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Abstract

Purpose: The purpose of this study was to use decision tree modeling to generate profiles of children and youth who were more and less likely to
meet the Canadian 24-h movement guidelines during the coronavirus disease-2019 (COVID-19) outbreak.

Methods: Data for this study were from a nationally representative sample of 1472 Canadian parents (Mean,e. =45.12, SD =7.55) of children
(5—11 years old) or youth (12—17 years old). Data were collected in April 2020 via an online survey. Survey items assessed demographic,
behavioral, social, micro-environmental, and macro-environmental characteristics. Four decision trees of adherence and non-adherence to all
movement recommendations combined and each individual movement recommendation (physical activity (PA), screen time, and sleep) were
generated.

Results: Results revealed specific combinations of adherence and non-adherence characteristics. Characteristics associated with adherence to the
recommendation(s) included high parental perceived capability to restrict screen time, annual household income of > CAD 100,000, increases
in children’s and youth’s outdoor PA/sport since the COVID-19 outbreak began, being a boy, having parents younger than 43 years old, and
small increases in children’s and youth’s sleep duration since the COVID-19 outbreak began. Characteristics associated with non-adherence to
the recommendation(s) included low parental perceived capability to restrict screen time, youth aged 12—17 years, decreases in children’s and
youth’s outdoor PA/sport since the COVID-19 outbreak began, primary residences located in all provinces except Quebec, low parental per-
ceived capability to support children’s and youth’s sleep and PA, and annual household income of < CAD 99,999.

Conclusion: Our results show that specific characteristics interact to contribute to (non)adherence to the movement behavior recommendations.
Results highlight the importance of targeting parents’ perceived capability for the promotion of children’s and youth’s movement behaviors dur-
ing challenging times of the COVID-19 pandemic, paying particular attention to enhancing parental perceived capability to restrict screen time.

Keywords: Decision tree analysis; Parental perceived capability; Physical activity; Screen time; Sleep

1. Introduction territories across Canada, resulting in community-wide lock-
downs and stay-at-home orders.” Initial COVID-19-related clo-
sures and restrictions undoubtedly disrupted daily routines,
arrangements, and rhythms of individual and family lives. For
children and youth, closures of schools and parks, cancellations

of organized sports and recreational activities, and increased

Coronavirus disease-2019 (COVID-19) was declared a pan-
demic by the World Health Organization on March 11, 2020."
Shortly thereafter, states of emergency or public health emer-
gency were declared worldwide, including in provinces and
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accessibility to and time spent on screens may have negatively
impacted their physical activity (PA), sedentary, and sleep
behaviors. Data from China’ have confirmed this assumption;
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children’s and youth’s PA levels have decreased and screen
time has increased since the COVID-19 outbreak.

Unambiguous evidence has shown that sufficient levels of
PA, limited screen time, and adequate sleep are linked to indica-
tors of physical and mental well-being among children and
youth.* ® This accumulation of evidence ultimately led to the
release of the Canadian 24-h Movement Guidelines for Children
and Youth (5—17 years), which recommend a minimum of
60 min of moderate-to-vigorous PA per day, no more than 2 h of
recreational screen time per day, and 9—11 h and 8§8—10 h of
uninterrupted sleep per night for those aged 5—13 years and
14—17 years, respectively.” Children and youth who meet all
recommendations have better physical, cognitive, and mental
health compared to those who meet no or 1 movement behavior.*

As the COVID-19 pandemic continues and chances of a
second wave occurring remain, identifying characteristics of
(non)adherence to the movement behavior recommendations
during this pandemic is crucial. Such insights can inform the
development of interventions aimed at mitigating the negative
impact of COVID-19 on children’s and youth’s movement
behaviors, and, by extension, their overall health and well-
being. Accordingly, the purpose of this study was to use deci-
sion tree modeling to generate profiles of children and youth
(for simplicity, hereafter referred to as children unless other-
wise specified) who were more and less likely to meet the 24-h
movement recommendations during the COVID-19 outbreak.
Decision tree modeling is a machine learning technique that
has been applied in medicine and public health to identify peo-
ple at risk of health conditions such as colon cancer,” major
depressive disorder,'’ and postmenopausal weight gain.'' It is
a powerful statistical tool used to recursively split independent
variables into groups to predict an outcome. Unlike more com-
mon methods (e.g., logistic regression) that assume predictors
behave independently, decision tree modeling assumes interac-
tions among predictors.

