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Abstract
Objectives Guided by the social ecological model, this study aimed to examine the relations of built environments (i.e., 
walking/cycling infrastructure, recreation facilities, neighborhood safety/crime), youth’s transition abilities, and changes 
of youth’s physical activity (PA) and play behaviors due to COVID-19-based restrictions. Ethnic and socioeconomic status 
(SES) disparities were also examined on studies variables during the COVID-19 restrictions.
Method A cross-sectional research design was used to assess an anonymous online survey completed by US parents/guard-
ians. The final sample had 1324 children and adolescents  (Meanage = 9.75; SD = 3.95; 51.3% girls), and 35.5% the families 
were of upper socioeconomic class (income > $150,000). Parents reported the perceived built environment and neighborhood 
safety, child’s PA and play behaviors during COVID-19 pandemic shelter-in-place restrictions.
Results Youths who had access to safe built environment were more active and played more outdoor/indoor (p < .01). It was 
found playing behavior in yard and neighborhood were significantly increased, but community-based play behavior was 
significantly reduced during COVID-19 restrictions. The SEM analysis (χ2/df = 236.04/54; CFI = .966) supported indirect 
and direct effects of neighborhood safety on PA changes during COVID-19 restrictions, and the youth’s ability to respond 
to COVID-19 restrictions served as a full mediator. Low-SES and Hispanic minority youth reported significantly less safety 
to walking or playing in their neighborhoods than their middle-/high-SES non-Hispanic peers (p < .001). Regardless of eth-
nicity, the magnitude of the reduction of MVPA was significantly higher among low-SES groups than that of the high- and 
middle-SES groups (p < .001).
Conclusions These findings demonstrate a need to tailor programs and policies to help high-risk groups (e.g., low SES) stay 
active, healthy, and resilient during and after the COVID-19 pandemic.
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The health benefits of regular physical activity (PA) are well 
documented for youth. Currently, research reports that more 
than half of US children fail to meet the 60-min moderate-
to-vigorous physical activity (MVPA) guidelines, and PA 
consistently declines from childhood to adolescence [1–3]. 
Due to public health measures during the coronavirus dis-
ease 2019 (COVID-19) pandemic, unfortunately, people 
of all ages are experiencing an extraordinary challenge, 
and their daily PA behaviors/patterns have been altered in 
response to the “social distancing” and “shelter in place” 
mandates [4–6]. Behavioral and environmental changes 
due to the COVID-19 pandemic have been observed in the 
US pediatric population [6–8], however, large data-based 
investigations in PA disparities are lacking. During the early 
phase of the COVID-19 pandemic, one study [9] conducted 
in Canada reported that children with congenital heart dis-
ease (CHD; n = 109) had a decline of 21–24% of their over-
all daily step-counts after implementing social distancing 
and suspension of K-12 schools (March 17, 2020). Given 
the strong link between PA and major non-communicable 
diseases [10], assessing disparities in PA and their potential 
social ecological determinants during this global pandemic 
is essential from public health perspectives in order to guide 
policy development for future crises.

Healthy People 2030 [11, 12] and the Institute of Medi-
cine [13] identified the importance of the social ecologi-
cal model related to PA in health promotion and disease 
prevention. In this model, individuals, built environments, 
and policy factors have been identified as important determi-
nants of PA behaviors [14]. Over the past decades, emerging 
research and political interest have been focused on the role 
of built environments in supporting PA behaviors [14–17]. 
Findings from quantitative studies and recent reviews sug-
gest that neighborhood built environments including pres-
ence of sidewalk/cycling paths, availability of park and 
recreation resources, and transportation infrastructure are 
consistently associated with PA and in particular with leisure 
walking [15, 17–19]. Very limited evidence is available to 
investigate the relation of environmental health disparities 
and their association with increased risk of physical inactiv-
ity, as well as socioeconomic status (SES) and racial/ethnic 
disparities [18, 20, 21]. It was documented that parks pro-
vide both space and facilities to support PA and are often 
underutilized in low-income neighborhoods [22]. Low-SES 
and high-minority groups were less likely to have accessible 
facilities compared to high-SES and Non-Hispanic groups 
[23]. It was also noted that increasing recreation facilities 
for free to at low costs [24, 25] can play a critical role in 
disease prevention, especially in the disadvantaged minority 
communities.

