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Abstract
This study examines changes in online and in-store grocery shopping in California during the COVID-19 pandemic. We ana-
lyzed survey data from before the pandemic (pre-February 2020) and during the first wave (March-June 2020). Our findings
indicate an increase in online grocery purchases among consumerist individuals, while financially conservative individuals and
those facing financial struggles showed a decrease. People bought more items per purchase in stores, visited stores less fre-
quently, and transitioned from dining out to cooking at home. Those who enjoy driving and being physically active continued
visiting stores more often. Social media use and health concerns influenced shopping patterns. Sociodemographic factors such
as household income and race also impacted these changes.
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The COVID-19 pandemic has changed lives in many
ways around the world. To react to and contain the
spread of the virus, by mid-March 2020, most U.S.
states implemented shelter-in-place orders to practice
social distancing (1). On March 19, 2020, Governor G.
Newsom issued an executive order for the State of
California (2), which requested that all individuals had
to stay at their place of residence to disrupt the spread
of the novel COVID-19 virus, the only exceptions being
for those activities that were considered essential and
necessary, for example, buying food and accessing
health care.

Although, in general, travel was not allowed, visiting
the grocery store is considered an essential need, and
recent studies, such as the one from Rieger and Wang
(3) that looked at several countries around the world,
suggest that food purchasing was the most frequently
mentioned reason for going out during the pandemic.
Others found that consumers overreacted and panic
buying was the initial response to the health crisis (4),

reporting that the need for food supplies increased com-
pared with normal conditions (5, 6). Grashuis et al. (7)
found that when the virus spread at an increasing rate,
many consumers were less likely to do their grocery
shopping in person. Although a major transition from
in-store shopping to online shopping was observed (8),
research in the U.S. showed that some people still pre-
ferred in-store shopping (9).

In this study, we are interested in analyzing the
change in grocery shopping behavior before and during
the pandemic, focusing on both in-store and online
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grocery shopping. This study investigates the factors that
influenced this change, for example, buying more items per
visit might lead to a reduction in the number of in-store vis-
its, or visiting only one store that offers everything as
opposed to a variety of stores (e.g., visit one store for pro-
duce and another one for baked goods) might also lead to
fewer in-store visits. We study the causal effect of the
change in various activities during the pandemic, personal
attitudes with regard to lifestyle, mobility, and the environ-
ment, and sociodemographic characteristics. Although it is
unclear what long-term impact the pandemic will have on
people’s habits, some customers may become accustomed
to e-shopping and do less in-store shopping in the future
(10). With this hypothesis in mind, we explore the factors
that influenced the change in behavior with regard to in-
store and online grocery shopping using data collected from
a behavioral survey looking at the situation before the pan-
demic (February 2020 or earlier) and during its first phase
(March–June 2020) in the state of California. Findings from
this investigation may be timely and crucial in providing
public authorities and regulators with insights to improve
the preparedness of society to respond to situations of great
sudden stress (e.g., a pandemic), and in providing market
research teams with a better understanding of their custom-
ers’ needs and changing habits, some of which might extend
beyond the end of the COVID-19 pandemic.

The paper is structured as follows. The next section
provides a review of the literature. Then, we describe the
data collection and available sample, and the methodol-
ogy that is adopted. This is followed by the results of the
model and an accompanying discussion. The final sec-
tion summarizes our conclusions from the study.

Literature Review

The COVID-19 pandemic was not the first outbreak of a
contagious disease in the modern era. In the U.S.A., from
cholera in the 1990s to coronavirus in 2019, we have
learned the commonalities and differences between vari-
ous health crises in relation to their causes and conse-
quences. The following four factors are known to
influence the spread of disease: characteristics of the
pathogen (11, 12); human mobility patterns (13, 14);
social networking among the population (15, 16); and
quarantine strategies (17, 18). We describe these below.

Adalja et al. (19) identified that biological agents with
specific characteristics are those that constitute a global
catastrophic biological risk. These traits include ‘‘efficient
human-to-human transmissibility, an appreciable case
fatality rate, the absence of an effective or widely avail-
able medical countermeasure, an immunologically naı̈ve
population, virulence factors enabling immune system
evasion, and respiratory mode of spread. Additionally,
the ability to transmit during incubation periods and/or

the occurrence of mild illnesses would further augment
spread’’ (19). The identification of such attributes pro-
vides a valid framework for refining pandemic prepared-
ness. COVID-19 has such characteristics; indeed,
millions of Americans, led by the State of California
(20), were asked to stay at home as much as possible in a
desperate race to control the virus.

Mobility can especially influence the dynamics of a
highly transmissive virus, either via intercommunity or
intracommunity travel (21); the epicenters of huge infec-
tion and mortality tend to be in communities that are
close to trade hubs and transportation routes (22).
Although reducing travel rates has proved to be effective
in interrupting disease transmission (23, 24), it is worth
noting that quarantine rules may be more or less strict
depending on individual local authorities. In such cases,
individual spontaneous behavioral changes are more
likely to be determined by a person’s own perceived risk
of infection (25), which can play a crucial role in the tim-
ing and course of a pandemic (26).

Social networks also forge people’s perception of a pan-
demic (4, 27). Sahni and Sharma (28) found they played a
key role in changing people’s behavior in the context of
COVID-19. False rumors are associated with misinforma-
tion that can have a negative effect on the spread of the
virus; however, building public awareness based on experts’
advice can correct misconceptions and lead to safe beha-
vior. Yum (29) adds that in social networks, key players
(e.g., political figures) carried a great deal of responsibility
for the progress of COVID-19.

Quarantine strategies during a pandemic can have side
effects on the economy and other aspects of daily life.
For instance, the advantages of e-commerce platforms
are amplified, because of expanded purchasing options
with 24/7 availability, as well as perceived safety with a
low risk of infection and easy home delivery (30, 31). Fan
(32) found that the 2003 SARS crisis in Hong Kong con-
tributed to a rise in online shopping as an alternative to
in-store shopping. Likewise, because of widespread stay-
at-home restrictions during the COVID-19 pandemic, a
significant shift toward online shopping has been wit-
nessed in many countries as consumers admitted they felt
stressed by in-store shopping (33–38). This shift was also
confirmed by our collected data as explained later in the
Results and Discussion section of this paper.

