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ARTICLE INFO ABSTRACT
Keywords: The COVID-19 pandemic response has had a significant impact on the general population’s ability
Individuals with disabilities to participate in their communities. Individuals with disabilities, an already socially disadvan-

Disabled people
Activities of daily community living
Pandemic

taged population, are more vulnerable to and have likely been disproportionately impacted by
COVID-19 response conditions. Yet, the extent to which the daily community living activities of

people with disabilities have been impacted is unknown. Thus, this study assesses their travel
behavior and community living during the COVID-19 pandemic conditions compared with those

of the general population.

A web survey was conducted using Qualtrics’s online panel data (respondents included 232
people with disabilities and 161 people without disabilities). Regression models found that people
with disabilities reduced their daily travel to a greater extent but at varying degrees, depending
on the destination types and travel modes. Reductions in taxi rides (including ride-hailing ser-
vices) were most significant among people with cognitive and sensory (e.g., vision and hearing)
disabilities. By place type, cognitive disability was associated with a trip reduction for multiple
destination types—grocery, restaurants, outdoor recreation, indoor recreation, and healthcare
providers. Findings from this study could contribute to decision- and policy-making in planning,
transportation, and community services during the remainder of the COVID-19 pandemic, in
future major public health crises, and post-COVID, because the adjustments in travel behavior and

community living might be longer-term.

1. Introduction

Community participation is vital to health, well-being, self-determination, and quality of life (Christensen & Byrne, 2014; White &
Summers, 2017). COVID-19 has negatively impacted individuals’ ability to participate in their communities, especially those who are
physically and mentally vulnerable (Pfefferbaum & North, 2020). In addition to the challenges faced during COVID-19, people with
disabilities are simultaneously dealing with existing social disadvantages. This combination can heighten vulnerability and lead to
disproportionate effects (Armitage & Nellums, 2020; Constantino et al., 2020; Pineda & Corburn, 2020). Yet, there is limited evidence
documenting the extent to which activities of daily community living (ADCL) for people with disabilities have been impacted.
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Consequently, there is a lack of evidence-based decision-making about interventions to address challenges related to employment,
housing, community services, planning/transportation, recreation, social engagement, and education.

The purpose of this exploratory empirical study is to assess ADCL of people with disabilities during COVID-19 pandemic conditions,
compared to the general population during the same period. For these comparisons, we conducted a web survey using Qualtrics’s
online panel data (respondents included 232 people with disabilities and 161 people without disabilities) and analyzed differences
using descriptive and inferential statistics. Survey development was based on a proposition that people with disabilities would have
experienced a greater impact on travel compared with the general population. For example, public transit use for people with dis-
abilities would decrease due to a higher association of medical conditions such as vulnerability to infection, increased risk of COVID
spread on public transportation, and decrease in service of publicly available transportation services (Penfold et al., 2008; Jansuwan
et al., 2013). The expected result would have been a higher reduction in daily travel and a greater modal shift than for people without
disabilities. In general, we expect to find that moderating for the effects of socio-demographics, COVID-19 impacts will be more
negative among people with disabilities, an already disadvantaged population.

We believe that the findings of this study will contribute to evidence-based decision- and policy-making during the remainder of the
COVID-19 pandemic. Even more importantly, the practical implications of our findings are relevant post-COVID because pandemic-
related adjustments in travel behavior and community living patterns may well manifest for the longer term, and this difficult
period may result in greater attention to the long-standing disadvantages faced by those with disabilities.

2. Literature review

Given the importance of participation in one’s community for health and well-being, self-determination, and quality of life
(Christensen & Byrne, 2014; White & Summers, 2017), the very nature of the response to the COVID-19 pandemic has had a significant
impact on the general population. The pandemic response’s protective measures have altered the general population’s activities of
daily community living, including basic activities necessary for an individual to live independently in their community, thus
contributing to isolation (Palgi et al., 2020; Probst et al., 2020), high psychological distress (Wang et al., 2020; Park et al., 2020),
financial stress (Chakraborty & Chatterjee, 2020), and depression and anxiety (Madani et al., 2020). These conditions have long been
disproportionately experienced by people with disabilities. This is due to greater barriers to community participation, self-
determination, and well-being. Other authors suggest that people with disabilities have experienced such effects of the COVID-19
pandemic as ‘everyday emergencies’ long before the pandemic struck (Pineda & Corburn, 2020). With COVID-19, these everyday
emergencies have only been exacerbated.