As social ecological models particularly emphasize the 
environmental attributes and context-specific PA should be 
conceptually matched, it is urgent to retrospectively assess 

PA behavioral changes (intensity levels and types) among 
children and adolescents during the COVID-19 pandemic 
and assess how social ecological factors may correlate with 
these changes [8, 26, 27]. Attention to health disparities is 
increasing in public health and epidemiological research [27, 
28]. One most recent study reported social and economic 
status impact on neighborhood walkability across 500 US 
cities; that is, low-income majority Black and Latino neigh-
borhoods had lower walk scores than low-income majority 
White neighborhoods [29]. Thus, it was vital to explore how 
disparities in built environments contribute to disparities in 
behavioral changes during COVID-19 pandemic. It was 
noted that positive attributes of the built environment such 
as walkable, safe, and healthy communities, are associated 
with good population health and behaviors [20]. Gordon-
Larson and colleagues [23] also reported that inequitable 
PA facilities distribution is significantly associated with sub-
sequent disparities in obesity-related behaviors, and ethnic 
minorities are at the higher risk for inequitable accessibility 
to recreational and PA facilities.

As one of the first US pediatric population large scale 
studies during the middle of the COVID-19 global pan-
demic (April–July 2020), this study aimed to produce com-
prehensive estimates of youth’s PA behaviors, and provide 
insights for practices and policies by identifying potential 
environmental determinants of reduced PA during global 
pandemic. Guided by the social ecological model [14], this 
study aimed to examine the relations of built environments 
(i.e., walking/cycling infrastructure, recreation facilities, 
neighborhood safety/crime) and youth’s changes of PA par-
ticipation and play behaviors during COVID-19 restrictions. 
This period included when restrictions (i.e., shelter-in-place, 
stay home, school and recreation program closings) were in 
place. Specifically, the direct and indirect effects of the built 
environment on leisure-time PA (i.e., LPA, MPA, and VPA) 
and play behaviors (i.e., PA in yard, PA in community, PA 
in neighborhood, indoor PA) were investigated using struc-
tural equation modeling, respectively. The second purpose 
of this study was to examine how ethnic and SES differ-
ences impacted the built environment, youth’s responses to 
COVID-19-based restrictions, and changes of PA participa-
tion and play behaviors during COVID-19 among youth in 
the USA.

Methods

Participants

There were 1394 children and adolescents aged 3–17 years 
old with survey data for the study. One thousand three hun-
dred and twenty-four (1324) out of 1394 children and ado-
lescents (51.3% girls,  Meanage = 9.75; SD = 3.95) became the 
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final sample (70 missed more than half of the survey items 
and were removed) and were included in the data analysis. 
Household income was used to categorize the three SES 
groups: Low SES (< $50,000; 6.6%), middle SES ($50,000-
$150,000; 53.1%) and high SES (> $150,000; 32.6%). The 
races consisted of White (83.2%), Black (4.8%), Asian (3%), 
and other races (9.9%), and ethnicity (12.4% Hispanic), 
respectively.

Measurements

Demographics Age, sex, race, ethnicity (non-Hispanic vs. 
Hispanic), parents’ highest education, household income, 
house type, and home location (urban, suburban, vs. rural) 
were collected using an online survey (Research Electronic 
Data Capture [REDCap]).

Child Ability to Respond COVID‑19 Restrictions The child’s 
ability to transition during the COVID-19 restrictions, social 
distancing and sheltering-in-place, was measured with two 
items: “… your child's ability to transition to social distanc-
ing since the pandemic started” and “… your child's ability 
to transition to shelter-in-place since the pandemic started.” 
Parents were asked to respond based on a 10-point Likert 
scale ranging from 1 (extremely easy) to 10 (extremely hard). 
The scale showed a high reliability in this study (Cronbach’s 
alpha = 0.915).

Built Environment A modified 8-item Physical Activity 
Neighborhood Environment Scale (PANES) [17] was used to 
assess perceived built environment at the neighborhood level 
including walking/cycling infrastructure (4 items), recrea-
tion facilities (2 items), and neighborhood safety (2 items). 
Responses were based on a 4-point Likert scale ranging from 
0 (strongly disagree) to 4 (strongly agree). The average score 
for each subcategory was calculated ranging from 0 to 4, 
with the higher scores representing a greater supportive built 
environment toward PA. The reliability and the validity of 
the modified PANES were tested by the confirmatory factor 
analysis (CFA).

Intensity Levels of PA The Godin-Shephard Leisure-Time 
Physical Activity Scale (LTPA) [30] was used to capture 
the intensity level of PA including light PA [LPA], moder-
ate PA [MPA], and vigorous VPA [VPA] before and during 
COVID-19. The weighted leisure-time score index (LSI) 
was obtained using the following LSI formula: (frequency 
of light × 3) + (frequency of moderate × 5) + (frequency of 
vigorous × 9). The individuals were classified into two cate-
gories: individuals reporting moderate-to-strenuous LSI ≥ 24 
are classified as active, and individuals reporting moder-
ate-to-strenuous LSI ≤ 23 are classified as  insufficiently 

active (estimated energy expenditure < 14 kcal/kg/week) 
[30]. The participants completed the LTPA scale twice to 
recall the number of times they engage in mild, moderate, 
and strenuous LTPA bouts of at least 15 min duration in a 
typical week before and during the COVID-19 restrictions, 
respectively. The physical activity changes of LPA, MPA, 
and VPA were calculated by using the pre-COVID-19 score 
subtracts the during-COVID-19 score and used in the data 
analysis.