Drawing broadly from ecological system theory,'” profiles
in the current study were generated based on 5 broad catego-
ries of variables: (1) demographic (child age and gender,
parental age and level of education), (2) behavioral (changes
in children’s play and movement behaviors and changes in
family play and movement behaviors), (3) social (family dis-
tress, ownership of dog, parental support, and parental per-
ceived capability), (4) micro-environmental (household
dwelling and number of children in house), and (5) macro-
environmental (region of primary residence). The variables
used in our study have been commonly identified as correlates
of children’s movement behaviors in previous works;? '
thus, specific relationships were expected to emerge. However,
no a priori hypothesis were forwarded because decision tree
modeling is a data-driven analysis and requires no formal theo-
retical structure.

2. Methods
2.1. Study design and participants

Data for this study were from a survey conducted in April
2020 by ParticipACTION (www.participaction.com), a
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national non-profit organization that promotes PA among
Canadians. The purpose of the survey was to inform the
upcoming release of its biennial Report Card on Physical
Activity for Children and Youth by assessing changes in child-
ren’s movement behaviors during the COVID-19 pandemic. A
sample of 1503 parents who were representative of the Cana-
dian population based on sociodemographic characteristics
was invited to complete a 15-min online survey (in English or
French) approximately 1 month after the World Health Orga-
nization declared COVID-19 a global pandemic. Recruitment
was conducted by a third-party market research company,
Maru/Matchbox, that has a consumer online database of
>120,000 Canadian panelists. Panel participants were recruited
online via email invitation and website sign-up. Data were col-
lected over 4 days. Participants who completed the survey
received a small cash incentive (CAD 0.50—CAD 3.00) and
were entered into prize contests. Parents with >1 child were
instructed to answer the survey based on the child whose given
name came first alphabetically. Participants were screened out
from the study if someone in their household was diagnosed
with COVID-19 or if their household was under a self-isolation
or quarantine order. Thirty-one participants were excluded for
various reasons (i.e., implausible data, incomplete data, diag-
nosed with COVID-19, or in self-isolation). Panel participants
provided written consent when they chose to participate in sur-
vey-based studies and when they agreed to complete the survey
in the current study. Ethics approval for this secondary data
analysis was obtained from the University of British Columbia
Research Ethics Board (#H20-01371).

Data included in this study were from 1472 parents
(Mean,g.=45.1 years, SD=7.5) of children aged 5-17
years living in Canada. Most respondents were female
(54.0%), of European ancestry (79.2%), married/common-law
(84.1%), employed full-time (70.1%), and had a college/
university degree (72.4%). Household income ranged from
< CAD 49,999 (14.8%) to CAD 50,000—CAD 99,999 (33.9%)
to > CAD 100,000 (39.8%). Annual household income was not
reported for 11.5% of the sample. The sample was stratified by
gender and age of the child, resulting in a relatively equal
balance of boys (52.6%) and girls (46.9%), and of those aged
5—11 years (47.1%) and 12—17 years (52.9%). Two parents
reported that their child identified as non-binary and 5 parents
declined to respond. These children were categorized as “other”
(0.5%). The primary residence of most of the children was a
house (72.2%), with fewer living in an apartment/townhouse
(26.6%). A small proportion of parents (1.2%) reported their
primary residence as “other”.