People with disabilities may experience double jeopardy as pandemic responses impact their ADCLs, resulting in more severe
COVID-19 outcomes than those brought on by their disability and health conditions alone (Abedi et al., 2021; Armitage & Nellums,
2020; Constantino et al., 2020; Pineda & Corburn, 2020; WHO, 2020). Often people with disabilities are already at increased risk for
contracting COVID-19 because of their disability and/or underlying medical conditions, with many experiencing more severe out-
comes for the same reasons (Karaye & Horney, 2020; Landes et al., 2020; Turk et al., 2020). Additionally, many people with disabilities
are dependent upon direct personal services and support, such as personal care providers, thereby increasing potential exposure,
especially when compared with the general population. Drum et al. (2020) suggest that nearly one-quarter of people with disabilities
have reduced access to these personal services and supports because of the pandemic response. In addition, congregate care settings,
such as residential group homes or day habilitation programs, also increase vulnerability as they are less able to practice protective
physical distancing, both from other residents and personal care providers (Landes et al., 2020; Sabatello et al., 2020). Furthermore,
access to public awareness and education for people with hearing, visual, and cognitive disabilities is more limited (Pineda & Corburn,
2020), increasing their reliance on healthcare providers and systems for guidance (Drum et al., 2020). Compared with the general
population, people with disabilities have, on average, less education, more economic, food, housing, and employment insecurity, and
less Internet access (Krahn et al., 2015), all of which are associated with increased pandemic response impacts on activities of daily
community living. COVID-19 pandemic response measures have reduced access to continuity of care and social supports (e.g., food,
housing, healthcare, and transportation) among people with disabilities, conditions which should not be viewed as an individual
challenge but rather as a failure of land use and infrastructure planning (such as transportation planning) (Pineda & Corburn, 2020).

Transportation, which is both an ADCL and acts as a support for other ADCLs, is of particular concern among populations with
disabilities. Travel is fundamental in order for people with disabilities to engage with their community for employment, goods and
services, health, education, and social interaction (Christensen & Byrne, 2014). People with disabilities with increased access to travel
report greater quality of life and lower levels of social isolation (Cvitkovich & Wister, 2001). Yet a key COVID-19 pandemic protective
measure has been community mitigation through reduced interactions due to travel restrictions.

2.1. COVID-19 impacts on travel behavior

COVID-19 triggered unprecedented travel behavior change worldwide, including significant reduction of trips and modal shifts
(Brough et al., 2020; Hamidi & Zandiatashbar, 2021; Hotle et al., 2020; Molloy et al., 2020). The early months of the pandemic caused
a nearly 38 percent reduction in trips for both essential and non-essential trips (Hamidi & Zandiatashbar, 2021). Such decreases were
not the same across all destination types; for instance, the reduction in park trips was substantially lower than essential trips (e.g.,
grocery and pharmacy trips). The difference in these behaviors may be due to perceived risks. Shamshiripour et al. (2020) showed that
visiting hospitals and gyms/fitness centers had the highest perception of risk, whereas visits to family/friend homes or parks had the
lowest risk perception. As a direct impact of the pandemic on travel behavior, participation in social and physical activities has been
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lowered, negatively impacting individuals’ well-being (Brooks et al., 2020; De Vos, 2020).

Other communicable respiratory disease outbreaks, such as SARS, HIN1, and MERS, changed travel behavior for the general public
(Wen et al., 2005; Liu et al., 2011; Fenichel et al., 2013; Kim et al., 2017). Wen et al. (2005) reported that SARS influenced travel
preferences and patterns by increasing outdoor activities and migration to suburbs and countryside. Related to HIN1 swine flu,
Fenichel et al. (2013) showed that people are not only willing to pay for infection-free trips but also that their behavior shifts can be
triggered by perceived risks, types of accessible transportation, and jurisdictional policies (e.g., stay-at-home orders). Kim et al. (2017)
confirmed these factors after the MERS outbreak showed that fear of travel can result in a sharp decline in public transit.

Regardless of the kind of disease outbreak, perceived risk has also influenced mode choice. Troko et al. (2011) illustrated that using
public buses and trams is considered an individual risk factor that significantly contributes to acquiring acute respiratory infections.
Moreover, studies have shown that the perceived risks of traveling via transit and pooled ride-hailing are the highest among all modes
of travel (Shamshiripour et al., 2020; Yildirim & Giiler, 2020). On the other hand, the perceived risks of traveling with personal
vehicles, on foot, or on private bikes are the lowest (Shamshiripour et al., 2020). These findings signal substantial changes in in-
dividuals’ mode choice decision making, pushing them away from public transportation and toward more private modes.

While risk perception plays a critical role in travel behavior, geographic and demographic factors can also influence travel patterns.
Hamidi & Zandiatashbar (2021) demonstrated higher trip reductions to grocery stores/pharmacies and transit stations in compact
urban areas more than other locations, partially due to better home-delivery services. Moreover, the percentage of seniors who are
more vulnerable to infections than younger people positively contributes to the trip reduction in trips to transit stations (Hamidi &
Zandiatashbar, 2021). An inability to reduce reliance on public transportation is associated with lower-income employees who are also
less capable of working remotely, whereas individuals with higher education could more easily substitute modes of transportation
(Brough et al., 2020). This dichotomy suggests that public transport capacity cannot be unreasonably decreased because some captive
riders lack alternative modes other than public transit, and thus, must have access to safe public transport for travel during the
pandemic (Beimborn et al., 2003; De Vos, 2020).

The pandemic has had an even greater impact on individuals with travel-related disabilities. The occurrence of the pandemic may
worsen the accessibility issues for people with disabilities (Eskyte et al., 2020). This could be the result of people with disabilities not
being able to access required physical, occupational, speech, or other rehabilitation programs, interventions, and therapies as a direct
consequence of the pandemic (Milicevic, 2020).

