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Abstract: During the COVID-19 pandemic, physical activity was significantly decreased in all
age groups. The purpose of this study is to investigate children’s motor skills by administering an
adapted physical activity program for the development of coordination skills. The sample consisted of
28 children aged 8 to 12 years, 20 neurotypical children and 8 with ASD-HF. Data collection employed
various methods, including a personal information form, a leisure time exercise questionnaire, a semi-
structured interview, and the Harre Dexterity Circuit for assessing physical activity improvements.
The results of the two-way analysis of variance (two-way ANOVA) Tukey HSD test showed the
differences between the specific groups, ASD-P vs. ASD-O (p < 0.001), ASD-O vs. AB-O (p < 0.001),
ASD-O vs. AB-P (p < 0.001), ASD-O vs. AB-P (p = 0.136), ASD-P vs. AB-P (p < 0.0010, and AB-P
vs. AB-O (p = 0.003). As result, both groups showed strong interest in practicing physical activity,
and no statistical difference was found in doing so at home or in attendance, showing that physical
activity practice is a tool for parent–child bonding and mutual enjoyment, emphasizing that the
mixed approach yielded positive results in all participants.

Keywords: sport; psychological; exercise; Zoom; coordination; autism spectrum disorder

1. Introduction

There is no doubt about the benefits of physical activity for psychophysical well-
being [1] and the social involvement of children [2] who are either able-bodied or not. A
characteristic of children with autism spectrum disorder is the difficulty in performing
age-appropriate motor skills, affecting up to 83% of them [3]. Communication is the first
means of relating to the world to ask and give something; in children with ASD-HF, this
aspect presents some difficulties [4]. Children with high-functioning ASD (ASD-HF) have
difficulty making friends and adapting to environmental changes [5], because they have an
incomplete understanding of the communication process and have lower motor skills than
their typically developed peers [6]. In recent years, scientific research has been concerned
with determining whether motor impairment is a fundamental characteristic of ASD-HF [7]
and whether the practice of structured physical activity programs fosters the process of
social interaction and communication between the two categories [8]. The research aim is to
provide specific workouts to develop game-based [9] exercise protocols that are suitable for
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all participants, helping them to increase their attention span and supporting them in learn-
ing new skills. From this, experimentation of the motor gesture is created, which involves
the movement of our limbs and trunk, and the consequent sensations of effort, strength,
and heaviness that derive from it [10]. The promotion of physical activity, healthy posture,
sports, and active play modalities in preschool and school-age children in family, preschool,
school, and local contexts is a necessary and indispensable intervention to promote bodily
growth and physical health [11–13]. Despite the difficulties that children with ASD-HF
may have with the proprioceptive [14] and vestibular systems, the position of the body in
space and the statics and dynamics of balance are checked. Sport activities performed regu-
larly not only improve muscle, bone, and cartilage health [15–17], also increase social and
friendly contact, as being part of a team increases self-esteem and encourages competitive
practice. During the COVID-19 emergency [18], people began to engage in less physical
activity because of restrictions imposed to limit the spread of the virus, parents themselves
also found it difficult to entertain their children, whose motor skills gradually reduced
alongside increased sedentary behavior and poor nutrition [19]. On this basis, researchers
considered conducting interventions remotely to allow able-bodied children with ASD-HF
to practice sports even during the pandemic, as the risks of incurring health problems were
considered important [20]. Most children with ASD-HF spend a lot of time partaking in
sedentary activities such as using electronic devices. With the administration of remote
physical activity, improvements have been seen not only in attention, communication, and
social skills [21] but also in self-esteem, as individuals wanted to challenge themselves [22].
The use of technology promoted remote physical activity programs through the Zoom
application [23]; the software was used as a communication broker during the COVID-19
pandemic, facilitating communication and supporting learning. The possibility of meeting
online while practicing physical activity has made it possible to strengthen one’s character
and learn to respect rules and face one’s emotions [24] and frustrations, but also to relate
to others, through motor interventions [25]. If the exercises are effective, they generate
fun and positive energy for the development of motor skills, whether or not subjects are
children who have ASD-HF. Since this is important considering the health promotion of
students [26], this study assumes significant importance for the educational community
because it places the well-being of children at the center by offering an integrated set of
educational, training, and recreational services. Not only does this approach directly benefit
the children involved, but it also helps support their families by creating an emotionally
and psychologically supportive space within the community through sports activities and
learning new motor patterns. Through this study, a culture is promoted that values not only
formal education but also the importance of experiential learning and children’s emotional
well-being. In addition, the attention given to these children fosters the development of
independence and skills, providing them with the tools they need to face future challenges
and grow up in a healthy and balanced way. The main purpose of this study is to examine
whether the administration of the same motor protocol is effective and applicable both in
the presence and at distance [23], to test whether there is an increase in physical activity
levels in both groups composed of the same number of participants and characteristics.

