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Abstract

Transportation and mobility for community participation is difficult for persons with Autism Spectrum Disorders (ASD)
under normal circumstances, but the impact of COVID-19 made access even more challenging. Researchers used a single-
subject design to examine patterns of change from before and after the COVID-19 pandemic in community mobility and
participation as measured by GPS and daily participation questionnaires. Participants were young adults with ASD between
the ages of 21 and 27 (4 males, 2 females) who were enrolled in a subsequent study. Community mobility and participation
decreased for all participants in both essential and non-essential activities. Additionally, the number of trips for participants
decreased substantially in the after COVID-19 periods, as did the variability in modes of transit.

Keywords Community mobility - Autism spectrum disorders - Participation - COVID-19 - GPS

Introduction

COVID-19 has created an unprecedented, rapidly changing
environment that has significantly impacted daily life for
everyone. On March 13, 2020 the United States declared
a National Emergency in response to the novel coronavi-
rus (Trump, 2020), and states responded by taking state-
level actions to restrict activities that put the population at
increased risk of contracting the virus. Although restrictions
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varied by state, they included school closures (Office of the
Governor, 2020a, 2020b), shutdown of all “non-life sustain-
ing businesses operations and services” (Wolf, 2020a), and
stay home orders (Wolf, 2020b). Restrictions significantly
disrupted, limited, or completely shut down participation in
occupations related to leisure, work, education, and social
participation. Even as many states progress through re-
opening phases, community participation patterns continue
to fluctuate as a result of the evolving impact of COVID-19
and adjustment to the new normal of operating in the midst
of a pandemic.

While COVID-19 has affected the entire population,
people with Autism Spectrum Disorders (ASD) have been
disproportionally impacted. Not only are people with
developmental and behavioral disorders are at higher risk
for becoming infected (Centers for Disease Control and
Prevention, 2020a), many people with ASD have co-occur-
ring medical conditions including obesity, cardiac and
respiratory conditions (Jones et al., 2016; Kohane et al.,
2012) that put them at increased risk of severe illness
from COVID-19 (CDC, 2020b). People with ASD also
experience the social and mental health consequences of
COVID-19 restrictions on community participation more
acutely than the general population. Much of the general
population has experienced the impact of disrupted rou-
tines, reduced social interaction, and physical activity on
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their health and well-being (Galea et al., 2020; Serafini
et al., 2020), including increases in anxiety and depres-
sion, substance use, loneliness, and domestic violence
(Galea et al., 2020). But for people with ASD, who already
face a number of barriers to community and social par-
ticipation (Emerson & Hatton, 2008; Liptak et al., 2011;
Myers et al., 2015; Simpson et al., 2019), COVID-19
restrictions compound these barriers to exacerbate social
and mental health consequences. For example, lockdowns
and social distancing significantly disrupts daily routines,
increasing stress and isolation (Courtenay & Perera, 2020;
Jeste et al., 2020; Manning et al., 2020; Patel et al., 2020;
Pellicano & Stears, 2020).

Community mobility is one domain of participation where
COVID-19 restrictions have significantly impacted people
with ASD. Community mobility is defined as “moving around
in the community and using public or private transportation,
such as driving, walking, bicycling, or accessing and riding in
buses, taxi cabs, or other transportation systems” (American
Occupational Therapy Association [AOTA], 2008). Transpor-
tation affects people’s access to employment, housing, social,
educational, and recreational opportunities, thus contributing
to a person’s health and quality of life by promoting independ-
ence and enabling participation (AOTA, 2008; Feeley et al.,
2015; Friedman & Rizzolo, 2016; Newman et al., 2011).
People with ASD experience less independent use of public
transportation and consistent barriers to community mobility
(Davies et al., 2010; Haveman et al., 2013; Pfeiffer et al., 2018,
2020; Price et al., 2018), and these barriers have increased as
COVID-19 has triggered disruptions in service and significant
changes to public transportation systems, such as new policies
and procedures (Federal Emergency Management Agency,
2020; Metropolitan Transportation Authority, 2021; South-
eastern Pennsylvania Transportation Authority, n.d.). While
mass transit has largely resumed regular operations in major
cities, there continue to be masking rules, capacity limits,
and social distancing guidelines (Groover, 2020; Guse, 2020;
Hawkins, 2020). These new guidelines, combined with a sig-
nificant reduction of in-person employment, therapeutic and
healthcare services due to provider and agency closures and
the subsequent shift to remote learning and telehealth (Jeste
et al., 2020; Manning et al., 2020), limit means for travel and
reasons to travel or possible destinations. As a result, peo-
ple with ASD miss out on occasions for independent travel
to facilitate social, recreational, leisure related participation
and associated skill development, and generally experience
even fewer opportunities for community participation. It is
important to understand the impact that COVID-19 restric-
tions have on participation patterns for people with ASD and
their subsequent influence on well-being. This will foster the
development of supports, services and policies that mini-
mize the impact of social isolation, secondary mental health
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disorders, and the many negative effects of restrictions that
result in reduced community participation.

