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Abstract
Throughout the COVID-19 pandemic, people’s online and in-store shopping behaviors changed significantly. As the pan-
demic subsides, key questions are why those changes happened, whether they are expected to stay, and, if so, to what
extent. We answered those questions by analyzing a quasi-longitudinal survey dataset of the Puget Sound residents
(Washington, U.S.). We deployed structural equation modeling (SEM) to build separate models for food, grocery, and
other items shopping to explore the factors affecting such changes. The results revealed that people’s online and in-store
shopping frequencies during the pandemic were affected by their perceived health risk, attitudes toward shopping, and
pre-pandemic shopping frequencies. Similarly, it was shown that how frequently people expect to shop post pandemic is
influenced by their attitudes toward shopping, changes during the pandemic, and their pre-pandemic frequencies. We also
classified respondents into five groups, based on their current and expected future shopping behavior changes, and per-
formed a descriptive analysis. The five groups—Increasers, Decreasers, Steady Users, Returnees, and Future Changers—exhibited
different trends across online and in-store activities for shopping different goods. The analysis results showed that, while 25%
of the respondents increased their online shopping, only 8% to 13% decreased their in-store activities, implying that online
shopping did not completely substitute in-store shopping. Moreover, we found that online shopping is a substitution for in-
store shopping for groceries, while it complements in-store shopping for food and other items. Additionally, more than 75% of
new online shoppers expect to keep purchasing online, while 63%–85% of in-store Decreasers plan to return to their pre-
pandemic frequencies.
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The rise of e-commerce, busy lifestyles, and the conveni-
ence of next- and same-day home deliveries have resulted
in exponential growth of online shopping in the U.S., ris-
ing from 5% of the total retail in 2011 to 15% in 2020,
and it is expected to grow even further in the future (1,
2). Worldwide, spending on e-commerce passed $4.9 tril-
lion in 2021 and it is projected to surge to $7 trillion by
2025 (3).

In the past few years, there has been ongoing research
on how this growth would change people’s travel pat-
terns and whether its effect on in-person activities would
be substitution, complementing, or modification.
However, there is no single answer to this question, given

different product types, regions, demographics, and pri-
mary travel modes (4–7).

While online purchasing had already been experien-
cing a growth every year before 2020, the pandemic accel-
erated this trend. In 2020, online shopping constituted
more than 20% of total spending on consumer goods
worldwide in comparison to 16.4% in 2019 and 14.4% in
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2018 (8). Before COVID-19, it was predicted that total e-
commerce sales in the U.S. would grow up to $674.88 bil-
lion, yet the actual number turned out to be $799.18 bil-
lion (9). With a 15.9% growth, the U.S. is among the top
10 countries with the highest growth rate in online retail
shopping in 2022 (10).

Embracing digital technologies and bringing shops
into homes are among the immediate impacts of the pan-
demic restrictions and lockdowns, with the majority of
people reducing their frequency of going to stores and
adopting alternative shopping approaches such as curb-
side pick-up and home delivery (11–13). Based on the
reports by the U.S. Bureau of Transportation Statistics
(BTS), in Nov–Dec 2020, when the penetration of the
coronavirus reached its first peak in the U.S., the per-
centage of people who decided to shop online instead of
going to stores increased by up to 10% (14, 15). During
the early pandemic, about 35% of U.S. workers switched
to remote working, and from March to April 2020, the
average daily number of people staying home increased
by 32 million and the total number of trips decreased by
2.5B (16, 17). Dining-in restaurants were also banned in
half of the U.S. states for several months in 2020, which
resulted in a significant drop in the restaurant dine-in
demand and shifted people toward online food delivery
services, and buying groceries online rather than going
to store (18, 19).

These changes were also influenced by socio-
demographic characteristics. For instance, according to
the BTS, the percentage of people with an annual income
close to $125,000 who replaced their in-store shopping by
online shopping in Nov–Dec 2020 was twice those with an
annual income of $25,000 (20). People in the neighbor-
hoods with higher number of positive COVID-19 cases or
higher spread rate of positive new cases were more likely
to change their in-store shopping to online-shopping (19,
21). Senior people were also shown to have higher ten-
dency to shop online compared with younger generations,
perhaps because of health and safety concerns (22). It is
worth noting that these changes were not the same across
all products; for example, online sales of food and bever-
age in the U.S. doubled in 2020, while home furniture
online sales only increased by about 50% (23, 24).

Another factor that is proved to have a major effect
on people’s shopping behaviors and travel patterns dur-
ing the pandemic is their risk perception and fears for
their health (13, 25). Irawan et al. found that perceiving
COVID-19 as a severe disease decreased people’s ten-
dency to do in-store grocery shopping (26). Similarly,
Moon et al. found out that, during the pandemic, people
who considered themselves less vulnerable to the infec-
tion were less likely to use online channels for shopping
(27). Several studies have mentioned that the perceived
health risk varies among different groups of population

and depends on region, age, gender, education, race, and
marital status (28–32).

Moreover, people’s online and in-store shopping
behaviors are affected by their socio-demographic fac-
tors and their attitudes toward the activity (33–39). The
advantages and disadvantages of online shopping over
in-store shopping play a role in attitudes toward the
activity (40, 41). The advantages, such as receiving goods
without leaving home, having access to a wider variety
of products and information, and being able to compare
them easily and efficiently, result in a positive attitude
toward online shopping, especially during the pandemic
given high perceived health risk, formal penalties, or
both (42). On the other hand, online shopping has some
disadvantages, such as transaction security concerns and
long delivery times, and in-store shopping offers specific
benefits, such as the ability to see, touch, feel, and try the
products, ensuring the store’s environment quality,
immediate possession of the product, social interaction,
and entertainment (5, 41, 43, 44). Therefore, even during
the pandemic, some people maintained frequent in-store
shopping trips (41).

Whether the pandemic-induced changes in online and
in-store shopping are permanent is still debatable. Sheth
discussed that people may find the new routine more con-
venient, affordable, and accessible, and therefore stick to
it even after the pandemic is over (11). On the contrary,
Dannenberg et al. argued that people’s motives to shop
online only hold for the time of crisis, and online retailing
will decline when circumstances change (45). Watanabe
and Omori showed that most people used to shop online
long before the pandemic, and they merely increased
their frequency because of infection risk (46). So, the rea-
sons behind the surge in online shopping might dissipate
as COVID-19 recedes.

In this paper, we study how online and in-store shop-
ping behaviors for different goods were affected during
COVID-19, and whether those changes are expected to
stay post pandemic. We analyze a quasi-longitudinal sur-
vey dataset from the Puget Sound region in Washington
State, U.S., that includes data on people’s shopping
behavior before and during pandemic, as well as their
expected shopping behavior after pandemic. The dataset
also contains information on socio-demographic charac-
teristics, as well as psychometric questions about
COVID-19 risk perception and attitudes toward shop-
ping. Through descriptive analysis and structural equa-
tion modeling (SEM), we explore the factors that
directly or indirectly affected people’s three shopping
activities (online and in-store), for food, grocery, and
other items (clothing, home goods, etc.), and investigate
the similarities and differences amongst them.

This study is distinguished in several ways from the
previous ones that investigated the impacts of COVID-
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19 on people’s shopping behavior: (1) it applies a unique
descriptive analysis by classifying respondents based on
their current and expected future shopping trends and
studies how socio-demographic characteristics (directly
and indirectly) influence people’s shopping behaviors by
analyzing the similarities and differences between those
groups; (2) it models online and in-store shopping jointly,
considering covariations and dependencies between those
two modes; (3) it applies the same methodology and set
of variables to three different shopping activities (for
food, grocery, and other items) and compares and con-
trasts their observed/expected trends and influencing fac-
tors; and (4) in addition to socio-demographic and
attitudinal variables, it considers people’s baseline shop-
ping behaviors (how frequently they shopped online and
in-store before the pandemic) as factors affecting their
expected post-pandemic shopping behaviors.

Data

Data for this research came from a quasi-longitudinal
survey of the Puget Sound region residents conducted by
researchers at the University of Washington during 2020
to 2021 (47). The data was collected in three waves dur-
ing the early, mid, and late COVID-19 pandemic: Wave
1 in June–July 2020, Wave 2 in March–May 2021, and
Wave 3 in October 2021. The original dataset contained
3,810 observations. We reviewed and cleaned the data by
removing duplicate responses and responses with contra-
dictory or impossible information (e.g., noted ‘‘no use of
the private vehicle’’ in one section and ‘‘driving twice a
week to the supermarket’’ in another section; or noted
‘‘using shared ride-hailing service during pandemic’’
while the service was not available at the time). After
cleaning the dataset, we ended up with a total of 3,559
valid responses across the three waves, with Waves 1, 2,
and 3 representing 36.6%, 34.8%, and 28.6% of the
observations, respectively.

In Waves 2 and 3, prior respondents who provided
their contact information were contacted and invited to
participate again, but new respondents were also
recruited to make up for attrition. Therefore, the 3,559
observations correspond to 2,548 unique respondents
who participated in one or more waves of the survey:
187 (7%) participated in all three waves, 637 (25%)
responded to two waves, and 1,724 (68%) answered the
survey only once. Since the two- and three-wave survey
respondents constitute about a third of the total sample,
the dataset will not be analyzed as a panel; rather we will
focus on the total responses in each wave.

The survey had three sections. The first section col-
lected data on respondents’ socio-demographics (includ-
ing age, education, gender, marital status, occupation
category, annual income, race, and household

composition) and the frequency of three pre-pandemic
online and in-store shopping activities (for food, grocery,
and other items). Other items includes clothing, home
goods, and so forth. In-store food shopping refers to din-
ing in a restaurant, and meal delivery and pickup are
considered online food shopping.

The second section of the survey asked questions
about online and in-store shopping frequency during and
post pandemic for all three activities. The during-
pandemic questions asked about the shopping frequency
‘‘in the past month,’’ and post-pandemic questions asked
about the expected shopping frequency for ‘‘when
COVID-19 is no longer a threat.’’

The third section included psychometric questions in a
six-point Likert Scale, ranging from strongly disagree (1)
to strongly agree (6). These questions asked the level of
agreement with a set of statements about the pandemic,
and in-store and online shopping. The statements and
the short variable names picked for them are as follow:
‘‘Wearing face-covering should be mandatory’’ (Mask
Mandate), ‘‘Physical distancing is an efficient approach
for controlling the coronavirus’’ (Physical Distancing),
‘‘Everyone should stay at home as much as possible until
the coronavirus has subsided’’ (Stay at Home), ‘‘Shutting
down businesses to prevent the spread of the coronavirus
is not worth the economic damage that it causes’’
(Business Shutdown), ‘‘My friends and family expect me
to stay at home until the coronavirus subsides’’ (Family
Expectations), ‘‘I am concerned that my friends and fam-
ily will experience serious health issues if they catch the
coronavirus’’ (Family Risk), ‘‘Media is exaggerating the
spread of the coronavirus’’ (Media Exaggeration), ‘‘Even
if I don’t end up buying anything, I still enjoy going to
stores and browsing’’ (Enjoy Browsing), ‘‘It is important
to me to physically check out items before buying them’’
(Like Seeing Items), ‘‘In-store shopping is fun’’ (In-store
Fun), ‘‘Eating in restaurants is a fun leisure activity’’
(Restaurant Fun), ‘‘I prefer buying groceries online
rather than going to store’’ (Prefer Online), and
‘‘Shopping online is convenient’’ (Online Convenience).

