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This study aimed to determine the effect of 12 weeks of specific training
(combining movement and music intervention) on children with autism
spectrum disorders (ASD), specifically by comparing the time of day (morning
vs. afternoon) with cognitive functions, mood, and social integration. Thirty
children (19 males, 11 females; mean age 7.8 +1.27 years) were randomly
assigned to two groups: an Intervention Group and a Control Group (CQG).
The intervention protocol consisted of combined sessions of training, music,
and motor activities, administered in a counterbalanced order: one session in
the morning (9:00-9:45 a.m.) and one in the afternoon (4:00-4:45 p.m.).
The control group continued their regular physical activity. Children were
assessed at baseline and post-intervention for cognitive functions (Trail
Making Test), maladaptive behaviors (RCS), and enjoyment (PACES).
A repeated-measures ANOVA was used to analyze the interaction between
the music and movement intervention and time of day. Results showed a
significant increase in enjoyment in both experimental groups (morning and
afternoon) compared to the control group (p<0.001), with no significant
difference between the morning and afternoon groups (p = 0.743). After 12
weeks, the experimental groups showed significant improvements in both
stereotypical behaviors (p<0.001) and cognitive functions (p<0.001).
However, the time of day did not significantly influence these improvements
(p =0.133 for stereotypical behaviors and p = 0.681 for cognitive functions).
Significant improvements were observed in affective/emotional (p<0.001)
and motor control behaviors (p <0.001), which partially reflect reductions in
maladaptive behaviors. However, specific measures of social engagement did
not show statistically significant changes (p > 0.05). Our study found no effect
of time of day on the outcomes for children with autism spectrum disorders.
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autism spectrum disorder (ASD), time of day, music, movement, physical activity,
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1 Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental
condition characterized by persistent deficits in language (1),
communication (2), and socialization (3), as well as the presence
of stereotyped or repetitive movements (4).

Children diagnosed with autism tend to have a higher rate of
movement disorders, social interaction, and communication,
difficulty switching between activities, focusing on details, and
unusual reactions to sensations (5). In recent years, research on
effects
The number of interventions involving

the psychological exercise has been
strengthened (6).

physical activity or movement in children and young people has

of physical

increased, focusing on the importance and effect of physical
activity on executive functioning (7), attention (8), and motor
and cognitive skills (9).

Participation in physical activity affects levels of depression
and anxiety, as well as mood levels (10) and contributes
positively to the feeling of satisfaction with life (11). Physical
involvement has been shown to facilitate social communication
and, in a team context, group participation (12). From a
cognitive point of view, numerous studies conducted in various
countries have highlighted that physical exercise contributes to
improving cognitive abilities both in healthy adults and in
effects
throughout life (13, 14). Interventions focused on motor skills

elderly people with pathologies, showing positive
have been shown to improve balance, coordination, postural
(15-17) (18),

socialization (19), and verbal interaction abilities in children

stability self-regulation, cognitive function
with ASD (20). In addition, engaging in aquatic-based physical
activities has proven to be an effective approach for enhancing
both motor abilities and social interaction skills (21-23).
Physical activity combined with music has been increasingly
recognized as a promising approach for enhancing cognitive,
social, and emotional outcomes, particularly in children with
ASD. Music provides multisensory stimulation that can support

attention, motivation, and emotional regulation, creating an

enriched environment that enhances engagement during
physical activity (24, 25). For children with ASD, music
improves communication skills, social interaction, and

emotional expression (26, 27), while physical exercise enhances
motor coordination, executive function, and mood (4, 7).
Rhythm-based interventions, in particular, have been shown to
facilitate motor synchronization and social engagement by
providing external temporal cues that enhance movement timing
and coordination (28, 29). Combining these approaches may
therefore synergistically promote improvements in both motor
and cognitive domains.

Circadian rhythms—the body’s intrinsic 24-h biological cycles
—play a crucial role in regulating physiological and cognitive
processes, including attention, memory, mood, and motor
(30-37). that
performance and psychomotor abilities fluctuate throughout the

performance Evidence suggests cognitive
day due to variations in hormone levels, core body temperature,
and neural activity, influencing behavior, learning, and academic

performance. The timing of physical activity may thus affect
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these outcomes (33), although findings remain inconsistent.
Some studies suggest the morning is optimal for psychomotor
performance (38), while others report benefits both in the
morning and afternoon (39). Evening exercise has also been
associated with improved performance (40) and combining
physical exercise with cognitive training appears more effective
in the afternoon (41, 42). Moreover, evening training may offer
specific advantages for certain populations, such as older adults
(43). For children with ASD, who often show differences in
sensory processing and arousal regulation, aligning interventions
with optimal circadian phases could further enhance benefits,
but no study to date has examined whether the time of day of a
movement and music intervention differentially affects cognitive
function, mood, and social integration in this population.

This study aims to determine whether the time of day
(morning vs. afternoon) modulates the effects of a combined
movement and music intervention in children with ASD. We
hypothesize that participation in such an intervention will lead
to differential improvements in perceived competence and self-
esteem, potentially influenced by the timing of the activity.

2 Material and methods
2.1 Participants

Firstly, 40 children (aged 6-10 years) with ASD were enrolled
at the Jendouba Autism Centre (13 boys and 8 girls). Children
with a diagnosis of autism spectrum disorder were enrolled
based on DSM-V criteria (61). The diagnosis was confirmed
through consultation with a therapist and a speech-language
pathologist Only
children diagnosed with mild ASD (Level 1 or Level 2 support

specializing in developmental disorders.
needs), without severe behavioral disturbances, were eligible for
participation. Inclusion criteria were: (1) a confirmed diagnosis
of ASD according to DSM-V standards; (2) absence of major
behavioral issues likely to interfere with adherence to the
program; (3) ability and motivation to engage in music- and
movement-based sessions; and (4) absence of significant physical
or medical conditions that could hinder safe participation.
Exclusion criteria included significant verbal communication
deficits, chronic illnesses, major comorbid disorders (e.g.,
epilepsy, severe intellectual disability), physical impairments, or
injuries at the time of recruitment. A clinical assessment
(CARS-2) was also performed to support ASD diagnosis and
confirm symptom severity (44). These criteria ensured the
selection of participants capable of engaging safely and
effectively in the intervention program.