2. Materials and Methods
2.1. Participants

This study was conducted between June 2021 and May 2022, during which adapted
physical activity (APA) programs were administered simultaneously online and face-
to-face to a group of 28 children aged 8 to 12 years. The face-to-face group consisted
of 10 able-bodied (AB-P) children and four ASD-HF children (ASD-P); the online group
consisted of 10 able-bodied (AB-O) children and 4 children with ASD-HF (ASD-O). Children
with ASD-HF were recruited on medical indication in collaboration with P.O. Gaspare
Rodolico, U.O. Pediatric Clinic; movement and cooperation can be considered real therapy.
Both groups received the same APA program: the FG group carried out their training at
the Research Center on Motor Activities (CRAM) of the University of Catania; the OP
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group received their training through an online platform with parental supervision. The
scientific committee of the Research Center on Motor Activities (CRAM) of the University of
Catania approved data collection (Protocol No.: CRAM-011-2020, 16 March 2020), following
the Declaration of Helsinki. The methodological design used in the study is that of a
randomized controlled experiment, in which participants were randomly assigned to one
of two groups (present or online) and received the same APA program, Figure 1. Parents of
all participants provided signed informed consent, and the authors assured the parents that
the data would be treated confidentially and used only for research purposes. This study
used a mixed method based on both qualitative and quantitative tests; the quantitative
aspect investigates the study that we wanted to carry out through the administration of the
Harre dexterity circuit (HDC) physical test, while the qualitative aspect explores the results
collected.
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2.2. Data Analysis

The software R Project version 4.3.3 for Statistical Computing (Vienna, Austria) was
used to conduct statistical analysis. The data collected were analyzed with the Shapiro–Wilk
test to verify the normality distribution; Levene’s test to verify the homogeneity of the
variance; and a two-way analysis of variance (two-way ANOVA) to determine whether any
significant differences in the results were present between the two groups, the sub-groups,
and each session. The groups were analyzed using the criteria chosen for this research [26]:
accepting and voluntarily participating in the study, having a child with ASD-HF or one
who is typically developing, and both parents and children who participate in the study
should have no health problems; the individual was selected using this criterion. Cohen’s
d was used to evaluate the effect size among the groups and the measurements.
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2.3. Adapted Physical Activity Program

The Harre dexterity circuit (HDC) was used to assess improvements in motor skills
following the APA protocol. It was employed to evaluate all general motor skills including
balance, rhythm, speed, coordination, and proprioception as well as being a stimulus for
socialization towards a path of global psychophysical well-being. Mats, a ball, three 50 cm
hurdles, a centesimal stopwatch, and a decameter were used as tools. The Harre dexterity
circuit is structured as follows: the subject positions themselves in front of the mat in an
upright position, and performs a jump and an upside down; after having turned around,
they run towards the center where the ball is and then go towards the first obstacle, pass it,
and pass under it, and return to the ball, and the same procedure is repeated for the other
two obstacles, up to the finish line (Figure 2). The ball must always be on the right and must
not be touched, and the one shoulder stand is performed only at the beginning of the circuit.
Participants completed the HDC every 15 days for a total of 14 evaluations. A trained
evaluator administered the HDC and recorded the completion time. To ensure consistency
across evaluations, a standardized protocol was used, including detailed instructions and a
controlled testing environment.
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In Figure 2, we can observe in graphic terms the order in which the circuit is carried out,
indicated by numbers from 1 to 3. The leftmost image underlines the length of each straight
line to be covered based on the motor gesture to be performed. A large space is required to
carry out the course: 6 m long and 5 m wide. In the Figure 2 on the right, it is indicated
when is necessary to overcome the obstacle by jumping or by passing underneath. A careful
evaluation allows us to have an evolutionary picture of the individuals evaluated in the
7 months of study, through an evaluation scale which presents the following parameters:
poor: >20 s; mediocre: 19/20 s; sufficient: 16/14 s; good: 13/11 s; and excellent 10/10. If
the highest peak is reached, it will mean that there are no errors and you will execute the
circuit correctly, with excellent command over completing the movement to a standing
position and an excellent ability to initiate the motor gesture with an early or final jump
both forwards and backwards.