Table 1 and Figures 1 and 2 show the distribution of
variables across the sample. Table 1 summarizes the dis-
tribution of socio-demographic characteristics, which are
also presented for the entire Puget Sound region popula-
tion for comparison (48). As seen in the table, the sample
and Puget Sound population have similar incomes,
employment rates, and gender distribution. However,
the sample is a bit younger, more educated, and weal-
thier than the Puget Sound average population. The
Latino and African-American populations are underre-
presented in the sample, and the White population is
overrepresented. The three waves have almost similar
socio-demographic distributions. However, females are
more represented in Wave 3, and the percentages of
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Table 1. Distribution of Socio-Demographic Characteristics Across the Sample

Variable Categories

Sample

Puget Sound* (%)Wave 1 (%) Wave 2 (%) Wave 3 (%) Overall (%)

Age 18–34 years 27.7 25.4 19.1 24.4 32.1
35–54 years 42.3 47.9 44.4 44.8 34.9
55–64 years 17.9 16.4 20.9 18.2 15.5
65–84 years 12.0 10.3 15.6 12.4 15.4
85 years and over 0.2 0.0 0.0 0.1 2.1

Gender Female 50.6 53.6 63.4 55.3 50.1
Male 48.7 45.3 34.8 43.5 49.9
Other 0.8 1.1 1.9 1.2 NA

Education Less than high school 0.2 0.1 0.0 0.1 7.2
High school or General

Educational Development
(GED) degree

4.0 2.3 1.9 2.8 19.1

Some college or technical
school

12.7 10.1 10.4 11.1 20.4

2-year college degree 7.1 6.0 5.1 6.1 9.1
4-year college degree 38.9 40.6 43.4 40.7 26.9
Graduate degree 37.2 41.0 39.3 39.1 17.3

Annual household
income level

Less than $10,000 1.5 1.5 0.9 1.3 3.8
$10,000 to $14,999 1.4 1.3 1.0 1.2 2.5
$15,000 to $24,999 2.1 1.9 2.4 2.1 4.9
$25,000 to $34,999 3.6 2.2 2.3 2.7 5.2
$35,000 to $49,999 5.0 4.7 5.7 5.1 8.7
$50,000 to $74,999 12.2 11.2 11.4 11.6 15.0
$75,000 to $99,999 14.7 14.5 14.4 14.5 12.6
$100,000 to $149,999 25.1 23.4 22.2 23.7 19.9
$150,000 to $199,999 14.4 13.9 13.4 13.9 11.1
$200,000 or more 12.8 15.8 14.4 14.3 16.3
Prefer not to answer 7.4 9.5 12.1 9.5 NA

Race Asian 12.0 12.8 11.4 12.1 14.5
Black or African-American 1.5 0.9 1.4 1.2 5.9
Hispanic or Latino 3.8 3.2 2.8 3.3 10.4
Native Hawaiian or Pacific

Islander
0.5 1.1 0.6 0.7 0.8

White 77.9 77.2 79.2 78.0 61.7
Mixed or other races 4.5 4.9 4.6 4.6 6.8

Household compositiony

(lives with .)
No one else 11.2 12.5 12.2 12.1 13.1
Husband/wife/partner 35.4 35.5 36.9 35.9 57.1
Non-household members

(roommates, relatives, etc.)
7.8 7.2 7.2 7.4 27.4

Children under 18 years 22.3 22.3 20.3 21.7 27.2
Employment Employed** 67.1 70.5 67.8 68.4 64.6U

Unemployed 6.5 4.0 2.7 4.6 4.6U

Homemaker 0.2 5.1 4.7 3.2 NA
Retired 13.9 12.8 19.7 15.2 NA
Student 7.7 6.0 3.5 5.9 NA
Other 4.6 1.5 1.7 2.7 NA

Vaccination statusz Complete 0.0 35.1 97.0 40.0 NA
Incomplete 0.0 28.5 0.2 10.0 NA
Not vaccinated 0.0 36.2 2.0 13.2 NA
Prefer not to answer 0.0 0.1 0.9 0.3 NA

Note: NA = not available.
*The statistics given for the Puget Sound region are for the adult population (.18+ years) to match the sample’s population.
**Includes part-time, full-time, and self-employed workers.
yThese categories were not mutually exclusive, and respondents could select all that apply, so the total percentages do not add to 100%.
UCalculated by dividing the bi-annual average number of employed/unemployed people in the region between the years 2020 and 2021 by the adult

population (49).
zComplete vaccination status means the respondent received a second dose of Pfizer/Moderna or a single dose of the J&J vaccine. Incomplete vaccination

status means the respondent received only the first dose of the Pfizer/Moderna vaccine.
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students and unemployed people dropped from Wave 1
to Wave 3. Also, as vaccines rolled out in early 2021, the
percentage of vaccinated people increased in the survey,
rising from zero in Wave 1 to 97% in Wave 3.

Figure 1 shows shopping frequency for the three
activities across the survey waves. The pre-pandemic
and post-pandemic (expected) distributions are consis-
tent across Waves 1, 2, and 3 for all the activities.
Moreover, for in-store activities, the pre-pandemic and
the expected post-pandemic frequency distributions are
similar, implying that people expect to return to their
pre-pandemic in-store behaviors. The same cannot be
said for online activities, as the statistics show that peo-
ple expect to shop online more frequently after the pan-
demic than before it. It is also shown that the majority
of respondents (;80%) used to shop for groceries in-
store a few times a week, while about the same percent-
age (;85%) never did online grocery shopping before
the pandemic. During the pandemic, in-store grocery
shopping decreased, and online grocery shopping
increased. Another notable observation is that in-store
shopping frequency for food and other items experi-
enced a significant drop during the pandemic (com-
pared with pre-pandemic); however, both activities

started to increase gradually (Waves 2 and 3 compared
with Wave 1). Interestingly, this gradual increase
(between the waves) in in-store shopping for food and
other items did not translate into a decrease in the cor-
responding online activities.

The distribution of the psychometric variables is pre-
sented in Figure 2. In most part, the distributions are
similar for the three waves. However, the Stay Home,
Mask Mandate, Physical Distancing, and Family
Expectations variables exhibit lower agreement rates as
the pandemic subsides. Similarly, the sample is less likely
to support business closures to prevent the spread of the
virus in the Wave 3 compared with Waves 1 and 2.

Methods

To achieve the study’s objectives, we used descriptive
analysis and SEM. SEM is a technique that considers the
mediation effect and incorporates direct and indirect
effects in a single model, allowing each variable to be the
cause and effect simultaneously (50). The exogenous and
endogenous variables can be continuous or discrete,
observed, or latent (51). Observed variables can be

Figure 1. Distribution of online and in-store shopping frequency across the sample for the three activities.
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measured directly, while latent variables are determined
using scaled indicators.

SEM has been used extensively in transportation
research for various applications (52). In the context of
online shopping, Gould et al. used SEM to find how the
travel time saved by online shopping would be allocated
to other activities, and Irawan and Wirza applied SEM
to understand the relationship between online searching,
online shopping, and shopping trips (53, 54). In a similar
approach to that taken in the present study for analyzing
shopping frequencies, SEM has been used in Chen and
Chen, Ning et al., and Zeballos Rivas et al. to investigate
how exogenous variables, risk perception, attitudes, and
subjective norms affected preventive behaviors during
the COVID-19 pandemic (55–57).

We have applied SEM to identify the factors affecting
online and in-store shopping behaviors for different goods,
and to measure their impacts on shopping behavior
changes during the pandemic and in the future. Moreover,
to understand how people changed and expect to change

their shopping behaviors throughout the pandemic, we
performed a descriptive analysis by first estimating the
changes in shopping frequency between the three phases of
the pandemic (pre-, during-, and post-pandemic), and then
classifying the respondents based on the observed change
trends. The details of the SEM methodology are presented
in the remainder of this section, and the descriptive analy-
sis is further explained in the Results and Discusson –
Behavior Change Groups section.

Variables

We defined eight endogenous variables for the SEM
model, including two latent variables. The endogenous
variables are the frequency of online and in-store shop-
ping before, during, and after the pandemic (six variables
in total), COVID risk perception (CRP) (latent variable),
and attitude toward shopping (ATS) (latent variable).
The latent variables (CRP and ATS) are defined using
observed indicators, which are the psychometric ques-
tions (about the pandemic, in-store, and online shop-
ping) that were mentioned in the Data section. In the
model, we considered the impact of ATS on people’s
shopping frequencies before, during, and after the pan-
demic, and the impact of CRP on people’s shopping fre-
quency during the pandemic.

Age, education, gender, marital status, employment,
income, and race are the exogenous variables in the mod-
els, and we modeled their effect on CRP, ATS, and the
pre-pandemic frequencies of online and in-store shop-
ping. The pandemic moment (early, mid, late) was also
incorporated in the model as an exogenous variable to
estimate the changes in people’s behavior during the pan-
demic and their expected changes after the pandemic.

We assumed that the pre-pandemic frequencies of
online and in-store shopping affected the corresponding
frequencies during the pandemic, and that those, in turn,
will affect both expected online and in-store shopping
frequencies after the pandemic.

SEM Specification

SEM has two components: the measurement model and
the structural model. The measurement model estimates
the power of each indicator to present the corresponding
latent variable. The structural model configures the rela-
tionships among the latent variables and new observed
variables (58, 59).

Measurement Model. To build the measurement model, we
applied confirmatory factor analysis (CFA) (60). CFA
assumes there is a latent variable (i.e., a factor) that influ-
ences a set of indicators, interconnecting their variances
and covariances. The indicators’ variances can be divided

Figure 2. Distribution of the psychometric variables across the
sample.

6 Transportation Research Record 00(0)



into unique and common. The unique variance corre-
sponds to the natural dispersion of each observed vari-
able, while the common variance is the dispersion shared
by all the indicators as they are all under the influence of
the same latent variable. CFA analyzes these unique and
common variances to form a latent variable and to evalu-
ate the pre-established theoretical relationships between
the latent variable and indicators (58, 61, 62).

Equation 1 shows the relationship between latent vari-
ables (factors) and the corresponding indicators in the
CFA methodology:

Xji =
Xm

k = 1

ljkFki + eji ð1Þ

where
Xji = the matrix of indicator values, for any observa-

tion i and observed variable j,
Fki = the matrix of factor values, for any observation

i and latent variables k,
ljk = the loading for each factor, and
eij = the error term (63).
The estimation of the factor loadings (ljk) and the

error term (eji) is done through the maximum likeli-
hood method as shown in Equation 2 (57). The maxi-
mum likelihood method is an iterative process that
minimizes the differences between the variance-
covariance matrices of the hypothesized model (S) and
the observed sample (S):

Gml = ln Sj j � lnjSj+ trace Sð Þ S
�1

� ����
���� p ð2Þ

where
trace = the sum of the diagonal values in the

covariance-variance matrix, and
p = the number of indicators (64, 65).
The predicted value of a latent variable (LV Score) is

calculated through Equations 3 and 4:

fi =(S�1 � S) ð3Þ

LV Score=
Xi= n

i= 1

fi � (xi � xi) ð4Þ

where
fi = the factor weight for observation i, and
(xi � xi) = the normalized value of each indicator

variable.

Structural Model. To build the structural model, we
employed path analysis (PA). First, causal relationships
(or paths) between the variables are hypothesized to
draw influence chains in the model (60, 66). Then, PA

decomposes the correlations and covariations to estab-
lish direct and indirect effects and causality (66, 67).