Based on the described selection criteria, a total of 30 children
with ASD (19 boys, 11 girls; age 7.8 + 1.27 years) were included in
the study. Participants were randomly allocated into two
intervention groups and one control group using dedicated
randomization software designed to ensure an equitable and
unbiased assignment. Randomization aimed to balance the
groups in terms of age, gender, and ASD severity, ensuring
baseline comparability. Precisely, the total of 30 children with
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ASD were divided into three groups. Twenty children participated
in the intervention and were further divided into two subgroups
based on the time of physical activity: the morning group (AM)
(10 children: 7 boys, 3 girls) and the afternoon group (PM) (10
children: 7 boys, 3 girls). The remaining 10 children (6 boys, 4
girls) served as the control group (CG) and participated in their
regular physical activity program at the Autism Centre.

Allocation concealment was maintained by an independent
researcher who was not involved in participant recruitment or
data collection. Group assignments were kept in sealed
envelopes until the start of the intervention to prevent selection
bias. Due to the nature of the intervention, participants and
facilitators were not blinded to group allocation; however,
outcome assessors and data analysts were blinded to group
assignments to minimize detection and analysis bias.

The characteristics of the children are presented in Table I.

No participants were receiving medical treatment during the
intervention. Children who had already received speech therapy
or cognitive rehabilitation continued their usual care at a fixed
time of one session per week. Medical stability was confirmed
by families and physicians. All sessions followed a standardized
protocol led by trained therapists.

Session fidelity was ensured through regular supervision,
session checklists, and video recordings. Attendance and
participation rates were recorded for all participants, with
attendance above 95% in all groups. Reasons for any missed
sessions (e.g., minor illness) were documented. No participants
withdrew from the study; therefore, drop-out analysis was

not applicable.

2.2 Ethical considerations

Ethical approval (approval reference: CPP N 13/2024, April 11,
2024) was granted by the Local Research Ethics Committee of the
Higher Institute of Sports and Physical Education of Kef. The
experimental protocol was conducted following the principles of
the 2013 Helsinki Declaration. Parents were provided with
detailed information about the study protocol and gave written
consent for their child’s participation, confirming their full
understanding of the study’s objectives, procedures, possible
risks, and anticipated benefits.

2.3 Procedure
The study was conducted from August to November. It lasted

14 weeks in total, including 1 week of pre-test (T1), 12 weeks of
specific training (movement and music intervention), and 1

TABLE 1 Children’s characteristics.

10.3389/fped.2025.1683930

week of post-test (T2). The study aimed to examine the effect of
the timing of sports practice on the cognitive functions, mood,
and social integration of autistic children, using the Response to
Challenge Scale (RCS), the Trail Making test (TMT), and also
the Physical Activity Enjoyment Scale (PACES). Children were
and after the
administered on 2 consecutive days, 48 h apart. All participants

assessed before intervention, using tests
were familiarized with the study procedure, including the tests,
before the initial assessment. During each session, children were
assigned a 45-min work period, following the established

protocol (Figure 1).

2.4 Intervention program

Children with ASD took part in a combined intervention
program that included music, physical activity, and play-based
motor tasks, as described in previous research (45). Specifically,
twenty-four sessions, each lasting 45 min, were conducted over
12 weeks, with two sessions per week. The program was divided
into three parts: (1) warm-up; (2) movement activities; and (3)
musical activities.

The music used during the sessions consisted of rhythmic,
child-appropriate songs with a regular tempo (90-120 beats per
minute), selected to facilitate synchronization between auditory
cues and body movements. Children were encouraged to
perform movements such as walking, clapping, or jumping in
with the rhythm,
engagement, and enjoyment rather than using music as a

time promoting motor coordination,
passive background stimulus. This tempo range was chosen
based on previous evidence suggesting that rhythmic auditory
stimulation and tempo-structured musical cues effectively
enhance motor synchronization, coordination, and movement
fluency in children, including those with ASD (28, 29).

Each session began with 5 min of warm-up, followed by 3 min
of recovery, 20 min of movement activities, and concluded with
15 min of musical activities. The training protocols for the
experimental group are outlined in Figure 2.

Specifically, one group participated in the activities in the
morning (9:00-9:45 a.m.), while the second group participated
in the afternoon (4:00-4:45 p.m.).

The control group did not undergo any structured
intervention. They continued receiving the usual care provided
at the ASD center, including services from occupational and
speech therapists, and were encouraged to maintain their regular
activities such as outdoor physical activity, fitness training,
walking, running, and basic exercises. No specific intervention
elements (e.g., music or creative tasks) were included in

their program.

‘ Age (year) | Height (cm) = Body mass (kg) | Physical education experience (year)

Morning group 7.8+1.23 115.7+£3.2 24.9 £0.06
Afternoon group 7.9+1.20 115.8 +£3.1 25.3£0.04
Control 7.7 +1.49 117.1+3.3 25.8+0.03

Frontiers in Pediatrics

3.2+0.63 1.5+0.58
3.7+1.06 1.3+0.48
3.1+1.37 1.2+0.42
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40 Children with
ASD inclusion criteria:
1- Mild ASD diagnosis
hidien exciuded 2- Ha\-/i.ng no sev.e!'e behavioural .p‘robler'n
3- Ability and willingness to participate in
N=10 : e
musical activity and movement classes.
EEE— 4- Having no serious physical disabilities,
medical problems, or a diagnosis that
| 30 children with ASD would preclude participation in the
intervention.
Intervention
Morning Group Group Evening Controlgroup
N=10 N=10 N=10
Movement and musical activities | Follow their regular
physical activities
twelve weeks (2 sessions/week) with a duration of 45
minutes per session and a total of 24 exercise sessions
Analysis
Trail Making Test ( TMT ) The Responseto Challenge Scale (RCS) enjoyment of PA Scale
(PACES)
FIGURE 1
Study procedure.