2.4. Training Session

The 14 training sessions lasted 90 min each. The face-to-face group (both AB-P and
ASD-P) carried out the training in a controlled environment under the supervision of a
trainer. The inclusion criteria were age between 8 and 12 years old, an ability to follow
simple instructions, and no reported health problems that would prevent participation in
physical activity. The exclusion criteria were a history of major surgery in the past 6 months
and musculoskeletal disorders that would limit participation. Furthermore, for the ASD-HF
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participants, we ensured that they had a formal diagnosis of ASD based on the DSM-5,
an ability to understand and follow basic verbal and visual instructions related to the
study’s physical activities, and sufficient motor skills and behavioral regulation to follow
physical activities in a manner manageable by the instructors and with parental support
for the online group. The online group (both AB-O and ASD-O) carried out their training
sessions remotely through Zoom under the supervision of a trainer and the presence of the
parents [27]. The online group was supervised by a parent because, as with school lessons,
it is necessary not to leave a child alone in front of a computer, as well as to help them use
the device. In addition, in the practice of motor activity, the presence of an adult is essential
to avoid domestic accidents. This meeting occasion increased the parent–child relationship
because it allowed the improvement of coping skills through play [28], problem-solving
and parent–child and child–trainer communication [3]. The design of our APA program ad-
hered to the guidelines and recommendations outlined by the American College of Sports
Medicine (ACSM) [29] for individuals with disabilities, including autism spectrum disorder.
Each session was programmed with precise steps: (A) 10–15 min of warm-up, (B) 10 min
dedicated to reviewing, (C) a 50/60 min assessment of motor improvements, and (D) a
10 min cool-down and stretching. The 10–15 min warm-up consisted of upper and lower
limb circles, neck, shoulder, and ankle movements, light jogging, fun games with objects
that can also be found at home, and fitness activities [30]. The exercises chosen to improve
technique and technical gestures were planks, back extensions, squats, side knee lifts, super-
man, bridges, chair dips, jumping jacks, burpees, chest openers, the leg-up-the-wall pose,
and sit-ups. Aerobic activities such as dance (hip hop), Zumba, and step fitness were also
included in the protocol. The last step was the cool-down, which consisted of balancing [31]
and breathing activities. Each physical activity session was implemented synchronously
through Zoom software version 5.6.6 and in attendance. Exercises were adapted as needed
to accommodate the specific needs and abilities of participants with ASD-HF, ensuring
safety and inclusivity. Qualified instructors were experienced in providing guidance and
supervision for adapted physical activity in accordance with ACSM guidelines on safe,
effective exercise programs. By following these principles, we aimed to ensure that our
APA protocol was evidence-based, safe, and effective in promoting the physical fitness and
well-being of children with and without ASD.