In particular, the structural model estimates coeffi-
cients for the hypothesized relationships, such that the
differences between the variance-covariance matrices of
the model and the sample are minimized. This process is
typically done through the maximum likelihood method
and may be modified slightly based on the type and prob-
ability distribution of the variables (52). In this study, we
used the marginal maximum likelihood method, a
variation of the maximum likelihood method that
accounts for categorical, binomial, and discrete variables
(51, 66, 67).

PA was applied to build three structural models for
grocery, food, and other items shopping. We hypothe-
sized numerous paths and relationships between indica-
tors and latent variables, and eventually selected the best
models (one model for each activity) based on the fol-
lowing tests. Since there is not a consensus about the
acceptable threshold for the SEM indicators, we used
two criteria for each test: a good-fit and a marginal-fit
value, as recommended by Alhaimer, Irawan and Wirza,
and Weston and Gove (42, 54, 68, 69).

� Comparative fit index (CFI): .0.9 as good fit,
.0.8 as marginal fit

� Tucker–Lewis index (TLI): .0.9 as good fit, .0.8
as marginal fit

� Root mean square error of approximation
(RMSEA): \0.05 as good fit, \0.10 as marginal
fit

� Standardized root mean square residual
(SRMSR): \0.08 as good fit, \0.10 as marginal
fit

The selected models and the associated goodness of fit
measures are reported in the Results and Discusson –
SEM Results section. For this study, we used the Lavaan
package in the programming tool R, version 4.1.0.

Results and Discussion

This section is divided into two subsections: the first one
offers a descriptive analysis of how people changed their
shopping behavior during the pandemic and how they
expect to change it in the future. The second section
reports the SEM results, including the CFA and PA
results.

Behavior Change Groups

To understand how people changed and expect to change
their shopping behaviors throughout the pandemic, we
estimated the changes in shopping frequency between the
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three phases of the pandemic (pre-, during-, and post-
pandemic). Frequency in this context is calculated as the
number of days in a month. We defined Initial Change as
the difference between reported shopping frequencies in
the pre-pandemic and during-pandemic phases, and
Expected Future Change as the difference between the
during-pandemic reported shopping frequency and the
expected shopping frequency post-pandemic. Any
increase or decrease in frequency smaller than 3 days a
month was considered as no change.

We then classified the respondents into five groups as
follows, based on their initial and late frequency changes.
The groups are also shown in Figure 3.

� Increasers: Those who increased their shopping
frequency during the pandemic, and expect to

maintain a post-pandemic frequency higher than
the pre-pandemic frequency.

� Future Changers: Those who did not change their
shopping frequency during the pandemic, but they
expect to change it after the pandemic.

� Steady Users: Those who did not change their
shopping frequency during the pandemic, nor
expect to change it after the pandemic.

� Returnees: Those who increased or decreased their
shopping frequency during the pandemic, but
expect to return to their pre-pandemic frequency
after the pandemic.

� Decreasers: Those who decreased their shopping
frequency during the pandemic, and expect to
maintain a post-pandemic frequency lower than
the pre-pandemic frequency.

The five groups did not present significant differences
in their age, income, or occupation distributions.
However, for all activities, online shopping Increasers
have a higher percentage of females, and online shopping
Decreasers are less educated with a larger percentage of
non-Whites. Moreover, we found that in-store shopping
Decreasers and Returnees and online shopping
Increasers had higher perceived risks of COVID.

Figure 4 shows the changes in the sample’s shopping
frequency throughout the pandemic for the three online
and in-store activities (grocery, food, and other items).
As can be seen, in-store and online activities present dif-
ferent trends for all three activities: the number of
Returnees is at least three times higher for in-store activi-
ties, while online shopping has a larger number of
Increasers and Steady Users.

On average, 25% of respondents increased their online
shopping activities, but only 8%–13% decreased their in-
store activities. This shows that the increase in online

Figure 3. Changes in shopping frequency between the three
phases of the pandemic (pre-, during- and post-pandemic).

Figure 4. The change in sample’s shopping frequency throughout the pandemic for the three shopping activities.
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shopping throughout the pandemic was not merely
because of the substitution of in-store activities, and that
people had other reasons/motives for increasing their
online shopping. Moreover, there is a notable difference
between the three activities. For food and other items,
the number of in-store Decreasers was about one third of
the online increasers. However, the corresponding ratio
was more than half for grocery items. This suggests that
the substitution effect of online shopping is much larger
for grocery items compared with non-grocery items, and
that for food and other items online shopping plays more
of a complementary role that a substitution role. This is
in line with the findings of a few previous studies (70–72),
and as Pavel (2010) argued, probably because the infor-
mation and communication technology (ICT) potential
to replace in-person activities reduces as the necessity of
that activity decreases (73).

A majority (;75%) of the respondents who increased
their online shopping frequency during the pandemic
expect to maintain the same behavior after the pandemic,
while 63%–85% of the people who decreased their in-
store shopping frequency during the pandemic plan to
return to their pre-pandemic frequencies once the virus
threat subsides.

About half the sample (41%–61%) did not change
nor expect to change their pre-pandemic behaviors (i.e.,
Steady Users) for almost all activities, except for restau-
rant dine-in (in-store food shopping), for which the
Steady Users represent only 20% of the sample. Dining
in a restaurant had the largest percentage (58%) of
Returnees, followed by in-store other items shopping
(30%) and in-store grocery shopping (23%). Overall,
about 60%–80% of the respondents expect to repeat
their pre-pandemic behaviors after the pandemic, com-
bining Returnees and Steady Users.

When looking at changes between the waves, the pro-
portion of in-store Returnees constantly decreased as the
pandemic subsided (i.e., between Waves 1 and 3). For
example, the percentage of Returnees for in-store grocery
shopping dropped from 27% to 15%. Other items and
food saw a similar trend, with respective drops from
40% to 16% and from 68% to 41%. Conversely, the
proportion of in-store Steady Users increased during the
pandemic for all the activities. This suggests that some
people who expected to return to their pre-pandemic
shopping frequency after the pandemic did so sometime
in the mid and late pandemic.

The change groups for online shopping for groceries
and other items remained the same across the three
waves. Online food shopping is the only online activity
with noticeable changes between early and late pan-
demic: the percentage of Returnees decreased by 8%,
and Steady Users and Increasers each grew by 4% dur-
ing that period.

SEM Results

The results are presented for the three stages that were
explained in the Methods – SEM Specifications section:
CFA, PA, and SEM.

Confirmatory Factor Analysis (CFA). Table 2 shows the CFA
results for the two latent variables, CRP and ATS. The
indicators used to estimate CRP are the Mask Mandate,
Physical Distancing, Family Expectations, Family Risk,
and Media Exaggeration. We tested Stay at Home and
Business Shutdown indicators as well, but discarded
them because of collinearity issues with other indicators.
The three models present similar CRP coefficients. The
coefficient signs imply that people with higher CRP are
more likely to comply with control measures and are
more mindful of their close ones’ opinions and health
risks. Conversely, people with low CPR believe the media
exaggerated the spread of the virus.

For the ATS variable, the indicators vary slightly
across the three models: models for grocery and other
items include the In-store Fun variable, while the food
model includes the Restaurant Fun variable. Of the four
indicators, the first three are associated with ATS with a
positive sign, while Online Convenience has a negative
sign. A higher ATS value means a larger tendency toward
in-store shopping. We tested different combinations of
indicators, such as separating the attitudes toward in-
store and online shopping, and including Prefer Online,
but the models in Table 2 are the best ones. However,
while the goodness of fit measures for the latent variables
in the grocery and other items models are within the
desired range, the ATS latent variable in the food model
did not show a good fit.

Path Analysis (PA). Figure 5 shows the structure of the gro-
cery model, derived from PA. We hypothesized different
causal relationships between variables, and the selected
paths are as follows. People’s socio-demographic charac-
teristics affect their CRP, ATS, and pre-pandemic in-
store and online shopping frequencies. The aforemen-
tioned variables and the pandemic moment affect how
people changed their shopping frequencies during the
pandemic. Finally, people’s during-pandemic in-store
and online shopping frequencies and their ATS affect
their expected shopping frequencies post pandemic.
Models for food and other items have a similar structure.
The PA results for all three models are presented in the
next subsection.

We also hypothesized and analyzed covariation paths.
Table 3 shows the covariation analysis results for all
three models. We found that Enjoy Browsing and In-
Store is Fun are correlated and that the pre-pandemic
online and in-store shopping frequencies depend on each

Diaz-Gutierrez et al 9



Figure 5. Structure of the grocery model, derived from the path analysis (PA).

Table 2. Confirmatory Factor Analysis (CFA) Results

Results Latent variable Indicators Grocery Other items Food

Coefficients and
significancey

ATS Enjoy browsing 0.47 *** 0.52 *** 0.45 ***
Like seeing items 0.78 *** 0.85 *** 1.00 ***
In-store fun 0.51 *** 0.49 *** NA
Restaurant fun NA NA 0.30 ***
Online convenience 20.50 *** 20.35 *** 20.30 ***

CRP Mask mandate 0.89 *** 0.89 *** 0.88 ***
Physical distancing 0.58 *** 0.59 *** 0.59 ***
Family expectations 0.57 *** 0.56 *** 0.56 ***
Family risk 0.76 *** 0.76 *** 0.76 ***
Media exaggeration 20.68 *** 20.68 *** 20.69 ***

Goodness of fitz ATS CFI 0.961 0.816
TLI 0.901 0.632
RMSEA 0.141 0.227
SRMSR 0.051 0.101

CRP CFI 0.979
TLI 0.959
RMSEA 0.088
SRMSR 0.034

Note: ATS = attitudes toward shopping; CFI = comparative fit index; CRP = COVID risk perception; RMSEA = root mean square error of approximation;

SRMSR = standardized root mean square residual; TLI = Tucker–Lewis index; NA = not applicable.
ySignificance level: ‘***’p-value\0.01, ‘**’p-value\0.05, ‘*’p-value < 0.1, ‘ ’p-value . 0.1.
zGreen highlight = good fit; yellow highlight = good marginal fit; red highlight = not a good nor marginal fit.
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other. The results showed that people’s frequency of
shopping in-store for other items pre-pandemic was inde-
pendent of their ATS. But for all other cases, it was
shown that people with higher ATS shopped more fre-
quently in-store and less frequently online. For initial
frequency change (during the pandemic), the negative
and significant covariations between online and in-store
variables show that as people increased online shopping,
their in-store shopping decreased. Conversely, the covar-
iations for expected future frequency change between
online and in-store variables is positive (except for gro-
cery which is statistically insignificant), suggesting that
in-store and online shopping for food and other items
will have a complementary impact on one another in the
post-pandemic era, and people who plan to increase their
in-store shopping also expect to increase their online
shopping.

SEM Results. Table 4 shows the SEM results. Based on
the goodness of fit indicators, all three models fit the data
well and can describe the sample’s behavior. However,
the Grocery model presents the best fit for the data.

The results showed that, for pre-pandemic shopping
frequency, age was not a significant predictor for in-store
shopping of other items or food; however, it was shown
that older people did in-store grocery shopping more fre-
quently than younger people. For online shopping,
though, it is the opposite. Age did not have a significant
impact on online grocery shopping frequency as, for
most part, online grocery shopping was not so typical
among any age group before the pandemic. Nonetheless,
age is negatively correlated to food and other items
online shopping frequency, meaning that younger people
used to do more online shopping (other than groceries)
and food ordering than older people did.