There are a number of innovative techniques to measure
community mobility and participation. In addition to tradi-
tional self-report measures, Global Positioning Systems (GPS)
is a more recent technique and technology that has been used
across a broad range of participants, with and without dis-
abilities, to measure community mobility (Brusilovskiy et al.,
2016). It has the ability to measure a variety of mobility-related
constructs including destinations (i.e., number of trips; number
of unique destinations; total number of locations), geographic
scope (i.e., distance traveled; activity space), and temporal
scope (i.e., time spent in the community; time spend in tran-
sit) (Boissy et al., 2018; Brusilovskiy et al., 2016; Chan et al.,
2020). GPS technology was used to identify mobility trends
related to COVID-19 recommendations and restrictions with
the general population (Kishore et al., 2020; Kraemer et al.,
2020; Lee et al., 2020), although there is very limited research
using GPS with individuals with ASD. Much of the available
research focuses on children with ASD and social communica-
tion in community settings (Little et al., 2019; Little & Irvin,
2018) with GPS used to determine location in community
and communication identified as the primary outcome. In one
study by Fazana et al. (2017), the limitations and benefits of
using wearable technologies, including GPS, to monitor com-
munication skills and health outcomes for children with ASD
are identified. This research did not examine specific impacts
on community mobility nor did it focus on adults with ASD.

Therefore, the purpose of this study is to apply GPS meth-
ods and daily participant questionnaires to measure changes
in activity space use and to examine the impact of COVID-
19 on community mobility and participation in a group of
people with ASD. Specific research questions included:

(1) Are there differences in mobility for transitional age
youth and young adults with ASD before and after the
COVID-19 pandemic?

(2) Are there changes in the number and types of activities
in the community for transitional age youth and young
adults with ASD before and after the COVID-19 pan-
demic?

(3) Are there changes in the number and types of transpor-
tation modes used by transitional age youth and young
adults with ASD before and after the COVID-19 pan-
demic?

Methods
Design

Researchers used a single-subject design to examine patterns
of change over time in community mobility as measured
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by GPS. Additionally, changes in transportation modes and
participation activities were measured by daily surveys.
Participants were enrolled in another study which collected
location data with GPS-enabled cell phones, described later,
allowing researchers to have access to both before COVID-
19 and after COVID-19 community mobility data. Partici-
pants also completed daily activity and transportation logs
on the cell phones through Qualtrics. Data was available
for two weeks before COVID-19 and collected immediately
after COVID-19 restrictions were implemented statewide
over 2 two week periods of time.

Participants

Six transitional age youth and young adults with ASD
between the ages of 21 to 27 (4 males, 2 females) partici-
pated in the study. Participants were recruited from com-
munity organizations that provide services and supports
for transitional age youth and young adults with ASD. All
participants were part of another study that required con-
firmation of an ASD diagnosis through medical or school
documentation, as well as a score of 65 on the Ritvo Autism
Asperger Diagnostic Scale — Revised (RAADS-R). A score
of 65 on the RAADS-R is the cut score that indicates an
Autism diagnosis is very probable. Participants completed
a Transportation Pre-Screening Assessment for inclusion in
the other study that identified that they were safe to learn
to travel on public transportation. This suggests that they
can travel in their community either independently or with
distant supervision.

