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Highlights 

What are the main findings? 

• The music–movement group performed significantly better in inhibitory control and 
engagement in classroom activities compared to the control group. 

What are the implications of the main findings? 

• A short music–movement active break may improve preschool children’s inhibitory 
control. 

• It may also enhance children’s engagement in classroom activities. 

Abstract 

Background: Active breaks are short periods of physical activity integrated into class-
room. The aim of this study was to examine the effects of a brief music–movement active 
break on preschool children’s executive functions, mathematics performance, lesson en-
joyment and engagement in classroom activities. Methods: The sample consisted of 53 
preschool children (five- to six-year-old) who were randomly assigned to an intervention 
group (n = 25) and a control (n = 28). The intervention group participated in a 5-min music–
movement active break, whereas the control group continued with regular seated class-
room activities. At baseline and post-intervention, children completed measures of exec-
utive functions (inhibitory control, working memory, and cognitive flexibility), mathe-
matics assessments and engagement. At the end of the intervention children also reported 
their enjoyment using a 3-point smiley-face scale. Results: At post-intervention, the mu-
sic–movement group demonstrated significantly better performance in inhibitory control 
compared to the control. Moreover, the intervention group exhibited higher levels of en-
gagement in classroom activities compared to baseline. No significant group differences 
were observed in mathematics outcomes and self-reported enjoyment, as assessed by the 
smiley-face scale. Conclusions: The findings suggest that a brief music–movement active 
break can positively influence children’s inhibitory control and may also contribute to 
improved task engagement. Although smiley-face scales are commonly used in preschool 
research, classroom observations from the present study suggest potential limitations in 
their suitability for assessing enjoyment in this age group. 
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1. Introduction 
Executive functions (EF) refer to a set of cognitive processes that are essential for 

children’s cognitive and social development [1]. According to Diamond [2], three core 
components of EF can be identified: (a) working memory, defined as the ability to retain 
and manipulate information; (b) inhibition, the ability to maintain focus on a task by re-
sisting impulses and distractions; and (c) cognitive flexibility, the capacity to think quickly 
and adaptively in order to solve problems. EF play a key role in helping young children 
process and acquire new information and have been linked to academic skills such as 
mathematics and language development [3–5]. 

The association between physical activity and cognitive performance is supported by 
evidence indicating that motor and cognitive activities activate overlapping brain regions 
[6]. Currently, classroom activity breaks (AB) (short periods of physical activity per-
formed inside the classroom as a pause from the lesson activities), are receiving consider-
able attention in the field of education, particularly for their potential to enhance cognitive 
performance and on-task behavior [7–9]. However, the literature examining the effects of 
a single session of exercise on the cognitive functions of preschool children has produced 
mixed findings [10,11]. Some studies suggest that AB can improve executive function out-
comes in preschool children [9,12]. For example, Palmer et al. [13] used a 30-min move-
ment program incorporating a variety of activities (e.g., hopping between targets, throw-
ing, and dribbling) and found improvements in sustained attention. Likewise, Zhang et 
al. [12] reported enhanced cognitive flexibility following a 25-min physical activity session 
that included exercises such as squats, walking, hopping, jumping, and relay races. More-
over, Du et al. [9] also observed improvements in working memory and inhibitory control 
after 20 min of physical activity. In contrast, other studies have reported no improvements 
in EF following physical activity [14,15]. For example, Haas et al. [14] implemented a 20-
min motor coordination intervention and found no differences in EF or enjoyment. Simi-
larly, Stein et al. [15] employed a 20-min coordinative intervention program (throwing or 
kicking balls at targets using both sides of the body) and reported no significant effects on 
EF. However, some evidence indicates that sedentary activities may be more beneficial 
compared to AB [16]. For example, Tandon et al. [16] implemented a 15-min aerobic ac-
tivity session (chasing games, running, and jumping), and reported better inhibitory con-
trol in the sedentary group engaged in activities such as storytelling, crafts, and coloring. 
The authors suggested that following physically active periods, younger children may 
exhibit residual overactive behavioral responses, which could lead to increased errors in 
inhibitory tasks. 