In this paper, we test the general hypothesis that peo-
ple reduced their number of visits to the grocery store
and increased their online grocery shopping (33–38), and
investigate the causal factors that might have led to this
change. We developed various hypotheses to inform our
research as follows:

Age factor: According to the World Health
Organization (39), older people were challenged by
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the ‘‘anxiety and fear of illness and death’’ caused by
COVID-19; because of this, we hypothesize that older
people would likely reduce their number of visits to
the grocery store.
Financial situation: Various businesses were jeopardized
by the pandemic (40, 41). Consequently, some people
faced a difficult financial situation (e.g., became unem-
ployed, applied for unemployment benefits, or were just
genuinely concerned about paying bills). We expect that
these people would tend not to increase their online
grocery shopping (42) because this is usually more
expensive than shopping instores (8).
Reduction in travel: Martarelli and Wolff (43) pointed
out that boredom is a motivator for behavioral
change that might lead people to ignore social distan-
cing regulations. Bearing this in mind, we believe that
people who were used to traveling a lot (for work or
other purposes) and were no longer able to do so dur-
ing the pandemic, would probably not reduce their
number of visits to the grocery store as an excuse to
escape the stay-at-home boredom. We also hypothe-
size that people who kept traveling for work during
the pandemic would probably keep visiting the gro-
cery store, perhaps because they stop at the store on
the way home.
Attitudes with regard to lifestyle, transportation, and the

environment: We hypothesize that those who enjoy driv-
ing would probably not reduce their number of visits to
the grocery store, because it is an excuse to drive.
Similarly, we expect that people who like to have an
active lifestyle, but who have been forced to be more
sedentary during the pandemic, would still go to the
grocery store as an excuse to move. Materialistic people,
especially those who experience stress from a traumatic
event such as COVID-19, are more likely to spend com-
pulsively as a result (44); we expect that such people
would tend to engage in more online shopping as well
as increase their number of visits to the grocery store
(purchase more). We also expect a positive correlation
between an increase in online shopping of any kind and
online grocery shopping. Furthermore, we expect that
those who are environmentally conscious, who might be
more respectful of rules and more mindful of the effect
their behavior has on others, would also be likely to
reduce the number of visits they make to the grocery
store to help stop the spread of the virus.
Efficiency: Clark (45) found that saving time can be a
major asset to a busy consumer; we expect that busy
parents, whose children were forced to stay at home
during the pandemic, would do more online grocery
shopping to save time (deliveries are more time
efficient).
Neighborhood type: Delivery services are more likely
to be less available in rural areas (46). We hypothesize

that people living in more remote locations would
keep going to the grocery store because they do not
have good online alternatives.
Health concerns: We expect that the fear of infection
led people to reduce their number of visits to the
grocery store. The hypothesis is supported by
research undertaken by Shamim et al. (47), who
found that the fear of getting infected by grocery
workers and other shoppers at the store was one of
the most prominent reasons behind the concerns
about grocery shopping.
Grocery shopping habits: Data show that the number
of trips to the grocery store went down, and the num-
ber of items purchased per visit went up (35) because
people tended to buy more in bulk (45). We expect
that during the pandemic people would develop the
habit of visiting only one store that sold everything as
opposed to a variety of stores (e.g., visit one store for
produce and one for household supplies). We also
expect they would buy more items per purchase.
Dining out habits: We hypothesize that a reduction in
the number of times people dine out results in them
eating more at home; thus, people purchase more gro-
cery items (4, 27–29).
Use of media: Studies suggest (4, 27–29) that the use
of media platforms has a powerful effect on public
awareness and public health behavioral changes in
relation to the COVID-19 pandemic. We expect that
media might contribute to a reduction in the number
of trips to the grocery store. Figure 1 illustrates the
conceptual model of this study (where e represents
the error term), and Table 1 summarizes its
hypotheses.

Data Collection and Sample

We base this study on the analysis of data collected with
a survey designed and administered by our research team
at the Institute of Transportation Studies at the
University of California, Davis to understand the
changes in mobility before vs. during the COVID-19
pandemic. In the questionnaire we refer to ‘‘before the
COVID-19 pandemic’’ as February 2020 or earlier, and
‘‘during the COVID-19 pandemic’’ as March 2020 or
after. The data were collected from March to June 2020
(48). Although the full survey project covered 17 metro-
politan areas in the U.S. and Canada, this study focuses
on the state of California. Specifically, the data used for
these analyses were collected in the counties of Alameda,
Contra Costa, Marin, San Francisco, San Mateo, Santa
Clara, El Dorado, Los Angeles, Orange, Placer,
Sacramento, Yolo, and San Diego. Our data collection
coincided with the stay-at-home executive order (2) for
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the State of California signed by Governor G. Newsom
on March 19, 2020, which stated that ‘‘all individuals
have to stay at their place of residence in order to disrupt
the spread of the novel COVID-19 virus, with the only
exceptions for those activities that are considered essen-
tial and needed to maintain continuity, or necessities
such as accessing food and health care.’’ Indeed, the new
registered daily cases in California grew from almost
zero to more than 150 in the first 20 days of March

2020, and rapidly reached almost 8,000 new daily cases
by the end of June (49).

Because of the need to conduct the survey in a rela-
tively short window of time after the beginning of the
pandemic, and the inability to recruit a true random
sample of the California population through other chan-
nels, the online survey was administered through the
Qualtrics online opinion panel platform, in addition to
the recontact of respondents who already participated in

Figure 1. Conceptual model.

Table 1. Summary of Hypotheses

Variable Hypothesis

Older people Reduction in the number of in-store visits
Financial situation jeopardized by the pandemic No increase in online grocery shopping
Having children in the household Increase in online grocery shopping
Living in rural areas No reduction in the number of in-store visits
Keep traveling to work during the pandemic No reduction in the number of in-store visits
Long–distance travel (for work or leisure) reduced by the pandemic No reduction in the number of in-store visits
Having a consumerist nature No reduction in the number of in-store visits, and an increase

in online grocery shopping
Buying more grocery items per purchase (bulk) as opposed to

before the pandemic
Reduction in the number of in-store visits

Visiting fewer stores than before the pandemic (i.e., one single
store that sells everything as opposed to a variety of stores
[e.g., a store for produce, another one for meat])

Reduction in the number of in-store visits

Less dining out during the pandemic No reduction in the number of in-store visits, and an increase
in online grocery shopping

Enjoying an active lifestyle No reduction in the number of in-store visits
Conforming to environmentally conscious behavior Reduction in the number of in-store visits
Driving and car desirability No reduction in the number of in-store visits
Media use Reduction in the number of in-store visits, and an increase in

online grocery shopping
Health concerns Reduction in the number of in-store visits
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previous data collections carried out by the reearch team.
The survey contains questions that investigated two time-
frames: before COVID-19 (February 2020 or before) and
during COVID-19 (March–June 2020). A total of 2,961
respondents who lived in the study area completed the
survey. The cleaning process left us with 2,948 complete
cases. We acknowledge that the online nature of the sur-
vey excludes those who do not own any form of smart
technology (phone, laptop, desktop computer, or tablet)
and a internet connection to access the online survey.
This may limit the representativeness of the analysis with
regard to the segments of the population that were still
not connected at the time of the data collection, or simply
live without information and communication technology.