Procedures

IRB approval was obtained from the first author’s univer-
sity affiliation for this study. Participants engaged in the
consent process through the use of Zoom video conferenc-
ing technology and were provided consent documentation
through email. Once consent information was reviewed
online, participants signed the consent form and returned it
via e-mail. All participants were enrolled in another study
in which they were provided with GPS-enabled mobile
phones to collect location data, described below. Addition-
ally, participant report data was collected daily for types
of community participation activities and modes of trans-
portation used through a Qualtrics online survey. GPS and
participant report data were collected for two weeks before
the initial COVID-19 shutdowns (between January 3rd and
February 29th, 2020), and at one or two additional two-week
tracking periods after COVID-19 statewide restrictions and
shutdowns were instituted in the state of Pennsylvania. Spe-
cifically, the second tracking period was at the very begin-
ning of the COVID-19 lockdown (between March 20th and
April 2nd), and the third tracking period started a month

later (between April 20th and May 3rd). One of the partici-
pants only had two tracking periods (before COVID-19 and
the tracking period between April 20th and May 3rd). Hav-
ing several tracking periods for each participant provided
access to both before COVID-19 and after COVID-19 data.

Measures
Daily Transportation and Participation Questions

Participants completed daily transportation and participation
questions (see Table 1) through an online Qualtrics survey
to identify community-based activities and the modes of
transportation to get to these activities each day. A question
about the general location of the activity was also included
to provide information to validate GPS data. The link to the
Qualtrics survey questions was sent to participants on the
provided cell phones at a time at the end of the day that was
deemed most convenient by each person.

Data collected from the daily transportation and partici-
pation questions were coded into types of daily activities
categories. The categories included social activities (SA);
recreational, leisure, and/or exercise activities (RLEA);
activities of daily living (ADLs) and instrumental activi-
ties of daily living (IADLs); employment, volunteer and/or
educational activities (EVEA); and medical, social services
and/or therapeutic activities (MSSTA). Daily activities were
also categorized into essential versus non-essential activities
based on guidelines provided by the Pennsylvania Depart-
ment of Health. Essential activities include attending work
or school or activities to meet essential needs such as seek-
ing medical care, providing childcare or eldercare, going to
the grocery store or pharmacy, picking up food or exercising
(Office of the Governor, 2020a, 2020b). In contrast, non-
essential activities included social gatherings, indoor dining,
beauty and personal care services, entertainment, and rec-
reational and tourist activities. Transportation modes were
categorized into driving a personal vehicle, passenger in a
car, public transportation, biking, taxi/Uber/Lyft, walking
and the use of mixed modes. Initial coding was completed
by one researcher but validated by multiple researchers on
the team. Consensus was obtained by a minimum of three
different researchers for the codes and categories for each
participant. Daily frequencies were used for data analysis for
the types of daily activities, essential versus non-essential
activities, and modes of transportation.

GPS Data
AccuTracking (www.accutracking.com) software was used
for tracking the locations and movement of study partici-

pants for each of the three two-week periods. AccuTrack-
ing software has been used in several published studies
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Table 1 Daily participation and transportation questions

How many trips did you take into the community today?

Where did you go and how did you get there?
Type of community-based activity/activities: (select all that apply)

Medical appointment

School

Work/employment

Shopping

Social outing (visiting friends, movies, party, dinner with friends)
Sporting event/gym

Religious/spiritual activity

Recreational activity (biking, hiking, club, park)

Professional or volunteer activity

Special services (therapy, vocational support, interventions)

Other: please specify

Mode of Transportation used to travel to community-based activity/activities: Passenger in a car

(select all that apply)

What was the general location of the activity/activities?

Driving personal vehicle

Public transit (bus, train, trolley, ferry)
Bike

Taxi/Uber/Lyft

Walk

Bike

Other: please specify

(Brusilovskiy et al., 2016, 2020; Zhou et al., , 2004, 2005).
Compatible with most modern Android cellular phones,
the software tracks latitude and longitude of the phone at
one-minute intervals. Whenever cellular coverage is avail-
able, real time location data are transferred to the secure
AccuTracking online database; otherwise, location data are
cached on the phone and transferred at a later time. As each
tracking period location was recorded every minute for 14
full days, the total number of points that could be obtained
was 1 record/min X 1440 min in a 24 h period X 14 24-h peri-
0ds =20,160 records.

Due to satellite, receiver, multipath and other errors that
might occur with data collection, GPS tracking often results
in a substantial amount of missing data, and thorough data
cleaning, including deduplication, removal of outliers,
and linear interpolation, is necessary prior to creating the
relevant constructs. These steps are described in detail in
prior peer reviewed publications by research team members
(Brusilovskiy et al., 2016, 2020). All participants had at
least 75% of the data (15,120 min) at each tracking period
after data cleaning and imputation. This was greater than the
50% threshold for inclusion in data analyses used in other
studies (Brusilovskiy et al., 2016, 2020). This included five
participants with data for all three tracking periods, and one
participant with data for the initial and final tracking periods.

