4.36) (0.027) 9.32) (0.031) 7.71)
Income
Under 24.999USD 368 6.44 (5.93- 204 5.52 (4.88- 405 581 (53- 211 5.05 (4.41- 626 345 (3.17- 525 32(2.92- 358 6.92 (6.32- 241 575 (5.1-
nder 24, (0.086) 6.95) (0.089) 6.16) (0.09) 6.32) (0.095) 5.69) (0.117) 3.73) (0.125) 3.48) (0.112) 7.52) (0.125) 6.4)
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Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic

Variable Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean
(%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI)
25.000 o 34.999USD 370 6.46 (5.97- 190 5.1(4.53- 419 5.58 (5.09- 199 481 (4.21- 562 328 (2.99- 446 315 (2.85- 323 6.28 (5.69- 188 5.85 (5.13-

00010 54, (0.086) 6.95) (0.082) 5.67) (0.094) 6.07) (0.09) 5.41) (0.105) 3.57) (0.106) 3.45) (0.101) 6.87) (0.098) 6.57)
493 6.9 (6.45- 214 545 (4.87- 534 5.89 (5.44- 219 472 (4.14- 698 323 (2.98- 524 2.84 (2.61- 355 6.27 (5.7- 201 54473

35,000 to 49,999USD (0.115) 735) (0.093) 6.03) (0.119) 6.34) (0.099) 53) (0.13) 3.48) (0.124) 3.07) (0.111) 6.84) (0.104) 6.07)
50,000 10 74.999USD 767 6.99 (6.63- 387 526 (4.83- 794 6.11 (5.75- 356 4.82 (4.39- 920 336 (3.14- 687 3.07 (2.85- 534 6.45 (5.98- 306 573 (5.21-

,0UD 1o 74, (0.179) 735) (0.168) 5.69) (0.177) 6.47) (0.16) 5.25) (0.171) 3.58) (0.163) 3.29) (0.168) 6.92) (0.159) 6.25)
75.000 to 99.999USD 701 7.62 (1.22- 393 5.82 (5.36- 731 6.65 (6.26- 375 573 (5.24- 826 3.95 (3.68- 631 337 G.11- 455 7.07 (6.55- 266 57(5.12-

0D T0 29, (0.164) 8.02) (0.171) 6.28) (0.163) 7.04) (0.169) 6.22) (0.154) 422) (0.15) 3.63) (0.143) 7.59) (0.138) 6.28)
569 731 (6.88- 310 5.65 (5.14- 572 6.53 (6.1- 285 525 (4.74- 634 3.69 3.4 495 354 (3.23- 429 7.45 (6.91- 262 6.16 (5.55-

100,000 to 124,999USD (0.133) 7.74) (0.135) 6.16) (0.128) 6.96) (0.128) 5.76) (0.118) 3.98) (0.118) 3.85) (0.135) 7.99) (0.136) 6.77)
393 7.64 (7.13- 229 6.27 (5.66- 395 6.67 (6.15- 219 5.45 (4.87- 443 4.04 3.7- 361 3.64 (3.3 296 7.78 (7.16- 185 6.47 (5.77-

125,000 to 149,999USD (0.092) 8.15) (0.099) 6.88) (0.088) 7.19) (0.099) 6.03) (0.083) 438) (0.086) 3.98) (0.093) 8.4) (0.096) 7.17)
258 7.56 (6.92- 157 6.06 (5.35- 269 6.8 (6.13- 154 5.82 (5.05- 287 461 (&1- 235 457 (4 189 759 (6.78- 134 6.88 (5.95-

150,000 to 174,999USD (0.06) 8.2) (0.068) 6.77) (0.06) 7.47) (0.069) 6.59) (0.053) 5.12) (0.056) 5.14) (0.059) 8.4) (0.07) 7.81)
151 7.52 (6.69- 91 5.87 (4.92- 149 7.02 (6.17- 35 5.87 (4.81- 155 4.18 (3.55- 131 345 (2.88- 109 7.52 (6.46- 67 6.64 (5.37-

175,000 to 199,999USD (0.035) 8.35) (0.039) 6.82) (0.033) 7.87) (0.038) 6.93) (0.029) 4.81) (0.031) 4.02) (0.034) 8.58) (0.035) 7.91)
208 8.25 (1.47- 129 6.46 (5.54- 208 7.13 (6.36- 120 6.26 (5.29- 214 427 (3.68- 176 3.68 3.13- 138 748 (6.5- 6.15 (4.96-

200,000USD and over (0.049) 9.03) (0.056) 7.38) (0.046) 7.9) (0.054) 7.23) (0.04) 4.86) (0.042) 4.23) (0.043) 8.46) 78004 7.34)