Play Behaviors Youth play behaviors during COVID-19 
were measured with a 7-item scale including outdoor PA 
(in yard, neighborhood, and community) and indoor PA 
(child-led PA, parent-led PA, and online PA). Parents were 
asked to recall their child's participation in different types of 
physical activities in the past seven days and rate how much 
had changed during the shelter-in-place and school and rec-
reation activity program closings compared to before the 
pandemic. Responses were based on a 4-point Likert scale 
including 1 (Does not do this activity), 2 (Less than before), 
3 (About the same), and 4 (More than before). The sample 
items for outdoor and indoor PA were: outdoor activities in 
your neighborhood—walking, biking, or jogging; and indoor 
child-led activities—yoga, stretching, weightlifting, or danc-
ing. The average score for each subcategory was calculated 
for indoor (3 items) and outdoor PA (4 items), as well as for 
each type of play behavior (Cronbach’s alpha = 0.703).

Data Collection and Procedure

A cross-sectional research design was applied in this 
study. The study focused in the state of Texas with 
national distribution through social media (Twitter/
Facebook) and snowball sampling, where participants 
were encouraged to share the survey link. This study 
was approved by the UT Southwestern Medical School 
Institutional Review Board (IRB). Flyers were emailed 
to schools, youth groups (sport teams, scouting groups, 
etc.), support groups for parents of children with spe-
cial needs, cultural/religious organizations, and personal 
and professional contacts of the study team. REDCap 
(Research Electronic Data Capture) was utilized to 
collect the online survey data, and it is a web-based 
software platform designed to support data capture for 
research studies [31, 32]. The survey was active between 
April 4 and June 27, 2020, while most US areas were 
under government-mandated activity restriction, includ-
ing social distancing, stay-at-home, and/or shelter-in-
place orders. A waiver of written informed consent was 
obtained, and participants provided electronic consent 
with survey initiation.
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Data Analysis

The data analysis was processed using SPSS 26 and 
AMOS Version 26 (IBM Corp, Armonk, NY, USA). To 
test the association among this study’s variables, bivari-
ate correlation analysis was performed. Then, structural 
equitation modeling (SEM; AMOS 26) was implemented 
to further test the direct and indirect relations of the built 
environment and youth’s ability to respond COVID-19 
restrictions with changes of PA intensity and type of activ-
ity during COVID-19 pandemic restrictions. To examine 
the construct validity and internal reliability of built envi-
ronment scale, a confirmatory factor analysis (CFA) was 
conducted to test how well the measured variables repre-
sented the number of sub-constructs before completing the 
SEM model. Maximum likelihood estimates were used for 
all SEM analyses.

Finally, the multivariate analysis of covariance (MAN-
COVA) analysis was conducted to examine ethnic (His-
panic vs. non-Hispanic) and SES (low SES vs. middle 
SES vs. high SES) effects on the built environment, and 
children’s ability to respond to COVID-19 restrictions; 
and changes of PA participation and play behavior (play 
in yard, neighborhood, and community), controlled for 
demographics variables (i.e., gender, age, house type, and 
location), respectively.

Furthermore, one-sample t test was conducted for test-
ing of sample means on play behaviors comparing the 
mean of the sample to a pre-specified value and tests 
for a deviation from that value. Specifically, the sample 
responses toward play behavior changes (i.e., in yard, 
neighborhood, community, indoor) during COVID-19 
have four responses and the average response value is 
three (3 = same as before) and we compared the “less than 
before” or “more than before” responses to this value. An 
alpha level of 0.05 was used for all statistical analyses, 
Bonferroni corrected to 0.0125.

Results

Sample and Socioeconomic Characteristics

Overall, participants-initiated surveys for a total of 1394 
US children ages 3–17 years, however 70 surveys (more 
than half of the survey items were missed) were excluded 
in the data analysis. The final sample had 1324 children 
and adolescents (674 girls), and majority of them lived 
in the urban/city areas (92.8%), single-family houses 
(90.6%), and 32.6% of the families were considered upper 
class (income > $150,000) (Table 1).