Marital status was found as a significant variable for in-
store shopping frequency (grocery and other items) before

the pandemic, showing married people went to stores more
often than single people, but it did not turn out to be a sig-
nificant predictor for any type of online shopping.

Race did not show a significant impact on pre-
pandemic in-store shopping frequency, except for gro-
cery shopping. White, Asian, African-American, and
Latino people did in-store grocery shopping at similar
rates and lower than other races. On the other hand,
White people were more likely to shop other items online
and less likely to shop groceries online compared with
the other races.

It was indicated that, before the pandemic, people
with medium and high income (.$625K per year) were
less likely to go to stores for shopping groceries and other
items compared with low-income people. Conversely,
those higher-income groups used to dine in restaurants
more frequently. The results also showed that, before the
pandemic, men used to go to restaurants more frequently
than women. They also had a higher frequency of buying
items (other than grocery) online and ordering food for
delivery compared with women.

Looking at the CRP variable, we found that the pan-
demic moment significantly affected CRP, in that CRP
subsided from early to late pandemic, as the knowledge
about the virus and its consequences increased, the vac-
cines were developed, and the virus weakened over
time. Asian, African-American, and Latino people
showed a higher CRP compared with White people,
which reflects the disproportionately high impacts of
the pandemic on people of different races. The elder
population, women, and educated people (with a col-
lege degree or higher) showed a higher CRP, and, sur-
prisingly, being an essential worker did not
significantly affect people’s CRP.

For all the three shopping activities, CRP had oppo-
site effects on in-store and online shopping behaviors
during the pandemic: the higher the CRP, the larger the

Table 3. Structural Equation Model (SEM) Covariation Results

Analyzed variables

Coefficients and significancey

Grocery Other items Food

Enjoy browsing In-store/restaurant fun 0.49 *** 0.46 *** 0.48 ***
Pre-pandemic in-store

frequency
Pre-pandemic online frequency 20.08 *** 0.13 *** 0.09 ***

ATS Pre-pandemic in-store frequency 0.09 *** 0.02 0.13 ***
ATS Pre-pandemic online frequency 20.21 *** 20.07 *** 20.21 ***
Initial change in in-store

frequency
Initial change in online frequency 20.25 *** 20.13 *** 20.11 ***

Expected future change
in in-store frequency

Expected future change in online
frequency

20.01 0.10 *** 0.11 ***

Note: ATS = attitudes toward shopping.
ySignificance level: ‘***’p-value\0.01; ‘**’p-value\0.05; ‘*’p-value < 0.1; ‘ ’p-value . 0.1.

Diaz-Gutierrez et al 11



T
a
b

le
4
.

St
ru

ct
u
ra

lE
q
u
at

io
n

M
o
d
el

in
g

(S
E
M

)
R

es
u
lt
s

D
ep

en
d
en

t
va

ri
ab

le

In
d
ep

en
d
en

t
va

ri
ab

le
C

o
ef

fic
ie

n
ts

an
d

si
gn

ifi
ca

n
ce

y

V
ar

ia
b
le

Ty
p
e

Le
ve

ls
G

ro
ce

ry
O

th
er

It
em

s
Fo

o
d

P
re

-p
an

d
em

ic
in

-s
to

re
sh

o
p
p
in

g
fr

eq
u
en

cy
A

ge
C

o
n
ti
n
u
o
u
s

N
A

0
.1

1
*
*
*

0
.0

3
0
.0

3
G

ra
d
u
at

e
d
eg

re
e

B
in

ar
y

1
:
G

ra
d
u
at

e
d
eg

re
e

(e
.g

.,
M

S,
P
h
D

,
M

B
A

)
0
:
O

th
er

w
is

e

2
0
.1

0
*
*
*

N
A

2
0
.0

3

C
o
lle

ge
d
eg

re
e

B
in

ar
y

1
:
C

o
lle

ge
d
eg

re
e

(e
.g

.,
B

A
,
B

S)
0
:
O

th
er

w
is

e
2

0
.0

6
*
*

N
A

N
A

G
en

d
er

B
in

ar
y

1
:
Fe

m
al

e
0
:
M

al
e

N
A

0
.0

0
2

0
.2

0
*
*
*

M
ar

it
al

st
at

u
s

B
in

ar
y

1
:
M

ar
ri

ed
0
:
O

th
er

w
is

e
0
.0

4
*

0
.0

4
*
*

N
A

M
ed

iu
m

in
co

m
e

B
in

ar
y

1
:
A

n
n
u
al

h
o
u
se

h
o
ld

in
co

m
e

$
6
2
5
K

to
$
1
.2

5
0
M

0
:
O

th
er

w
is

e

2
0
.0

5
*
*

2
0
.0

6
*
*
*

0
.0

5
*
*

H
ig

h
in

co
m

e
B

in
ar

y
1
:
A

n
n
u
al

h
o
u
se

h
o
ld

in
co

m
e

.
$
1
.2

5
M

0
:
O

th
er

w
is

e

2
0
.0

7
*
*
*

2
0
.0

5
*
*

0
.1

0
*
*
*

A
si

an
,
A

fr
ic

an
-A

m
er

ic
an

,
o
r

La
ti
n
o

ra
ce

B
in

ar
y

1
:
A

si
an

,
A

fr
ic

an
-A

m
er

ic
an

,
an

d
La

ti
n
o

0
:
O

th
er

w
is

e

0
.0

2
2

0
.0

1
N

A

M
ix

ed
o
r

o
th

er
ra

ce
s

B
in

ar
y

1
:
M

ix
ed

o
r

o
th

er
ra

ce
s

0
:
O

th
er

w
is

e
0
.0

3
*
*

0
.0

0
N

A

P
re

-p
an

d
em

ic
o
n
lin

e
sh

o
p
p
in

g
fr

eq
u
en

cy
A

ge
C

o
n
ti
n
u
o
u
s

N
A

0
.0

1
2

0
.0

7
*
*
*

2
0
.1

2
*
*
*

G
ra

d
u
at

e
d
eg

re
e

B
in

ar
y

1
:
G

ra
d
u
at

e
d
eg

re
e

(e
.g

.,
M

S,
P
h
D

,
M

B
A

)
0
:
O

th
er

w
is

e

0
.0

7
*
*

N
A

2
0
.0

8
*
*
*

C
o
lle

ge
d
eg

re
e

B
in

ar
y

1
:
C

o
lle

ge
d
eg

re
e

(e
.g

.,
B

A
,
B

S)
0
:
O

th
er

w
is

e
0
.0

9
*
*
*

N
A

N
A

G
en

d
er

B
in

ar
y

1
:
Fe

m
al

e
0
:
M

al
e

N
A

2
0
.1

4
*
*
*

2
0
.0

3
*

M
ar

it
al

st
at

u
s

B
in

ar
y

1
:
M

ar
ri

ed
0
:
O

th
er

w
is

e
2

0
.0

3
0
.0

4
N

A

M
ed

iu
m

in
co

m
e

B
in

ar
y

1
:
A

n
n
u
al

h
o
u
se

h
o
ld

in
co

m
e

$
6
2
5
K

to
$
1
.2

5
0
M

0
:
O

th
er

w
is

e

2
0
.0

3
0
.0

4
*

0
.0

3

H
ig

h
in

co
m

e
B

in
ar

y
1
:
A

n
n
u
al

h
o
u
se

h
o
ld

in
co

m
e

.
$
1
,2

5
0
K

0
:
O

th
er

w
is

e

0
.0

6
*
*
*

0
.1

2
*
*
*

0
.0

1

A
si

an
,
A

fr
ic

an
-A

m
er

ic
an

,
o
r

La
ti
n
o

ra
ce

B
in

ar
y

1
:
A

si
an

,
A

fr
ic

an
-A

m
er

ic
an

,
an

d
La

ti
n
o

0
:
O

th
er

w
is

e

0
.0

5
*
*

2
0
.0

6
*
*
*

N
A

M
ix

ed
o
r

o
th

er
ra

ce
s

B
in

ar
y

1
:
M

ix
ed

o
r

o
th

er
ra

ce
s

0
:
O

th
er

w
is

e
0
.0

1
2

0
.0

4
*
*

N
A

(c
on

tin
ue

d)

12



T
a
b

le
4
.
(c

o
n
ti
n
u
ed

)