2.5. Measurements

The results of the administration of the APA program were collected with subject
personal information forms, questionnaires for leisure time exercises, and semi-structured
interviews. Measurements were made every 15 days for a total of 14 evaluations over
7 months of the proposed physical activity protocol carried out on the Zoom platform
and face-to-face. The measurements concerning the Harre dexterity circuit were carried
out with the use of a chronometer up to one-hundredth of a second. Computer con-
sents and personal forms were used to obtain demographic information (gender, age,
weight, height, education level, and other comorbidities) of ASD-HF and typically devel-
oping children. The test administered is the International Physical Activity Questionnaire
(IPAQ) [32] which explores the time spent in physical activity in the last 7 days, consid-
ering recreational activities, work enjoyment, and exercise. Qualitative questions were
administered to investigate the feeling of the participants concerning the physical activity
protocol. The following questions were included in the interview form: (a) What was
your overall impression of the physical activities offered either through Zoom or in per-
son? (b) To what extent did you find the physical activities offered through Zoom or in
person helpful about your child’s physical activity? (c) What is your opinion about the
usefulness of the physical activities provided through Zoom or in person? This process
was conducted through a multidisciplinary approach, involving experts in the fields of
physical activity and qualitative research on autism spectrum disorder. Physical activity
experts considered factors such as safety, activity adaptability, and physical health goals.
Experts on autism addressed the behavioral patterns and specific challenges children face
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in the typical developmental domain and high-functioning autism. This multidisciplinary
approach ensured that the questions were sensitive to the needs and experiences of the
interviewed participants.

3. Results
Variation in Physical Activity Levels of Able-Bodied and ASD-HF Children

Among the measurements, the anthropometric data of the participants were also
acquired at the Motor Activities Research Center (CRAM) of the University of Catania,
where their height and weight were measured with a digital scale and a stadiometer; these
two values allow us to calculate the BMI [28] (body mass index) of each subject. The
average body weight of each participant was 38.32 kg for an average height of 141.07 cm
with an average BMI of 20.36. Harre’s dexterity circuit measurements were made with an
ANOVA to see if there were differences between the two groups (“Group 1 (FG)” ASD-O
and ASD-P and “Group 2 (OP)” AB-O AND AB-P) by comparing the change in physical
activity levels from the start of the protocol to the end (observe Table 1).

Table 1. Descriptive analysis related to median, mean, and standard deviation.

ASD-O ASD-P AB-O AB-P

Measurements Mean sd Mean sd Mean sd Mean sd

T1 27 3.92 22.75 3.77 19.9 2.69 19 2.26

T2 26.5 2.38 22 2.94 20 2.49 18.8 1.99

T3 24.25 3.3 21 3.46 18.3 2.63 17.9 1.6

T4 22.5 4.65 20 3.65 19.2 2.78 17.3 1.89

T5 21.75 3.59 18 2.94 17.6 2.12 17 1.33

T6 20.25 3.1 17.5 2.08 17.5 1.58 16.3 1.49

T7 19.25 2.87 17.5 3 16.4 1.78 16.2 1.81

T8 18 2.94 16.75 2.63 15.6 1.35 15.1 1.79

T9 17 2.45 15.5 1.91 14.4 1.51 14.6 1.35

T10 16 3.37 14.5 2.38 14.9 2.33 13.6 1.51

T11 14.75 2.5 13.5 1.73 13.7 1.64 12.9 1.52

T12 13.75 2.36 13.5 2.38 13.7 1.57 12.1 1.97

T13 13.25 3.3 12.5 2.38 12.6 1.65 11.5 1.96

T14 14 2.16 11.5 2.08 12 2 10.7 2.58

The descriptive analysis of the data related to the median, mean, and standard devi-
ation (SD) is reported in Table 1. The results of the two-way ANOVA show a statistical
difference between the groups (p < 0.001) and between each of the measures (p < 0.001), but
there was no statistical difference between the combined variables of group and measures
(p = 0.144). The Tukey HSD test highlighted the differences between the specific groups,
ASD-P vs. ASD-O (p < 0.001), ASD-O vs. AB-O (p < 0.001), ASD-O vs. AB-P (p < 0.001),
ASD-O vs. AB-P (p = 0.136), ASD-P vs. AB-P (p < 0.001), and AB-P vs. AB-O (p = 0.003). The
following graph highlights the change that occurred during the seven months of study in
the 14 sessions, in which the Harre dexterity circuit test on the development of coordination
skills was administered, associated with a motor protocol. We observed a valuable effect
size among the different conditions as reported in Table 2.
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Table 2. Effect size differences among the groups.

Measurements Comparisons Cohen’s d

T1
ASD-O vs. ASD-P 1.09
ASD-O vs. AB-O 2.11
AB-O vs. AB-P 0.36

T14
ASD-O vs. ASD-P 1.18
ASD-P vs. AB-P 0.34
AB-O vs. AB-P 0.56

Cohen’s d: >0.50 = medium effect size; >0.80 = large effect size.