A common characteristic of the above studies is the long duration of the AB, typically 
exceeding 15 min. However, AB of such duration have limitations that restrict their prac-
tical implementation in real classroom settings [17]. Teachers have indicated a preference 
for shorter active breaks (≤5 min) in order to minimize time away from academic instruc-
tion [17–19]. Indeed, when we proposed the implementation of a 20-min AB within the 
classroom, teachers responded negatively, arguing that such a duration resembles a phys-
ical education lesson rather than a brief classroom AB. A review of the literature on ≤5-
min ΑΒ supports the feasibility and cognitive benefits of very short interventions, alt-
hough existing evidence is limited to children aged 9–12 years [19,20]. To the best of our 
knowledge, no corresponding study has examined the effects of ≤5 min AB in preschool-
aged children. Therefore, the present study aimed to investigate the effects of a short, 5-
min ΑΒ, an approach that was also supported by preschool teachers. 

Another limitation of previous studies is the type of physical activity used in AB (e.g., 
jumping jacks, marching, jumping, and running in place). In a pilot study in which we 
implemented such activities, children showed limited interest in participating. Moreover, 
activities such as relay races, chasing games, and ball skills (e.g., throwing or kicking a 
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ball), which have also been used in previous research [15,16], were not included due to 
safety concerns associated with implementing such activities within the classroom envi-
ronment. For these reasons, preschool teachers suggested incorporating music–movement 
activities, which are particularly popular among young children. Moving in synchrony 
with the rhythm of music has been shown to positively influence affective arousal and 
enjoyment [21]. Previous studies examining repeated, long-term AB (i.e., chronic AB, per-
formed multiple times per week over several weeks or months) have reported positive 
effects of dance-based activity breaks on executive functions [4,22]. However, to the best 
of our knowledge, no study has investigated the effects of a single short music–movement 
programs (≤5 min) on executive functions in preschool children. 

Engagement refers to the degree to which a child is focused, attentive, and actively 
engaged in classroom activities [23]. Engagement in learning activities (i.e., classroom be-
haviors such as attentiveness and adherence to instructions) has been shown to predict 
academic achievement [24,25]. Physical activity has been positively associated with on-
task behavior in classroom settings among elementary school children [26–28]. Similar 
positive findings have been reported in the limited number of studies conducted in pre-
school populations. Specifically, Webster et al. [29] reported positive effects of ΑΒ consist-
ing of gross motor movements (e.g., marching, bunny hops, scissor kicks, and lunges) on 
on-task behavior in preschool-aged children. However, no study has examined the effects 
of a music–movement program on children’s engagement. Music plays an important role 
in calming young children, as it positively influences their emotional and psychological 
state [30]. Therefore, the hypothesis of the present study was that a music–movement pro-
gram would have a positive effect on children’s engagement in learning activities. 

Long bouts of AB (>15 min) have been shown to improve EF outcomes and engage-
ment in preschool children [9,27]. However, shorter bouts (≤5 min), which have demon-
strated positive results in elementary-aged children [19,20], may be more practical for im-
plementation in real classroom settings. Given the important role of executive functions 
in early learning and development, the primary focus of the present study was to examine 
the effects of a brief music–movement active break on executive functions, while mathe-
matics performance, engagement, and enjoyment were examined as secondary outcomes. 

2. Materials and Methods 
2.1. Participants 

The sample size was calculated using G*Power version 3.1.9.2 [31], by setting f = 0.25 
and power 0.90, the required sample size was 46. Moreover, a dropout rate of 10% was 
considered; therefore, the minimum sample size should have consisted of 50 participants 
[32]. The inclusion criterion for participation was the absence of any physical or mental 
disorders among the children, as reported by their teacher. The final sample included 53 
children from four kindergartens in the same district (5–6 years old). Using a computer-
generated random number sequence created in Microsoft Excel, the four kindergartens 
were randomly allocated to either the intervention group (two kindergartens; n = 25, 14 
boys and 11 girls; age = 64.32 ± 5.87 months) or the control group (two kindergartens; n = 
28, 15 boys and 13 girls; age = 64.28 ± 5.85 months). Randomization was conducted at the 
kindergarten level by an independent researcher who was not involved in any study pro-
cedures. Thus, this study was a cluster-randomized trial, with kindergartens serving as 
the unit of randomization and two clusters allocated to each study arm. The research was 
conducted in accordance with the ethical guidelines of the local University. Informed con-
sent was obtained from the guardian of the children, which also gave their oral assent. 