A spatio-temporal data mining algorithm, ST-DBSCAN
(Birant & Kut, 2007) was employed to identify destinations
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from GPS data using a custom R program (Brusilovskiy
et al., 2020). The algorithm has three parameters, called eps/
(spatial distance), eps2 (temporal distance) and minpts (min-
imum number of points necessary to form a cluster. Con-
sistent with earlier studies (Brusilovskiy et al., 2016, 2020;
McCormick et al., 2021), we set the values of these param-
eters to 200 m, 20 min, and 10 points, respectively. Roughly
speaking, this means that the individual is in a cluster, or
at a destination, when there are at least 10 points which are
within 200 m and 20 min of each other. Outlier points which
don’t fall into a cluster are considered to be transit points.
An additional algorithm, described by Brusilovskiy et al.
(Brusilovskiy et al., 2016) that is used to modify clusters
identified by ST-DBSCAN and create new ones in the pres-
ence of missing data, is also implemented in this study.

In addition to identifying the total number of destinations,
we also calculated the number of non-home destinations,
defined as destinations with centroids more than 200 m away
from the individual’s geocoded home address. Furthermore,
since participants could visit some destinations more than
once over the course of each tracking period, we calculated
the number of unique destinations, as described in Brusi-
lovskiy et al. (Brusilovskiy et al., 2020). In addition, we
computed the amount of time each individuals spent out-
side of home — i.e., at non-home destinations and in tran-
sit. Lastly, we calculated the total distance the individual
traveled over the course of each tracking period, as well as
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the median daily activity space area. The activity space was
generated as the minimum convex polygon around all of the
individual’s GPS points for a specific day. All of these vari-
ables were computed for each of the three tracking periods;
however, the activity space area was also computed for each
day of tracking which had at least 12 h or more worth of data
(i.e., at least half of the data points) after imputation.

Analysis

Data was analyzed using common single-subject methodol-
ogy through visual analysis. Overall and daily data in each
tracking period were examined for each participant. Due
to a small sample size (N =6), statistical analyses were not
completed.

Results
Demographics

Four participants were male and two were female. Four were
white, one was black, and one was Native American. The
average age was 23.5 years (SD 2.4; range 21-27). Five of
the participants had at most a high school education, and one
went on to receive post-high school education. Two lived
in Philadelphia, and four lived in the Philadelphia suburbs.
All participants lived with their parents. Four had a DSM-
IV diagnosis of Autistic Disorder, one had a diagnosis of
Asperger’s Disorder, and one did not know their specific
Autism diagnosis. Four of the six participants received
home and community-based services focused on support-
ing active engagement and independence in community set-
tings through a daily program. These services were either
suspended or provided in virtual formats during COVID-19
restrictions. Another participant reported receiving peer sup-
ports services and the final participant reported receiving no
supportive services.

Prior to COVID-19 statewide restrictions, five of the
six participants identified as having part-time employ-
ment, whereas one participant identified that they were not
employed. During COVID-19 restrictions, four out of the
six identified as having part-time employment in essential
types of jobs including cleaning/custodian (n=3) and meal
preparation/packaging (n=1). It is important to note that
the one unemployed participant obtained work during this
time, whereas two other participants changed their work
status from part-time employment to not employed. Prior to
COVID-19, three people got to work by being driven by a
family member or another person, one used public transpor-
tation and one walked to work. After COVID-19 restrictions,

all participants reported being driven to work by a family
member or another person.

Overall Community Mobility

Figure 1 shows the number of essential and non-essential
activities the participants were involved in at each of the
three tracking periods. Although the total number of activi-
ties was lower in the after COVID-19 tracking periods for
each participant, some participants (1, 5, 6) engaged only in
essential activities, and some participants (2, 3, 4) engaged
only or mostly in non-essential activities at the follow up
times. Similarly, Fig. 2 shows that the number of trips for
participants decreased substantially in the after COVID-19
periods, as did the variability in mode of transit. Further-
more, although some participants took public transportation
and taxi, Uber of Lyft in the before COVID-19 period, the
only two modes of transit in the after COVID-19 period were
walking and being driven.