2.2. Measures

2.2.1. Exposures

We included 33 explanatory variables. These included
demographic variables (n=6; child age and gender, parental
education and age, marital status, household income) and
behavioral variables (rn = 14), namely, changes in child move-
ment and play behaviors and changes in family movement
behaviors. Changes in child movement and play behaviors
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included biking/walking in the neighborhood, outdoor PA/
sport, indoor PA/sport, household chores, outdoor play, indoor
play, recreational screen time, social media, non—screen-based
sedentary activities, sleep duration, sleep quality, and overall
movement behaviors. Changes in family movement behaviors
included family time spent in PA and sedentary behaviors.
Social variables (n=10) included dog ownership, family dis-
tress, changes in parental support since COVID-19 (encour-
agement of PA/sport, co-participation, encouragement of
chores, encouragement of restricted screen time, and encour-
agement of sleep), and parental perceived capability to support
their children’s PA and sleep and limit their children’s screen
time over the next 2 weeks. Micro-environmental variables
(n=2; type of household dwelling and number of children in
household) and macro-environmental variables (n=1; region
of primary residence) were also assessed. Supplementary 1
outlines the response scale for each variable as well as variable
type (e.g., nominal and ordinal) and number of levels.

2.2.2. Outcomes

Each movement behavior was assessed using a 1-item mea-
sure taken from the Canadian Health Measures Survey. Partici-
pants were asked to rate their children’s current (i.e., during the
COVID-19 outbreak) PA, screen time, and sleep behavior using
the following respective items: (1) “In the last week, on how
many days did your child engage in moderate-to-vigorous PA
for a total of at least 60 min per day?”, (2) “On average, how
many total hours and minutes per day did your child watch TV,
use the computer, and use social media and inactive video games,
during their free time over the last week?”, and (3) “In the last
week, how many hours did your child usually spend sleeping in
a 24-h period (including naps but excluding time spent resting)?”
Children were coded as 1 if they did not meet the behavior rec-
ommendation and as 0 if they did meet the recommendation.

2.3. Statistical analyses

Decision tree models were generated using the exhaustive
chi-square automatic interaction detector (CHAID) algo-
rithm."” Exhaustive CHAID, a form of binary recursive parti-
tioning, allows researchers to identify mutually exclusive
subgroups of a diverse population using various characteris-
tics. This algorithm uses the x? test of independence to identify
relationships between independent (explanatory) variables and
then selects the explanatory variables that best explain the
dependent (response) variable based on “IF—THEN” logic.'®
Exhaustive CHAID is a non-parametric method and therefore
is robust against issues pertaining to multicollinearity, outliers,
distribution, structure, and missing data.'® It is an exploratory
technique that is designed to handle a mixture of data types
(continuous and categorical data).'®'’ Exhaustive CHAID is
especially appropriate when examining large quantities of data
because it is able to examine higher-order interactions among
predictors before selecting that variables should be included in
the model.'®**" The exhaustive CHAID model estimation
begins with the entire sample (called “parent node”) and then
subsequently splits the parent nodes into meaningful
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homogeneous subgroups (“child nodes”). Splitting continues
until predetermined stopping criteria are met. The following sta-
tistical model specifications and stopping criteria were applied
in the current study: (1) the significant level for splitting nodes
was set at p < 0.05; (2) the Bonferroni method was used to
obtain the significant values of adjustment; (3) the minimum
change in expected cell frequencies was 0.001; (4) Pearson’s x*
was used; (5) model depth was set at 3; (6) the minimum num-
ber of cases in parent nodes was set at 147 (10% of sample) and
in child nodes was set at 74 (5% of sample); (7) cross-validation
(10-folds) was used to assess the tree structure; and (8) the mis-
classification risk was calculated as a measure of model reliabil-
ity. Data were analyzed using SPSS (Version 25.0; IBM,
Armonk, NY, USA). A total of 4 models were generated, one
for all movement behavior recommendations combined and one
for each individual movement behavior recommendation.
Adherence and non-adherence profiles were identified for each
model, whereby children in the adherence group were those
who were most likely to meet the recommendation(s) and chil-
dren in the non-adherence group were those who were least
likely to meet the recommendation(s). Missing values (<1%)
were handled using the exhaustive CHAID method.