Table 2 shows the sociodemographic traits of the
group of respondents who completed the survey.

Methods

In this study we jointly model the changes in visiting gro-
cery stores and online grocery shopping before vs. during
the COVID-19 pandemic as a function of various expla-
natory variables. The following paragraphs describe the
dependent and independent variables used in the model,
and the model specification.

Dependent Variables

To study the change in grocery shopping patterns before
vs. during the pandemic, we looked at the difference
between (a) the change in frequency of in-store trips and
(b) the change in frequency of online grocery shopping.
First, we converted the original ordinal variables, which

measures the frequency of doing each of the two activi-
ties before and during the pandemic (i.e., never, less than
once per month, ., five or more times a week type of
scale), into continuous variables (50). The latter measure
the approximate number and monthly visits to the gro-
cery store and online grocery purchases, respectively. We
then calculated the difference between the frequency
(times per month) of visiting the grocery store (FS) and
grocery shopping online (FO) during (T2) and before
(T1) the pandemic. In the given case study, an individu-
al’s change in activities can take the following values:

Visiting grocery store

=

1 (00Decreased00) if FOT2
� FO T1

\ 0

0 (00Not decreased00) if FOT2
� FO T1

ø 0

8><
>:

9>=
>;

Grocery shopping online

=

1 (00Increased00) if FST2
� FS T1

. 0

0 (00Not increased00) if FST2
� FS T1

ł 0

8><
>:

9>=
>;

Table 3 shows the counts and percentages of our
response variables. About half of the respondents in our
sample (52.7%) reduced the number of visits they made
to the grocery store, whereas 30.80% increased their
online grocery shopping.

Independent Variables

The study includes whether having children, who were
forced to stay at home during the pandemic, leads busy

Table 2. Sociodemographic Characteristics of the Sample (n = 2,948)

Sample
Population (from the 2019 5-Year

American Community Survey Estimates)

Gender
Female 1,732 (59.2%) 12,905,825 (50.5%)
Male 1,195 (40.8%) 12,670,689 (49.5%)

Race
White/Caucasian 2,075 (70.4%) 15,154,197 (59.3%)
Non-white/Caucasian 873 (29.6%) 10,422,317 (40.7%)

Ethnicity
Hispanic 635 (21.5%) 9,139,229 (35.7%)
Non-Hispanic 2,313 (78.5%) 16,437,285 (64.3%)

Age
Youngest (18–34) 844 (28.6%) 6,357,097 (31.5%)
Middle (35–54) 999 (33.9%) 6,872,590 (34.1%)
Oldest (55+ ) 1,105 (37.5%) 6,923,718 (34.4%)

2019 annual household income (before tax)
Low (\ $25,000–$49,999) 895 (30.8%) 2,543,648 (29.1%)
Medium ($50,000–$99,999) 864 (29.7%) 2,309,668 (26.5%)
High ($100,000+ ) 1,147 (39.5%) 3,875,746 (44.4%)
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parents to change their grocery shopping activity. We
investigate whether those who were affected by unem-
ployment, applied for unemployment benefits, and were
concerned about paying bills during the pandemic chan-
ged their grocery shopping activities. The model includes
the change in grocery shopping habits, that is, visiting
only one store as opposed to a variety of shops and pur-
chasing more items per visit. We investigate whether a
reduction in dining out had an impact on the style of gro-
cery shopping. The model estimates the effect of concerns
about the health impact of the COVID-19 pandemic. The
study also models the association between the change in
long-distance travel (for work or leisure) and the change
in visiting grocery stores. Our expectation is that people
who can no longer travel because of the pandemic would
make more frequent trips to the grocery store as an
excuse to get out of the house. Following the methodol-
ogy developed by Makino et al. (51), the model includes
the long-distance travel for work or leisure variables. We
classified the sample into three subgroups: let the num-
ber of long-distance work and leisure trips (separately)
that each respondent made during the whole of 2019 be
L1; and let those made in the first two months of the
pandemic (March–April 2020) be L2. Then, the classifi-
cation for each respondent is as follows:

x=

1 00Decreased00ð Þ if L2 = 0 OR 0:5\ L1

6
� L2

2 (00Same00) if � 0:5 ł L1

6
� L2 ł 0:5

3 00Increased00ð Þ if L1

6
� L2\ � 0:5

8<
:

9=
;

Following this approach, we created six independent
categorical variables that reflected the change in long-
distance trips for work and leisure with three modes: car,
air, and other. We also investigated whether traveling to
work during the pandemic (both essential and non-essential
workers) had an effect on visits to the grocery store. This
variable was built in two steps: (a) we filtered those who
still had a job during the pandemic; and (b) asked them
the number of days they traveled to work during the
week. We converted this variable into a binary situation
in which 1 corresponds to those who (have a job and)

travel to work at least once per week, and 0 otherwise.
Furthermore, we control for sociodemographics such as
family income, age, gender, and ethnicity, as well as the
type of neighborhood respondents live in.

We rely on a contingency table and the Chi-square test
to check the correlation of the aforementioned categori-
cal independent variables with the changes in shopping
activities (Table 4).

According to the cross-tabulation analysis, the major-
ity of the categorical explanatory variables are signifi-
cantly associated with at least one of the two change
variables (i.e., the p-value of the Chi-square test is below
the critical value of 0.05). Although several variables are
not associated with the changes in activities according to
the Chi-square test, we still tested their inclusion in the
model because we are interested in investigating their
relationship with the change variables in the context of a
causal model.

More on Independent Variables

We also observe the relationship between continuous
variables and the changes in grocery shopping activities.
We study whether people who tended to do a lot of
online shopping in the past 30 days (of various types, i.e.,
clothing, medicines, etc.) also tended to increase their
online grocery shopping. We study the association
between staying informed about COVID-19 updates
through the media and the responses given. Several stud-
ies have shown the importance of individual attitudes in
predicting behavior (52). Therefore, we included individ-
ual attitudes, performing a factor analysis on a set of
indicators that measured respondents’ agreement with
various statements related to transportation, residential
location, and lifestyles during the pandemic. We used
oblique rotation because we observed that the variables’
correlation exceeded 0.32 in the majority of cases, mean-
ing there is a 10% (or more) overlap in variance among
them, enough to justify oblique rotation. The correlated
variables are found to be linearly related to a smaller
number of unobservable (latent) factors that are reported
in Table 5. Although Table 5 reports all the latent

Table 3. Distribution of the Response Variables across the Sample (Count and % or Total) (n = 2,948)

Grocery shopping online

Total

Other (0) Increased (1)