Direct and Indirect Relations of Built Environment 
on PA and Play Behavior Changes

The correlation analysis (Table 2) indicates that all inten-
sity levels of PA changes were significantly correlated with 
indoor and outdoor play behaviors (rs range from -0.13 to 
-0.32; p < 0.01); that is, youth who engaged in more outdoor 
or indoor play behaviors were more likely to participate in 
more LPA and/or MVPA in COVID-19 restrictions (lower 
PA change score). It was found youth’s ability to respond 
to COVID-19 restrictions (social distancing and shelter-
in-place) were correlated with all intensity levels of PA 
(p < 0.01); and negatively associated with play behavior in 
yard, neighborhood, and indoor (p < 0.01), but not related 
to play behavior in the community. Youth who had better 
abilities to transition in response to COVID-19 restric-
tions were more active and engaged in more play behaviors 
(p < 0.01) than those who were less able to adapt. The per-
ceived built environment factors including walking/cycling 

Table 1  Descriptive statistics of the study participants (N = 1324)

N = Number of participants. M = Mean; SD = Standard deviation

Variables N (%) Mean (SD)

Sex
 Girls 674 (50.9%)
 Boys 639 (48.3%)

Race
 White 83.2%
 Black 4.8%
 Asian 3.0%

Native American or American
 Indian 0.6%
 Native Hawaiian or Pacific 1.6%

Islander
 Multi-race 6.7%

Ethnicity
 Hispanic/Latino 164 (12.4%)
 Non-Hispanic/Latino 1128 (85.2%)

House types
 Single family 1200 (90.6%)
 Mobile home 13 (1%)
 Apartment/condo 61 (4.6%)
 Townhouse/duplex or low 48 (3.6%)

House Holder Income
 < $50,000 80 (6.6%)
 $50,000–$150,000 702 (53.1%)
 > $ 150,000 431 (32.6%)

Geography
 Rural 28 (2.1%)
 Suburban 67 (5.1%)
 Urban/City 1227 (92.8%)
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infrastructure, recreation facilities, and neighborhood safety, 
were found to be associated with all outdoor play behaviors 
(rs range from 0.07 to 0.19; p < 0.05), but not indoor PA. The 
results also indicated that neighborhood safety was signifi-
cantly related to LPA and MPA (p < 0.01); only the walking/
cycling infrastructure was significantly associated with VPA 
(p < 0.01; Table 2).

Then, the direct and indirect relations of the perceived 
built environment (i.e., walking/cycling infrastructure, 
recreation facilities, and neighborhood safety) and youth’s 
ability to transition to respond to COVID-19 restrictions on 
the PA and player behavior changes during pandemic were 
conducted using two SEM models. Before the model test-
ing, the CFA model was conducted to test the reliability 
and validity of the built environment scale. As displayed in 
Table 3, goodness-of-fit indices suggested that CFA  modela 
did not fit the data well (χ2/df = 894.84/17, p = 0.001). Using 
the modification indices, two covariance between measure-
ment errors of the items of built environment were added 

(items 3 and 4: see  CFAb). The CFA model suggested a 
validity measurement model for the built environment scale 
(8 items with three sub-constructs) after the error covariance 
were specified in  CFAb model (Table 3), and the goodness-
of-fitness indices (χ2/df = 171.55/16, RMSEA = 0.08[90% 
CI = 0.072, 0.095], CFI = 0.96; IFI = 0.96; NFI = 0.95) sup-
ported a model fit the data well (Table 3).

The first SEM model (see Fig. 1) examined the poten-
tial direct and indirect effects of built environment on 
youth’s ability to respond to COVID-19 restrictions and 
their LPA, MPA, and VPA changes. The goodness-of-fit 
indices suggested a well-fitting model (χ2/df = 236.04/54; 
NFI = 0.957; IFI = 0.966; CFI = 0.966; RMSEA = 0.050; 
90% CI [0.044, 0.057]). The standardized path coef-
ficient of the model supports that neighborhood safety 
emerged as the significant predictor of youth’s ability 
to respond COVID-19 restrictions (β = -0.14, p < 0.001; 
direct effect) and their PA intensity changes (β = 0.11, 
p < 0.05; direct effect), respectively. However, the direct 

Table 2  Correlation analysis among study variables (N = 1324)

PA = Physical activity; LPA = light physical activity; MPA = moderate physical activity; VPA = vigorous physical activity
The values of the LPA, MPA, and VPA were mean changes during COVID-19 restrictions by using the pre-COVID-19 score subtracts the dur-
ing-COVID-19 score and the higher/positive change scores indicated less active of the individual during COVID-19. * p < .05. ** p < .01