Table 2 shows all of the GPS constructs calculated for the
participants at each tracking period. Although the two after
COVID-19 periods do not seem to be markedly different for
most of the participants on any of the community mobil-
ity variables, community mobility seems to be substantially
lower than it was prior to COVID-19. This can be visualized
in Fig. 3, which shows standardized GPS variables for the 3
tracking periods for each participant.

Daily Community Mobility and Participation

In addition to presenting each participant’s aggregated data
on community mobility, essential activities and transpor-
tation utilization for each tracking period, we also present
charts demonstrating daily activity space area and activi-
ties in Figs. 4, 5, 6, 7, 8 and 9. The horizontal axis in these
charts shows the day of tracking, day of the week, and the
study period; the vertical axis on the left shows the activ-
ity space area in km?; and the vertical axis on the right
shows the number of different activities that the individual
was engaged in on each day. The chart for each participant
shows substantial variability in daily activity space area and
the number and type of activities in the before COVID-19
tracking period. However, both the activity space area and
the number of activities are markedly lower in the two after
COVID-19 tracking periods.

Figure 4 shows that on about half of the days in the before
COVID-19 tracking period, the first participant engaged in
one or two RLEA, and on several days, the individual par-
ticipated in ADL/IADL, MSSTA, and EVEA. At the two
after COVID-19 tracking periods, daily activity space area
was close to 0 km? except on most Saturdays, on which the
individual participated in an ADL/IADL. The individual
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Essential vs. Non-Essential Activities
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Fig. 1 Essential vs. non-essential activities

reported no other types of activities on any of the days in
either after COVID-19 tracking period.

With the exception of ADL/IADL, in which the second
participant engaged only on one of the days, the individual
had multiple days with participation in SA, EVEA, RLEA
and MSSTA in the before COVID-19 period, as shown in
Fig. 5. The activity space area seemed to be lower on week-
ends, although lower activity space area did not always cor-
respond to fewer activities, many of which could be happen-
ing close to home. In the two after COVID-19 time periods,
the participant engaged in two RLEA on most weekdays
and at most one RLEA on weekend days. Furthermore, the
participant engaged in one SA over the course of each after
COVID-19 tracking period. The daily activity space area
remained close to 0 on all days.

On the first two days of the initial after COVID-19 track-
ing period, the third participant (Fig. 6) had very large activ-
ity space areas of over 2500 km?; on those days, she traveled
out of state making some stops along the way. After this
trip, the participant’s activity space area was substantially
lower, and she only engaged in RLEA and ADL/IADL dur-
ing both after COVID-19 tracking periods, without engaging
in any SA, MSSTA or EVEA as she had during the before
COVID-19 period.
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The fourth participant (Fig. 7) participated in EVEA on
about half of the days in the before COVID-19 tracking
period, however he was no longer engaged in these activi-
ties in the two after COVID-19 periods. On most days in
the after COVID-19 tracking periods, the activity space
area was lower than in the before COVID-19 period, and
the individual engaged only in RLEA, ADL/TADL and
one SA.

The fifth participant (Fig. 8) participated in a variety
of activities, had multiple destinations and large activity
spaces on several the days in the before COVID-19 period.
However, as with other participants, the activity space area
decreased substantially in the two after COVID-19 track-
ing periods, and her activities were limited to just ADL/
IADL.

During the before COVID-19 tracking period, the sixth
participant made several trips, including one out of state
trip and as shown in Fig. 9, to participate in numerous
activities. The participant only had one after COVID-19
period, during which the activity space area was very
low on most days, with the exception of one Saturday, on
which the individual participated in an EVEA.
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Number of Times Different Transportation Modes Used

o

10 20

Pre-COVID

- Post 1

Post 2

Pre-COVID
~ Post 1

Post 2

Pre-COVID
) Post 1

Post 2

Pre-COVID
< Post 1

Post 2

Pre-COVID
n Post 1

Post 2

Pre-COVID
© Post 1

Post 2

M Being Driven M Driving Personal Vehichle

Fig.2 Self-reported number of trips and transportation modes

Discussion

Transportation and mobility for community integration is
difficult for persons with ASD under normal circumstances
(AOTA, 2008; Feeley et al., 2015; Friedman & Rizzolo,
2016; Newman et al., 2011), but the impact of COVID-19
made access even more difficult. COVID-19 had a signifi-
cant impact on the lives of the six study participants based
on GPS and daily reporting data. For all participants, the
number of trip destinations, as well as travel modes, were
substantially reduced during the first after COVID-19
period which immediately followed the closure, with only
very small increases in the second after COVID-19 period.
Specifically, all six of the study participants had significant
reductions in the after COVID-19 periods in transportation
modes used, total destinations for all five categories ana-
lyzed, time out of home, median daily activity living space,