5 minutes

Preparation and warm-up
activity: prepare the walking
L | equipment, run on the playing
area (alone orin pairs)

20 minutes

Movement activity :

Speed and dexterity of the upper lumb

Balance

Bilateral coordination
Strength and running speed
Shuttle race
Upper lumb coordination

20 minutes

Music intervention and dance with movement

movements, Dance in pairs

music
relaxing with

, movements
expressive .......

FIGURE 2
Intervention protocol.

2.5 Measures

All children in the experimental and control groups
performed, before and after the 12 weeks of intervention, in a
randomized and counterbalanced order in the morning (9:00)
and evening (16:00) the cognitive function test (TMT), the
social integration test (PACES questionnaire), and the behavior
problems test (RCS).

Frontiers in Pediatrics

2.5.1 Assessment of cognitive function
To examine intervention-related changes
function, the Trail Making Test was used (46), validated for
children with neurotypical development and with ASD (47).

in cognitive

This is a neuropsychological test created to assess flexibility

mental, executive functioning, visual search

calculation. It consists of two parts in which the subject must

speed, and

connect a sequence of 25 consecutive targets on a sheet of
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paper, with the test being used as the main measure. Of
performance required to complete the test (for example, 35s
yielding a score of 35), lower scores are better.

2.5.2 Assessment of social engagement and
children’s enjoyment

The enjoyment of physical activity was assessed by the PACES.
This scale was designed to measure the positive effect associated
with participation in physical activities in children and can be
used for children with intellectual disabilities (48, 49) and with
ASD (50).

The PACES questionnaire consists of 18 bipolar statements on
a 7-point Likert scale (I like it—I hate it...), which are summed to
give an enjoyment score. Each statement is designed to assess
different dimensions of pleasure, offering a global vision of the
child’s attitude towards physical activity. Participants respond to
each statement and their responses are then summed to obtain
an overall rating of satisfaction. This score provides a valuable
insight into how much children enjoy physical activity, which
their motivation and overall

can influence engagement,

physical health.

2.5.3 Assessment of stereotypical behavior

The Response to Challenge Scale (RCS) (33) was designed to
measure self-regulation in children; it designed to measure
cognitive, affective, and motor regulation skills in responses
(51). The children here were asked to perform several tasks
ranging from relatively simple (jogging in the field) to more
difficult (jumping over a target Student). Performance on
courses requiring three-dimensional of self-regulation skills such
as Motor or physical control, Affective or emotional control and
Cognitive control.

2.6 Statistical analysis

Statistical analyses were conducted using SPSS software
(version 20.0; SPSS Inc., Chicago, IL, USA) for Windows. Data
are reported as mean values accompanied by standard
deviations. The assumption of normality was assessed using the
Kolmogorov-Smirnov test. To evaluate differences between
groups and over time, a univariate analysis of variance
(ANOVA)

(experimental: morning vs. evening; and control) and time point

was applied with the factors being group
[pre-intervention (T0) and post-intervention (T1)]. Diurnal
variation effects were examined using a two-way repeated
measures ANOVA, incorporating chronotype (morning or
evening) as an additional factor. When significant baseline
differences were identified, a two-way univariate analysis of
(ANCOVA)

discrepancies. post hoc comparisons were carried out using the

covariance was used to adjust for those

Bonferroni correction method in the presence of significant
effects. The threshold for statistical significance was set at p < 0.05.
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3 Results
3.1 Children enjoyment

The PACES scale, designed to measure the positive effect
related to children’s participation in physical activity, was used
to assess enjoyment. After 12 weeks of implemented music and
ANOVA
statistical analysis revealed a significant increase in participation
and enjoyment (F,=77.826, p=0.00001) in both experimental
groups (morning and afternoon). PACES scores were likely very
high
compared to the control group (p<0.001) (Figure 3). Our

movement intervention, the repeated measures

in the experimental group (morning and evening)

results indicate that time of day (morning vs. afternoon) does
not significantly influence the enjoyment of children. After
intervention we do not find any difference between morning
and afternoon) group (p = 0.743) (Figure 3).

3.2 Cognitive function

To evaluate the impact of the intervention on cognitive
functions, the trail-making test was utilized. Figure 4 illustrates
the cognitive function Scale (TMT) of both groups during their
sessions, conducted before and after 12 weeks of intervention.

According to our results of a Repeated Measures ANOVA,
statistical analysis revealed a significant group effect (F, =11,152,
p=0.00001). After 12 weeks of intervention/rehabilitation, the
experimental group showed a significant improvement in scores
compared to the control group (p p<0.001). Additionally,
scores were markedly higher in the experimental group
group
(p<0.001). Similarly, the experimental groups demonstrated

(morning and evening) compared to the control

significantly improved scores at retest (p <0.001).

3.3 Maladaptive behaviours

Table 2 presents the Response to Challenge Scale (RCS) values
for both experimental groups—morning and evening groups—and
the control group (CG) during their sessions before and after
intervent. The scale is designed to measure motor/physical
control, affective/emotional behaviours, and cognitive control.

Independent of the time of day, children in both the morning
and evening groups showed a significant improvement in
group.
Additionally, children’s memory performance was enhanced

cognitive functioning compared to the control
24h after training sessions in both groups. Overall, no
significant difference was observed between the time of day and
cognitive function in children with autism (p =0.681).

After 12 weeks of intervention, statistical analysis revealed a
group effect (F,=52.431, p<0.001). The

group’s results significantly improved after

significant

experimental
intervention training compared to the control group (p <0.001).
As shown in Table 2, an exhibited greater improvement in

frontiersin.org
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FIGURE 3

standard deviations.

The mean scores of the physical activity enjoyment scale (PACES) valuated each week in both groups. Values are presented as means and
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301 —e— Control
—@— Afternoon group
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20 1
FIGURE 4
The mean scores of the trail making test (TMT) performed before
and after the training program. Values are presented as means
and standard deviations.

children’s stereotypical behaviors was observed 24 h after both
morning and evening chronotypes in motor behaviors among
children with autism (p=0.0001). However, our results indicate
that time of day (morning vs. evening) does not significantly
influence stereotypical behaviors in children with autism (p =0.133).
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TABLE 2 Average scores for stereotypical behaviours’ before and after the
program training in both groups.