D
ep

en
d
en

t
va

ri
ab

le

In
d
ep

en
d
en

t
va

ri
ab

le
C

o
ef

fic
ie

n
ts

an
d

si
gn

ifi
ca

n
ce

y

V
ar

ia
b
le

Ty
p
e

Le
ve

ls
G

ro
ce

ry
O

th
er

It
em

s
Fo

o
d

A
T

S
G

ra
d
u
at

e
d
eg

re
e

B
in

ar
y

1
:
G

ra
d
u
at

e
d
eg

re
e

(e
.g

.,
M

S,
P
h
D

,
M

B
A

)
0
:
O

th
er

w
is

e

2
0
.1

1
*
*
*

2
0
.1

5
*
*
*

2
0
.1

2
*
*
*

C
o
lle

ge
d
eg

re
e

B
in

ar
y

1
:
C

o
lle

ge
d
eg

re
e

(e
.g

.,
B

A
,
B

S)
0
:
O

th
er

w
is

e
2

0
.0

8
*
*
*

2
0
.1

2
*
*
*

2
0
.0

9
*
*
*

G
en

d
er

B
in

ar
y

1
:
Fe

m
al

e
0
:
M

al
e

N
A

N
A

2
0
.0

3
*

E
ss

en
ti
al

w
o
rk

er
s

B
in

ar
y

1
:
E
ss

en
ti
al

w
o
rk

er
U

0
:
O

th
er

w
is

e
0
.0

4
*

0
.0

5
*
*

0
.0

4
*
*

A
si

an
,
A

fr
ic

an
-A

m
er

ic
an

,
o
r

La
ti
n
o

ra
ce

B
in

ar
y

1
:
A

si
an

,
A

fr
ic

an
-A

m
er

ic
an

,
an

d
La

ti
n
o

0
:
O

th
er

w
is

e

0
.1

4
*
*
*

0
.1

4
*
*
*

0
.1

1
*
*
*

M
ix

ed
o
r

o
th

er
ra

ce
s

B
in

ar
y

1
:
M

ix
ed

o
r

o
th

er
ra

ce
s

0
:
O

th
er

w
is

e
0
.0

6
*
*
*

0
.0

7
*
*
*

0
.0

7
*
*
*

M
ar

it
al

st
at

u
s

B
in

ar
y

1
:
M

ar
ri

ed
0
:
O

th
er

w
is

e
2

0
.0

9
*
*
*

2
0
.0

7
*
*
*

2
0
.0

6
*
*
*

M
ed

iu
m

in
co

m
e

B
in

ar
y

1
:
A

n
n
u
al

h
o
u
se

h
o
ld

in
co

m
e

$
6
2
5
K

to
$
1
.2

5
0
M

0
:
O

th
er

w
is

e

2
0
.0

6
*
*
*

2
0
.0

7
*
*
*

2
0
.0

6
*
*
*

H
ig

h
in

co
m

e
B

in
ar

y
1
:
A

n
n
u
al

h
o
u
se

h
o
ld

in
co

m
e

.
$
1
,2

5
0
K

0
:
O

th
er

w
is

e

2
0
.0

6
*
*
*

2
0
.0

6
*
*
*

2
0
.0

6
*
*

C
R

P
A

ge
C

o
n
ti
n
u
o
u
s

N
A

0
.0

5
*
*

0
.0

5
*
*

0
.0

5
*
*

G
ra

d
u
at

e
d
eg

re
e

B
in

ar
y

1
:
G

ra
d
u
at

e
d
eg

re
e

(e
.g

.,
M

S,
P
h
D

,
M

B
A

)
0
:
O

th
er

w
is

e

0
.1

7
*
*
*

0
.1

7
*
*
*

0
.1

8
*
*
*

C
o
lle

ge
d
eg

re
e

B
in

ar
y

1
:
C

o
lle

ge
D

eg
re

e
(e

.g
.,

B
A

,
B

S)
0
:
O

th
er

w
is

e
0
.1

1
*
*
*

0
.1

2
*
*
*

0
.1

2
*
*
*

G
en

d
er

B
in

ar
y

1
:
Fe

m
al

e
0
:
M

al
e

0
.0

8
*
*
*

0
.0

8
*
*
*

0
.0

7
*
*
*

A
si

an
,
A

fr
ic

an
-A

m
er

ic
an

,
o
r

La
ti
n
o

ra
ce

B
in

ar
y

1
:
A

si
an

,
A

fr
ic

an
-A

m
er

ic
an

,
an

d
La

ti
n
o

0
:
O

th
er

w
is

e

0
.0

7
*
*
*

0
.0

7
*
*
*

0
.0

7
*
*
*

M
ix

ed
o
r

o
th

er
ra

ce
s

B
in

ar
y

1
:
M

ix
ed

o
r

o
th

er
ra

ce
s

0
:
O

th
er

w
is

e
2

0
.0

4
*
*

2
0
.0

4
*
*

2
0
.0

4
*
*

P
an

d
em

ic
m

o
m

en
t

C
at

eg
o
ri

ca
l

1
:
E
ar

ly
p
an

d
em

ic
2
:
M

id
p
an

d
em

ic
3
:
La

te
p
an

d
em

ic

2
0
.2

1
*
*
*

2
0
.2

1
*
*
*

2
0
.2

1
*
*
*

E
ss

en
ti
al

w
o
rk

er
s

B
in

ar
y

1
:
E
ss

en
ti
al

w
o
rk

er
U

0
:
O

th
er

w
is

e
N

A
0
.0

2
0
.0

1 (c
on

tin
ue

d)

13



T
a
b

le
4
.
(c

o
n
ti
n
u
ed

)

D
ep

en
d
en

t
va

ri
ab

le

In
d
ep

en
d
en

t
va

ri
ab

le
C

o
ef

fic
ie

n
ts

an
d

si
gn

ifi
ca

n
ce

y

V
ar

ia
b
le

Ty
p
e

Le
ve

ls
G

ro
ce

ry
O

th
er

It
em

s
Fo

o
d

In
it
ia

l
ch

an
ge

in
in

-s
to

re
fr

eq
u
en

cy
C

R
P

La
te

n
t

N
A

2
0
.1

5
*
*
*

2
0
.1

5
*
*
*

2
0
.2

0
*
*
*

P
re

-p
an

d
em

ic
in

-s
to

re
fr

eq
u
en

cy
C

o
n
ti
n
u
o
u
s

N
A

2
0
.7

1
*
*
*

2
0
.6

8
*
*
*

2
0
.7

6
*
*
*

A
T

S
La

te
n
t

N
A

0
.1

9
*
*
*

0
.1

5
*
*
*

0
.0

9
*
*
*

P
an

d
em

ic
m

o
m

en
t

C
at

eg
o
ri

ca
l

1
:
E
ar

ly
p
an

d
em

ic
2
:
M

id
p
an

d
em

ic
3
:
La

te
p
an

d
em

ic

0
.1

2
*
*
*

0
.1

9
*
*
*

0
.1

0
*
*
*

In
it
ia

l
ch

an
ge

in
o
n
lin

e
fr

eq
u
en

cy
C

R
P

La
te

n
t

N
A

0
.2

2
*
*
*

0
.0

8
*
*
*

0
.0

3
*

P
re

-p
an

d
em

ic
in

-s
to

re
fr

eq
u
en

cy
C

o
n
ti
n
u
o
u
s

N
A

2
0
.4

1
*
*
*

2
0
.4

0
*
*
*

2
0
.5

0
*
*
*

A
T

S
La

te
n
t

N
A

2
0
.4

4
*
*
*

2
0
.1

3
*
*
*

2
0
.0

4
*
*
*

P
an

d
em

ic
m

o
m

en
t

C
at

eg
o
ri

ca
l

1
:
E
ar

ly
p
an

d
em

ic
2
:
M

id
p
an

d
em

ic
3
:
La

te
p
an

d
em

ic

2
0
.0

1
0
.0

0
2

0
.0

1

E
x
p
ec

te
d

fu
tu

re
ch

an
ge

in
in

-s
to

re
fr

eq
u
en

cy
In

it
ia

l
ch

an
ge

in
in

-s
to

re
fr

eq
u
en

cy
C

o
n
ti
n
u
o
u
s

N
A

2
0
.4

4
*
*
*

2
0
.4

2
*
*
*

2
0
.5

0
*
*
*

In
it
ia

l
ch

an
ge

in
o
nl

in
e

fr
eq

u
en

cy
C

o
n
ti
n
u
o
u
s

N
A

0
.0

6
*
*
*

0
.0

5
*
*
*

0
.0

6
*
*
*

A
T

S
La

te
n
t

N
A

0
.1

1
*
*
*

0
.0

6
*
*
*

0
.0

7
*
*
*

E
x
p
ec

te
d

fu
tu

re
ch

an
ge

in
o
n
lin

e
fr

eq
u
en

cy
In

it
ia

l
ch

an
ge

in
in

-s
to

re
fr

eq
u
en

cy
C

o
n
ti
n
u
o
u
s

N
A

0
.0

2
0
.0

8
*
*
*

0
.0

7
*
*
*

In
it
ia

l
ch

an
ge

in
o
nl

in
e

fr
eq

u
en

cy
C

o
n
ti
n
u
o
u
s

N
A

2
0
.4

9
*
*
*

2
0
.4

1
*
*
*

2
0
.4

8
*
*
*

A
T

S
La

te
n
t

N
A

0
.0

1
0
.1

4
*
*
*

0
.0

4
*
*
*

G
o
o
d
n
es

s
o
f
fit

z
C

FI
0
.9

0
3

0
.8

5
5

0
.8

5
5

T
LI

0
.9

5
1

0
.9

2
8

0
.9

2
8

R
M

SE
A

0
.0

5
8

0
.0

6
2

0
.0

6
4

SR
M

SR
0
.0

7
3

0
.0

7
4

0
.0

8
1

N
ot

e:
A

T
S

=
at

ti
tu

d
es

to
w

ar
d

sh
o
p
p
in

g;
C

FI
=

co
m

p
ar

at
iv

e
fit

in
d
ex

;
C

R
P

=
C

O
V

ID
ri

sk
p
er

ce
p
ti
o
n
;
R

M
SE

A
=

ro
o
t

m
ea

n
sq

u
ar

e
er

ro
r

o
f
ap

p
ro

xi
m

at
io

n;
SR

M
SR

=
st

an
d
ar

d
iz

ed
ro

o
t

m
ea

n
sq

u
ar

e

re
si

d
u
al

;
T

LI
=

Tu
ck

er
–
Le

w
is

in
d
ex

;
N

A
=

n
o
t

ap
p
lic

ab
le

.
y
Si

gn
ifi

ca
n
ce

le
ve

l:
‘*
*
*
’p

-v
al

ue
\

0
.0

1
,‘
*
*
’p

-v
al

u
e
\

0
.0

5
,‘
*
’p

-v
al

u
e

<
0
.1

,
‘
’p

-v
al

u
e

.
0
.1

.
U
E
ss

en
ti
al

w
o
rk

er
s

in
cl

u
d
ed

th
o
se

w
o
rk

in
g

in
th

e
fo

llo
w

in
g

in
d
u
st

ry
:
m

ed
ic

al
,
gr

o
ce

ri
es

,
tr

an
sp

o
rt

at
io

n
,
d
el

iv
er

y
o
r

p
o
st

al
se

rv
ic

es
,
u
ti
lit

ie
s,

an
d

b
u
ild

in
g

m
ai

n
te

n
an

ce
o
r

re
pa

ir
.

z
G

re
en

h
ig

h
lig

h
t

=
go

o
d

fit
;
ye

llo
w

h
ig

hl
ig

h
t

=
go

o
d

m
ar

gi
n
al

fit
.

14



increase in online shopping frequency and the decrease
in in-store shopping frequency. However, the impact var-
ies across the three activities for online shopping. While
the CRP for other items and food shopping was about
the same, people were more likely to increase their online
shopping for groceries because of a higher risk percep-
tion during the pandemic.

For the ATS variable, the results showed that White
people, couples, those with higher education, and those
with higher income are more inclined toward online
shopping, and essential workers are more likely to pur-
chase items in store.

When analyzing the in-store shopping frequency
change between pre- and during-pandemic phases (initial
change), the results show that the change is heavily
dependent (presenting largest coefficient) on people’s
pre-pandemic in-store shopping frequency, but people
also changed their shopping frequency based on the pan-
demic moment, how threatened they felt by the virus
(CRP), and how they felt about in-store and online shop-
ping (ATS). The results for online shopping frequency
change between pre- and during-pandemic phases (initial
change) were quite different, though. While the pre-
pandemic online shopping frequency was still a signifi-
cantly large predictor, its impact size was not very differ-
ent from those of ATS and CRP. Also, the pandemic
moment did not present a significant effect in either
model.

As for the expected future changes, the three models
show similar coefficients for all the dependent variables.
Interestingly, if people increased their online shopping
during the pandemic, they expect to increase their in-
store activity in the future, and vice versa. A possible
explanation is the substitution effect: people increased
their online shopping frequency during the pandemic
partly because of COVID-related limitations which pre-
vented them from in-store shopping, and they expect to
decrease their online shopping frequency and increase
their in-store shopping frequency after the pandemic.
However, the coefficients for in-store activity are seven
to eight times smaller than those of the online activity.
Therefore, while online shopping will grow at a higher
pace, neither activity will entirely substitute the other
one in the future.

Conclusions

We used descriptive analysis and SEM to find the direct
and indirect factors that determine how people changed
their in-store and online shopping behaviors during the
pandemic and how they expect to shop in a post-
pandemic era. We modeled online and in-store shopping
activities jointly for three types of goods: groceries, other
items, and food.

We defined two latent variables: CRP and ATS. The
CRP score was derived from people’s opinions and
beliefs about the seriousness of the pandemic, effective-
ness of the control measures, and friends’ and families’
expectations and health risks. Higher CRP led to a larger
increase in online shopping frequency and a larger
decrease in in-store shopping frequency. The CRP also
declined as the pandemic subsided. The ATS score was
estimated based on the joy and/or convenience that peo-
ple felt about online or in-store activities, and higher
ATS meant a larger tendency toward in-store shopping.
The SEM model showed that pre-pandemic shopping
frequencies, CRP, and ATS were affected by people’s
socio-demographic characteristics. The elderly, women,
non-White, and highly educated people showed a higher
CRP, and White people, married couples, non-essential
workers, those with higher education, and those with
higher income showed a larger tendency toward online
shopping. Moreover, the covariations in the model indi-
cated that, during the pandemic, online shopping played
a substitutionary role for in-store shopping across all
three shopping activities, meaning people increased
online shopping as they decreased in-store shopping. For
a post-pandemic era, though, the substitutionary role
stays for grocery shopping: in-store and online shopping
activities for food and other items shopping will be com-
plementary, and people who plan to increase their in-
store shopping for those goods also expect to increase
their online shopping.