3. Results
3.1. All movement behaviors

Fig. 1 shows the final 2-level model comprising 10 nodes, 6
of which were terminal subgroups (i.e., nodes that do not split
any further). Three predictor variables reached significance
and were selected because they best differentiated children
who met all 3 movement behaviors (2.6%) from those who did
not (97.4%). The first level of the tree was split into 3 initial
branches according to parental perceived capability to restrict
children’s screen time, meaning that this variable was the best
predictor of adherence and non-adherence to all movement
behavior recommendations. The adherence group included chil-
dren whose parents reported very high perceived capability
(responded strongly agree) to restrict children’s screen time
(Node 3) and whose parents reported that their children either
maintained or increased (responded about the same, a little
more, or a lot more) time spent walking/biking in their neigh-
borhood (Node 9; 16.2% meeting). The probability decreased
when children’s time spent walking/biking in their neighbor-
hood decreased (Node 8, 3.1% meeting). The non-adherence
group included children whose parents did not report high or
very high perceived capability (responded neutral, disagree,
strongly disagree) to restrict screen time (Node 1, 0.5% meet-
ing) and those aged 12—17 years old (Node 5, 0.0% meeting).
Decision rules for the prediction of non-adherence to all recom-
mendations are presented in Table 1, which also shows detailed
“IF—THEN?” rules. These “IF—THEN” rules mirror the results
of the decision tree model but are displayed in plain text and
show the probability of non-adherence. For example, in Table 1,
the row for the adherence group (Node 9) reads: IF parental per-
ceived capability to restrict screen time was strongly agree
AND time spent walking/biking in neighborhood was about the
same, increased a little, or increased a lot THEN 83.8%. A lay
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neighbourhood )
df =1 df =1 Adj. p = 0.016, ¥~ = 9.937,
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Children iiged 5-11 Children afed 12-17 Children aiged 5-11 Children ared 12-17 < Alittle less > A little less
Node 4 Node 5 Node 6 Node 7 Node 8 Node 9
Category % n Category % n Category % n Category % n Category % n Category % n
¥ Not meeting 98.8 323 ¥ Not meeting 100.0 519 ¥ Not meeting 95.0 209  Not meeting 99.0 190 ¥ Not meeting 96.9 94 ¥ Not meeting 83.8 98
H Meetin 1.2 4 B Meetin 0.0 0 B Meetin 5.0 11 B Meetin 1.0 2 B Meetin 3.1 3 H Meetin 16.2 19
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Fig. 1. The classification tree of adherence to all 3 movement behavior recommendations using the exhaustive x> automatic interaction detector (CHAID) method.

interpretation of this “IF—THEN” rule is as follow: IF parents
felt strongly about their capability to restrict their child’s screen
time AND their child’s time spent walking/biking in their neigh-
borhood remained about the same or increased THEN the prob-
ability of their child not meeting all 3 recommendations was
83.8%. The classification tree model explained 97.4% of total
variance after cross-validation analysis.

3.2. PA

Fig. 2 shows the final 3-level decision tree model includ-
ing a total of 12 nodes, 7 of which were terminal sub-
groups. Five variables were selected that best differentiated
children who met the PA recommendation (18.2%) from
those who did not (81.8%). The first level of the tree was
split into 3 initial branches according to changes in child-
ren’s outdoor PA/sport since COVID-19, meaning that this
variable was the best predictor of adherence and non-

Table 1

adherence to the PA recommendation. The adherence group
included children whose parents reported an increase
(responded a little more or a lot more) in their children’s
outdoor PA/sport since COVID-19 (Node 3) and who were
boys (Node 8, 45.0% meeting). The probability decreased
when children were girls or when children identified as
“other” (i.e., parents who reported their child’s gender
identity as non-binary or who declined to respond) (Node
9, 26.3% meeting). The non-adherence group included chil-
dren whose parents reported a large decrease (responded a
lot less) in their children’s outdoor PA/sport since COVID-
19 (Node 1) and whose parents did not report very high
perceived capability (responded strongly disagree, dis-
agree, neutral, or agree) to support their children’s sleep
(Node 4, 8.0% meeting). In contrast, the probability of
meeting the recommendation increased when parents
reported very high perceived capability (responded strongly
agree) to support their children’s sleep (Node 5, 18.1%

Percentage of classification of non-adherence to all movement behavior recommendations for terminal nodes, by risk probability based on decision rules using the

exhaustive x> automatic interaction detector method.