Stereotypical
behaviours

Experimental group

Control
group

Afternoon
group

Morning
group

Motors/physical control 14.59+0.55 14.82 +0.56 10.47 +0.56
Affective or emotional 35.29£0.90 38.52+0.89 26.80 £ 0.89
Behaviors

Cognitive control 32.55+1.51 3328 +1.51 23.62+1.51
Total 82.43+1.91 86.62+1.91 60.89 £ 1.91

Means + standard errors are shown.

Post-hoc comparisons revealed that for motors/physical
control, both morning and afternoon groups significantly
improved compared to the control group (p <0.001), with no
difference afternoon
interventions (p=0.45). For affective/emotional behaviours,

significant between morning and
both morning and afternoon groups improved significantly vs.
the control group (p <0.001), with no significant difference
between the two experimental groups (p =0.12). For cognitive
control, both experimental groups outperformed the control
group (p<0.001), with no significant difference between
morning and afternoon interventions (p = 0.58). Similarly, for
the total score, both morning and afternoon groups showed
significant improvements compared to the control group
(p<0.001), but observed
between them (p =0.33).

no significant difference was
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4 Discussion

This manuscript describes the effect of the time of day of
physical activity and music intervention on cognitive function,
mood, and social integration for children with autism. To our
knowledge, several scientific studies have investigated the effect
of physical activity in autistic children; however, no prior study
has specifically examined the effect of time of day on cognitive
function, social engagement, and maladaptive behaviors in this
population. This study thus provides novel insights into the
potential role of temporal factors in intervention design for
children with ASD.

An important feature of our intervention is the combination
of music with basic play movements, creating an engaging,
multisensory experience. Several studies have highlighted the
importance of physical training for children with ASD, noting
its benefits for motor skills, emotional regulation, and adaptive
behavior (8). Music, in turn, has been shown to enhance
(62). The
integration of these elements in our program may therefore

attention, arousal, and emotional processing
represent a synergistic approach, enhancing both motivation and
the therapeutic effect.

The music and movement program used in the present study
generated significant improvement in cognitive functions and
effects

engagement

specific  stereotypical behaviors, while on broader

maladaptive behaviors and social were not
significant in children with ASD.

These results align with prior research on children with ASD
showing improvements in behavioral skills following physical
activity programs (52) and music interventions (53). This
suggests that targeted interventions combining both modalities
may offer advantages over single-component programs,
particularly in enhancing cognitive performance and reducing
repetitive behaviors.

In our research, physical activity performed both in the morning
and in the afternoon led to the same cognitive benefits, compared to
the control group. After 12 weeks of intervention/rehabilitation,
scores improved significantly in the experimental group in the
both This
improvements in prospective memory, consistent with findings by
Facer-Childs et al. (33), indicating that such benefits are robust

regardless of circadian timing. This result aligns with literature

experimental group across time slots. includes

indicating no clear advantage of a specific time of day for physical
activity benefits on cognitive and behavioral outcomes (54-56).

However, some studies suggest time-of-day effects may vary
depending on population and context. Takahashi et al. (42)
reported that afternoon exercise improved cognitive function
and mood in older adults, while studies involving children and
adolescents have found variations in emotional state and
behavior according to chronotype (57, 58). Our results show
that, although time of day did not significantly alter cognitive
outcomes in children with ASD, individual differences and
contextual factors may still play a role. This highlights the need
for personalized approaches in intervention planning.

Children in both groups consistently showed greater efficiency
either in the morning or afternoon, suggesting that the

Frontiers in Pediatrics

10.3389/fped.2025.1683930

intervention’s effectiveness is robust across different circadian
phases. Importantly, this finding has practical implications for
educational and therapeutic planning: it suggests flexibility in
scheduling music-based movement interventions without
compromising effectiveness, which can facilitate integration into
school and therapy programs.

Our findings are consistent with those of Kanzari et al. (45),
who reported that a combined music- and movement-based
intervention significantly improved motor competence, social
engagement, and adaptive behavior in children with ASD. These
results reinforce the relevance of multimodal approaches that
engage both physical and auditory pathways to support
neurodevelopment in ASD.

Although improvements in social engagement were not a
primary outcome of this study, significant changes were
observed in affective/emotional behaviours measured by the
Response to Challenge Scale (RCS), suggesting potential indirect
benefits for social engagement. This finding warrants further
investigation using validated tools specifically designed to assess
social engagement in ASD.

Overall, our findings suggest that, regardless of the time of
day, participation in music-based movement interventions can
improve cognitive functioning and reduce specific stereotypical
behaviors in children with autism spectrum disorder, while
effects on broader maladaptive behaviors and social engagement
were not significant. These findings highlight the potential of
such interventions as a complementary strategy in educational
and therapeutic settings for children with ASD, supporting their
inclusion in individualized care plans.

Despite the promising findings, several limitations should be
acknowledged. First, the sample size was relatively small, which
may limit the generalizability of the results to the broader
population of children with autism spectrum disorder (ASD).
Second, although randomization was applied, the groups may still
differ in unmeasured variables such as home environment, prior
exposure to music or physical activity, and individual preferences,
which could have influenced the outcomes. In addition, the novelty
of the music-movement sessions could have contributed to
participant engagement and improvements, suggesting a potential
placebo or novelty effect. Moreover, the cultural context of the
intervention—including the type of music used and the specific
group dynamics—may limit the generalizability of the findings to
different cultural or
acknowledge that the cultural context of the intervention—

educational settings. Furthermore, we
including the type of music used and the specific group dynamics
—may limit the generalizability of the findings to different cultural
or educational settings. Music preferences, cultural norms, and
group interaction styles can vary widely, and these factors may
influence both engagement and outcomes. Future studies should
cultural

accordingly to enhance external validity.