2.2. Conceptual framework and research questions

To the best of the authors’ knowledge, there is no empirical study exploring the impact of the COVID-19 pandemic on travel
behaviors and community living of people with disabilities directly. Considering this gap and the expectation that this may not be the
last of such events, we have developed a conceptual framework to facilitate our broad understanding of how internal and external
factors have influenced travel behavior amid the pandemic (Fig. 1). As an exogenous, confounding factor, the pandemic and related
conditions affect both the explanatory variables (internal and external factors) and the outcomes (travel behaviors and community

Internal Factors

Disability (type, severity)

: X
; Other demographic and socio-

economic status
(age, gender, race/ethnicity, income,
employment, housing, etc.)

Activities of Daily Community Living

Travel behavior
(trip frequency, mode choice, etc.)

""" 1““""‘ Community living
Frmmmmmmmmmm e e (shopping, visiting family members and friends,
community service providers, recreation, etc.)

Built environment
(density, land use, destinations, street network,
etc.)

Transportation system
(road network, service provision of public transit
and paratransit, etc.)

External Factors

Fig. 1. Conceptual framework of COVID-19 pandemic impacts on activities of daily community living of people with disabilities (note: factors in
bold are included in this study).
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living), or the lived experience of people with disabilities. For example, the pandemic simultaneously and directly impacted the de-
mand of people with disabilities to travel as a result of the perception of increased risks to exposure to COVID-19 due to age, disability,
etc. Reduced demand for traveling by people with disabilities may also have been due to changes in employment from pandemic-
related reductions in service industry employment and/or a greater shift to remote employment (Internal Factor). In addition, re-
ductions in public transit availability as a fixed-route service increased demand for paratransit service, thereby reducing some in-
dividuals’ ability to travel (External Factor), and imposed stay-at-home responses directly reduced the opportunity to physically visit
family members and friends, in effect reducing the number of travel destinations available to people with disabilities (ADCL).

Internal factors include demographics and socioeconomic status (e.g., age, gender, race/ethnicity, income and employment status,
and housing type). Disability status and type (e.g., mobility, sensory, cognitive) are key internal factors of interest in this study.
Disability is a complex social phenomenon that involves the interaction of individuals with specific functional competencies (perhaps
due to a physical impairment) with their identity, their physical and social surroundings, and cultural and normative systems (Altman,
2001). As a result, disability can only be defined empirically when reduced to focus on a specific aspect of experience (Altman, 2001).
Differences in how these experiences are defined and associated with the phenomena of disability as a heterogeneous group make it
difficult to effectively collect data that are representative (Fujiura & Rutkowski-Kmitta, 2001). For these reasons, data on disabilities
are difficult to collect and understand (Blaser & Ladner, 2020). In this study, we define disability as self-reported limitations in
functional abilities related to one or more of the broad disability categories used in the American Community Survey and U.S. Census
research: hearing difficulty, vision difficulty, cognitive difficulty, ambulatory difficulty, self-care difficulty, and independent living
difficulty (US Census Bureau, 2020b).

In our framework, external factors include the built environment and COVID-19-related travel restrictions (e.g., travel bans, stay-
at-home orders, limited availability of public transportation services). The impacts of the built environment on travel behavior are
well-documented in the literature, often being referred to as “D variables,” such as development density, land use diversity, street
network design, distance to transit, and destination accessibility (Boarnet, 2011; Ewing & Cervero, 2010). In this study, we explore the
impacts of a few select external factors, such as using population density at a zip code level. Urban communities with higher density
levels provide better access to public transit and healthcare facilities. Travel restriction policies and other built environment char-
acteristics are not included in this study due to the limited national data availability and the cross-sectional nature of the research
design. Studies have shown differences in COVID-19 case counts and severity between urban and rural communities (CDC, 2020).

Our conceptual framework guides the three exploratory questions in this study. First, have people with disabilities reduced their
daily travel to a greater extent during COVID-19 than people without disabilities (Q1)? Second, if trip reductions have occurred due to
COVID-19, have people with disabilities made a more significant shift on certain modes (Q2)? Third, are the changes in travel behavior
and community living different between people with and without disabilities by destination type (Q3)?

3. Data and methods

With the global reach of COVID-19, our data collection was intended to reach a national audience. We adopted the Qualtrics survey
platform as (1) their panels have consistently proven to be one of the better demographic representations (Boas et al., 2020) and (2) our
institution has previously contracted with Qualtrics, ensuring a more rapid contractual process for securing data for this study during
the pandemic.

The recruitment panel was set up to facilitate quotas on three distinct demographic variables: First, the representation of people
with and without disabilities (between 50/50 and 60/40, respectively). The type of disability was not restricted (e.g., cognitive, motor,
auditory, vision). Second, an age quota with no less than 20% over the age of 65, as the current census identifies this group as covering
roughly 16% of the population (US Census Bureau, 2020a). Third, we aimed for a gender balance between those identifying as female
or male (between 50/50 and 60/40, respectively). We did not establish quotas for the race, community type (urban/rural), or
geographic region in order to expedite the survey and get results in a timely manner. A pilot survey was conducted in late October
(with about 200 participants), with minor changes augmenting the survey eventually used for this study.