Decreased Same Increased

Visiting grocery
store

Decreased (1) Decreased 124 (4.2%) 804 (27.3%) 627 (21.3%) 1,555 (52.7%)

Other (0) Same 79 (2.7%) 902 (30.6%) 235 (8%) 1,216 (41.2%)
Increased 24 (0.8%) 107 (3.6%) 46 (1.6%) 177 (6%)

Total 227 (7.7%) 1,813 (61.5%) 908 (30.8%) 2,948 (100%)
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Table 4. Relationship between the Changes in Shopping Activities and the Sociodemographic Characteristics and Other Independent
Variables (n = 2,948)

In-person visits to the grocery store Online grocery shopping

Cross-tabulation
(column-wise) x2 test

Cross-tabulation
(column-wise) x2 test

Decrease No decrease p-value* Increase No increase p-value*

Gender 0.000 0.931
Female 964 768 531 1201
Male 617 578 369 826

Race 0.019 0.017
White/Caucasian 1,124 951 667 1,408
Non-white/Caucasian 431 442 241 632

Ethnicity 0.910 0.555
Hispanic 335 300 189 446
Non-Hispanic 1,220 1,093 719 1,594

Age 0.216 0.008
Youngest (18–34) 432 412 257 587
Middle (35–54) 549 450 342 657
Oldest (55+ ) 574 531 309 796

2019 annual household income (before tax) 0.055 0.000
Lower (\ $25,000–$49,999) 443 452 218 677
Middle ($50,000–$99,999) 466 398 307 557
Higher ($100,000+ ) 626 521 369 778

Presence of children in the household 0.189 0.000
Do not have children 1,057 979 1,459 577
Have children 498 414 331 581

Neighborhood type 0.066 0.339
Urban part of a city/region 548 546 330 764
Suburban part of a city/region 840 696 489 1,047
Rural area and small town 167 151 89 229

(Have a job and) travel to work status 0.003 0.004
Travel to work during the pandemic 795 788 524 1,059
Do not travel to work during the pandemic 760 605 384 981

Pandemic unemployment benefits 0.934 0.004
Applied 273 242 131 384
Not applied 1,282 1,151 777 1,656

No. of grocery stores visited during the pandemic 0.000 0.361
Fewer (only one grocery store as opposed to many) 677 454 360 771
Other (no change or increase) 878 939 548 1,269

No. of grocery items bought during the pandemic 0.000 0.000
More items per visit 945 608 552 1,001
Other (no change or less) 610 785 356 1,039

Dining out 0.000 0.000
Decreased 1,418 1,016 805 1,629
Other (no change or increase) 137 377 103 411

Concern about the health impact of the pandemic 0.000 0.000
Agree 1,413 1,141 830 1,724
Neutral 78 125 40 163
Disagree 64 127 38 153

Long-distance trips by car: work/business 0.005 0.441
Fewer 1,457 1,263 834 1,886
Other (no change or increase) 89 117 69 137

Long-distance trips by air: work/business 0.306 0.986
Fewer 1,495 1,313 869 1,939
Other (no change or increase) 45 50 30 65

Long-distance trips by other: work/business 0.001 0.760
Fewer 1,507 1,303 867 1,943
Other (no change or increase) 17 40 16 41

Long-distance trips by car: leisure 0.069 0.064
Fewer 1,294 1,117 727 1,684
Other (no change or increase) 248 257 174 331

Long-distance trips by air: Leisure 0.013 0.491

(continued)
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factors, in the final model specification, we include only
those that theoretically support our hypotheses of associ-
ation of the changes in shopping activity with the follow-
ing dimensions:

� Active lifestyle desirability: people who like to
have an active lifestyle;

� Material and new things desirability: people who
like to have the latest, new, and different things;
and

� Environmental consciousness desirability: people
who follow environmentally friendly rules.

Table 6 shows the association between the changes in
shopping activity and the aforementioned continuous
variables based on the analysis of variance (ANOVA)
test. Urban dense neighborhood desirability and driving
desirability are not statistically significantly correlated to
any of the response variables.

We checked for potential multicollinearity between
pairs of independent variables using the one-way ANOVA
between continuous and categorical variables, the Chi-
square test between categorical variables, and a Pearson
correlation analysis between continuous variables.
Although we found some dependencies across the explana-
tory variables, to ensure that potential multicollinearity
issues do not affect the model coefficient estimates (the risk
being they would change erratically in response to small
changes in the model), we ran the model (described in the
next section) with and without the correlated independent
variables. We registered that these variables do not sub-
stantially affect (i.e. they do not cause instability in) the
model’s magnitude and sign of the coefficients.

Model Specification

We test the general hypothesis that (certain groups of)
people reduced their number of visits to the grocery store
and increased their online grocery shopping during the
pandemic. Each of the dependent variables tests a dichot-
omous situation, that is, for the ‘‘physical visits to the gro-
cery store’’ we are testing if the number of visits decreased
(1) as opposed to did not decrease (0), and for ‘‘online
grocery’’ we test if this type of shopping increased (1) as
opposed to did not increase (0). We also select the binary
form to define these variables as a simple way of measur-
ing the ‘‘change’’ and to avoid having small group sizes
for more disaggregate categories for the changes in the
frequency with which people shop for groceries. We esti-
mate the models jointly for the two outcomes because we
hypothesize that they are correlated. Such a hypothesis
may lead to endogeneity bias in a model, meaning that
the unobserved factors affecting the visits to the grocery
store may also affect the frequency with which online gro-
cery shopping is carried out. This may lead to over/under
estimation of our estimates. To address the endogeneity
problem, we use a bivariate binary probit model, which is
a joint model with two binary outcome variables that are
interrelated, as opposed to independent.

For each individual i, the two dependent variables are
the change in visits to the grocery store (yi, 1) and the
change in online grocery shopping (yi, 2). For estimating
the bivariate model, two latent variables are defined: y*i1,
y*i2. The latent variables follow a bivariate normal distri-
bution and are modeled as functions of sets of explana-
tory variables, which can vary across components and
are modeled simultaneously (Equations 1 and 2). b1 and
b2 are the set coefficients to be estimated, and the errors

Table 4. (continued)

In-person visits to the grocery store Online grocery shopping

Cross-tabulation
(column-wise) x2 test

Cross-tabulation
(column-wise) x2 test

Decrease No decrease p-value* Increase No increase p-value*

Fewer 1,443 1,250 843 1,850
Other (no change or increase) 70 92 46 116

Long-distance trips by other: Leisure 0.002 0.473
Less 1,457 1,264 844 1,877
Other (no change or increase) 28 51 21 58

Concern about paying bills during the pandemic 0.918 0.400
Worried 639 572 387 824
Not worried 872 782 503 1,151