From the following results, Figure 3 it can be seen that the two groups differ from each
other; in particular, the FG group obtained better results in the Harre circuit between one
session and another, with significant changes. There was no change by type and session
between the OP and FG groups, but there was a reduction in their HDC scores; the protocol
had the same effect face-to-face as online. In the present study, in addition to completing
the informed consent, participants were asked to answer a questionnaire on daily physical
activity. The questionnaire was completed 3 days before starting the motor protocol both
remotely and face-to-face; the same Google forms were completed at the end of 7 months
to assess whether there was an increase in daily physical activity. From the analysis of the
score obtained from the closed-response variables, there is a statistical difference between
before and after the 7 months of physical activity administered to all groups with p = 0.0002,
but there is no difference among the groups (p = 0.848) or both interactions (p = 0.993).
Table 3 shows the levels of daily physical activity from which we started; in particular, at
the beginning of the administration of the motor protocol, 8 participants were sedentary, 14
were minimally active, and 6 were physically active. Instead, at the end of the 7 months,
sedentary lifestyle was reduced by 100%; 6 participants were minimally active, with a
decrease of 57.14% compared to the beginning, and the remaining 22 were physically active
with an increase of 266.66% of the initial value. If we consider the analyses that were made
by administering the IPAQ, all subjects had a positive outcome [32] by increasing their
practice of daily physical activity, Figure 4. The following graph shows the IPAQ levels as a
function of the number of participants and the increase in physically active subjects.

Table 3. Descriptive analysis related to statistical differences before and after the administration of
the motor protocol.

Number of Subjects Physical Activity Level Mean SD

Before
8 Inactive 283.63 116.54

14 Minimal 1433.75 747.79

6 High 5306.5 1318.85

After
0 Inactive 0.00 0.00

6 Minimal 2094.92 595.39

22 High 6706.6 4515.06
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4. Discussion

The purpose of the following study was to examine the benefits of administering
physical activity during the COVID-19 pandemic, comparing the same motor protocol
administered on the Zoom Online Platform [15] with parental supervision too that carried
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out face-to-face in the year 2021/2022. This study involved 28 families (parent–child) for
7 months, lightening the tension of COVID-19 and avoiding an increase in sedentary
lifestyles for those of developmental age and for the entire population [33]. This experience
improved the relationship between parents and children, reconnecting through Bowlby’s
attachment bond [34], who claims that the relationship with a reference figure, based on
secure base theory [35], influences current and future relationships. Attachment research
has shown that past and current experiences are important for the development of internal
working models. Parents have been seen as a point of reference in daily life as a social
modifier of stress [36], and playful experiences unite them with their children. Harre’s dex-
terity circuit had the purpose of stimulating the subjects to compare the various elements
proposed, decoding their differences and similarities, identifying strategies to deal with
each situation, but also developing different tools and methods to approach the “space”.
With this study, it was understood that is possible to develop the same motor protocol both
in face-to-face and online. Coaches must listen to the words and evaluate the behaviors of
the children they train during the practice of physical activity [37], always offering them
new stimuli and focusing on the child as a person, treating them individually and not
as belonging to a single group [38]. The results of the IPAQ on leisure and exercise [32]
recorded that there was no significant difference between the physical activity levels of
typically developing children and those with ASD-HF performed on Zoom compared to
face-to-face activities. Two main themes emerged, as parents’ findings on physical activi-
ties provided by Zoom and in person highlighted positive outcomes during the activities
performed: (1) the effects of physical activities provided by Zoom and in person on the
level of physical activity of children with ASD-HF and those of typical development and
(2) the applicability of physical activities provided by Zoom and in person. Parents em-
phasized that at the start of the pandemic, their children were more sedentary, and then
they became more physically active during the administration of the physical activities
provided by Zoom and face-to-face. The greatest effect size we observed was between
T1 ASD-O vs. AB-O (d = 2.11), followed by T1 ASD-O vs. ASD-P (d = 1.09) and T14
ASD-O vs. ASD-P (d = 1.18). For the AB groups, the effect size was lower than 0.50;
namely, there were no valuable differences between online or face-to-face administration
of the APA program. The results confirm that for the ASD group, the protocol reported
meaningful effects on the examined population. This activity represented a valid strategy
to safeguard the emotional well-being, family, and relational well-being of these subjects,
who saw meetings as a channel for social relationships with their peers. In our sample,
the execution of the motor protocol combined with the possibility of meeting each other,
even if virtually, led to a growing desire in the children to improve themselves, with the
incentive to overcome their limits; it is plausible to say that there were also experiences of
positive motor reinforcement [39], filling some initial gaps. The participants with ASD-HF
integrated perfectly with the group and they protected and supported each other, creating
a community that aimed to improve all participants [40]. The decision to include both
children with typical development and those with high-functioning autism (ASD-HF) was
based on an interest in comparing children’s responses and needs related to physical activ-
ity practice and well-being. An inclusive approach involving children with and without
autism spectrum disorder reflects the importance of considering the different perspectives
and experiences within research and practice. This can help to promote a greater awareness
and understanding of the needs of all children, regardless of their developmental type.
Various studies have been conducted on sustainable physical activity interventions, par-
ticularly for children with ASD-HF who cannot access physical activity [41]. The results
highlight that the activities conducted through the Zoom platform and face-to-face with the
guidelines sent on WhatsApp were useful for the sample analyzed. Although the results
have been promising, there are limits to sustainability; the parents had no previous training
in physical activity practices, as they only had a supervisory role in the remote activities
for ASD-HF and typically developing children [42]. The researchers did not immediately
provide feedback to the parents on the improvement that occurred after the evaluation,
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and it emerged that remote activities generate disadvantages in communication [43], low
motivation, and a reduction in interpersonal relationships among the participants [44].