Public Transportation

30 40 50 60

M Taxi, Uber, Lyft ®Walk ® Mixed Modes

and distance traveled. Business closures and shutdowns sig-
nificantly decreased activities by restricting services to those
deemed essential (Office of the Governor, 2020a, 2020b;
Wolf, 2020a). All participants had reduced trips for essen-
tial function. Additionally, five of the six participants had
reduced trips for non-essential functions, with two making
zero trips for non-essential functions.

These findings are consistent with research conducted
with the general population that identified an overall reduc-
tion in community mobility. As identified previously, com-
munity mobility involves moving around in the community
through public or private transportation modes (AOTA,
2008). In a study by Lasry et al. (2020), there was a substan-
tial decrease in community mobility in four major cities in
the United States between late February and early April that
corresponded to increases in case counts and public policies
related to social distancing. In another study (Borgonovi &
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Table 2 GPS constructs for the 6 participants for the 3 tracking periods

Participant Tracking period # Miss- % missing Total Non-home  Unique Time outof  Distance Median daily
ing minutes (out of  destina-  destina- destina-  home (min-  traveled activity space area

Minutes  20,160) tions tions tions utes) (km) (km?)

1 Pre-COVID 2625 13.02% 63 33 16 3161 493.78 27.42

1 Post 1: 3/20/20- 3654 18.13% 19 0 1 55 65.42 0.00
4/2/20

1 Post 2: 4/20/20- 302 1.50% 12 5 5 301 136.30 0.00
5/3/20

2 Pre-COVID 1280 6.35% 75 63 26 4913 430.67 17.87

2 Post 1: 3/20/20- 0 0.00% 37 20 3 703 13.16 0.16
4/2/20

2 Post 2: 4/20/20- 1 0.00% 60 36 2 958 17.52 0.18
5/3/20

Pre-COVID 2188 10.85% 84 58 25 4579 643.78 39.35

Post 1: 3/20/20- 3601 17.86% 43 15 8 1976 457.21 1.00
4/2/20

3 Post 2: 4/20/20- 1744 8.65% 59 32 4 778 64.43 0.99
5/3/20

4 Pre-COVID 4803 23.82% 45 25 19 1936 354.09 7.18

4 Post 1: 3/20/20- 3632 18.02% 27 2 3 119 38.31 0.01
4/2/20

4 Post 2: 4/20/20- 3668 18.19% 33 4 5 253 86.26 0.01
5/3/20

5 Pre-COVID 2282 11.32% 91 54 18 4657 560.19 15.52

5 Post 1: 3/20/20- 1739 8.63% 22 2 3 171 50.54 0.02
4/2/20

5 Post 2: 4/20/20- 4407 21.86% 27 2 3 174 101.70 0.56
5/3/20

6 Pre-COVID 1955 9.70% 74 34 20 5514 1287.73 30.69

6 Post 2: 4/20/20- 2383 11.82% 31 0 1 39 30.87 0.01
5/3/20

Andrieu, 2020), community mobility decreases were asso-
ciated with high case counts and higher social capital in
the general population. Non-essential retail and recreation
activities decreased more substantially in those communities
that had greater social capital.

The current study also identified changes in trans-
portation modes from before and after COVID-19 time
periods. During the before COVID-19 period, five of the
six participants traveled by at least two modes, with one
traveling by five different modes. However, in both of the
after COVID-19 periods, the modes were limited to being
driven and/or walking. The reductions to mode choices
mirrored that of the general public, which reflected sub-
stantial reductions in the use of public transit and ride-
hailing services (Thompson & Nygren, 2020). Consistent
with other research (Cochran, 2020; Thompson & Nygren,
2020), this study revealed the most significant decline
was in the use of public transit. In the before COVID-19
study period, four participants used public transit, rang-
ing from once to 16 times during the 2 week study period.
In the after COVID-19 period, none of the participants
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used public transit. Two participants utilized ride-hailing
services in the before COVID-19 period, yet none used
the services at all during either of the after COVID-19
periods. The one participant who drove themselves before
COVID-19 did not drive at all during either of the after
COVID-19 periods.