  

https://doi.org/10.3390/children13070855


Children 2026, 13, 855 4 of 16 
 

https://doi.org/10.3390/children13070855 

2.2. Procedures 

During the first week, children were familiarized with the researchers and the testing 
procedures (Figure 1). The research team consisted of six trained assistants who were not 
blinded to group allocation. In addition, the teachers were aware of group assignment. 
Blinding teachers was not feasible because each preschool class was instructed by its reg-
ular classroom teacher. Replacing teachers with researchers could have disrupted the chil-
dren’s familiar learning environment and altered their behavior during the intervention, 
thereby reducing the ecological validity of the study. Consequently, the possibility of ob-
server or expectancy bias cannot be entirely excluded. During the familiarization phase, 
the classroom teacher introduced the research assistants to the children, and they engaged 
in play-based activities to establish rapport. The same experimenters were subsequently 
assigned to the same children for all measurement procedures to ensure consistency 
across assessments. 

In the second week, pre-tests were administered to both the intervention and control 
group approximately 20 min after the onset of the lesson. In the third week, post-tests 
were conducted for both groups at the same time point (i.e., midway through the lesson, 
approximately 20 min after its onset). Specifically, in the intervention group, children par-
ticipated in 15 min of structured learning activities, followed by a 5-min music–movement 
activity (active break), after which the post-tests were administered. In the control (sed-
entary) group, children completed 15 min of structured learning activities, followed by 5 
min of sedentary activities (drawing and painting), and then the post-tests were adminis-
tered (Figure 1). All research procedures were conducted between 10:00–12:00 a.m. Draw-
ing/painting was selected as the control condition because it is a common and engaging 
sedentary classroom activity for preschool children and has been widely used in previous 
studies comparing active breaks with sedentary activities [12,13,16]. 

To reduce potential fatigue effects, pre- and post-assessments were administered 
over two days in a fixed order. On the first day, EF measures were administered, including 
inhibition, working memory, and cognitive flexibility. On the second day, mathematics 
assessments were administered, along with measures of children’s engagement and en-
joyment during the activities. On both testing days, children first participated in the activ-
ity assigned to their group and subsequently completed the post-test assessments. There-
fore, both the music–movement active break and the seated break activity (drawing/paint-
ing) were administered on each testing day, with post-test assessments conducted after-
ward (Figure 1). The present research design was selected in consideration of the limited 
attention span of preschool children [33]. According to the official timetable of the Greek 
Ministry of Education, the duration of preschool organized activities is 40–45 min. How-
ever, due to young children’s restricted attentional capacity, a typical preschool organized 
activity (circle-time session) generally lasts 15–20 min and focuses on a single whole-
group activity, such as vocabulary development, early writing, reading, or mathematics 
concepts [34]. At the end of the circle time, it is common practice in early childhood class-
rooms to engage children in a pleasant and less demanding cognitive activity (e.g., draw-
ing or completing a puzzle) as a brief classroom break before the transition to the next 
learning activity [24,35]. The aim of the present study was to examine the effects of a mu-
sic–movement active break on preschool children’s executive functions, mathematics per-
formance, and engagement, compared with a drawing break (sedentary control group). 
To maintain ecological validity and reflect typical classroom practice, both the interven-
tion and control groups participated in 15-min circle-time lessons followed by a 5-min 
break activity (music–movement active break or drawing/painting). Consequently, on 
both testing days, pre- and post-test assessments were administered approximately 20 
min after the beginning of the lesson in both groups (Figure 1). This research design 
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enables the investigation of both between-group differences and within-group (pre–post) 
changes in the examined variables. 

 

Figure 1. Flow diagram of the intervention and the control condition.  