The data presented in this study were collected from November 30 to December 08, 2020. The survey was open nationally, with no
geographic limitations. Geographic data were collected by asking a zip code of primary residence. These data were cross-referenced
with socio-demographic census data from the National Historical Geographic Information System (Manson et al., 2020), as well as zip
code, state and region, and urban area data (US Census Bureau, 2020d).

After screening for inconsistent responses, our final sample from Qualtrics’s online panel data consisted of 161 people with any type
of disability and 232 people without a disability. Respondents reside in 48 different states with the following regional distribution:
Northeast (17%), Midwest (22%), South (43%), West (18%), aligning with the 2019 Census Region population of 17%, 21%, 38%, and
24%, respectively (US Census Bureau, 2020e). Among these participants, 64% live in a Census-designated urban area. A chi-squared
test of independence of region with disability/non-disability status shows no statistical significance (x? = 2.76, df = 3, p = .43).

We expected that our 60-question survey would take about 15 min to complete, and indeed, the average time of completion was 14
min. The survey was divided into five sections: eligibility, demographics, internet use, travel behavior, and social relationships. This
paper focuses primarily on results from the eligibility, demographics, and travel behavior sections. Eligibility and demographics
questions included collecting age, type of disability, race, gender, income, and employment status. For these variables (including
disability types), we drew from the American Community Survey 2014-2018 Questionnaire (US Census Bureau, 2020c), with inspi-
ration on employment status provided from Critical Care Nutrition (Critical Care Nutrition, 2020). For travel behavior questions, we
collected data on the frequency of weekday trips, frequency of modes, and places visited. Each participant was asked to identify or
estimate their activities “pre-COVID,” “during COVID,” and “post-COVID,” where 2019 represents “pre-COVID,” 2020 after the COVID-

27



K. Park et al. Transportation Research Part A 156 (2022) 24-35

19 outbreak represents “during COVID,” and the time when COVID-19 is no longer a concern in the U.S. represents “post-COVID.” We
incorporated feedback from our advisory board (consisting of eight people with a variety of disabilities). All survey data collection was
approved by Utah State University’s Institutional Review Board #11509.

As noted in our conceptual framework, collecting representative data of people with disabilities can be challenging (Blaser &
Ladner, 2020; Fujiura & Rutkowski-Kmitta, 2001). Because of these challenges, we ensured that our sample provided an adequate
representation of the two focus populations (people with and without disabilities). In our pilot study, we intentionally chose not to
include a screener or Instructional Manipulation Check (Oppenheimer et al., 2009) because these may induce bias (Clifford & Jerit,
2015; Anduiza & Galais, 2017). But our pilot data of about 200 individuals (half with a disability) demonstrated significant anomalies
for those identifying as having a disability. Therefore, we instituted a validation check at the end of the survey, which required in-
dividuals to confirm their disability using the same eligibility screener question as at the beginning of the survey. To address potential
biases where individuals may have made an inconsistent response, we reduced the consistency to a 50% accuracy of responses. For
instance, this eliminates individuals who indicated a vision disability in the eligibility question, but then hearing disability in the
validation question. With this validation completed, we discovered that about a quarter of participants indicating they had disability
were inconsistent with what kind of disability they identified. While we may have eliminated some individuals who had a genuine
disability, we believe most of those eliminations were due to individuals who may have been straight-lining (Vannette & Krosnick,
2014) or did not actually possess a disability. We are confident that our technique, which merely asks an individual to confirm their
condition, provides a means to ensure more accurate data collection and representation of those disabilities.

Data collected were used to generate descriptive statistics as a first step. We calculate changes in daily trip frequency between two
time periods (pre-COVID vs. during COVID) and compare it between people with and without disabilities (Q1). Such differences are
compared for each travel mode (Q2) and place type (Q3). We ran bivariate inferential statistics, such as t-tests, for continuous variables

Table 1
Mean values of variables between people with and without disabilities (n = 393; standard deviation in parenthesis for continuous variables). Note that
those with disabilities may have multiple disability types.

Variables Total No disability With disability’
Disability status dummy (1 = yes) 41.0% - 100.0%
Disability type: Sensory - - 43.5%
Disability type: Cognitive - - 39.1%
Disability type: Mobility - - 28.6%
Disability type: Others (e.g., self-care, independent living) - - 37.3%
Most impactful disability type (1 = Sensory) - - 31.1%
Most impactful disability type (1 = Cognitive) - - 21.1%
Most impactful disability type (1 = Mobility) - - 24.8%
Most impactful disability type (1 = Others) - - 23.0%
Age (years)* 41.8 (16.9) 40.0 (15.9) 44.5 (18.0)
Age dummy (1 = 65 years or older)* 14.2% 10.3% 19.9%
Female dummy (1 = yes)** 61.3% 67.2% 52.8%
Non-Hispanic White dummy (1 = yes)* 65.9% 61.6% 72.0%
Worker status dummy (1 = full-time or part-time) 50.4% 52.2% 47.8%
Educational attainment dummy (1 = bachelor’s degree or higher) 32.6% 31.5% 34.2%
Household income (past 12 months)