Lost job during the pandemic 0.274 0.510
Yes 139 108 71 176
No 1,416 1,285 837 1,864

*Values in bold are significant at 0.05 level.
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terms , ei, 1 and ei, 2, are assumed to be correlated by r

coefficient and to follow a normal distribution.

y�i, 1 = xi, 1
0b1 + ei, 1 ð1Þ

y�i, 2 = xi, 2
0b2 + ei, 2 ð2Þ

The bivariate probit model specifies the outcomes as in
Equations 3 and 4, which show how the observed depen-
dent variables are linked with the latent variables and
take on the value 1 if the underlying latent variable takes
on a value that is positive, and 0 otherwise:

yi, 1 =
1ð Þ }Decreased in store grocery shopping00 if y�i, 1 ø 0,

0ð Þ otherwise

�

ð3Þ

yi, 2 =
1ð Þ 00Increased online grocery shopping00 if y�i, 2 ø 0,

0ð Þ otherwise

�

ð4Þ

To set up the bivariate probit model, based on Equations
1 to 4, we need to consider the following four joint prob-
abilities (53):

P1, 1 = Pr yi1 = 1, yi2 = 1½ �=
ðxi1 0b1

�‘

ðxi2 0b2

�‘

f2 z1, z2, rð Þdz1dz2

P1, 0 = Pr yi1 = 1, yi2 = 0½ �=
ðxi1 0b1

�‘

ð‘

xi2 0b2

f2 z1, z2, rð Þdz1dz2

P0, 1 = Pr yi1 = 0, yi2 = 1½ �=
ð‘

xi1 0b1

ðxi2 0b2

�‘

f2 z1, z2, rð Þdz1dz2

P0, 0 = Pr yi1 = 0, yi2 = 0½ �=
ð‘

xi1 0b1

ð‘

xi2 0b2

f2 z1, z2, rð Þdz1dz2

ð5Þ

where the f2 z1, z2, rð Þ is the bivariate normal density
function. Then, fitting the bivariate probit model
involves estimating the log-likelihood function as follows
(Giles [53]):

Define : qi1 = 2yi1 � 1 and qi2 = 2yi2 � 1

Define : zij = xij
0b and wij = qijzij; j= 1, 2

Define : r�i = qi1 qi2r

Pr Y1 = yi1; Y2 = yi2½ �=f2 wi1,wi2, r
�
i

� �
ð6Þ

logL=
Xn

i= 1
logf2 wi1,wi2, r

�
i

� �
ð7Þ

We began our statistical modeling using all variables
reported earlier in this section. Those variables that
were not statistically significant at the 95% level or
higher, or lacked practical implications and interpret-
ability, were omitted from the final model, the latter to
avoid including variables in the model specification that
are only associated because of spurious correlations
and do not have a true relationship with the dependent
variables.

Results and Discussion

In this section we review the results from modeling the
changes in grocery store trips and online grocery shop-
ping according to the independent variables described
above. The results are shown in Table 7, whose columns
indicate the independent variables, estimated coefficient,
and associated p-value.

It should be recalled that the model outcome variables
are the change in the number of trips to the grocery store

Table 5. Factors and their Strongly Loading (. 0.30) Attitudinal
Statements

Factors and strongly associated attitudinal
statements Loadings

Environmental consciousness desirability
We should raise the price of gasoline to provide

funding for better public transportation.
0.99

We should raise the price of gasoline to reduce the
negative impact of transportation on the
environment.

0.61

Active lifestyle desirability
I like walking. 0.84
Getting regular exercise is very important to me. 0.74
I like riding a bike. 0.34
No alternative to car lifestyle
My schedule makes it hard or impossible for me to

use public transportation.
0.51

Most of the time, I have no reasonable alternative
to driving.

0.81

I am too busy to do many things I would like to do. 0.41
Car and driving desirability
I like driving a car. 0.99
I prefer to be a driver rather than a passenger. 0.54
I want to own a car. 0.35
Urban dense neighborhood desirability
I like the idea of using public transit as

transportation.
0.84

I prefer to live in a spacious home, even if it is
farther from public transportation and many
places I go to.

20.30

I like the idea of having stores, restaurants, and
offices mixed among the homes in my
neighborhood.

0.37

Material and new things desirability
I like to be among the first people to have the latest

technology.
0.90

I will stretch my budget to buy something new and
exciting.

0.56

I like trying things that are new and different. 0.35
Having Wi-Fi and/or good Internet access on my

mobile phone everywhere I go is essential to me.
0.36

Utilitarian personality
I always go for the low-priced options. 0.43
I am still trying to decide on my career (e.g., what I

want to do, where I will end up).
0.73

I am generally satisfied with my life. 20.31
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(decreased or no decrease) and the change in online gro-
cery shopping (increased and no increase). We used a no
decrease (value of 0) in grocery store trips and a no
increase (value of 0) in online grocery shopping as the
base cases, and all coefficient estimates are compared
with these. We started our modeling process with testing
the inclusion of all the independent variables from Tables
4 and 6. We estimated several models, and the results in
Table 7 indicate the independent variables that are signif-
icant for the change in number of trips to the grocery
store and/or for the change in the frequency of online
grocery shopping. The final model was estimated on
2,948 observations and has a McFadden’s pseudo R2

value of 0.078. The final model has a correlation coeffi-
cient (r) significantly different from zero, showing there
is a correlation coefficient between the residuals of each
of the two probit equations. The positive correlation sug-
gests (and confirms our hypothesis) that the remaining
impacts of the unobserved variables are associated with
both a reduction in the frequency with which respondents
shopped in stores and an increase in the frequency with
which they shopped online.

In this section we interpret the results and relate them
to our initial hypotheses. We also explain other findings
from the final model. We found evidence to confirm the
hypothesis that people who still traveled to work during
the pandemic were less likely to reduce their number of
visits to the grocery store. This is intuitive, because these
people might be linking trips away from home in one
chain that includes going to the grocery store. Therefore,
if people kept traveling to work, this may also have
caused them to stop at the grocery store on their way
there or back. Similarly, we find that people who like to
drive are associated with visiting the grocery store despite
the pandemic. These findings are supported by the work

of Martarelli and Wolff (43), who pointed out that bore-
dom can be a motivator for people to keep visiting the
grocery store as an escape from spending longer more
time at home, and the trip to the shop provides an oppor-
tunity to ignore social distancing rules. Martarelli and
Wolff’s (43) point may support our other finding that
people who enjoy an active lifestyle are less likely to
reduce their number of trips to the grocery store. Perhaps
this is a form of entertainment during lockdown and also
a reaction to the travel restrictions imposed during the
pandemic. We find an association between the inclination
to do a lot of online shopping of various kinds (clothing,
medicines, etc.) and an increase in online grocery shop-
ping. As suggested by Ruvio and Somer (44), if individu-
als who have a consumerist nature experience stress
from a traumatic event (e.g., a pandemic), they are
more likely to spend compulsively as a result. Based on
the work of several other authors (4, 27–29), we found
evidence to support our hypothesis that the use of
media platforms has a powerful effect on awareness of
the pandemic and the resulting public behavior; our
data show that people who use media more frequently
tend to reduce their number of visits to the grocery
store and increase their online shopping. Those who
made the transition are perhaps the most tech savvy.
Our findings support the hypothesis that those who
applied for unemployment benefits are less likely to
increase their online grocery shopping. The reason for
this could be that online shopping tends to be costlier,
as also indicated by Shamshiripour et al. (8).