Variables 1 2 3 4 5 6 7 8 9 10 11 12

1. Social Distancing -
2. Shelter-in-place 0.84** -
3.Walking/Cycling -0.08** -0.08** -
4. Recreation Facilities -0.07** -0.02 0.48** -
5. Neighborhood Safety -0.11** -0.09** 0.15** 0.27** -
6. LPA Changes 0.11** 0.12** -0.05 -0.08** -0.06* -
7. MPA Changes 0.11** 0.11** -0.01 -0.01 -0.06* 0.37** -
8. VPA Changes 0.11** 0.11** -0.06* -0.02 -0.03 0.27** 0.47** -
9. Play in Yard -0.08** -0.05 0.03 0.11** 0.14** -0.22** -0.23** -0.18** -
10. Play in Neighborhood -0.07** -0.03 0.15** 0.16** 0.19** -0.32** -0.28** -0.21** 0.40** -
11. Play in Community -0.04 -0.02 0.09** 0.07** 0.07* -0.16** -0.20** -0.14** 0.19** 0.43** -
12. Indoor Play -0.06** -0.03 0.03 0.01 -0.04 -0.13** -0.13** -0.18** 0.26** 0.16** 0.15** -

Table 3  Goodness-of-fit indices 
for CFA and structural models

a  The original CFA model of built environment; b The CFA model with one added error covariance 
between item 3 and 4
CFA = Confirmatory factor analysis (CFA); NFI = Normed fit index; IFI = Incremental fit index; 
TLI = Tucker–Lewis index; CFI = Comparative fit index; RMSEA = Root mean squared error of approxi-
mation; CI = Confidence interval; df = Degree freedom; SEM = Structural equating modeling. SEM Model 
1 for PA intensity changes; SEM Model 2 for types of PA changes. * p < .05. ** p < .01

Model χ2/df p NFI IFI TLI CFI RMSEA 90%CI Δχ2/df

CFAa 894.84/17 .000 .743 .747 .461 .746 .193 [.182, .203]
CFAb 171.55/16 .000 .951 .955 .899 .955 .084 [.072, .095]
a vs. b 723.29/1*
SEM Model 1 236.04/54 .000 .957 .966 .943 .966 .050 [.044, .057]
SEM Model 2 318.71/66 .000 .942 .954 .926 .953 .054 [.048, .060]



 Journal of Racial and Ethnic Health Disparities

1 3

effects from built environment to changes of PA inten-
sity became nonsignificant (from β = -0.11 to β = -0.07) 
after adding the direct path between youth’s ability to 
respond to COVID-19 restrictions and changes of PA 
intensity (β = -0.17, p < 0.001; see Fig. 2). The variance 
explained in the dependent variables by the model was 
4%. The indirect effect of built environment on changes 
of PA intensity through the youth’s ability to respond to 
COVID-19 restrictions was supported [33], suggesting that 
youth’s ability to respond to COVID-19 restrictions served 
as a full mediator in this relationship. That is, youth who 
live in supportive neighborhood environments (less traf-
fic and crime rates) were more likely to be active during 
the COVID-19 pandemic restriction period, whereas youth 
who had trouble responding to the COVID-19 restrictions 

(e.g., social distancing and sheltering-in-place) may elimi-
nate the direct positive effects.

The second SEM model (see Fig. 2) examined the poten-
tial direct and indirect effects of built environment on youth’s 
ability to respond to COVID-19 restrictions and changes 
in play behaviors. The goodness-of-fit indices suggested a 
well-fitting model (χ2/df = 318/66; NFI = 0.942; IFI = 0.954; 
CFI = 0.953; RMSEA = 0.054; 90% CI [0.048, 0.060]). This 
model supports that neighborhood safety was the significant 
predictor of youth’s ability to respond COVID-19 restric-
tions (β = -0.14, p < 0.001; direct effect) and play behavior 
(β = 0.27, p < 0.001; direct effect), respectively. The direct 
effects from built environment to play behavior remained 
significant (from β = 0.27 to β = 0.26, p < 0.001) after 
adding the direct path between youth’s ability to respond 

Fig. 1  Direct and indirect 
effects of built environment 
on physical activity dur-
ing COVID-19 restrictions. 
Note: PA = physical activity; 
LPA = light physical activity; 
MPA = moderate physical activ-
ity; VPA = vigorous physical 
activity. * p < .05. ** p < .01 

Fig. 2  Direct and indirect effect of 
built environment on play behavior 
during COVID-19 restrictions. Note: 
PA = physical activity; LPA = light 
physical activity; MPA = moderate 
physical activity; VPA = vigorous 
physical activity.* p < .05. ** p < .01 
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to COVID-19 restrictions and play behavior (β = -0.04, 
p = 0.32; see Fig. 2). The model supports that neighborhood 
safety explained all the variance  (R2 = 10%, p < 0.001) on 
play behavior changes during the pandemic, regardless of 
how well youth made transitions in response to the COVID-
19 restrictions, which was negatively influenced by the built 
environment.