Less than $10,000 13.0% 13.8% 11.8%
$10,000 to $14,999 4.3% 4.7% 3.7%
$15,000 to $24,999 13.5% 11.6% 16.1%
$25,000 to $34,999 11.2% 10.3% 12.4%
$35,000 to $49,999 13.7% 12.5% 15.5%
$50,000 to $74,999 13.0% 13.8% 11.8%
$75,000 to $99,999 8.9% 9.9% 7.5%
$100,000 to $149,000 8.4% 8.2% 8.7%
$150,000 to $199,999 3.6% 2.2% 5.6%
$200,000 or more 3.6% 4.7% 1.9%
Don’t know 6.9% 8.2% 5.0%
Category 1: poverty (1 = less than $25 K)* 30.8% 30.2% 31.7%
Category 2: low (1 = between $25 K and $50 K)* 24.9% 22.8% 28.0%
Household size 29(1.4) 3.0(1.5) 2.8(1.4)
Number of children 0.6 (0.9) 0.7 (0.9) 0.6 (0.9)
Marital status dummy (1 = married or living with a partner) 52.7% 52.6% 52.8%
Driver status dummy (1 = driver) 82.7% 81.0% 85.1%
Student status dummy (1 = student) 16.3% 16.4% 16.1%
Home ownership status dummy (1 = owner) 51.7% 51.3% 52.2%
Housing type dummy (1 = single-family housing) 63.6% 66.8% 59.0%
Population density (1000 people/square mile; zip code) 6.3 (14.9) 5.6 (13.4) 7.3 (16.9)
Urban area dummy (1 = Census-designated urban area) 64.9% 64.5% 65.6%

1 #%p<.01, % p<.05 " p <.l from an independent samples t-test for continuous variables and a chi-squared test for dummy variables.

2 . Income category thresholds were selected from the U.S. 2020 poverty guideline for a four-person household ($25,701) for the “poverty” group
and the U.S. Department of Housing and Urban Development’s guideline of the low-income limits (80% of the area median family income) for the
“low-income” group.
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(e.g., daily trip frequency between the two groups) and Chi-square tests of independence for categorical variables (e.g., educational
attainment between the two groups) to see if the mean differences are statistically significant.

For the next analysis phase, multiple regression models were developed to answer different questions following the conceptual
framework that estimates travel behavior outcomes by internal and external factors. The first set of models estimates daily trip fre-
quency in a certain period (e.g., during COVID) after controlling for the same measure in a previous period (e.g., pre-COVID), so that
the model outcome shows changes between the two (Q1). Independent variables include both internal factors (e.g., disability status
and type, gender, age, race/ethnicity, employment status, household characteristics) and external factors (e.g., population density of a
zip code area, urban area status). We also model trip frequency change by place type (Q2) and travel model (Q3). Given a relatively
small sample and many independent variables, we selected a set of variables for each model after an exhaustive search. After checking
every possible model, the final model was chosen with the lowest Akaike Information Criterion (AIC) value. We used the regsubsets
function in the R package leaps (Lumley, 2020). We tested for multicollinearity for each model. The highest variance inflation factor
(VIF) values across all models were lower than 2.0 below the standard ceiling value for multicollinearity of 5.0 (Daoud, 2017).

4. Results
4.1. Descriptive statistics

In our final sample of 393 respondents, 41.0% (n = 161) indicated at least one type of disability, which was categorized into a major
disability type (sensory, cognitive, mobility, and others). Our two groups—people with and without a disability—were not demo-
graphically different except for their age, gender, and race/ethnicity (more older adults, male, and non-Hispanic Whites among the
respondents with disabilities) at the statistical significance level (p <.05). Other characteristics (employment/student status, house-
hold income, housing type, etc.) were similar between the two groups. Table 1 shows mean value comparisons.

4.2. Daily trip frequency change between people with and without disabilities by mode

Our respondents reduced their weekday travels from 4.02 per day in 2019 (pre-COVID) to 2.96 per day in 2020 (during COVID)
(Table 2). As a reference, the average numbers of daily trips from the 2017 National Household Travel Survey (pre-COVID) were 3.6 for
non-disabled and 2.6 for disabled (Brumbaugh, 2018), which are slightly lower than our survey results. Differences might be due to
outliers, particularly in our disabled group (the median trip frequency in our sample is 4 for non-disabled and 3 for disabled, which is
closer to the national data), and potential errors regarding the retrospective survey. Regarding travel mode, the respondents reduced
their uses of all modes of transportation (except for wheelchair uses among respondents with disabilities) at the p < .05 significance
level.

In general, there were no statistically significant differences in daily trip frequency between people with and without disabilities (p
< .05), either pre- or during COVID. With respect to changes in trip frequency by travel mode, however, t-test results show that trip
reduction was significantly different between the two groups for taxi trips (including ride-hailing services such as Uber and Lyft).
COVID-19 also affected automobile trips and walking more negatively among people with disabilities, but only at a marginally sig-
nificant level (p < .1). The use of paratransit services among people with disabilities was significantly reduced, shown in a one-sample
t-test.