Perhaps the most significant contribution of this study
is to illustrate the lack of access to different transportation
modes during the after COVID-19 periods. None of the six
participants reported any type of travel provided by a social
or human services agency to ensure essential needs were
being met during this time period. As described in the Daily
Community Mobility and Participation questionnaires, the
first participant only traveled three times during the two
after COVID-19 periods and only for ADLs/IADLSs. This
was even more significant for the second participant who
used five different modes for community mobility during
the before COVID-19 period, but only walked for nones-
sential purposes including RLEA and a few SA. Participant
2 only traveled once during this timeframe and was driven
by someone else for an essential purpose.
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Fig. 3 GPS constructs for the 6 participants for the 3 tracking periods

While research on the impacts on people with disabili-
ties, and specifically those with autism, are still emerg-
ing, the results of this study reflect the findings of other
research that has been published since COVID-19 sig-
nificantly impacted daily life. A recent study by Cochran
(2020) found that people with disabilities had issues with
using public transportation during the early months, as
well as difficulties getting up-to-date information on the
availability and requirements for using public transit ser-
vices and/or obtaining transportation services necessary
for daily living. Thompson and Nygren (2020) identified

Participant 2
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the negative impacts on individuals with developmental
disabilities from changes in public transportation related
to the COVID-19 pandemic including lack of dependabil-
ity, limited schedules and costs. Constantino et al. (2020)
identified that barriers to transportation still prevented
access to necessary medical care and other activities of
daily living, even with subsequent shifts to telehealth and
remote learning (Jeste et al., 2020; Manning et al., 2020).
The Office of Civil Rights at the Department of Health
and Human Services (HHS) recognized that people with
disabilities lacked accessible transportation resulting in a
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Fig. 5 Daily activity space area, destinations and activities for participant 2

negative impact on those requiring medical care during the
COVID-19 crisis (Solomon et al., 2020).

Limitations and Future Research

There were limitations of the study that related to retro-
spective data collection process and the focus on mobility
for participation in the physical community. Data collec-
tion methods did not account for participation in non-com-
munity settings (e.g., home) that were completed through
remote technologies and telehealth. Many people shifted
locations (e.g., home) and methods (e.g., over the com-
puter or gaming device) of community participation, but

@ Springer

continued engagement in social and recreation activities,
as well as certain IADLs. The daily activities logs and
GPS technology used to collect this data did not reveal if
any essential or non-essential needs were met remotely or
identify the specific unmet needs of participants during
the study period. Additionally, the single subject design of
the study provides important information about the unique
experiences of subset of young adults with ASD with a
level of function that allowed them to participate in the
community either independently or with distant supervi-
sion. This may not represent the range of experience across
the autism spectrum for those that need more support for
community participation.
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There are a number of recommendations for future research
involving the impacts of COVID-19 on persons with the ASD.
These findings illustrated that all 6 participants partook in
some type of EVEA activity in the before COVID-19 period,
but only one participant traveled for EVEA during the sec-
ond after COVID-19 period. It is important to expand data
collection methods to consider if EVEA activity was able to
continue remotely or was discontinued, and if discontinued
the impact that this had on the participants. Finally, the study
is limited in community participation and mobility for young

adults and did not inquire on stress, anxiety, or other impacts
that the COVID-19 shutdowns and quarantines may have on
the individual and or their transport providers (Wang, 2020).

Conclusion
Results of the current study identified that community

mobility and participation decreased for all participants
in both essential and non-essential activities. Additionally,
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Fig.9 Daily activity space area, destinations and activities for participant 6

the number of trips for participants decreased substantially
in the after COVID-19 periods, as did the variability in
modes of transit which were limited to walking and driv-
ing after the start of the pandemic. The expected reduc-
tion in community mobility and participation is consist-
ent with the literature in the general population, although
results illustrated the lack of variability in transportation
modes for individuals with ASD after the start of the pan-
demic. None of the participants reported any type of travel

@ Springer

provided by a social or human services agency to ensure
essential needs were being met during this time period.
This study was limited by its focus on a small group of
young adults who were able to travel by at least one of
mode of transportation in the community with only mini-
mal supports. Additionally, the study did not examine
other methods of community participation such as the use
of remote technology that occurred in settings (e.g., home)
not located in the physical community.
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