Classification Node IF THEN
Ist 4 Parental perceived capability to restrict screen time was neutral, disagree, or strongly disagree AND child was 5—11 years old ~ 98.8%
2th 5 Parental perceived capability to restrict screen time was neutral, disagree, or strongly disagree AND child was 12—17 years old  100.0%
3th 6 Parental perceived capability to restrict screen time was agree AND child was 5—11 years old 95.0%
4th 7 Parental perceived capability to restrict screen time was agree AND child was 12—17 years old 99.0%
Sth 8 Parental perceived capability to restrict screen time was strongly agree AND change in walking/biking in neighborhood was a 96.9%
little less or a lot less
6th 9 Parental perceived capability to restrict screen time was strongly agree AND change in walking/biking in neighborhood was 83.8%

about the same, a little more, or a lot more

Notes: Decision rules displayed in plain text. An example of a lay interpretation is as follows: for the 6th classification/Node 9, IF parents felt strongly about their
capability to restrict their child’s screen time AND their child’s time spent walking/biking in their neighborhood remained the same or increased since coronavirus
disease-2019, THEN the probability of their child not meeting all 3 recommendations was 83.8%.
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Fig. 2. The classification tree of adherence to the physical activity recommendation using the exhaustive x> automatic interaction detector (CHAID) method.

meeting). Decision rules for the prediction of adherence to
the PA recommendation are presented in Supplementary 2.
The classification tree model explained 81.8% of total vari-
ance after cross-validation analysis.

3.3. Screen time

As illustrated in Fig. 3, the final model had 2 levels, 11 nodes,
and 7 terminal subgroups. Four variables were selected that best
differentiated children who met the screen time recommendation
(11.3%) from those who did not (88.7%). The first level of the
tree was split into 4 initial branches according to parental per-
ceived capability to restrict children’s screen time, indicating
that this variable was the best predictor of (non)adherence to the
screen time recommendation. The adherence group included
children whose parents reported very high perceived capability
(responded strongly agree) to restrict screen time (Node 4) and
whose parents were < 43 years old (Node 9; 39.0% meeting).
The probability of meeting the recommendation decreased
when parents were > 43 years old (Node 10, 16.5%). The non-
adherence group included children whose parents reported very
low or low perceived capability (responded strongly disagree or
disagree) to restrict screen time (Node 1) and whose primary
family residence was located in British Columbia, the Prairies,
Ontario, or the Atlantic Provinces (Node 5, 1.4% meeting). The
probability of meeting the recommendation slightly increased
when the children’s primary family residences were located
in Quebec (Node 6, 8.8% meeting). Decision rules for the

prediction of adherence to the screen time recommendation
are presented in Supplementary 2. The classification tree
model explained 88.7% of total variance after cross-valida-
tion analysis.

3.4. Sleep

As shown in Fig. 4, the final model had 3 levels, 14 nodes,
and 9 terminal nodes (subgroups). Three variables were
selected that best differentiated children who met the sleep
duration recommendation (71.1%) from those who did not
(28.9%). The first level of the tree was spilt into 4 initial
branches according to changes in children’s sleep duration
since COVID-19, indicating that this variable was the best pre-
dictor of (non)adherence to the sleep duration recommenda-
tion. The adherence group included children whose parents
reported a slight increase (responded a little more) in their
children’s sleep duration since COVID-19 (Node 3) and who
came from a household with an annual income of > CAD
100,000 (Node 9, 85.6% meeting). The probability decreased
when annual household income was < CAD 99,999 (Node 8,
71.5% meeting). The non-adherence group included children
whose parents reported no change (responded about the same)
in their children’s sleep duration since COVID-19 (Node 2),
whose parents were neutral about their ability to support their
children’s PA behavior (Node 5), and who came from a house-
holds with an annual income of < CAD 99,999 (Node 10,
50.9% meeting). Decision rules for the prediction of adherence
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Screen time recommendation
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Fig. 3. The classification tree of adherence to the screen time recommendation using the exhaustive x> automatic interaction detector (CHAID) method. BC = Brit-
ish Columbia; ONT = Ontario; QUE = Quebec.