Several trials were given so that the subject could memorize the path and perform
the test in the shortest time possible. The data obtained for the activities carried out both
in person and online were a mediator against sedentary lifestyles and emotional crises,
both for the child and for the parent who saw their child engaged in a playful activity.
In the study, targeted strategies were adopted to engage all participants in a meaningful
way as they performed the exercises shown in Figure 5, using both verbal and nonverbal
communication. It was ensured that no one was left behind, ensuring that both groups
were equally represented. The questions formulated during the interview were simple,
understandable, and relevant to all children involved, taking into account their specific
individual differences. The authors took an ethical and sensitive approach, ensuring
informed consent and respecting the needs and rights of all participants, regardless of their
background. The research faced certain limitations, including a limited sample size and a
lack of exploration into the perceived efficacy of parental mediation training. Subsequent
investigations should expand their scope beyond the IPAQ questionnaire, incorporating
parental assessments to gauge each participant’s physical activity levels. Moreover, future
studies might delve into the emotional experiences of both participants and their parents.
Engaging parents in the program alongside their children could provide an avenue for
sharing emotions and celebrating achievements together.
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continues the forward roll with a roll and then gets up. (3) The subject moves towards the cone
and then circles around it. (4) The subject crawls under the obstacle. (5) The subject performs the
flight phase, jumping over the obstacle. (6) The subject concludes the flight phase by landing on the
floor. The entire sequence is repeated except for the forward roll, which is performed only at the
start. The subject will complete the circuit in a clockwise direction, performing the movements at all
three obstacles.

5. Conclusions

By administering Harre’s circuit dexterity test (HCT) and a full motor protocol, the
children increased their daily physical activity levels, increasing their learning from a motor
point of view, but it was also a tool for aggregation, parent–child bonding, and fun. This
study underlines that a mixed approach, both in person and online, found positive results
in the practice of physical activity in both able-bodied participants and those with ASD-HF.
The synergy between parents and trainers was important, which allowed the children to
have a good growth path. Parents reported that they were happy to start this journey and
that they had fun with their children. Furthermore, it would be essential to create training
programs with a unified approach that collaborates with the children. The results obtained
seem auspicious, and through its application on a large scale, the primary objective is to
expand the sample and deepen this topic. Naturally, the weekly practice of this protocol
shared between parents and children helped to increase the relationship between the two
units on both a pedagogical and an emotional level.
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