PA and Play Behavior Changes During Pandemic 
in Overall Sample

In the total sample, a decline in PA at all intensity levels was 
observed during the COVID-19 pandemic shelter-in-place 
restrictions. Paired sample t test indicated that the MVPA 
during COVID-19 pandemic was significantly reduced 
in the overall sample compared to the MVPA before the 
COVID-19 (46.68 vs. 34.71; 95% CI [10.32, 13.59]; Cohen’s 
d = 0.40; p < 0.001); however, the reduction of LPA did not 
reach significant level (9.96 vs. 9.93; 95% CI [-0.37, 0.42]; 
p = 0.889). According to the weighted leisure-time score 
index (LSI), 83.7% youth were classified as active (LSI ≥ 24) 
before the COVID-19 restrictions, but the active proportion 
was significantly reduced to 63.3% during this period (95% 
CI [0.17, 0.23]; Cohen’s d = 0.38; p < 0.001).

The one-sample t test (test value set as 3 = same as 
before) indicated that play behavior in yard and neighbor-
hood were significant increased during the COVID-19 pan-
demic restrictions. As shown in Fig. 3, there were 62.7% 
and 56.5% of participants reported playing in their yards 
(3.33/4.00) and neighborhoods (3.22/4.00) were “More 
than before” during COVID-19 restrictions, respectively. 

However, community-based play behavior (2.46/4.00) was 
significantly reduced in this sample during the pandemic 
restriction period, and 32.8% of the participants reported 
their engagement in community-based play behavior was 
“less than before.”

Ethnic and SES Effects on PA and Play Behaviors

After controlling for all the demographic covariates (age, 
gender, house type, and location), there were significant SES 
effects (Wilks’ Lambda = 0.959, F (14, 1970) = 2.95, p < 0.01, 
η2 = 0.021) on PA intensity and play behavior changes dur-
ing the COVID-19 pandemic restrictions, yet ethnicity did 
not reach significance in this model [Wilks’ Lambda = 0.994, 
F (3, 1142) = 2.175, p = 0.09, η2 = 0.01]). Regardless of ethnic-
ity, the magnitude of the reduction of MVPA was signifi-
cantly higher among the low-SES group than that of in the 
high- and middle-SES groups according to the mean change 
scores between pre-COVID-19 and during COVID-19. Spe-
cifically, three SES groups showed significant reduced MPA 
(9.68 low SES vs. 3.20 middle SES vs. 3.44 high SES; F 
(2, 1001) = 4.71, p < 0.01), and VPA (11.90 low SES vs. 7.09 
middle SES vs. 8.80 high SES; F (2, 1001) = 1.35, p < 0.01) 
during pandemic restrictions. Only the low-SES group 
showed a reduced LPA participation (1.94 low SES vs. 0.25 
middle SES); whereas the middle- and high-SES groups 
showed a slightly increased LPA during pandemic (-0.17 
middle SES vs. -0.48 high SES).

Regardless of ethnicity, both high-SES and middle-
SES groups engaged in more yard-based (F (2, 1001) = 6.77, 
p < 0.001) and neighborhood-based play behaviors (F 

Fig. 3  Types of PA changes during COVID-19 restrictions. 
Note. PA = physical activity; T test results: Play behavior in 
yard: t (1121) = 11.26, p < .001; Play behavior in neighbor-

hood: t (1119) = 7.10, p < .001; Play behavior in community: 
t (1119) = -15.81, p < .001; and Play behavior inside house: t 
(1118) = -10.31, p < .001
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(2, 1001) = 14.53, p < 0.001) than that of low-SES group. All 
three SES groups reported less engagement in community-
based play behavior during COVID-19 (2.05 low SES 
vs. 2.47 middle SES vs. 2.56 high SES; F (2, 1001) = 3.21, 
p < 0.05). There were no significant ethnic and SES effects 
on engagement of indoor play behaviors during COVID-19 
in this study (see Table 4).

Ethnic and SES Effects on Built Environment 
and Youth’s Ability to Respond to COVID‑19 
Restrictions

The MANCOVA yielded significant main effects for 
ethnicity [Wilks’ Lambda = 0.966, F (, 971) = 6.85, 
p < 0.01, η2 = 0.034] and SES [Wilks’ Lambda = 0.908, F 
(10, 1942) = 9.61, p < 0.001, η2 = 0.047] on built environment 
(i.e., walking/cycling infrastructure, recreation facilities, 
and neighborhood safety) after controlling for all covari-
ates, and a significant interaction between ethnicity and 
SES was found [Wilks’ Lambda = 0.968, F (10, 1942) = 3.19, 
p < 0.001, η2 = 0.016]. No significant ethnic and SES effects 
were found on the youth’s ability to respond to COVID-19 
restrictions in this sample. As shown in Fig. 4, low-SES and 
Hispanic youth experienced significantly less safety to walk-
ing or playing in the neighborhood than their middle/high 
non-Hispanic peers (F (1, 985) = 31.47, p < 0.001, η2 = 0.031). 
It was found that the low-SES group showed significantly 
lower values on all built environment indicators including 
walking/cycling infrastructure (F (2, 985) = 16.12, p < 0.001, 
η2 = 0.032), recreation facilities (F (2, 985) = 17.43, p < 0.001, 
η2 = 0.035), and neighborhood safety (F (2, 985) = 35.09, 
p < 0.001, η2 = 0.067), regardless of their ethnicity.