Regression models of trip frequency change during COVID-19 show additional trip reductions among the specific type of disabilities
(Table 3). In the model, a positive coefficient value for a given mode means trip frequency increases during the pandemic for that
mode. After controlling for other personal characteristics, people with cognitive disability decreased their paratransit uses and taxi
trips (including Uber/Lyft rides) during the pandemic more than other groups at p < .05 significance level. Those with mobility
disabilities reduced the overall daily trip frequency, automobile uses, and walking to a greater extent, but only at the marginal sig-
nificance level (p < .1). Sensory disability (e.g., vision, hearing) is also marginally related to additional reduction in taxi/Uber/Lyft

Table 2

Average trip frequency pre-COVID and during COVID-19 and changes between the two periods by travel mode (n = 393).
Variables Total t-statistic Non-disabled Disabled t-statistic

(pre vs. during COVID)' (Non-disabled vs. Disabled)”

Average daily trip frequency pre-COVID 4.02 - 4.08 3.94 0.48
Average daily trip frequency during COVID 2.96 - 3.05 2.83 0.83
Change in daily trip frequency —1.06 —8.46** -1.03 -1.11 0.30
Change in automobile trip frequency —0.51 —7.11%* —0.37 —0.71 2,427
Change in public transit trip frequency —0.35 —5.88** —0.29 —0.43 1.15
Change in taxi (Uber/Lyft) trip frequency -0.27 —5.87** —0.10 —0.52 4.19%*
Change in walking frequency -0.27 —3.53%** -0.13 —-0.47 2.24"
Change in paratransit trip frequency” —0.14 —2.30* - - -
Change in wheelchair trip frequency” —0.01 —0.20 - - -

1
2

1 ¥*:p < .01, *:p < .05, " p < .1 (paired samples t-tests).
1 ¥¥*:p < .01, *: p < .05, "t p < .1 (independent samples t-tests).
3 . Changes in paratransit trips and wheelchair trips were only calculated for respondents with disabilities.
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Table 3
Regression models of trip frequency during COVID-19 by travel mode (n = 393)%2,
Overall Auto Public transit Para-transit” Taxi (Uber/Lyft) Walk

(Intercept) —0.62 0.66* 0.38%** 0.04 0.35%* 0.03
Daily trip frequency (pre-COVID) 0.48%* 0.69** 0.50%* 0.63** 0.64%* 0.73%*
Disability (cognitive) - - - —0.29* —0.41**
Disability (mobility) —0.64" —0.40" - - - -0.43"
Disability (sensory) - - - - —0.24* —-0.38"
Disability (others) - - - -0.17 —0.20
Age (years) 0.03** -0.01" - - - 0.01*
Age: over 65 (yes/no) —0.90* — - — -
Female (yes/no) - - - 0.217 - -
Household income: low (yes/no) - 0.28" - - -
Household size 0.15* - - - -
Number of children - - - -0.11* —0.06
Driver status (yes/no) - 0.41* -0.21" - -
Non-Hispanic White (yes/no) - - —0.26** - —0.16*
Worker status (yes/no) 0.38 — - — - 0.21
Student status (yes/no) 0.48 —0.42* 0.22" 0.28" —0.15
Bachelor’s degree or higher (yes/no) —0.29 - - - -
Single-family housing (yes/no) - 0.28" - - -
Homeowner (yes/no) - - - - —0.15* —0.36*
Population density (1000 people/sq.mi.) - - - - - 0.01
Urban area (yes/no) - -0.26" - — -
Model fit statistics

- R-squared 0.36 0.55 0.47 0.59 0.54 0.54

- Adjusted R-squared 0.34 0.54 0.47 0.57 0.53 0.53

- AIC 561.55 228.53 —87.69 —133.04 —218.15 250.43

1 . xx

¥ p<.01,*:p<.05 "tp<.1.
2 | The paratransit model was run only for respondents with disabilities (n = 161).

rides (p < .05) and walking (p < .1).

Among other personal and environmental variables, the overall daily trip frequency increased more (or more likely, decreased less)
when a traveler was older (but not older than 65 years old) and lived in a bigger household. Car trips were positively associated with
driver status and negatively associated with student status. Public transit uses were significantly lower among non-Hispanic White
respondents. Taxi (including Uber/Lyft) rides decreased further among non-Hispanic Whites and homeowners. Walking frequency
increased with age and decreased with homeownership. Other variables, including household income, worker status, educational
attainment, single-family housing, population density, and living in an urban area, were either not significant or only marginally
significant in all models.

4.3. Change in visitation to different place types

During the first year of the COVID-19 pandemic (2020), all respondents showed general trip reductions to all types of destinations
(Table 4). Greater reductions existed for places of worship, healthcare providers, community service providers, and education facil-
ities, while reductions to someone else’s house and retail shops were not as large. People with disabilities reduced their daily use of
certain place types to a greater extent than people without disabilities (Table 4). We observed more significant trip reductions among
people with disabilities for two place types—grocery stores and community service providers (p < .05). Trips to outdoor recreation

Table 4

Change in daily trip frequency from pre-COVID-19 to during COVID-19 by place type (n = 393).
Variables Total t-statistic Non-disabled Disabled t-statistic

(pre vs. during COVID)" (Non-disabled vs. Disabled)?