The SEM models revealed that people’s in-store and
online shopping frequencies are decided based on several
direct and indirect factors. During the pandemic, in-store
shopping frequency was influenced indirectly by people’s
socio-demographic characteristics and directly by the
pandemic moment (early, mid, late), people’s CRP, ATS,
and, most importantly, their pre-pandemic shopping fre-
quencies. For online shopping, though, the direct predic-
tors were slightly different: pre-pandemic online
shopping frequency, ATS, and CRP affected people’s
online shopping frequency during the pandemic, but the
pandemic moment did not have a significant effect on it.
It can be interpreted that people decreased their in-store
activities at the beginning of the pandemic but increased
them again over time as the pandemic subsided.
Conversely, people changed their online shopping early
in the pandemic and retained those behaviors during the
pandemic. The models also showed that how people
expect to change their online and in-store shopping post
pandemic depends on their ATS and online and in-store
shopping frequencies during the pandemic.

We also classified people based on their shopping fre-
quencies before, during, and after the pandemic into five
groups—Increasers, Decreasers, Steady Users, Returnees,
and Future Changers—and analyzed the similarities and
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differences among them for online and in-store shopping
activities. The five groups did not show significant differ-
ences in relation to age, income, and occupation.
However, for all types of goods, online shopping
Increasers included a higher percentage of females, and
online shopping Decreasers were less educated and had a
larger percentage of non-Whites. Moreover, in-store
Decreasers and Returnees and online Increasers showed
higher perceived risks of the virus.

The analysis showed that most people plan to return to
their in-store pre-pandemic shopping behaviors while con-
tinuing to shop online. At least one third of the sample
changed (either increased or decreased) their in-store and
online shopping frequencies during the pandemic, and more
than half of the respondents (;60%–80%) expect to main-
tain or return to their pre-pandemic in-store shopping beha-
viors post pandemic. In-store and online activities presented
different trends, in that, across all three activities, the per-
centage of people who expect to return to their pre-
pandemic behaviors post pandemic were much higher (three
times or more) for in-store activities, while online shopping
had a larger percentage of people who either did not/expect
to not change or kept/expect to keep increasing their fre-
quencies during and post pandemic. It was also indicated
that half of the sample increased their online shopping fre-
quency, most of whom (;75%) expect to maintain the new
increased frequency post pandemic.

Moreover, although some people decreased their in-
store shopping early in the pandemic, they expect to
increase that after the pandemic. Therefore, we did not
observe major changes in the expected shopping frequen-
cies for a post-pandemic era compared with stated fre-
quencies late in the pandemic (Wave 3).

The results also showed that the decrease in in-store
shopping is much smaller (one third to half) than the
increase in online shopping. This shows that large
increases in online shopping throughout the pandemic
were not entirely because of restrictions and the high
CRP which cancelled in-store shopping activities; rather,
more than half the respondents who increased their
online shopping frequency during the pandemic did so
for other reasons, supposedly such as convenience and
easy alternatives comparison. It was also indicated that
neither online nor in-store activity will entirely substitute
the other in the future.

The data for this research came from the Puget Sound
region in Washington State, U.S., so the specific findings
and statistics will probably not hold for other regions.
However, we believe the findings about the hows and
whys of behavior changes over time, as well as the simi-
larities and differences between the three types of shop-
ping, provide interesting and somewhat unique insights
into people’s shopping behaviors, generally and for a
post-pandemic era.

Because of the limited number of psychometric ques-
tions in the survey, we defined a single latent variable
(ATS) which included both online and in-store shopping
for the three activities. Including more psychometric
questions in the survey could help develop separate latent
variables for in-store and online shopping or for the each
of the three shopping activities, which could, in turn,
result in better CFA and SEM estimates.

Author Contributions

The authors confirm contribution to the paper as follows: study
conception and design: J. M. Diaz-Gutierrez, A. Ranjbari; data
cleaning and processing: J. M. Diaz-Gutierrez; analysis and inter-
pretation of results: J. M. Diaz-Gutierrez, H. Mohammadi-Mavi,

A. Ranjbari; draft manuscript preparation: J. M. Diaz-Gutierrez,
H. Mohammadi-Mavi, A. Ranjbari. 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) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Jorge Manuel Diaz-Gutierrez https://orcid.org/0000-0001-
6201-8319
Helia Mohammadi-Mavi https://orcid.org/0000-0003-3586-
6835
Andisheh Ranjbari https://orcid.org/0000-0003-2108-7953

References

1. U.S. Census Bureau. Quarterly Retail E-Commerce Sales 4th

Quarter 2020. May 18, 2021. https://www2.census.gov/retail/

releases/historical/ecomm/20q4.pdf. Accessed November 29,

2022.
2. Sergi, B. S., M. Esposito, and S. Goyal. Literature Review

of Emerging Trends and Future Directions of E-Com-

merce in Global Business Landscape. World Review of

Entrepreneurship, Management and Sustainable Develop-

ment, Vol. 15, No. 1/2, 2019, p. 226. https://doi.org/10.

1504/wremsd.2019.10019882.
3. Cramer-Flood, E. Global Ecommerce Forecast 2022. Insi-

der Intelligence, February 2, 2022. https://www.insiderintelli-

gence.com/content/global-ecommerce-forecast-2022. Accessed

November 29, 2022.
4. Cao, X. J. E-Shopping, Spatial Attributes, and Personal

Travel: A Review of Empirical Studies. Transportation

Research Record: Journal of the Transportation Research

Board, 2009. 2135: 160–169.

16 Transportation Research Record 00(0)

https://orcid.org/0000-0001-6201-8319
https://orcid.org/0000-0001-6201-8319
https://orcid.org/0000-0003-3586-6835
https://orcid.org/0000-0003-3586-6835
https://orcid.org/0000-0003-2108-7953
https://www2.census.gov/retail/releases/historical/ecomm/20q4.pdf
https://www2.census.gov/retail/releases/historical/ecomm/20q4.pdf
https://doi.org/10.1504/wremsd.2019.10019882
https://doi.org/10.1504/wremsd.2019.10019882
https://www.insiderintelligence.com/content/global-ecommerce-forecast-2022
https://www.insiderintelligence.com/content/global-ecommerce-forecast-2022


5. Mokhtarian, P. L. A Conceptual Analysis of the Transpor-

tation Impacts of B2C E-Commerce. Transportation, Vol.

31, 2004, pp. 257–284. https://doi.org/10.1023/B:PORT.

0000025428.64128.d3.
6. Xi, G., F. Zhen, X. J. Cao, and F. Xu. The Interaction

Between E-Shopping and Store Shopping: Empirical Evi-

dence from Nanjing, China. Transportation Letters, Vol.

12, No. 3, 2020, pp. 157–165. https://doi.org/10.1080/

19427867.2018.1546797.
7. Zhai, Q., X. Cao, P. L. Mokhtarian, and F. Zhen. The

Interactions Between E-Shopping and Store Shopping in

the Shopping Process for Search Goods and Experience

Goods. Transportation, Vol. 44, 2017, pp. 885–904. https://

doi.org/0.1007/s11116-016-9683-9.
8. Vertical Web Media. 2021 Online Marketplaces Report. July

2021. https://www.commercehub.com/resources/2021-online-

marketplaces-report/#marketplaces-report. Accessed Novem-

ber 29, 2022.
9. Blake Droesch. How Will the Pandemic Affect US Ecom-

merce Sales in 2021? May 17, 2021. https://www.insiderin

telligence.com/content/how-will-pandemic-affect-us-ecom

merce-sales-2021. Accessed November 29, 2022.
10. Blake Droesch. Top 10 Countries, Ranked by Retail Ecom-

merce Sales Growth, January 1, 2022. https://www.insiderin

telligence.com/chart/253514/top-10-countries-ranked-by-retail-

ecommerce-sales-2022-billions-change. Accessed November

29, 2022.
11. Sheth, J. Impact of Covid-19 on Consumer Behavior: Will

the Old Habits Return or Die? Journal of Business

Research, Vol. 117, 2020, pp. 280–283. https://doi.org/10.

1016/j.jbusres.2020.05.059.
12. Chenarides, L., C. Grebitus, J. L. Lusk, and I. Printezis.

Food Consumption Behavior During the COVID-19 Pan-

demic. Agribusiness, Vol. 37, No. 1, 2021, pp. 44–81.

https://doi.org/10.1002/agr.21679.
13. Truong, D., and M. D. Truong. How Do Customers

Change their Purchasing Behaviors During the COVID-19

Pandemic? Journal of Retailing and Consumer Services, Vol.

67, 2022. https://doi.org/10.1016/j.jretconser.2022.102963.
14. U.S. Department of Transportation, Bureau of Transpor-

tation Statistics (BTS). Effects of COVID-19 on In-Person

vs. Online Shopping. May 2021. https://www.bts.gov/

browse-statistical-products-and-data/covid-related/effects-

covid-19-person-vs-online-shoppin.
15. The New York Times. Coronavirus in the U.S.: Latest

Map and Case Count. November 29, 2022. https://www.

nytimes.com/interactive/2021/us/covid-cases.html. Accessed

November 28, 2022.
16. Brynjolfsson, E., J. J. Horton, A. Ozimek, D. Rock, G.

Sharma, and H.-Y. TuYe. COVID-19 and Remote Work:

An Early Look at US Data. National Bureau of Economic

Research. June 2020. https://www.nber.org/papers/w27344.

Accessed November 29, 2022.
17. U.S. Department of Transportation, Bureau of Transpor-

tation Statistics (BTS). Daily Travel During the COVID-19

Public Health Emergency. 2022. https://www.bts.gov/daily-

travel.
18. Dube, K., G. Nhamo, and D. Chikodzi. COVID-19 Crip-

ples Global Restaurant and Hospitality Industry. Current

Issues in Tourism, Vol. 24, No. 11, 2021, pp. 1487–1490.

https://doi.org/10.1080/13683500.2020.1773416.
19. Ferreira Rodrigues, J., M. T. Cunha dos Santos Filho, L.

E. Aparecida de Oliveira, I. Brandemburg Siman, A. F.

Barcelos, G. L. de Paiva Anciens Ramos, E. Almeida

Esmerino, A. Gomes da Cruz, and R. A. Arriel. Effect of

the COVID-19 Pandemic on Food Habits and Perceptions:

A Study with Brazilians. Trends in Food Science and Tech-

nology, Vol. 116, 2021, pp. 992–1001. https://doi.org/10.

1016/j.tifs.2021.09.005.
20. U.S. Department of Transportation, Bureau of Transpor-

tation Statistics (BTS). Effects of COVID-19 on In-Person

vs. Online Shopping by Race and Income. 2021. https://

www.bts.gov/browse-statistical-products-and-data/covid-

related/effects-covid-19-person-vs-online.
21. Grashuis, J., T. Skevas, and M. S. Segovia. Grocery Shop-

ping Preferences During the COVID-19 Pandemic. Sustain-

ability (Switzerland), Vol. 12, No. 13, 2020. https://doi.

org/10.3390/su12135369.
22. Figliozzi, M., and A. Unnikrishnan. Exploring the Impact

of Socio-Demographic Characteristics, Health Concerns,

and Product Type on Home Delivery Rates and Expendi-

tures During a Strict COVID-19 Lockdown Period: A Case

Study from Portland, OR. Transportation Research Part A:

Policy and Practice, Vol. 153, 2021, pp. 1–19. https://doi.

org/10.1016/j.tra.2021.08.012.
23. Chang, H. H., and C. D. Meyerhoefer. COVID-19 and the

Demand for Online Food Shopping Services: Empirical

Evidence from Taiwan. American Journal of Agricultural

Economics, Vol. 103, No. 2, 2021, pp. 448–465. https://doi.

org/10.1111/ajae.12170.