explore diverse contexts and adapt interventions
Third, the intervention duration was limited to 12 weeks;
longer interventions might be needed to assess the stability and
sustainability of the observed benefits.
Third, the intervention duration was limited to 12 weeks;

longer interventions might be needed to assess the stability and
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sustainability of the observed benefits. Fourth, although the time of
day was considered, the actual circadian preferences (chronotypes)
of the children were not assessed, which may have influenced their
responsiveness to the intervention. Emerging evidence suggests that
children with ASD often display a tendency toward similar
chronotypes, with a higher prevalence of evening-oriented patterns
compared to neurotypical peers. Studies have reported that a
substantial proportion of children with ASD exhibit delayed sleep—
wake patterns, with eveningness being significantly more common
than in neurotypical populations (59, 60). Furthermore, older age
with ASD has
chronotypes, greater social jetlag, and increased daytime sleepiness.

in  individuals been associated with later
This relative homogeneity in chronotype could reduce variability in

responses to morning vs. afternoon interventions, partially
explaining the lack of significant time-of-day effects observed in
our study. In addition, time-of-day effects might also reflect
contextual factors related to school scheduling, such as lesson
timing, classroom routines, or general levels of alertness and
engagement at different times of the day, rather than purely
circadian biology. Future research should incorporate chronotype
assessment and control for contextual variables to clarify their roles
in optimizing intervention timing.

Finally, subgroup analyses based on gender, age, or baseline
ASD severity were not performed due to the limited sample
size. This may have masked potential differential responses to
the intervention. Future research with larger cohorts should
include such analyses to better understand how these factors

influence intervention outcomes.

5 Conclusion

This study provides preliminary evidence that music-based
movement interventions are feasible and may contribute to
improvements in cognitive and behavioral outcomes in children
with autism spectrum disorder (ASD). While no significant
time-of-day effect (morning vs. afternoon) was observed, regular
participation in structured physical activity appears to offer
potential benefits for children with ASD. These findings may
inform clinicians, educators, and rehabilitation specialists in
designing engaging, non-pharmacological programs that support
the developmental and emotional well-being of children with
autism. However, larger and longer-term studies are needed to
confirm these effects and strengthen the evidence base.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Local
Research Ethics Committee of the Higher Institute of Sports and

Frontiers in Pediatrics

10.3389/fped.2025.1683930

Physical Education of Kef. The studies were conducted in
with  the
requirements. Written informed consent for participation in this

accordance local legislation and institutional
study was provided by the participants’ legal guardians/next

of kin.

Author contributions

CK: Writing - original draft. AH: Writing - original draft.
BM: Writing - review & editing. MM: Writing - review &
editing. SM: Writing — review & editing. AM: Writing - original
draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received
for the research and/or publication of this article.

Acknowledgments

This is a way to thank all the professionals for their hospitality
and kindness who have generously given up their precious time
to study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org



Kanzari et al.

References

1. Fakhoury M. Autistic spectrum disorders: a review of clinical features, theories
and diagnosis. Int ] Dev Neurosci. (2015) 43:70-7. doi: 10.1016/j.ijjdevneu.2015.04.003

2. Lord C, Elsabbagh M, Baird G, Veenstra-Vanderweele J. Autism spectrum
disorder. Lancet. (2018) 392(10146):508-20. doi: 10.1016/S0140-6736(18)31129-2

3. Ketcheson L, Hauck J, Ulrich D. The effects of an early motor skill intervention
on motor skills, levels of physical activity, and socialization in young children with
autism spectrum disorder: a pilot study. Autism. (2017) 21(4):481-92. doi: 10.1177/
1362361316650611

4. Melo C, Ruano L, Jorge ], Pinto Ribeiro T, Oliveira G, Azevedo L, et al.
Prevalence and determinants of motor stereotypies in autism spectrum disorder: a
systematic review and meta-analysis. Autism. (2020) 24(3):569-90. doi: 10.1177/
1362361319869118

5. Mody M, Shui AM, Nowinski LA, Golas SB, Ferrone C, O'Rourke JA, et al.
Communication deficits and the motor system: exploring patterns of associations
in autism spectrum disorder (ASD). J Autism Dev Disord. (2017) 47(1):155-62.
doi: 10.1007/s10803-016-2934-y

6. Parra E, Arone A, Amadori S, Mucci F, Palermo S, Marazziti D. Impact of
physical exercise on psychological well-being and psychiatric disorders. J ReAttach
Ther Dev Divers. (2020) 3(2):24-39. doi: 10.26407/2020jrtdd.1.39

7. Daly M, McMinn D, Allan JL. A bidirectional relationship between physical
activity and executive function in older adults. Front Hum Neurosci. (2015) 8:1044.
doi: 10.3389/fnhum.2014.01044

8. de Greeff JW, Bosker RJ, Oosterlaan J, Visscher C, Hartman E. Effects of physical
activity on executive functions, attention and academic performance in preadolescent
children: a meta-analysis. ] Sci Med Sport. (2018) 21(5):501-7. doi: 10.1016/j.jsams.
2017.09.595

9. Alsubaie SF, Alkathiry AA, Abdelbasset WK, Nambi G. The physical activity type
most related to cognitive function and quality of life. Biomed Res Int. (2020)
2020:8856284. doi: 10.1155/2020/8856284

10. Accardo AL, Pontes NMH, Pontes MCF. Greater physical activity is associated
with lower rates of anxiety and depression among autistic and ADHD youth: national
survey of children’s health 2016-2020. J Autism Dev Disord. (2024) 54(11):4006-18.
doi: 10.1007/s10803-023-06117-0

11. Urchaga JD, Guevara RM, Cabaco AS, Moral-Garcia JE. Life satisfaction,
physical activity and quality of life associated with the health of school-age
adolescents. Sustainability. (2020) 12(22):9486. doi: 10.3390/su12229486

12. Cai KL, Wang JG, Liu ZM, Zhu LN, Xiong X, Klich S, et al. Mini-basketball
training program improves physical fitness and social communication in preschool
children with autism spectrum disorders. ] Hum Kinet. (2020) 73:267-78. doi: 10.
2478/hukin-2020-0007

13. Carson V, Hunter S, Kuzik N, Wiebe SA, Spence JC, Friedman A, et al.
Systematic review of physical activity and cognitive development in early
childhood. J Sci Med Sport. (2016) 19(7):573-8. doi: 10.1016/j.jsams.2015.07.011