Change in grocery trip frequency —-0.65 —10.30%* —0.46 —0.94 3.76%*
Change in restaurant trip frequency -1.19 —14.84** —1.08 -1.34 1.59
Change in retail trip frequency —1.06 —15.27** —1.00 -1.13 0.89
Change in house trip frequency -1.11 —14.36%* —1.06 -1.17 0.65
Change in workplace trip frequency -1.10 —11.25%* -1.21 -0.96 -1.26
Change in outdoor recreation trip frequency —0.92 —11.87%* -0.76 -1.15 2.44"
Change in indoor recreation trip frequency -1.09 —13.81%* -1.03 -1.18 0.96
Change in place of worship trip frequency —0.68 —10.20%* —0.69 —0.66 -0.21
Change in healthcare provider trip frequency -0.29 —5.98%* -0.20 —0.42 2.21"
Change in community service provider trip frequency —0.21 —4.15%* —0.09 -0.39 2.83*
Change in education trip frequency —0.53 —6.62%* —0.49 —0.60 0.64

1
2

1 ¥ p < .01, *: p < .05, "t p < .1 (paired samples t-tests).
1 *¥*:p < .01, *: p < .05, "t p < .1 (independent samples t-tests).
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Table 5
Regression models of trip frequency during COVID-19 by place type (n = 393).

o 32 Y4vd N

Grocery  Restaurants  Retail House Workplace  Outdoor Indoor Worship ~ Healthcare Community Education
recreation recreation provider service facility

0.72%* 0.04 0.20" 0.39%*

(Intercept) 0.62**  0.42* 0.43* 0.01
o 0.59%*

Daily trip frequency (pre-COVID) 0.38** 0.56** 0.42%* 0.31%* 0.44**
Disability (cognitive) —0.49* - - - —0.49* -
Disability (mobility) - - -0.31 - - - - - - - -
Disability (sensory) —0.25 - - - 0.43" - - 0.37* - - -
Disability (others) —0.38" - - - -
Age (years) - - - - - —0.01*
Age: over 65 (yes/no) - - - -
Female (yes/no) - - -0.31*  -0.29* - - —0.42%* -0.31**  -0.16" -0.11 -
Household income: poverty (yes/ - - - - 0.25 - - - - - -
no)
Household size 0.10* - - - - - - - - - -
Number of children - - - 0.13" - - - - - - -
Married or living with a partner —0.18 0.22 - - - - - - - - -
(yes/no)
Driver status (yes/no) - -0.33" - —-0.41* - - —0.43** - - -
Non-Hispanic White (yes/no) - —0.22 - - - - - - - —0.21* —0.26*
Worker status (yes/no) - 0.29* — - 1.22%* - - 0.20" - - -
Student status (yes/no) - 0.35" - - - - 0.43** 0.36* - - -
Bachelor’s degree or higher (yes/ - - - - —0.70** - - - - - -
no)
Single-family housing (yes/no) - - - - - - - - - 0.16" -
Population density (1000 people/sq. ~ —0.01* - - -0.01* - - - - - - -
mi.)
Urban area (yes/no) —0.26* - -0.21 - - - - - - - -
Model fit statistics
- R-squared 0.29 0.20 0.31 0.29 0.42 0.33 0.29 0.37 0.46 0.47 0.26
- Adjusted R-squared 0.28 0.18 0.30 0.28 0.41 0.32 0.28 0.36 0.46 0.46 0.26
- AIC 116.84 231.55 150.06 175.84  366.43 227.18 39.85 38.04 —91.81 —118.70 123.07

Note: **: p < .01, *: p < .05, : p < .1.
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facilities and healthcare service providers were also more reduced among people with disabilities, but only at a marginally significant
level (p < .1).

Table 5 shows the regression model results of trip frequency change during COVID-19 by place type. The model indicates that
cognitive disability was most associated with a trip reduction for multiple destination types—grocery, restaurants, outdoor recreation,
indoor recreation, and healthcare providers—when other covariates were controlled. People with other types of disability (including
self-care, independent living) as their primary disability type showed fewer trips to grocery stores, and those with sensory disability
(including vision and hearing) reduced trips to their workplace, both of which were only marginally significant (p < .1). Unexpectedly,
sensory and other disabilities were associated with increased trips to places of worship during COVID-19.

Females reduced daily trips to multiple destination types (travel to retail stores, someone else’s house, indoor recreation, and
worship) significantly during the pandemic. Older adults reduced visits to indoor recreation facilities. Non-Hispanic Whites reduced
their visitations to community service providers and education facilities. While workers still visited their workplace during the
pandemic, those with higher educational attainment (i.e., bachelor’s degree or higher) did reduce their trips, indicating a higher
possibility of working from home. Related to the built environment contexts, those living in denser urban areas reduced their travels to
grocery stores and others’ houses to a greater extent but did not significantly reduce their travels to other place types, compared with
those in less denser environments.

5. Discussion and conclusions

Our efforts have provided one of the first empirical studies on the impact of the COVID-19 pandemic on the activities of daily
community living between people with and without disabilities. This exploratory work focuses on evaluating what impacts have been
realized rather than precisely why these impacts have happened. To that end, we attempt to emphasize key outcomes and predictors of
transportation-related behavior changes and then provide some key policy implications. What we offer in the implications are general
observations; given the complexity and variety of disabilities and related circumstances, the findings are rather nuanced by a com-
bination of various factors.