Frequency

A fow fim a 101 5.46 (4.6- 130 5.15 (444- 126 5.58 (4.79- 17 453 (3.77- 189 375 (3.28- 185 3.92 (3.39- 147 576 (5.01- 125 446 (3.86-

cw times a ye (0.024) 6.32) (0.056) 5.86) (0.028) 6.37) (0.053) 5.29) (0.035) 422) (0.044) 445) (0.046) 6.51) (0.065) 5.06)
Less th 0 1872 748 (1.23- 1138 5.69 (5.41- 2334 639 (6.16- 1190 532 (5.03- 3600 323(3.12- 2688 2.84 2.73- 1223 6.99 (6.67- 713 6.05 (5.66-

©ss than once a mon (0.438) 7.73) (0.494) 5.97) (0.521) 6.62) (0.535) 5.61) (0.671) 3.34) (0.638) 2.95) (0.384) 731) (0.37) 6.44)
o - " 1319 7.08 (6.81- 494 5.69 (5.3- 1284 6.4 (6.11- 411 5.03 (4.64- 1065 3.96 (3.74- 346 3.67 (3.45- 616 637695 | 35602) | 536 @92

nee or twice a mon (0.308) 735) (0.214) 6.08) (0.287) 6.69) (0.185) 5.42) (0.199) 4.18) (0.201) 3.89) (0.193) 6.79) : 5.8)

o i N 809 7.16 (6.81- 400 575 (5.35- 541 6.01 (5.63- 340 531 (4.9- 363 5.82(5.33- 344 511 (4.67- 551 6.6 (6.17- 393 6.05 (5.59-
nee or twice a wee (0.189) 7.51) (0.174) 6.15) (0.121) 6.39) (0.153) 5.72) (0.068) 6.31) (0.082) 5.55) (0.173) 7.03) (0.204) 6.51)
Dail 1most dail 177 6.46 (5.74- 142 59 (5.18- 191 6.25 (5.69- 165 6.23 (5.62- 148 6.55 (5.76- 148 5.56 (4.86- 649 3.06 (7.6- 311 7.01 (6.4
aily or almost datly (0.041) 7.18) (0.062) 6.62) (0.043) 6.81) (0.074) 6.84) (0.028) 7.34) (0.035) 6.26) (0.204) 8.52) (0.161) 7.62)

Duration
Less than 5 mins 190 5.7 (497 149 465 (3.9- 151 4.84 (4.04- 130 466 (3.8- 134 338 (2.75- 138 3.61 (2.92- 111 539 (441- 72 461 (3.52-
. (0.044) 6.43) (0.065) 5.4) (0.034) 5.64) (0.058) 5.52) (0.025) 4.01) (0.033) 43) (0.035) 6.37) (0.037) 5.7)
s mins - 15 mi 263 531 (4.8 227 4.59 (4.00- 271 5.05 (4.56- 231 422 (381- 631 2.86 (2.64- 553 2.67 (2.45- 368 522 (4.73- 293 4.68 (4.2-
mins - 15 mins (0.061) 5.82) (0.099) 5.09) (0.061) 5.54) (0.104) 4.63) (0.118) 3.08) (0.131) 2.89) (0.116) 5.71) (0.152) 5.16)
15 mins - 1 b 1173 554 (5.3 925 4776 (4.53- 956 539 (5.12- 761 453 (4.27- 3369 33 (3.19- 2677 3.07 (2.96- 2028 7.11 (6.86- 1181 6.05(5.77-
muns - 1 hour (0.274) 5.78) (0.401) 4.99) (0.214) 5.66) (0.342) 4.79) (0.628) 3.41) (0.636) 3.18) (0.637) 7.36) (0.613) 6.33)
L hour- 41 2230 7.96 (7.74- 862 6.74 (6.4- 2839 6.73 (6.52- 1014 6.04 (5.72- 1079 4.53 (4.27- 732 4.25 (3.96- 578 774 (1.27- 319 6.88 (6.3-
our - 4 hours (0.521) 8.18) (0.374) 7.08) (0.634) 6.94) (0.456) 6.36) (0.201) 4.79) (0.174) 4.54) (0.181) 8.21) (0.165) 7.46)
4 hours or longer 422 974 (9.23- 141 8.08 (7.21- 259 744 (6.77- 87 6.94 (5.88- 152 8.98 (8.08- 111 6.79 (5.8- 101 7.64 (6.61- 63 721 (5.91-
ours or longe’ (0.099) 10.25) (0.061) 8.95) (0.058) 8.11) (0.039) 3) (0.028) 9.88) (0.026) 7.78) (0.032) 8.67) (0.033) 8.51)
Contact mode
Only non-phvsical contact 1341 5.89 (5.63- 963 4.74 (4.48- 1801 55 (527 1058 477 (4.5 1622 3.56 (3.38- 1666 3.07 2.92- 1553 6.49 (6.21- 1079 556 (5.27-
y non-physical contacts (0.313) 6.15) (0.418) 5) (0.402) 5.73) (0.476) 5.04) (0.302) 3.74) (0.396) 322) (0.487) 6.77) (0.56) 5.85)
. 1286 5.81 (5.49- 1280 649 (6.21- 635 543(5.11- 1699 3.67(3.5- 1209 355 (3.37- 305 6.48 (6.14- 531 5.96 (5.58-
Only physical contacts ©301) | 7673727 | 692(03) 6.13) (0.286) 6.77) (0.286) 5.75) 0.317) 3.84) (0.287) 3.73) (0.253) 6.82) (0.275) 6.34)
Both non-physical and 1651 8.4 (8.18- 649 6.93 (6.54- 1395 721 (6.92- 530 6.16 (5.72- 2044 372 (3.55- 1336 348 (3.29- 828 832 (7.91- 318 735 (6.72-
physical contacts (0.386) 8.7) (0.282) 732) (0.312) 7.5) (0.238) 6.6) (0.381) 3.89) 0.317) 3.67) (0.26) 8.73) (0.165) 7.98)
Protecting measures
v 582 5.18 (4.83- 924 467 (44- 606 5.12 (475- 976 4.62 (4.34- 1005 3.68 (3.46- 2837 2.97 (2.86- 533 6.16 (5.71- 1168 6.25 (5.93-
Wear a cs (0.136) 5.53) (0.401) 4.94) (0.135) 5.49) (0.439) 4.9) (0.187) 3.9) (0.674) 3.08) (0.167) 6.61) (0.606) 6.57)
mask N 3696 7.53 (1.36- 1380 636 (6.12- 3870 6.51 (6.34- 1247 581 (5.56- 4360 3.65 (3.54- 1374 411 (3.92- 2653 7.12 (6.91- 760 552 (5.24-
° (0.864) 7.7) (0.599) 6.6) (0.865) 6.68) (0.561) 6.06) (0.813) 3.76) (0.326) 43) (0.833) 733) (0.394) 5.8)
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Party Cultural leisure Medical activities Public transport

Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic Pre-pandemic During-pandemic

Variable Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean Sample Mean
(%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI) (%) (95%CI)
% 865 6.21 (5.89- 1221 5.52(5.26- 917 5.73 (5.41- 1178 5.15 (4.88- 1372 3.63 (3.44- 2821 2.97 (2.86- 816 6.19 (5.84- 1058 5.76 (5.46-

Disinfect s (0.202) 6.53) (0.53) 5.78) (0.205) 6.05) (0.53) 5.42) (0.256) 3.82) 0.67) 3.08) (0.256) 6.54) (0.549) 6.06)
hands N 3413 7.46 (7.28- 1083 5.86 (5.6- 3559 6.47 (6.29- 1045 5.44 (5.18- 3993 3.67 (3.55- 1390 4.07 (3.87- 2370 7.23 (7- 870 6.21 (5.88-

0 (0.798) 7.64) (0.47) 6.12) (0.795) 6.65) (0.47) 5.7) (0.744) 3.79) (0.33) 4.27) (0.744) 7.46) (0.451) 6.54)

) ) Yes 746 5.67 (5.35- 1176 5.56 (5.29- 758 5.49 (5.16- 1160 5.25(4.98- 1033 3.9 (3.68- 2609 3.15(3.03- 570 6.01 (5.62- 986 6.05 (5.73-
Distancing (0.174) 5.99) (0.51) 5.83) (0.169) 5.82) (0.522) 5.52) (0.193) 4.12) (0.62) 3.27) (0.179) 6.4) (0.511) 6.37)
with others N 3532 7.53 (7.36- 1128 5.81 (5.55- 3718 6.49 (6.32- 1063 5.34 (5.08- 4332 3.6 (3.49- 1602 3.65(3.48- 2616 7.17 (6.95- 942 5.87 (5.56-

o (0.826) 7.7) (0.49) 6.07) (0.831) 6.66) (0.478) 5.6) (0.807) 3.71) (0.38) 3.82) (0.821) 7.39) (0.489) 6.18)
Yes 2576 8.09 (7.88- 235 7.61 (6.95- 2752 6.75 (6.54- 213 6.85 (6.15- 2926 3.32(3.19- 202 4.07 (3.46- 1669 7.75 (7.46- 103 7.11 (5.97-
No measures (0.602) 8.3) (0.102) 8.27) (0.615) 6.96) (0.096) 7.55) (0.545) 3.45) (0.048) 4.68) (0.524) 8.04) (0.053) 8.25)
are taken No 1702 5.88 (5.67- 2069 5.46 (5.27- 1724 5.62 (5.4- 2010 5.12 (4.92- 2439 4.06 (3.91- 4009 33(.2- 1517 6.1 (5.85- 1825 5.9 (5.68-
(0.398) 6.09) (0.898) 5.65) (0.385) 5.84) (0.904) 5.32) (0.455) 4.21) (0.952) 3.4) (0.476) 6.35) (0.947) 6.12)
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