to the sleep recommendations are presented in Supplementary who were more or less likely to meet the 24-h movement
2. The classification tree model explained 70.0% of total vari- behaviors during the COVID-19 outbreak. The models,
ance after cross-validation analysis. derived from a decision tree method, showed profiles based on
a wide range of characteristics, including demographic, behav-
ioral, social, micro-environmental, and macro-environmental.
Four decision tree models were generated to identify how

The current study aimed to generate models that describe demographic, behavioral, social, micro-environmental, and
profiles of school-aged children and youth (5—17 years old) macro-environmental characteristics contribute to adherence

4. Discussion

Meeting sleep recommendation

Node 0
Category % n
Fi= i s ® Not meeting 28.9 426
1 = Not meeting | H Meeting 71.1 1046
| mMeeting Total 100.0 1472
T =
change in sleep duration
Adj. p = 0.000, ¥ = 47.311,
df =3
|
< Alittle less (A little less, About the same) (About the same, A little more) > A little more
Node 1 Node 2 Node 3 Node 4
Category % n Category % n Category % n Category % n
H Not meeting 47.5 48 H Not meeting 28.5 217 H Not meeting 20.8 95 ® Not meeting 43.4 66
H Meeting 52.5 53 ® Meeting 71.5 545 H Meeting 79.2 362 ® Meeting 56.6 86
Total 6.9 101 Total 51.8 762 Total 31.0 457 Total 10.3 152
| = | =
Parental perceived capability to support Household income
children's physical activity Adj. p =0.001, y2 =13.677,
Adj. p = 0.000, 2 = 23.592, =t
df =2
| [
< Nleutral (Neutral, Agree] > Afree < 350,00|0-$99,999 > $50,000-$99,999
Node 5 Node 6 Node 7 Node 8 Node 9
Category % n Category % n Category % n Category % n Category % n
H Not meeting 39.6 84 H Not meeting 27.6 97| [® Notmeeting 18.1 36 H Not meeting 28.5 59 H Not meeting 14.4 36
o Meetin .4 128 H Meeting 724 254 B Meeting 819 163 ® Meeting 71.5 148 H Meetin, 5.6 214
Total 144 212 Total 23.8 351 Total 13.5 199 Total 14.1 207 Total 17.0 250
= I =
Household income Parental perceived capability to restrict
Adj. p = 0.025, Xz= 8.221, children's screen time
df =1 Adj. p = 0.030, >=8.787,
df =1
< 550,0(10-599,999 > $50,000-$99,999 < Nleutral > Neutral
Node 10 Node 11 Node 12 Node 13
Category % n Category % n Category % n Category % n
H Not meeting 49.1 53 H Not meeting 29.8 31 H Not meeting 20.7 25 H Not meeting 39.5 34
B Meeting 50.9 55 8 Meeting 702 73 o Meeting 79.3 96 o Meeting 60.5 52
Total 7.3 108 Total 7.1 104 Total 82 121 Total 58 86

Fig. 4. The classification tree of adherence to the sleep recommendation using the exhaustive x> automatic interaction detector (CHAID) method.
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and non-adherence to all three recommendations combined
and to each individual recommendation (PA, screen time, and
sleep).” A total of 11 unique characteristics best predicted non
(adherence) to the movement behavior recommendations.