14. Dallinga JM, Mennes M, Alpay L, Bijwaard H, Baart de la Faille-Deutekom M.
App use, physical activity and healthy lifestyle: a cross sectional study. BMC Public
Health. (2015) 15:833. doi: 10.1186/s12889-015-2165-8

15. Ben Hassen I, Abid R, Ben Waer F, Masmoudi L, Sahli S, Driss T, Hammouda
O. Intervention based on psychomotor rehabilitation in children with autism
spectrum disorder ASD: effect on postural control and sensory integration.
Children (Basel). (2023) 10(9):1480. doi: 10.3390/children10091480

16. Castafio PRL, Sudrez DPM, Gonzilez ER, Robledo-Castro C, Hederich-
Martinez C, Cadena HPG, et al. Effects of physical exercise on gross motor skills
in children with autism spectrum disorder. J Autism Dev Disord. (2024)
54(8):2816-25. doi: 10.1007/s10803-023-06031-5

17. Rogca AM, Rusu L, Marin MI, Ene Voiculescu V, Ene Voiculescu C. Physical
activity design for balance rehabilitation in children with autism spectrum
disorder. Children (Basel). (2022) 9(8):1152. doi: 10.3390/children9081152

18. Yang Y, Chen D, Cai K, Zhu L, Shi Y, Dong X, et al. Effects of mini-basketball
training program on social communication impairments and regional homogeneity
of brain functions in preschool children with autism spectrum disorder. BMC
Sports Sci Med Rehabil. (2024) 16(1):92. doi: 10.1186/s13102-024-00885-7

19. Najafabadi MG, Sheikh M, Hemayattalab R, Memari AH, Aderyani MR, Hafizi
S. The effect of SPARK on social and motor skills of children with autism. Pediatr
Neonatol. (2018) 59(5):481-7. doi: 10.1016/j.pedneo.2017.12.005

20. Gabriels RL, Pan Z, Dechant B, Agnew JA, Brim N, Mesibov G. Randomized
controlled trial of therapeutic horseback riding in children and adolescents with
autism spectrum disorder. ] Am Acad Child Adolesc Psychiatry. (2015) 54(7):541-9.
doi: 10.1016/j.jaac.2015.04.007

21. Battaglia G, Agro G, Cataldo P, Palma A, Alesi M. Influence of a specific aquatic
program on social and gross motor skills in adolescents with autism spectrum
disorders: three case reports. J Funct Morphol Kinesiol. (2019) 4(2):27. doi: 10.
3390/jfmk4020027

Frontiers in Pediatrics

10.3389/fped.2025.1683930

22. Caputo G, Ippolito G, Mazzotta M, Sentenza L, Muzio MR, Salzano S, et al.
Effectiveness of a multisystem aquatic therapy for children with autism spectrum
disorders. J Autism Dev Disord. (2018) 48(6):1945-56. doi: 10.1007/s10803-017-
3456-y

23. Marzouki H, Soussi B, Selmi O, Hajji Y, Marsigliante S, Bouhlel E, et al. Effects
of aquatic training in children with autism spectrum disorder. Biology (Basel). (2022)
11(5):657. doi: 10.3390/biology11050657

24. Kern P, Wolery M, Aldridge D. Use of songs to promote independence in
morning greeting routines for young children with autism. J Autism Dev Disord.
(2007) 37(7):1264-71. doi: 10.1007/s10803-006-0272-1

25. Williams RN, Hurt-Thaut C, Thaut MH. Factors influencing music therapists’
retention of clinical hours with autistic clients over telehealth during the COVID-19
pandemic. ] Music Ther. (2024) 61(2):168-92. doi: 10.1093/jmt/thad029

26. LaGasse AB. Effects of a music therapy group intervention on enhancing social
skills in children with autism. ] Music Ther. (2014) 51(3):250-75. doi: 10.1093/jmt/
thu012

27. Sharda M, Tuerk C, Chowdhury R, Jamey K, Foster N, Custo-Blanch M, et al.
Music improves social communication and auditory-motor connectivity in children
with autism. Transl Psychiatry. (2018) 8(1):231. doi: 10.1038/s41398-018-0287-3

28. Srinivasan SM, Kaur M, Park IK, Gifford TD, Marsh KL, Bhat AN. The effects
of rhythm and robotic interventions on the imitation/praxis, interpersonal
synchrony, and motor performance of children with autism Spectrum disorder
(ASD): a pilot randomized controlled trial. Autism Res Treat. (2015) 2015:736516.
doi: 10.1155/2015/736516

29. Thaut MH, Abiru M. Rhythmic auditory stimulation in rehabilitation of
movement disorders: a review of current research. Music Percept. (2010)
27(4):263-9. doi: 10.1525/mp.2010.27.4.263

30. Anderson JAE, Campbell KL, Amer T, Grady CL, Hasher L. Timing is
everything: age differences in the cognitive control network are modulated by time
of day. Psychol Aging. (2014) 29(3):648-57. doi: 10.1037/a0037243

31. Beersma DG, Gordijn MC. Circadian control of the sleep-wake cycle. Physiol
Behav. (2007) 90(2-3):190-5. doi: 10.1016/j.physbeh.2006.09.010

32. Enright T, Refinetti R. Chronotype, class times, and academic achievement of
university students. Chronobiol Int. (2017) 34(4):445-50. doi: 10.1080/07420528.
2017.1281287

33. Facer-Childs ER, Boiling S, Balanos GM. The effects of time of day and
chronotype on cognitive and physical performance in healthy volunteers. Sports
Med Open. (2018) 4(1):47. doi: 10.1186/540798-018-0162-z

34. Marchesano M, Carboni A, Tassino B, Silva A. Circadian rhythms, regular
exercise, and cognitive performance in morning-trained dancers. Clocks Sleep.
(2025) 7(1):7. doi: 10.3390/clockssleep7010007

35. Rey AE, Guignard—Perret A, Imler-Weber F, Garcia Larrea L, Mazza S.
Improving sleep, cognitive functioning and academic performance with sleep
education at school in children. Learn Instr. (2020) 65:101270. doi: 10.1016/j.
learninstruc.2019.101270