COVID-19 has had profound impacts on people’s livelihoods. Our survey of people with and without disabilities shows that both
groups reduced their daily travel across all modes of transportation and destination types in 2020 (representing the COVID-19
pandemic), compared with 2019 (the first research question; Q1). On average, our respondents’ daily trip frequency decreased
from 4.02 per day pre-COVID to 2.96 per day during COVID, and there were no statistically significant differences in daily trip fre-
quencies between those with and without disabilities.

Differences between those with and without disabilities started to appear when we investigated travel modes (Q2). For instance,
taxi trips (including ride-hailing services) were reduced more significantly among those with cognitive and sensory disabilities than
other groups. Also, walking trips decreased more among individuals with mobility and sensory disabilities at the marginal significance
level. Compared with pre-pandemic, the disabled respondents, especially those with cognitive disabilities, reduced their paratransit
use in 2020.

Despite expected concerns over the transmission of COVID-19 on public transit (Carteni et al., 2020), we still see evidence that
people with disabilities relied as much on this form of transportation as those without disabilities during the pandemic. This is likely
because some riders lack access to alternatives and may be less able to work remotely (Brough et al., 2020). This suggests the
importance of ensuring that transit-dependent population have access to employment, education, healthcare, and so on in a manner
that minimizes exposure to risk (Shamshiripour et al., 2020; Yildirim & Giiler, 2020). Particularly for those with disabilities, one
strategy for ensuring access is to focus on expanding alternative (subsidized) transportation services (e.g., paratransit) during the
pandemic. This strategy could mitigate disproportionate effects (mobility and health risks as real or perceived) to people with dis-
abilities (Armitage & Nellums, 2020; Constantino et al., 2020; Pineda & Corburn, 2020).

By travel destination type (Q3), we observed more significant trip reductions to grocery stores and community service providers
among people with disabilities during the pandemic. Community service providers have decreased their operations to respond to the
pandemic, leaving people with disabilities unserved in many instances. But at the same time, home delivery of groceries and phar-
maceuticals also increased during the pandemic for those who could afford them or chose to prioritize them. Thus, our findings warrant
further examination of the underlying mechanisms. Travel to outdoor recreation facilities and healthcare providers by people with
disabilities have also been slightly more reduced than other groups. Regression models show that cognitive disability was most
associated with a trip reduction in multiple destination types when other covariates were controlled.

While these data offer insight into behaviors, they do not clarify whether or not the actions are beneficial or harmful. For instance,
we cannot determine whether reduced visits to grocery stores reduced access to (healthy) food because of alternative forms of access
via grocery store delivery (though that can increase the cost of delivery). For future research, it may be useful to determine the extent to
which individuals rely on public transit to access grocery stores, and if a reduction in this transit reduced access to healthy food.
Importantly, we are not able to determine if the reduced visits to the grocery store negatively or positively (e.g. physical and mental
health) impacted participants.

Whereas access to food via grocery stores can be substituted by other means, access to open space does not have a clear alternative.
Prior to this study, there was only limited knowledge about access to open space, with indications that the general public did not
reduce accessing this amenity relative to other amenities (Hamidi & Zandiatashbar, 2021). Thus, it is concerning to observe a
reduction in access to open space during COVID-19 for people with disabilities. Research has shown that the natural environment can
help reduce stress and improve mental health (Abraham et al., 2010; Maas et al., 2006; Nutsford et al., 2013) and that this holds true
for people with disabilities (Corazon et al., 2019). During a pandemic, there is an increased need for reducing stress, but reduced access
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to open spaces by people with disabilities is illustrative of the double jeopardy faced by people with disabilities (Armitage & Nellums,
2020; Pineda & Corburn, 2020). Now that we are aware of specific behavioral shifts in transit (e.g., to the grocery store or open space),
future studies can be more targeted to identify the meaning of these changes.

Overcoming some of the hurdles of representative data collection for people with disabilities offers new opportunities for future
research. We have acknowledged the limitation of estimating travel prior to COVID-19. In future research, we believe that generating
longitudinal data before, during, and after significant events (such as pandemics) would provide greater clarity. To that end, we
anticipate beginning to create longitudinal data for long-term monitoring of people with disabilities and their travel behaviors. Our
national sample does not provide an opportunity to evaluate regional characteristics, and it can be challenging to ensure a reliable
longitudinal dataset without substantial resources. Thus, we also aim to conduct similar studies in targeted regions where we can
control for a variety of external factors, such as elements of the built environment and regional differences in travel restrictions, in
order to address issues of time, space, and regional circumstances.

This is the first empirical transportation study we have found that focuses on collecting and analyzing data on the travel behavior
and community living of people with disabilities during the COVID-19 pandemic. Prior to this study, there was limited knowledge
about the degree to which changes in travel differed between people with and without disabilities due to the pandemic. While COVID-
19 has had profound impacts on the entire population, the pandemic has negatively impacted individuals’ ability to participate in their
community, especially among the vulnerable (Pfefferbaum & North, 2020). We believe this study can help kick-start research to
recognize better how COVID-19 and future epidemics or pandemics may affect individuals with disabilities and their travel behavior.
An important caveat to our findings is that we cannot conclude whether or not changes in travel are correlated with overall changes in
well-being between people living with or without disabilities. We believe further study is warranted to identify the relationship to
changes in travel behavior and that of well-being, including social engagement and mental and physical health.
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