Discussion

Built environmental factors have been suggested to play 
a major role in PA and other obesity-related behaviors. 
However, there is no national research on the relationship 
between disparities in built environments (e.g., neighbor-
hood safety/crime, access to recreational facilities) and their 
impact on PA and player behavior changes in US youth dur-
ing the COVID-19 pandemic restrictions. The findings of 
this study showed that during COVID-19, a high proportion 
of youth reduced their MVPA (from 83.7% to 63.3%) despite 
increases in their family use of community amenities such as 
parks, trails, and playgrounds. PA intensity levels decreased 
in children and worsened with age during COVID-19 pan-
demic [6]. With the closure of schools, sports programs and 
clubs, and recreation centers in most US communities during 
the COVID-19 pandemic restriction period, it was critical 
to explore how these factors affected PA behaviors of youth 
and what socio-ecological factors promoted PA during this 
crisis. Through this nationally distributed survey, the find-
ings of this study provide an understanding of how environ-
mental disparities (i.e., crime, traffic, recreational access) 
and COVID-19 restrictions may result in changes of youth 
obesity-related PA and play behaviors during public crises.

A series of systemic reviews [18, 20, 34] supported that 
changes in the built environment are associated with changes 
of PA behaviors in both children and adolescents. Wong and 
colleagues [35], for example, reported that neighborhoods 
with features that encouraged playing/walking with more 
sport facilities are related to increased weekly frequency of 
leisure-time MVPA (> 3 times/week) among adolescents. 
Our results also confirmed that the supportive neighborhood 

Table 4  Ethnic and SES 
disparities in physical activity 
and play behavior during 
COVID-19 restrictions

Covariates were controlled including sex, age, house type, and location. SES = socioeconomic status; 
LPA = light physical activity; MPA = moderate physical activity; VPA = vigorous physical activity. Physical 
activity changes were calculated by using the pre-COVID-19 score subtracts the during-COVID-19 score 
and the higher/positive change scores indicated less active of the individual during COVID-19. Play behav-
ior changes were based on the survey responses on a 4-point Likert scale including 1 (Does not do this 
activity), 2 (Less than before), 3 (About the same), and 4 (More than before)
*  indicates the significant SES or ethnic differences. * p < .05. ** p < .01

Variables Ethnicity
Hispanic

Non-Hispanic Low SES Socioeconomic
Middle SES

High SES

Physical Activity
 LPA Changes 0.22 (7.95) -0.21 (6.98) 1.94 (7.15)** -0.17 (6.77)** -0.48 (7.58)**
 MPA Changes 5.30 (13.12) 3.44 (12.53) 9.68 (13.64)** 3.20 (12.44)** 3.44 (12.49)**
 VPA Changes 8.19 (23.53) 7.98 (21.61) 11.90 (21.54) 7.09 (21.22) 8.80 (22.85)

Play Behavior
 Play in Yard 3.19 (1.09) 3.39 (0.96) 2.87 (1.03)** 3.43 (0.93)** 3.34 (1.02)**
 Play in Neighborhood 3.04 (1.11) 3.25 (0.99) 2.48 (1.11)** 3.20 (1.01)** 3.39 (0.96)**
 Play in Community 2.34 (1.12) 2.50 (1.12) 2.05 (1.08)* 2.47 (1.09)* 2.56 (1.15)*
 Indoor Play 2.59 (0.95) 2.73 (0.96) 2.39 (0.98) 2.73 (0.96) 2.73 (0.95)
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walking/cycling infrastructure and more recreation facilities 
increased US youth’s leisure-time MVPA as well as vari-
ous outdoor play behaviors during COVID-19. Using SEM 
technique, one unique finding of this study was that par-
ents’ perceptions of neighborhood safety/traffic were directly 
associated with play behaviors during COVID-19 regardless 
of the influences of COVID-19 restrictions. On the other 
hand, youth’s ability to respond to COVID-19 restrictions 
may add more detrimental effects on changes of LPA and 
MVPA (full mediation model) beyond the negative effect 
caused by the fear of crime and unsafe neighborhoods on 
PA participation, during COVID-19 pandemic.