A study by Shamim et al. (47) found that people’s per-
ception of the risk of infection influences activities and
the results support our similar hypothesis. Accordingly,
in our model we find that people who reported they were
concerned about the health impact of the pandemic were

Table 6. Relationships between the Changes in Shopping Activity and the Continuous Independent Variables (n = 2,948)

In-person visits to
the grocery store

(ANOVA test *p-value)

Online grocery
shopping

(ANOVA test *p-value)

No. of online purchases in the past 30 days 0.089 0.000
Miles driven in a week 0.000 0.054
Urban dense neighborhood desirability 0.542 0.166
No alternative to car lifestyle 0.369 0.233
Material and new things desirability 0.665 0.000
Car and driving desirability 0.105 0.248
Active lifestyle desirability 0.105 0.002
Utilitarian personality 0.084 0.172
Environmental consciousness desirability 0.000 0.002
Staying updated with regard to COVID-19 0.001 0.000
Use of social media 0.000 0.000

Note: ANOVA = analysis of variance.
*p-values in bold are significant at 0.05 level.
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more likely to reduce the number of in-person visits to
the grocery store and more likely to increase their online
grocery shopping than those who were not concerned.
People who were worried might well have felt inhibited
by stay-at-home orders and been very inclined to follow
social distancing rules. Our findings confirm the hypoth-
esis that people made fewer trips to the grocery store dur-
ing the pandemic (35). We found that people who visited
one store as opposed to a variety (i.e., visiting one store
that sold everything rather than visiting one store for
produce and another for household supplies, etc.) were
more likely to reduce the number of in-person trips to the
grocery store. Our research also highlighted that people
who purchased more items per visit (as opposed to before
the pandemic) were more likely to increase their online

grocery shopping. It also confirms results from Severson
(35) and Clark (45), who found that the number of items
purchased per visit increased and people tended to buy
more in bulk. During the pandemic many restaurants
closed, so a lot of people who would normally have dined
out at restaurants opted to eat at home and hone their
culinary skills (although they might also have used take-
away services). As supported by U.S. Department of
Agriculture data (54), which indicate that consumers
increased their expenditure on groceries while reducing
the amount they spent on dining out, we found that those
who dined out less during the pandemic were more likely
to increase their online grocery shopping and reduce the
number of visits they make to the grocery store, this lat-
ter perhaps in respect of stay-at-home rules.

Table 7. Bivariate Binary Probit Model Results (n = 2,948)

Reduction in number
of in-person visits to

the grocery store
Increase in online
grocery shopping

Coefficient p-value* Coefficient p-value*

Sociodemographics
Race (reference: White/Caucasian)

Non-white/Caucasian 20.147 ** 20.141 *
2019 annual household income (before tax) (reference: Higher)
Low (\ $25,000–$49,999) — — 20.066 ns

Middle ($50,000–$99,999) — — 0.176 **
Individual specific variables
(Have a job and) travel to work during pandemic (reference: No)

Yes 20.181 *** — —
Applied for pandemic unemployment benefits (reference: Not applied)

Applied — — 20.227 ***
Fewer grocery stores visited during the pandemic as opposed to

during normal life (reference: Same or more)
Fewer (tend to visit only one grocery store as opposed to many

before the pandemic)
0.271 *** — —

More grocery items bought per time during the pandemic as
opposed to before the pandemic (reference: Same or fewer)
More items per visit as opposed to before pandemic 0.337 *** 0.212 ***

Dining out before and during the pandemic (reference: No
change or not increased)
Decreased 0.770 *** 0.324 ***

Concern about the health impact of the pandemic (reference: Disagree)
Agree 0.411 *** 0.330 **
Neutral 0.253 ns — —

No. of online purchases (of any kind) in the past 30 days — — 0.009 ***
Material and new things desirability — — 0.024 —
Car and driving desirability 20.032 ** — —
Active lifestyle desirability 20.011 ns — —
Use of social media 0.014 *** 0.014 ***

Log-likelihood (null model) 23787.846
Log-likelihood (final model) 23490.221
r2 (McFadden test) 0.0785
r (correlation coefficient between the two equations) 0.29 (p-value = 0.000)

— variables are not included in the final model specification.

*p-value critical level = 0.05.

***p < 0.001; **p < 0.01; *p < 0.05; ‘.’p=0.05; ns = significant.
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In addition, we found some other correlations with
our responses: non-white Caucasians, who represent the
minority in our sample, were less likely to increase their
online grocery shopping compared with white
Caucasians. We found that although in absolute terms
higher-income people increased their online shopping
more than middle-income people, the latter group
increased their shopping frequency (multiple times per
week as opposed to monthly) more than the former.
Thus, people in the middle income group are found to be
more associated with online grocery shopping than peo-
ple who have a higher income. On the contrary, lower-
income people are found to be less associated with online
shopping than higher-income people (although this was
not statistically significant in the model).

To ensure we do not run into an endogeneity problem,
we ran the model without three variables that might lead
to some reversed causality issues: Dine out; Fewer grocery
stores visited during the pandemic; andMore grocery items
bought per visit during the pandemic. Results did not show
any noticeable differences (instability) in the other coeffi-
cients in terms of their magnitude and sign. We deduce
that our model is not particularly affected by endogeneity
issues and the presence of these variables in the model is
not of great concern.

Conclusion

Delivery companies and grocery businesses have been
affected in a very significant way since all of the lock-
downs started and restrictions meant many consumers
were forced to shop online. This study has investigated
this topic through the analysis of survey data collected
in California during the first wave of the pandemic in
spring 2020. Our research, which estimates a bivariate
model of changes in the frequency of physical trips to
the grocery store and the frequency of online grocery
shopping, provides an exploration of who adjusted
their grocery shopping patterns during the early stage
of the pandemic and what factors affected the changes
in these habits.