36. Salehinejad MA, Wischnewski M, Ghanavati E, Mosayebi-Samani M, Kuo MF,
Nitsche MA. Cognitive functions and underlying parameters of human brain
physiology are associated with chronotype. Nat Commun. (2021) 12(1):4672.
doi: 10.1038/s41467-021-24885-0

37. Zerbini G, Merrow M. Time to learn: how chronotype impacts education. Psych
J. (2017) 6(4):263-76. doi: 10.1002/pch;j.178

38. Ingham-Hill E, Hewitt A, Lester A, Bond B. Morning compared to afternoon
school-based exercise on cognitive function in adolescents. Brain Cogn. (2024)
175:106135. doi: 10.1016/j4bandc42024.106135

39. Keihani A, Mayeli A, Ferrarelli F. Circadian rhythm changes in healthy aging
and mild cognitive impairment. Adv Biol (Weinh). (2023) 7(11):€2200237. doi: 10.
1002/adbi.202200237

40. Venkat N, Sinha M, Sinha R, Ghate J, Pande B. Neuro-cognitive profile of
morning and evening chronotypes at different times of day. Ann Neurosci. (2020)
27(3-4):257-65. doi: 10.1177/0972753121990280

41. Kekildinen T, Luchetti M, Terracciano A, Gamaldo AA, Mogle J, Lovett HH,
et al. Physical activity and cognitive function: moment-to-moment and day-to-day
associations. Int J Behav Nutr Phys Act. (2023) 20(1):137. doi: 10.1186/s12966-023-
01536-9

42. Takahashi T, Haitani T, Tanaka F, Yamagishi T, Kawakami Y, Shibata S, et al.
Effects of the time-of-day (morning vs. afternoon) of implementing a combined
physical and cognitive exercise program on cognitive functions and mood of older
adults: a randomized controlled study. Adv Gerontol. (2020) 33(3):595-9.

43. Gal C, Gabitov E, Maaravi-Hesseg R, Karni A, Korman M. A delayed advantage:
multi-session training at evening hours leads to better long-term retention of motor
skill in the elderly. Front Aging Neurosci. (2019) 11:321. doi: 10.3389/fnagi.2019.00321

frontiersin.org


https://doi.org/10.1016/j.ijdevneu.2015.04.003
https://doi.org/10.1016/S0140-6736(18)31129-2
https://doi.org/10.1177/1362361316650611
https://doi.org/10.1177/1362361316650611
https://doi.org/10.1177/1362361319869118
https://doi.org/10.1177/1362361319869118
https://doi.org/10.1007/s10803-016-2934-y
https://doi.org/10.26407/2020jrtdd.1.39
https://doi.org/10.3389/fnhum.2014.01044
https://doi.org/10.1016/j.jsams.2017.09.595
https://doi.org/10.1016/j.jsams.2017.09.595
https://doi.org/10.1155/2020/8856284
https://doi.org/10.1007/s10803-023-06117-0
https://doi.org/10.3390/su12229486
https://doi.org/10.2478/hukin-2020-0007
https://doi.org/10.2478/hukin-2020-0007
https://doi.org/10.1016/j.jsams.2015.07.011
https://doi.org/10.1186/s12889-015-2165-8
https://doi.org/10.3390/children10091480
https://doi.org/10.1007/s10803-023-06031-5
https://doi.org/10.3390/children9081152
https://doi.org/10.1186/s13102-024-00885-7
https://doi.org/10.1016/j.pedneo.2017.12.005
https://doi.org/10.1016/j.jaac.2015.04.007
https://doi.org/10.3390/jfmk4020027
https://doi.org/10.3390/jfmk4020027
https://doi.org/10.1007/s10803-017-3456-y
https://doi.org/10.1007/s10803-017-3456-y
https://doi.org/10.3390/biology11050657
https://doi.org/10.1007/s10803-006-0272-1
https://doi.org/10.1093/jmt/thad029
https://doi.org/10.1093/jmt/thu012
https://doi.org/10.1093/jmt/thu012
https://doi.org/10.1038/s41398-018-0287-3
https://doi.org/10.1155/2015/736516
https://doi.org/10.1525/mp.2010.27.4.263
https://doi.org/10.1037/a0037243
https://doi.org/10.1016/j.physbeh.2006.09.010
https://doi.org/10.1080/07420528.2017.1281287
https://doi.org/10.1080/07420528.2017.1281287
https://doi.org/10.1186/s40798-018-0162-z
https://doi.org/10.3390/clockssleep7010007
https://doi.org/10.1016/j.learninstruc.2019.101270
https://doi.org/10.1016/j.learninstruc.2019.101270
https://doi.org/10.1038/s41467-021-24885-0
https://doi.org/10.1002/pchj.178
https://doi.org/10.1016/j.bandc.2024.106135
https://doi.org/10.1002/adbi.202200237
https://doi.org/10.1002/adbi.202200237
https://doi.org/10.1177/0972753121990280
https://doi.org/10.1186/s12966-023-01536-9
https://doi.org/10.1186/s12966-023-01536-9
https://doi.org/10.3389/fnagi.2019.00321

Kanzari et al.

44. Sanchez MJ, Constantino JN. Expediting clinician assessment in the diagnosis
of autism spectrum disorder. Dev Med Child Neurol. (2020) 62(7):806-12. doi: 10.
1111/dmen.14530

45. Kanzari C, Hawani A, Ayed KB, Mrayeh M, Marsigliante S, Muscella A. The
impact of a music- and movement-based intervention on motor competence, social
engagement, and behavior in children with autism Spectrum disorder. Children
(Basel). (2025) 12(1):87. doi: 10.3390/children12010087

46. Reitan RM, Wolfson D. The Halstead-Reitan Neuropsychological Test Battery.
Tuscon, AZ: Neuropsychology Press (1985).

47. Santana VS, Marchezan J, Scheibe DB, Biicker J. Emotion comprehension and
socio-cognitive skills in children with high functioning autism Spectrum disorders.
Trends Psychiatry Psychother. (2024):Sep 25. doi: 10.47626/2237-6089-2024-0863