Parental perceived capability to restrict children’s screen
time was the strongest contributor to meeting all recommenda-
tions combined as well as to meeting the screen time recom-
mendation. Parental perceived capability is defined as
“perceptions of physical and mental ability, capacity or com-
petence to perform a specific circumscribed behavior indepen-
dent of motivation to perform the behavior”.”*** It differs
from self-efficacy in that it assesses one’s capability and not
their motivation to perform the behavior.”” In both models,
higher parental perceived capability was associated with higher
adherence to the movement behavior recommendation(s).
Parents who believed they were capable of restricting their
children’s screen time were likely enforcing screen time rules,
which consequently limited children’s time spent on screens
and safeguarded time spent in other activities (e.g., PA and
sleeping). The adherence proportion of meeting all recommen-
dations was highest among children whose parents reported
high perceived capability to restrict screen time and whose
parents reported that their children either maintained or
increased time spent walking/biking in their neighborhood
(16.2% meeting). Adherence was lowest among youth aged
12—17 years and whose parents reported low perceived capabil-
ity to restrict screen time (0.0% meeting). It is possible that
parents were cognizant of the challenges associated with
restricting their youth’s (12—17 years) screen time given
youth’s heavy reliance on connecting and communicating with
peers via digital media, especially during the pandemic, which
may have caused parents to feel that they were unable to moni-
tor their youth’s screen use. At the same time, it is possible that
parents may have even encouraged or supported their youth to
engage in specific screen behaviors as a mechanism to stimulate
feelings of connectedness and reduce feelings of isolation, such
as video chatting with friends, cousins, and grandparents. The
finding that parental perceived capability was the strongest con-
tributor of meeting the screen time recommendation aligns with
previous research showing an inverse relationship between
parental self-efficacy and children’s screen time.”* *° The
adherence prevalence of meeting the screen time recommen-
dation was highest among children whose parents reported
very high perceived capability to restrict children’s screen
time and whose parents were < 43 years old (39.0% meet-
ing). While the relationship between parental age and child-
ren’s screen time is mixed,”’*" results of the current study
suggest that the interactive relationships between parental
perceived capability to limit screen time and parental age
were important to children’s screen time adherence during
the COVID-19 outbreak.

Results of our study showed interactive relationships between
changes in children’s outdoor PA/sport since the COVID-19
outbreak and children’s gender in predicting adherence to the
PA recommendation. Boys were more likely to meet the PA rec-
ommendation (45.0% meeting) than were girls or “other”
(26.3%), even though parents of both groups reported an

319

increase in their children’s outdoor PA/sport since COVID-19.
These results align with previous research that has shown that
children are more active outside than inside’”*" and the consis-
tent and well-documented discrepancy in PA levels between
boys and girls,”'** suggesting that these trends persists even
during a viral pandemic. The adherence prevalence to the PA
recommendation was lowest among children whose parents
reported a decrease in their outdoor PA/sport and whose parents
reported low perceived capability to support their children’s
sleep (8.0% meeting). Although outdoor closures have varied
substantially across Canada, these restrictions coupled with the
fear of going outdoors likely contributed to the low adherence
of meeting the PA recommendation (18%). Nevertheless, the
relationship between outdoor PA/sport and meeting the PA rec-
ommendation supports the importance of ensuring that children
get outdoors during the pandemic, while simultaneously follow-
ing COVID-19 public health measures.

That the majority of children in the sample (71.1% meeting)
met the sleep recommendation is encouraging. The adherence
prevalence for meeting the sleep recommendation was highest
among children whose parents reported a slight increase in their
children’s sleep duration since COVID-19 and who came from
a household with an annual income of > CAD100,000 (85.6%).
In contrast, the adherence prevalence for meeting the sleep rec-
ommendation was lowest among children whose parents
reported that their children’s sleep duration since COVID-19
remained about the same, whose parents were neutral about their
ability to support their children’s PA behavior, and who came
from a household with an annual income @ of
< CAD99,999 (50.9% meeting). The relatively small change in
sleep duration among children meeting this recommendation
during the pandemic suggests that these children likely had
healthy sleeping habits prior to the pandemic. It is possible that
children in the non-adherence group whose sleep habits
remained relatively the same during COVID-19 yet still did not
meet the recommendation had poor sleeping habits prior to
COVID-19. Establishing healthy behaviors is crucial in order to
minimize disruptions during unexpected events and barriers.