24. United States Census Bureau. Annual Retail Trade Survey

Supplemental E-Commerce Tables: 2019. 2021. https://

www.census.gov/data/tables/2019/econ/arts/supplemental-

ecommerce.html. Accessed November 29, 2022.
25. Chan, H. F., A. Skali, D. A. Savage, D. Stadelmann, and

B. Torgler. Risk Attitudes and Human Mobility During

the COVID-19 Pandemic. Scientific Reports, Vol. 10, 2020.

https://doi.org/10.1038/s41598-020-76763-2.
26. Irawan, M. Z., M. Rizki, T. B. Joewono, and P. F. Belgia-

wan. Exploring the Intention of Out-of-Home Activities

Participation During New Normal Conditions in Indone-

sian Cities. Transportation Research Interdisciplinary Per-

spectives, Vol. 8, 2020. https://doi.org/10.1016/j.trip.2020.

100237.
27. Moon, J., Y. Choe, and H. Song. Determinants of Consu-

mers’ Online/Offline Shopping Behaviours During the

COVID-19 Pandemic. International Journal of Environmen-

tal Research and Public Health, Vol. 18, No. 4, 2021.

https://doi.org/10.3390/ijerph18041593.
28. Bish, A., and S. Michie. Demographic and Attitudinal

Determinants of Protective Behaviours During a Pan-

demic: A Review. British Journal of Health Psychology,

Vol. 15, No. 4, 2010, pp. 797–824. https://doi.org/10.1348/

135910710X485826.
29. Boyle, J., T. Brassell, and J. Dayton. Rural Americans Feel

Less Threatened by COVID-19 Than Urban and Suburban

Americans Do, but Still View Mitigation as Important.

ICF. July 22, 2020. https://www.icf.com/insights/health/

Diaz-Gutierrez et al 17

https://doi.org/10.1023/B:PORT.0000025428.64128.d3
https://doi.org/10.1023/B:PORT.0000025428.64128.d3
https://doi.org/10.1080/19427867.2018.1546797
https://doi.org/10.1080/19427867.2018.1546797
https://doi.org/0.1007/s11116-016-9683-9
https://doi.org/0.1007/s11116-016-9683-9
https://www.commercehub.com/resources/2021-online-marketplaces-report/#marketplaces-report
https://www.commercehub.com/resources/2021-online-marketplaces-report/#marketplaces-report
https://www.insiderintelligence.com/content/how-will-pandemic-affect-us-ecommerce-sales-2021
https://www.insiderintelligence.com/content/how-will-pandemic-affect-us-ecommerce-sales-2021
https://www.insiderintelligence.com/content/how-will-pandemic-affect-us-ecommerce-sales-2021
https://www.insiderintelligence.com/chart/253514/top-10-countries-ranked-by-retail-ecommerce-sales-2022-billions-change
https://www.insiderintelligence.com/chart/253514/top-10-countries-ranked-by-retail-ecommerce-sales-2022-billions-change
https://www.insiderintelligence.com/chart/253514/top-10-countries-ranked-by-retail-ecommerce-sales-2022-billions-change
https://doi.org/10.1016/j.jbusres.2020.05.059
https://doi.org/10.1016/j.jbusres.2020.05.059
https://doi.org/10.1002/agr.21679
https://doi.org/10.1016/j.jretconser.2022.102963
https://www.bts.gov/browse-statistical-products-and-data/covid-related/effects-covid-19-person-vs-online-shoppin
https://www.bts.gov/browse-statistical-products-and-data/covid-related/effects-covid-19-person-vs-online-shoppin
https://www.bts.gov/browse-statistical-products-and-data/covid-related/effects-covid-19-person-vs-online-shoppin
https://www.nytimes.com/interactive/2021/us/covid-cases.html
https://www.nytimes.com/interactive/2021/us/covid-cases.html
https://www.nber.org/papers/w27344
https://www.bts.gov/daily-travel
https://www.bts.gov/daily-travel
https://doi.org/10.1080/13683500.2020.1773416
https://doi.org/10.1016/j.tifs.2021.09.005
https://doi.org/10.1016/j.tifs.2021.09.005
https://www.bts.gov/browse-statistical-products-and-data/covid-related/effects-covid-19-person-vs-online
https://www.bts.gov/browse-statistical-products-and-data/covid-related/effects-covid-19-person-vs-online
https://www.bts.gov/browse-statistical-products-and-data/covid-related/effects-covid-19-person-vs-online
https://doi.org/10.3390/su12135369
https://doi.org/10.3390/su12135369
https://doi.org/10.1016/j.tra.2021.08.012
https://doi.org/10.1016/j.tra.2021.08.012
https://doi.org/10.1111/ajae.12170
https://doi.org/10.1111/ajae.12170
https://www.census.gov/data/tables/2019/econ/arts/supplemental-ecommerce.html
https://www.census.gov/data/tables/2019/econ/arts/supplemental-ecommerce.html
https://www.census.gov/data/tables/2019/econ/arts/supplemental-ecommerce.html
https://doi.org/10.1038/s41598-020-76763-2
https://doi.org/10.1016/j.trip.2020.100237
https://doi.org/10.1016/j.trip.2020.100237
https://doi.org/10.3390/ijerph18041593
https://doi.org/10.1348/135910710X485826
https://doi.org/10.1348/135910710X485826
https://www.icf.com/insights/health/covid-19-survey-rural-vs-urban-threat


covid-19-survey-rural-vs-urban-threat. Accessed November

29, 2022.
30. Haischer, M. H., R. Beilfuss, M. R. Hart, L. Opielinski, D.

Wrucke, G. Zirgaitis, T. D. Uhrich, and S. K. Hunter.

Who is Wearing a Mask? Gender-, Age-, and Location-

Related Differences During the COVID-19 Pandemic.

PLoS One, Vol. 15, No. 10, 2020. https://doi.org/10.1371/

journal.pone.0240785.
31. Chauhan, R. S., D. C. da Silva, D. Salon, A. Shamshiri-

pour, E. Rahimi, U. Sutradhar, S. Khoeini, A. K. Moham-

madian, S. Derrible, and R. Pendyala. COVID-19 Related

Attitudes and Risk Perceptions across Urban, Rural, and

Suburban Areas in the United States. Findings, 2021.

https://doi.org/10.32866/001c.23714.
32. Moran, K. R., and S. Y. del Valle. A Meta-Analysis of the

Association Between Gender and Protective Behaviors in

Response to Respiratory Epidemics and Pandemics. PLoS

One, Vol. 11, No. 10, 2016. https://doi.org/10.1371/journal.

pone.0164541.
33. Li, H., C. Kuo, and M. G. Rusell. The Impact of Perceived

Channel Utilities, Shopping Orientations, and Demo-

graphics on the Consumer’s Online Buying Behavior. Jour-

nal of Computer-Mediated Communication, Vol. 5, No. 2,

1999. https://doi.org/10.1111/j.1083-6101.1999.tb00336.x.
34. Naseri, M. B., and G. Elliott. Role of Demographics,

Social Connectedness and Prior Internet Experience in

Adoption of Online Shopping: Applications for Direct

Marketing. Journal of Targeting, Measurement and Analy-

sis for Marketing, Vol. 19, 2011, pp. 69–84. https://doi.org/

10.1057/jt.2011.9.
35. Saphores, J., and L. Xu. E-Shopping Changes and the State

of E-Grocery Shopping in the US - Evidence from National

Travel and Time Use Surveys. Research in Transportation

Economics, Vol. 87, 2021. https://doi.org/10.1016/j.retrec.

2020.100864.
36. Shi, K., J. de Vos, Y. Yang, and F. Witlox. Does E-Shop-

ping Replace Shopping Trips? Empirical Evidence from

Chengdu, China. Transportation Research Part A: Policy

and Practice, Vol. 122, 2019, pp. 21–33. https://doi.org/10.

1016/j.tra.2019.01.027.
37. Van Slyke, C., C. L. Comunale, and F. Belanger. Gender

Differences in Perceptions of Web-Based Shopping. Com-

munications of the ACM, Vol. 45, No. 8, 2002, pp. 82–86.

https://doi.org/10.1145/545151.545155.
38. Shergill, G. S., and Z. Chen. Web-Based Shopping: Consu-

mers’ Attitudes Towards Online Shopping in New Zeal-

and. Journal of Electronic Commerce Research, Vol. 6, No.

2, 2005, pp. 79–94.
39. Teo, T. S. H. Attitudes Toward Online Shopping and the

Internet. Behaviour and Information Technology, Vol. 21,

No. 4, 2002, pp. 259–271. https://doi.org/10.1080/

0144929021000018342.
40. Chen, S. J., and T. Z. Chang. A Descriptive Model of

Online Shopping Process: Some Empirical Results. Interna-

tional Journal of Service Industry Management, Vol. 14,

No. 5, 2003, pp. 556–569. https://doi.org/10.1108/09564230

310500228.
41. Aryani, D. N., R. K. Nair, D. X. Y. Hoo, D. K. M. Hung,

D. H. R. Lim, D. A. R. Chandran, W. P. Chew, and A.

Desai. A Study on Consumer Behaviour: Transition from

Traditional Shopping to Online Shopping During the

COVID-19 Pandemic. International Journal of Applied

Business and International Management, Vol. 6, No. 2,

2021, pp. 81–95. https://doi.org/10.32535/ijabim.v6i2.1170.
42. Alhaimer, R. Fluctuating Attitudes and Behaviors of Cus-

tomers Toward Online Shopping in Times of Emergency:

The Case of Kuwait During the COVID-19 Pandemic.

Journal of Internet Commerce, Vol. 21, No. 1, 2022,

pp. 26–50. https://doi.org/10.1080/15332861.2021.1882758.
43. Koyuncu, C., and G. Bhattacharya. The Impacts of Quick-

ness, Price, Payment Risk, and Delivery Issues on On-Line

Shopping. The Journal of Socio-Economics, Vol. 33, No. 2,

2004, pp. 241–251. https://doi.org/10.1016/j.socec.2003.12.011.
44. Hsiao, M. H. Shopping Mode Choice: Physical Store Shop-

ping Versus E-Shopping. Transportation Research Part E:

Logistics and Transportation Review, Vol. 45, No. 1, 2009,

pp. 86–95. https://doi.org/10.1016/j.tre.2008.06.002.

45. Dannenberg, P., M. Fuchs, T. Riedler, and C. Wiedemann.

Digital Transition by COVID-19 Pandemic? The German

Food Online Retail. Tijdschrift voor economische en sociale

geografie (Journal of Economic and Human Geography),

Vol. 111, No. 3, 2020, pp. 543–560. https://doi.org/10.1111/

tesg.12453.
46. Watanabe, T., and Y. Omori. Online Consumption During

the COVID-19 Crisis: Evidence from Japan. Covid Eco-

nomics, No. 32, 2020, pp. 208–241.
47. Mackenzie, D., P. Jabbari, and A. Ranjbari. Analyzing the

Long-Term Impacts of COVID-19 Disruption on Travel Pat-

terns. Pacific Northwest Transportation Consortium (Pac-

Trans). 2020. http://hdl.handle.net/1773/46655.
48. Puget Sound Regional Council. Census and American Com-

munity Survey. 2019 ACS One-Year Estimates. https://www.

psrc.org/census-and-american-community-survey. Accessed

May 23, 2022.
49. U.S. Bureau of Labor Statistics. Western Information Office.