One of the big questions associated with the impacts
of the pandemic on society is whether new e-commerce
habits that were established during the pandemic might
carry on once life goes back to ‘‘normal.’’ Some new e-
customers could go back to shopping in person; others
might prefer to continue shopping online. Although it is
not for us to draw such conclusions based on data col-
lected in the first phase of the pandemic, understanding
the factors that affected the changes in grocery shopping
behavior during the COVID-19 pandemic is crucial for
business development and vital for public entities so they
can better tackle crisis situations that cause high stress to
large segments of the population.

We suggest that grocery stores pay attention to their
distribution channels and stock levels, because people
who developed the habit of purchasing in bulk and/or
visiting one store that sold everything rather than go to
multiple stores (e.g., visit one store for produce, one for
meat) during the pandemic might not go back to their
old routines. Market research could help investigate these
aspects and address the problem of demand volatility.
We found certain groups of people were more interested
in switching to online grocery shopping, and these could
be targeted to expand the online grocery marketplace.
These groups include higher- and middle-income individ-
uals and the segment of the population that tends to be
more consumeristic, that is, people who are very active in
purchasing any kind of goods online. It would probably
be easy to interest such groups in newer forms of business
or delivery apps because it is more likely they will end up
shopping online.

Grocery stores should keep attracting commuters
driving to and from work as well as those who will take
any opportunity (including trips to buy groceries) to
drive (because they love driving) or to be physically
active, because these groups were found to be less likely
to reduce the number of in-person visits to the grocery
store. As society exits the pandemic, grocery stores
should advertise among these groups to help shoppers
who were found to reduce their number of in-person vis-
its to the grocery store to regain confidence. On the other
hand, those who were concerned about their health could
also be the right people to target in marketing campaigns
of online retailers to encourage people to stay with
online grocery shopping. We also identified that people
who frequently used media platforms to stay informed
about the COVID-19 pandemic tended to reduce their
number of visits to the grocery store and increase their
online shopping. This finding can inform the work of
public institutions so that in an eventual new state of
emergency such as a pandemic they can establish rules
that would make it mandatory for the media to raise
public awareness based on experts’ advice; as a result,
misconceptions would be corrected, leading to safer pub-
lic behaviors to help control the situation.

We acknowledge that this study has some limita-
tions. For example, a tiny proportion of the individu-
als in our sample do not own a smart device such as a
phone, laptop, desktop computer, or tablet. This may
limit the representativeness of the analysis with regard
to those who are were not ‘‘connected’’ at the time of
data collection, or simply live without information
and communication technology. Our model describes
the change in grocery shopping habits in California;
we acknowledge that the results may vary in other
states that are different from a sociodemographic and
economic perspective. We also recognize that this
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study is based on the analysis of data collected during
the first wave of the pandemic; the findings could be
different if a similar analyses was replicated using
data from later phases of the pandemic. Furthermore,
the reader should bear in mind that knowledge about
online grocery shopping has perhaps increased
because of the circumstances of the pandemic and not
necessarily because people prefer to shop for groceries
online rather than visit stores in person. For this rea-
son, it would be important for a future study to exam-
ine the effect of changes in grocery shopping habits
based on longitudinal data collected in later phases of
the pandemic to understand how consumer behaviors
evolved (as we plan to do in later stages of related
research). Such a longitudinal approach would create
a stronger foundation on which to base a study of
how consumers may behave in the future. The study
could also be enriched with other data that have a
more qualitative approach and collected, for example,
through in-depth interviews or focus groups. These
would allow us to shed more light on our findings.
Such a project would help obtain a better understand-
ing of human behavior during emergency situations
such as a future pandemic that could lead to further
lockdowns.

Acknowledgments

The authors would like to thank many colleagues who contrib-
uted to the survey design, data collection, and initial analyses
for this project, including Susan Handy, Patricia Mokhtarian,
Yongsung Lee, Dillon Fitch, Keita Makino, Jai Malik, Grant
Matson, Sean McElroy, Rosa Dominguez-Faus, Tho V. Le,
Sarah Grajdura, and Zenghao Hou.

Author Contributions

The authors confirm contribution to the paper as follows: study
conception and design: G. Circella, J. Compostella, K. Wang,
X. Iogansen; data collection: G. Circella, J. Compostella, K.
Wang, X. Iogansen; analysis and interpretation of results: J.
Compostella, K. Wang, X. Iogansen; draft manuscript prepara-
tion: J. Compostella, K. Wang, X. Iogansen. All authors
reviewed the results and approved the final version of the
manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: This study was made possible through funding received

by the University of California Institute of Transportation
Studies from the State of California via the Public
Transportation Account and the Road Repair and
Accountability Act of 2017 (SB 1). Additional funding was pro-
vided by the California Air Resources Board and by the 3
Revolutions Future Mobility Program of the University of
California, Davis.

ORCID iDs

Kailai Wang https://orcid.org/0000-0002-5597-6823
Xiatian Iogansen https://orcid.org/0000-0002-4851-1323
Giovanni Circella https://orcid.org/0000-0003-1832-396X

References

1. NASHP. Each State’s COVID-19 Reopening and Reclosing

Plans and Mask Requirements. https://www.nashp.org/gov-
ernors-prioritize-health-for-all/. Accessed July 27, 2020.

2. Office of the Governor. Governor Gavin Newsom Issues

Stay at Home Order. March 19, 2020. https://www.gov.ca.
gov/2020/03/19/governor-gavin-newsom-issues-stay-at-
home-order/. Accessed May 2, 2023.

3. Rieger, M. O., and M. Wang. Secret Erosion of the ‘‘Lock-
down’’? Patterns in Daily Activities during the SARS-

Cov2 Pandemics around the World. Review of Behavioral

Economics, Vol. 7, No. 3, 2020, pp. 223–235. https://doi.
org/10.1561/105.00000124.

4. Eriksson, N., and M. Stenius. Changing Behavioral Patterns

in Grocery Shopping in the Initial Phase of the Covid-19
Crisis—A Qualitative Study of News Articles. Open Journal

of Business and Management, Vol. 8, No. 5, 2020,

pp. 1946–1961. https://doi.org/10.4236/ojbm.2020.85119.
5. Roggeveen, A. L., and R. Sethuraman. How the COVID-

19 Pandemic May Change the World of Retailing. Journal
of Retailing, Vol. 96, No. 2, 2020, pp. 169–171. https://doi.
org/10.1016/j.jretai.2020.04.002.

6. Nicola, M., Z. Alsafi, C. Sohrabi, A. Kerwan, A. Al-Jabir,

C. Iosifidis, M. Agha, and R. Agha. The Socio-Economic
Implications of the Coronavirus Pandemic (COVID-19): A
Review. International Journal of Surgery, Vol. 78, 2020,

pp. 185–193. https://doi.org/10.1016/j.ijsu.2020.04.018.
7. Grashuis, J., T. Skevas, and M. S. Segovia. Grocery Shop-

ping Preferences during the COVID-19 Pandemic. Sustain-
ability, Vol. 12, No. 13, 2020, pp. 53–69. https://doi.org/

10.3390/su12135369.
8. Shamshiripour, A., E. Rahimi, R. Shabanpour, and A. K.