48. Malone LA, Rowland JL, Rogers R, Mehta T, Padalabalanarayanan S, Thirumalai
M, et al. Active videogaming in youth with physical disability: gameplay and enjoyment.
Games Health ]. (2016) 5(5):333-41. doi: 10.1089/g4h.2015.0105

49. Moore JB, Yin Z, Hanes J, Duda J, Gutin B, Barbeau P. Measuring
enjoyment of physical activity in children: validation of the physical activity
enjoyment scale. ] Appl Sport Psychol. (2009) 21 (Suppl. $1):5116-29. doi: 10.1080/
10413200802593612

50. Lakes KD, Neville R, Vazou S, Schuck SEB, Stavropoulos K, Krishnan K, et al.
Beyond broadway: analysis of qualitative characteristics of and individual responses
to creatively able, a music and movement intervention for children with autism.
Int ] Environ Res Public Health. (2019) 16(8):1377. doi: 10.3390/ijerph16081377

51. Lucas BR, Latimer J, Doney R, Ferreira ML, Adams R, Hawkes G, et al. The
Bruininks-Oseretsky test of motor proficiency-short form is reliable in children
living in remote Australian aboriginal communities. BMC Pediatr. (2013) 13:135.
doi: 10.1186/1471-2431-13-135

52. Stavrou K, Tsimaras V, Alevriadou A, Gregoriadis A. The effect of an exercise
program on communication and behavior of a child with autism spectrum disorder.
Pedagog Psychol Med Biol Probl Phys Train Sports. (2018) 22(2):99-106. doi: 10.
15561/18189172.2018.0206

53. Boso M, Emanuele E, Minazzi V, Abbamonte M, Politi P. Effect of long-term
interactive music therapy on behavior profile and musical skills in young adults

Frontiers in Pediatrics

10

10.3389/fped.2025.1683930

with severe autism. ] Altern Complement Med. (2007) 13(7):709-12. doi: 10.1089/
acm.2006.6334

54. Janssen I, Campbell JE, Zahran S, Saunders TJ, Tomasone JR, Chaput JP.
Timing of physical activity within the 24-hour day and its influence on health: a
systematic review. Health Promot Chronic Dis Prev Can. (2022) 42(4):129-38.
doi: 10.24095/hpcdp.42.4.02

55. Nogueira NGHM, Ferreira BP, Narciso FV, Parma JO, Ledo SESA, Lage GM,
et al. Influence of chronotype on motor behavior in healthy individuals: analyses
of manual dexterity in different times of the day. Motor Control. (2021)
25(3):423-36. doi: 10.1123/mc.2020-0094

56. Pahan MK, Singh MK. Effect of daytime on cognitive performances of
preadolescent athletes nurtured in a controlled environment. Phys Educ Theory
Methodol. (2022) 22(2):268-75. doi: 10.17309/tmfv.2022.2.18

57. Diaz-Morales JF, Escribano C, Jankowski KS. Chronotype and time-of-day
effects on mood during school day. Chronobiol Int. (2015) 32(1):37-42. doi: 10.
3109/07420528.2014.949736

58. Haraden DA, Mullin BC, Hankin BL. The relationship between depression and
chronotype: a longitudinal assessment during childhood and adolescence. Depress
Anxiety. (2017) 34(10):967-76. doi: 10.1002/da.22682

59. Lewis S, Papadopoulos N, Teng A, Rinehart N. The collateral effect of a brief
behavioural sleep intervention on chronotype for autistic children: a brief report.
Res Autism. (2025) 127:202685. doi: 10.1016/j.reia.2025.202685

60. Taylor BJ, Pedersen KA, Mazefsky CA, Lamy MA, Reynolds CF 3rd,
Strathmann WR, et al. From alert child to sleepy adolescent: age trends in
chronotype, social jetlag, and sleep problems in youth with autism. J Autism Dev
Disord. (2024) 54(12):4529-39. doi: 10.1007/s10803-023-06187-0

61. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders: Fifth Edition, Text Revision (DSM-5-TR). Washington, DC: American
Psychiatric Association Publishing (2022). p. 1-1015. doi: 10.1176/appi.books.
9780890425787

62. Thaut MH. The discovery of human auditory-motor entrainment and its role in
the development of neurologic music therapy. Prog Brain Res. (2015) 217:253-66.
doi: 10.1016/bs.pbr.2014.11.030

frontiersin.org


https://doi.org/10.1111/dmcn.14530
https://doi.org/10.1111/dmcn.14530
https://doi.org/10.3390/children12010087
https://doi.org/10.47626/2237-6089-2024-0863
https://doi.org/10.1089/g4h.2015.0105
https://doi.org/10.1080/10413200802593612
https://doi.org/10.1080/10413200802593612
https://doi.org/10.3390/ijerph16081377
https://doi.org/10.1186/1471-2431-13-135
https://doi.org/10.15561/18189172.2018.0206
https://doi.org/10.15561/18189172.2018.0206
https://doi.org/10.1089/acm.2006.6334
https://doi.org/10.1089/acm.2006.6334
https://doi.org/10.24095/hpcdp.42.4.02
https://doi.org/10.1123/mc.2020-0094
https://doi.org/10.17309/tmfv.2022.2.18
https://doi.org/10.3109/07420528.2014.949736
https://doi.org/10.3109/07420528.2014.949736
https://doi.org/10.1002/da.22682
https://doi.org/10.1016/j.reia.2025.202685
https://doi.org/10.1007/s10803-023-06187-0
https://doi.org/10.1176/appi.books.9780890425787
https://doi.org/10.1176/appi.books.9780890425787
https://doi.org/10.1016/bs.pbr.2014.11.030

	Cognitive, social, and behavioral effects of music and motor intervention in children with autism spectrum disorder: the role of time of day
	Introduction
	Material and methods
	Participants
	Ethical considerations
	Procedure
	Intervention program
	Measures
	Assessment of cognitive function
	Assessment of social engagement and children's enjoyment
	Assessment of stereotypical behavior

	Statistical analysis

	Results
	Children enjoyment
	Cognitive function
	Maladaptive behaviours

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