This study suggests that parental perceived capability to
support children’s healthy movement behaviors, and particu-
larly their perceived capability to restrict screen time, is an
important characteristic to determine (non)adherence to the
24-h movement behavior guidelines during the COVID-19
pandemic. Challenges associated with this pandemic can be
overwhelming for parents. Many are faced with balancing
work demands, maintaining regular household responsibilities
(e.g., cleaning, cooking, and grocery shopping), and helping
their children transition to online learning, all while ensuring
everyone is physically and mentally healthy. Some parents are
faced with additional hardships, such as unemployment, finan-
cial worry, and/or the death/sickness of a loved one. Therefore,
it is critical that parents feel confident in their ability to facili-
tate their children’s movement behaviors during these unprec-
edented times. One way to accomplish this is by using sources
of self-efficacy to facilitate parents’ perceived capability.’
Enhancing parents’ perceived capability to restrict screen
time, for example, might include encouraging parents to join
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online groups or use online resources (e.g., Common Sense
Media) aimed at helping families navigate the digital world
with their kids. These groups and resources can foster a social
network for like-minded parents, serving as a platform to share
helpful advice, tips, and effective monitoring/limiting techni-
ques (vicarious experience), as well as to offer encouragement
and support for one another (social persuasion). It may also be
important to target parents’ motivation to deal with children’s
resistance to screen time restrictions, because capability is
often confused for motivation in health behavior.”> Research
has shown that parents of children (6—13 years old) may be
hesitant to impose rules restricting children’s screen time
because it could potentially lead to more conflict between the
dyad as well as between siblings.”**> Thus, parents not only
need to feel capable in their ability to restrict screen time but
also feel assured of the importance of restricting screen time
despite the potential subsequent pushback.

There are several strengths of this study. First, data for this
study included a nationally representative cohort of parents
whose children were 5—17 years old. Second, findings from our
study advance the field by demonstrating the relevance of using
the exhaustive CHAID as an analytic method for building classi-
fication models aimed at identifying important factors that influ-
ence children’s movement behaviors during the COVID-19
pandemic. The decision tree modeling approach produced clear,
interpretable results despite the use of different types of varia-
bles (e.g., continuous and categorical data). Third, this study is
the first to document how public health measures (e.g., social
distancing, “stay-at-home” orders, and closures of schools),
while necessary, have disrupted nearly all aspects of our ordi-
nary life, including children’s movement behaviors. Fourth, we
used a contemporary measure of perceived capability.”” Unlike
most self-efficacy measures, which are often flawed because
they measure perceived capability and motivation, our perceived
capability measure included a vignette (i.e., stem) that preceded
each item. This vignette has been shown to clarify the meaning
of the self-efficacy item and holds motivation constant, thereby
improving the validity of the measure.

One limitation of our study is that data were parent reported
and therefore social desirability and/or recall bias may have
influenced our findings. Most parents are unlikely spending
entire days with their children due to work and regular house-
hold responsibilities, and they may have therefore mistakenly
overestimated or underestimated their children’s play and move-
ment behaviors. Another limitation of our study is its cross-sec-
tional design, which prevents any causal relationships to be
inferred. Finally, the data-driven approach ignores any potential
causal hierarchies within the selected predictor variables, which
can lead to chance pairings. Socio-ecological theory suggests
that variables at any level of abstraction may interact, thus sup-
porting the decision-tree approach taken in this article. However,
an a priori structured model may yield different findings.

5. Conclusion

In this cross-sectional survey study, we identified profiles of
children who were most and least likely to meet the Canadian
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24-h movement recommendations. Of the selected 33 charac-
teristics, 11 emerged as the most relevant to the (non)adher-
ence of movement behaviors, including the child’s age, child’s
gender, parental age, annual household income, region,
changes in outdoor PA/sport, changes in sleep duration, and
parental perceived capability to support their children’s indi-
vidual movement behaviors (PA, screen time, and sleep).
Parental perceived capability emerged as an important indica-
tor in all 4 models and was shown to be strongly associated
with meeting all movement behavior recommendations and
meeting the screen time recommendation. Findings from this
study suggest that, to meet the 24-h movement behavior guide-
lines, promotion strategies and interventions during the chal-
lenging times of the COVID-19 pandemic should consider
targeting parents’ perceived capability to restrict their child-
ren’s screen time.
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