The results also suggest that built environments have dif-
ferent impacts on surrounding diverse residences. Consistent 
with the literature [23, 34], low-SES and minority groups are 
more likely to have limited community facilities/resources 
and perceive fewer safe areas to play in their neighborhoods 
and yard compared to their high-SES and non-minority 
peers. These findings provided insights for future purpose-
ful programming as well as budgeting of public parks and 
indoor/outdoor recreation facilities to reduce ethnic and 
SES disparities in PA, especially during public crises. Most 
analyses found that intervention effect of built environment 
on PA did not significantly differ in ethnic minority or SES 
groups [34]. Consistent with previous literature [36], the 
significant effects of SES on PA, independent of race/ethnic-
ity has been observed in this national survey data. However, 
we found that lower-SES and Hispanic minority groups per-
ceived less safe walking and playing areas in their neigh-
borhoods compared to their middle-/high-SES non-Hispanic 
peers during COVID-19 restrictions.

Although the statistical differences regarding the eth-
nic disparities in PA and play behavior were not found in 

this study, it is noteworthy, to observe the direct and indi-
rect influences of neighborhood safety on changes of LPA, 
MVPA, and play behaviors, during COVID-19 pandemic 
restrictions, that were confirmed in the SEM models. Ine-
quality in neighborhood resources and availability of PA 
facilities and environments may contribute to ethnic and 
SES disparities in PA, which maybe a long-term detrimen-
tal factor of increased risk of physical inactivity and over-
weight patterns. The findings of this study lead us to suggest 
infrastructure improvements (e.g., enhancing neighborhood 
walkability, quality of parks and playgrounds, and providing 
adequate active transport infrastructure) are likely to result 
in positive impacts on PA in children and adolescents. As 
Cohen and colleagues noted [22], public parks are criti-
cal for PA in minority communities and their numbers are 
insufficient, and ethnic disparities may result in more health 
issues during global pandemics. In addition, the possibility 
that infrastructure improvements focusing on adding moni-
toring systems on walking/cycling trails and reducing the 
traffic in neighborhoods, may benefit socioeconomically 
disadvantaged groups during a pandemic and health crisis, 
which warrants further exploration and evaluations.

Conclusion

The findings of this study provide meaningful insights on 
promoting PA more equitably during a pandemic and sug-
gest group-specified planning for more PA as cities relax 
social distancing ordinances and shelter-in-place restric-
tions. Overall, neighborhoods characterized with a high 
safety index (less traffic and low crime rate) provided more 
opportunities for PA that resulted in less amounts of MVPA 

Fig. 4  Ethnic and SES disparities in built environment. Note. SES = Socioeconomic status; * p < .05. ** p < .01 
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reduction during COVID-19 pandemic restriction period. 
Active children perceived significantly higher values on the 
built environment (supportive recreation resources, more 
recreational PA opportunities) compared to the inactive 
children during the pandemic, however the difference did 
not reach the significant level between two groups before the 
pandemic. More research is needed to assess safety elements 
of parks and playgrounds that are associated with MVPA 
of youth during social restrictions. Parks and playgrounds 
opened sooner than schools and sports program in most 
communities during the COVID-19 pandemic restrictions 
and some did not close. As an element in built environments, 
public parks and playgrounds may be a critical solution to 
maintaining and increasing youth’s PA [22].

The results suggest those neighborhoods with single or 
apartment housing (90.6% of our sample) or located in/
adjacent to the center of the city (92.8% of our sample live 
in urban/city) may be affected more by the COVID-19 pan-
demic restrictions especially on children’s MVPA changes. 
Moreover, neighborhoods with low values of land use, more 
public recreational facilities, and additional safe and walk-
able areas may indirectly eliminate the magnitudes of PA 
reduction caused by the social distancing and shelter-in-place 
mandates. Considering the negative influences of the social 
distancing and shelter-in-place restrictions on changes of PA 
and play behaviors, built environments such as walkability 
and less traffic/crime provided feasible indices that may be 
used to maintain and increase MVPA levels during a global 
pandemic. We acknowledged that most of the participants 
in this study were White, which limits the generalizability 
of the findings to the population as a whole. Future studies 
may focus on a racially or ethnically diverse sample, which 
will provide opportunities to undertake subgroup analyses to 
determine the element of ethnic inequalities in health behav-
iors. Using self-reported measures on PA and built environ-
ment may present a response bias, using both self-report and 
objective measures (e.g., accelerometers, GIS) in the future 
research are recommended. Taken together, these findings 
provide new evidence for continued investigation of tailored 
built environment interventions and policies that can help 
groups (e.g., low SES) reduce health disparities, advance 
health equity, and stay active and resilient during and after 
the COVID-19 pandemic and future crises.
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