2020. Databases, Tables & Calculators by Subject: Seattle-

Tacoma-Bellevue, WA Metropolitan Area. https://www.bls.

gov/sae/tables/annual-average/2020/table-2-employees-on-non

farm-payrolls-by-states-selected-metropolitan-areas-and-met-

ropolitan-divisions.htm. Accessed May 23, 2022.
50. Bowen, N. K., and S. Guo. Structural Equation Modeling.

Oxford University Press, New York, NY, 2011.
51. Ullman, J. B., and P. M. Bentler. Structural Equation

Modeling. Handbook of Psychology, 2nd ed., Vol. 2, 2012.

https://doi.org/10.1002/9781118133880.hop202023.
52. Golob, T. F. Structural Equation Modeling for Travel

Behavior Research. Transportation Research Part B: Meth-

odological, Vol. 37, No. 1, 2003, pp. 1–25. https://doi.org/

10.1016/S0191-2615(01)00046-7.
53. Gould, J., T. F. Golob, and P. Barwise. Why Do People

Drive to Shop? Future Travel and Telecommunications Tra-

deoffs. UC Irvine: Center for Activity Systems Analysis,

CA, 1998.
54. Irawan, M. Z., and E. Wirza. Understanding the Effect of

Online Shopping Behavior on Shopping Travel Demand

Through Structural Equation Modeling. Journal of the

Eastern Asia Society for Transportation Studies, Vol. 11,

2015, pp. 614–625. https://doi.org/10.11175/easts.11.614.

18 Transportation Research Record 00(0)

https://www.icf.com/insights/health/covid-19-survey-rural-vs-urban-threat
https://doi.org/10.1371/journal.pone.0240785
https://doi.org/10.1371/journal.pone.0240785
https://doi.org/10.32866/001c.23714
https://doi.org/10.1371/journal.pone.0164541
https://doi.org/10.1371/journal.pone.0164541
https://doi.org/10.1111/j.1083-6101.1999.tb00336.x
https://doi.org/10.1057/jt.2011.9
https://doi.org/10.1057/jt.2011.9
https://doi.org/10.1016/j.retrec.2020.100864
https://doi.org/10.1016/j.retrec.2020.100864
https://doi.org/10.1016/j.tra.2019.01.027
https://doi.org/10.1016/j.tra.2019.01.027
https://doi.org/10.1145/545151.545155
https://doi.org/10.1080/0144929021000018342
https://doi.org/10.1080/0144929021000018342
https://doi.org/10.1108/09564230310500228
https://doi.org/10.1108/09564230310500228
https://doi.org/10.32535/ijabim.v6i2.1170
https://doi.org/10.1080/15332861.2021.1882758
https://doi.org/10.1016/j.socec.2003.12.011
https://doi.org/10.1016/j.tre.2008.06.002
https://doi.org/10.1111/tesg.12453
https://doi.org/10.1111/tesg.12453
http://hdl.handle.net/1773/46655
https://www.psrc.org/census-and-american-community-survey
https://www.psrc.org/census-and-american-community-survey
https://www.bls.gov/sae/tables/annual-average/2020/table-2-employees-on-nonfarm-payrolls-by-states-selected-metropolitan-areas-and-metropolitan-divisions.htm
https://www.bls.gov/sae/tables/annual-average/2020/table-2-employees-on-nonfarm-payrolls-by-states-selected-metropolitan-areas-and-metropolitan-divisions.htm
https://www.bls.gov/sae/tables/annual-average/2020/table-2-employees-on-nonfarm-payrolls-by-states-selected-metropolitan-areas-and-metropolitan-divisions.htm
https://www.bls.gov/sae/tables/annual-average/2020/table-2-employees-on-nonfarm-payrolls-by-states-selected-metropolitan-areas-and-metropolitan-divisions.htm
https://doi.org/10.1002/9781118133880.hop202023
https://doi.org/10.1016/S0191-2615(01)00046-7
https://doi.org/10.1016/S0191-2615(01)00046-7
https://doi.org/10.11175/easts.11.614


55. Chen, X., and H. Chen. Differences in Preventive Beha-
viors of COVID-19 Between Urban and Rural Residents:
Lessons Learned from a Cross-Sectional Study in China.
International Journal of Environmental Research and Public

Health, Vol. 17, No. 12, 2020. https://doi.org/10.3390/
ijerph17124437.

56. Ning, L., J. Niu, X. Bi, C. Yang, Z. Liu, Q. Wu, N. Ning,
et al. The Impacts of Knowledge, Risk Perception, Emo-
tion and Information on Citizens’ Protective Behaviors
During the Outbreak of COVID-19: A Cross-Sectional
Study in China. BMC Public Health, Vol. 20, No. 1, 2020,
p. 1751. https://doi.org/10.1186/s12889-020-09892-y.

57. Zeballos Rivas, D. R., M. L. Lopez Jaldin, B. Nina Cana-
viri, L. F. Portugal Escalante, A. M. C. Alanes Fernández,
and J. P. Aguilar Ticona. Social Media Exposure, Risk
Perception, Preventive Behaviors and Attitudes during the
COVID-19 Epidemic in La Paz, Bolivia: A Cross Sectional
Study. PLoS One, Vol. 16, No. 1, 2021. https://doi.org/10.
1371/journal.pone.0245859.

58. Brown, T. A., and M. T. Moore. Confirmatory Factor Anal-
ysis. In Handbook of Structural Equation Modeling (H. Rick,
ed.), The Guilford Press, New York, NY, pp. 361–379.

59. Maruyama, G. Basics of Structural Equation Modeling.
SAGE, Thousand Oaks, CA, 1997.

60. Wen, C.-H., L. W. Lan, and H.-L. Cheng. Structural Equa-
tion Modeling to Determine Passenger Loyalty Toward
Intercity Bus Services. Transportation Research Record:

Journal of the Transportation Research Board, 2005. 1927:
249–255.

61. Larasati, A. F., and K. Handayeni. Using Confirmatory
Factor Analysis to Evaluate the Factor Determining the
Bus Usage in Surabaya City, Indonesia. Proc., IOP Confer-

ence Series: Earth and Environmental Science, Volume 778,

International Conference: Bridging the Past and the Future

of Urban Landscape in the Asia Pacific, Surabaya, Indone-
sia (Virtual), October 2020. https://doi.org/10.1088/1755-
1315/778/1/012007.

62. Jomnonkwao, S., and V. Ratanavaraha. Measurement
Modelling of the Perceived Service Quality of a Sightseeing
Bus Service: An Application of Hierarchical Confirmatory
Factor Analysis. Transport Policy, Vol. 45, 2016,
pp. 240–252. https://doi.org/10.1016/j.tranpol.2015.04.001.

63. Popuri, Y., K. Proussaloglou, C. Ayvalik, F. Koppelman,
and A. Lee. Importance of Traveler Attitudes in the Choice
of Public Transportation to Work: Findings from the
Regional Transportation Authority Attitudinal Survey.
Transportation, Vol. 38, 2011, pp. 643–661. https://doi.org/
10.1007/s11116-011-9336-y.

64. Suhr, D. The Basics of Structural Equation Modeling. SAS
User Group of the Western Region of the United States
(WUSS), Irvine, CA, 2006.

65. Kwayu, K. M., V. Kwigizile, and J.-S. Oh. Development of
Systemwide Pedestrian Safety Performance Function Using
Stratified Random Sampling and a Proxy Measure of
Pedestrian Exposure. International Journal of Injury Control

and Safety Promotion, Vol. 27, No. 4, 2020, pp. 420–431.
https://doi.org/10.1080/17457300.2020.1791905.

66. Zhang, X., and M. Ali Soomro. Failure Path Analysis with
Respect to Private Sector Partners in Transportation Pub-
lic-Private Partnerships. Journal of Management in Engi-

neering, Vol. 32, No. 1, 2016. https://doi.org/10.1061/
(ASCE)ME.1943-5479.0000384.

67. Chen, W., and Y. Lei. Path Analysis of Factors in Energy-
Related CO2 Emissions from Beijing’s Transportation Sec-
tor. Transportation Research Part D: Transport and Envi-

ronment, Vol. 50, 2017, pp. 473–487.
68. Niemand, T., and R. Mai. Flexible Cutoff Values for Fit

Indices in the Evaluation of Structural Equation Models.
Journal of the Academy of Marketing Science, Vol. 46, No.
6, 2018, pp. 1148–1172. https://doi.org/10.1007/s11747-
018-0602-9.

69. Weston, R., and P. A. Gore. A Brief Guide to Structural
Equation Modeling. The Counseling Psychologist, Vol. 34,
No. 5, 2006, pp. 719–751. https://doi.org/10.1177/001100
0006286345.

70. Suel, E., S. le Vine, and J. Polak. Empirical Application of
Expenditure Diary Instrument to Quantify Relationships
Between In-Store and Online Grocery Shopping: Case
Study of Greater London. Transportation Research Record:
Journal of the Transportation Research Board, 2015. 2496:
45–54.

71. Suel, E., N. Daina, and J. W. Polak. A Hazard-Based
Approach to Modelling the Effects of Online Shopping on
Intershopping Duration. Transportation, Vol. 45, 2018,
pp. 415–428. https://doi.org/10.1007/s11116-017-9838-3.

72. Dias, F. F., P. S. Lavieri, S. Sharda, S. Khoeini, C. R. Bhat,
R. M. Pendyala, A. R. Pinjari, G. Ramadurai, and K. K.
Srinivasan. A Comparison of Online and In-Person Activ-
ity Engagement: The Case of Shopping and Eating Meals.
Transportation Research Part C: Emerging Technologies,
Vol. 114, 2020, pp. 643–656. https://doi.org/10.1016/j.trc.
2020.02.023.

73. Andreev, P., I. Salomon, and N. Pliskin. Review: State of
teleactivities. Transportation Research Part C: Emerging

Technologies, Vol. 18, No. 1, 2010, pp. 3–20. https://doi.
org/10.1016/j.trc.2009.04.017.

Diaz-Gutierrez et al 19

https://doi.org/10.3390/ijerph17124437
https://doi.org/10.3390/ijerph17124437
https://doi.org/10.1186/s12889-020-09892-y
https://doi.org/10.1371/journal.pone.0245859
https://doi.org/10.1371/journal.pone.0245859
https://doi.org/10.1088/1755-1315/778/1/012007
https://doi.org/10.1088/1755-1315/778/1/012007
https://doi.org/10.1016/j.tranpol.2015.04.001
https://doi.org/10.1007/s11116-011-9336-y
https://doi.org/10.1007/s11116-011-9336-y
https://doi.org/10.1080/17457300.2020.1791905
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000384
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000384
https://doi.org/10.1007/s11747-018-0602-9
https://doi.org/10.1007/s11747-018-0602-9
https://doi.org/10.1177/0011000006286345
https://doi.org/10.1177/0011000006286345
https://doi.org/10.1007/s11116-017-9838-3
https://doi.org/10.1016/j.trc.2020.02.023
https://doi.org/10.1016/j.trc.2020.02.023
https://doi.org/10.1016/j.trc.2009.04.017
https://doi.org/10.1016/j.trc.2009.04.017