Mohammadian. How is COVID-19 Reshaping Activity-
Travel Behavior? Evidence from a Comprehensive Survey
in Chicago. Transportation Research Interdisciplinary Per-

spectives, Vol. 7, 2020, article 100216.
9. Soper, S., and M. Byole. Americans, it Turns Out, Would

Rather Visit a Store than Buy Food. https://www.thestar.
com.my/tech/tech-news/2020/05/27/americans-it-turns-out-

would-rather-visit-a-store-than-buy-food-online. Accessed
May 2, 2023.

10. De Vos, J. The Effect of COVID-19 and Subsequent Social
Distancing on Travel Behavior. Transportation Research

Interdisciplinary Perspectives, Vol. 5, 2020, article 100121.
https://doi.org/10.1016/j.trip.2020.100121.

2168 Transportation Research Record 2678(12)

https://orcid.org/0000-0002-5597-6823
https://orcid.org/0000-0002-4851-1323
https://orcid.org/0000-0003-1832-396X
https://www.nashp.org/governors-prioritize-health-for-all/
https://www.nashp.org/governors-prioritize-health-for-all/
https://www.gov.ca.gov/2020/03/19/governor-gavin-newsom-issues-stay-at-home-order/
https://www.gov.ca.gov/2020/03/19/governor-gavin-newsom-issues-stay-at-home-order/
https://www.gov.ca.gov/2020/03/19/governor-gavin-newsom-issues-stay-at-home-order/
https://doi.org/10.1561/105.00000124
https://doi.org/10.1561/105.00000124
https://doi.org/10.4236/ojbm.2020.85119
https://doi.org/10.1016/j.jretai.2020.04.002
https://doi.org/10.1016/j.jretai.2020.04.002
https://doi.org/10.1016/j.ijsu.2020.04.018
https://doi.org/10.3390/su12135369
https://doi.org/10.3390/su12135369
https://www.thestar.com.my/tech/tech-news/2020/05/27/americans-it-turns-out-would-rather-visit-a-store-than-buy-food-online
https://www.thestar.com.my/tech/tech-news/2020/05/27/americans-it-turns-out-would-rather-visit-a-store-than-buy-food-online
https://www.thestar.com.my/tech/tech-news/2020/05/27/americans-it-turns-out-would-rather-visit-a-store-than-buy-food-online
https://doi.org/10.1016/j.trip.2020.100121


11. Anderson, R. M., R. M. May, and B. Anderson. Infectious

Diseases of Humans: Dynamics and Control. Oxford Uni-

versity Press, Oxford, 1991.
12. Cleaveland, S., M. K. Laurenson, and L. H. Taylor. Dis-

eases of Humans and Their Domestic Mammals: Pathogen

Characteristics, Host Range and the Risk of Emergence.

Philosophical Transactions of the Royal Society B: Biologi-

cal Sciences, Vol. 365, No. 1411, 2001, pp. 991–999. https://

doi.org/10.1098/rstb.2001.0889.
13. Merler, S., and M. Ajelli. The Role of Population Hetero-

geneity and Human Mobility in the Spread of Pandemic

Influenza. Proceedings of the Royal Society B: Biological

Sciences, Vol. 277, No. 1681, 2010, pp. 557–565. https://

doi.org/10.1098/rspb.2009.1605.
14. Du, Z., L. Wang, S. Cauchemez, X. Xu, X. Wang, B. J.

Cowling, and L. A. Meyers. Risk for Transportation of

Coronavirus Disease from Wuhan to Other Cities in

China. Emerging Infectious Diseases, Vol. 26, No. 5, 2020,

pp. 1049–1052. https://doi.org/10.3201/eid2605.200146.
15. Mossong, J., N. Hens, M. Jit, P. Beutels, K. Auranen, R.

Mikolajczyk, M. Massari, et al. Social Contacts and Mix-

ing Patterns Relevant to the Spread of Infectious Diseases.

PLoS Med, Vol. 5, No. 3, 2008, e74. https://doi.org/10.

1371/journal.pmed.0050074.
16. Zelner, J. L., J. Trostle, J. E. Goldstick, W. Cevallos, J.

S. House, and J. N. S. Eisenberg. Social Connectedness

and Disease Transmission: Social Organization, Cohe-

sion, Village Context, and Infection Risk in Rural Ecua-

dor. American Journal of Public Health, Vol. 102, No. 12,

2012, pp. 2233–2239. https://doi.org/10.2105/AJPH.2012.

300795.

17. Sattenspiel, L., and D. A. Herring. Simulating the Effect of

Quarantine on the Spread of the 1918–19 Flu in Central

Canada. Bulletin of Mathematical Biology, Vol. 65, 2003,

pp. 1–26. https://doi.org/10.1006/bulm.2002.0317.
18. Hou, C., J. Chen, Y. Zhou, L. Hua, J. Yuan, S. He, Y.

Guo, et al. The Effectiveness of Quarantine of Wuhan City

against the Corona Virus Disease 2019 (COVID-19): A

Well-Mixed SEIR Model Analysis. Journal of Medical Vir-

ology, Vol. 92, No. 7, 2020, pp. 841–848. https://doi.org/

10.1002/jmv.25827.
19. Adalja, A. A., M. Watson, E. S. Toner, A. Cicero, and T.

V. Ingles. The Characteristics of Pendemic Pathogens. The

Johns Hopkins Center for Health Security. 2018. https://

www.centerforhealthsecurity.org/our-work/pubs_archive/

pubs-pdfs/2018/180510-pandemic-pathogens-report.pdf.
20. Mervosh, S., D. Lu, and V. Swales. See Which States and Cit-

ies Have Told Residents to Stay at Home. New York Times,

April 2020. https://www.nytimes.com/interactive/2020/us/cor

onavirus-stay-at-home-order.html. Accessed May 2, 2023.
21. Liu, X., and Y. Takeuchi. Spread of Disease with Trans-

port-Related Infection and Entry Screening. Journal of

Theoretical Biology, Vol. 242, No. 2, 2006, pp. 517–528.

https://doi.org/10.1016/j.jtbi.2006.03.018.
22. Herring, D. A. ‘‘There Were Young People and Old People

and Babies Dying Every Week’’: The 1918–1919 Influenza

Pandemic at Norway House. Ethnohistory, Vol. 41, No. 1,

1993, pp. 73–105. https://doi.org/10.2307/3536979.
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