 Enrollment 
n=53 preschool children 

Μusic-movement group 
n=25 

Sedentary group  
n=28 

First week: Familiarization 
Second week: Pre-tests 

First day 
20 min sedentary activities: 

15 min learning activities and  
5 min drawing/painting. 

Measurements: 
Inhibition, Working Memory,  

Cognitive Flexibility 
 

Second day 
20 min sedentary activities: 

15 min learning activities and  
5 min drawing/painting. 

Measurements: 
Math, Engagement 

First week: Familiarization 
Second week: Pre-tests 

First day 
20 min sedentary activities: 

15 min learning activities and  
5 min drawing/painting. 

Measurements: 
Inhibition, Working Memory, 

Cognitive Flexibility 
 

Second day 
20 min sedentary activities: 

15 min learning activities and  
5 min drawing/painting. 

Measurements: 
Math, Engagement 

Third week 
Post-tests 
First day  

20 min activities: 
15 min learning activities and  

5 min music/movement activities. 
Measurements: 

Inhibition, Working Memory,  
Cognitive Flexibility 

 
Second day 

20 min activities: 
15 min learning activities and  

5 min music/movement activities 
Measurements: 

Math, Engagement, Enjoyment 

Third week 
Post-tests 
First day  

20 min sedentary activities: 
15 min learning activities and  

5 min drawing/painting. 
Measurements: 

Inhibition, Working Memory,  
Cognitive Flexibility 

 
Second day 

20 min sedentary activities: 
15 min learning activities and  

5 min drawing/painting 
Measurements: 

Math, Engagement, Enjoyment 
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The specific sequence of EF tasks (inhibition—working memory—cognitive flexibil-
ity) was selected to accommodate the limited attention span of preschool children. This 
fixed order accounts for the mental energy required for each task and reflects a progres-
sion from lower to higher cognitive demands. The battery begins with the Flanker task 
(inhibitory control), a fast-paced, gamified activity (‘feeding the fish’) that serves as an 
engaging ‘hook.’ Requiring minimal strategic thinking, it acts as an effective cognitive 
warm-up. This is followed by the Corsi Block task (working memory), a visuospatial 
measure that, while more demanding than the Flanker, remains intuitive. It effectively 
bridges the gap between a reaction-time task (Flanker task) and a complex planning task 
(Tower of London). The sequence concludes with the Tower of London (cognitive flexi-
bility), the most mentally taxing task in the battery, requiring multi-step planning and 
rule-following. Positioning this high-load task last, minimizes potential frustration or dis-
engagement and ensures that performance on simpler tasks is not negatively affected by 
cognitive overload. 

2.3. Measurements 

2.3.1. Inhibitory Control 

The assessment of inhibitory control was conducted using a computerized Flanker 
task with fish stimuli, delivered via Psytoolkit software version 3.7.0 [36,37]. The task in-
cluded two experimental conditions: congruent and incongruent trials [38,39]. Partici-
pants were required to indicate the direction of the central target fish while ignoring the 
surrounding flanker fish. To enhance engagement, the task was presented in a game-like 
format in which participants “fed” the hungry central fish [20]. Statistical analysis was 
based on mean reaction time (RT) for correct responses, with higher RT values reflecting 
lower attentional control. A second dependent variable was the percentage (%) of correct 
answers. Test reliability was evaluated using a test–retest procedure with 13 children over 
a 3-day interval, yielding satisfactory results (ICC > 0.67). Reliability estimates were de-
rived from a separate sample of children who did not participate in the main study. 

2.3.2. Working Memory  

The Corsi block-tapping test (Corsi 1972) was administered via Psytoolkit [37]. The 
interface presented nine blue cubes arranged randomly on a black background. During 
each trial, the cubes briefly changed color from blue to yellow in specific sequences. Par-
ticipants were instructed to reproduce each sequence by pointing to the cubes in the same 
order in which they appeared. Performance was assessed based on the longest sequence 
of blocks the participant could correctly recall. Test–retest reliability was evaluated using 
a separate sample of 12 children over a two-day interval, yielding a high intraclass corre-
lation coefficient (ICC = 0.88). Similar reliability levels have been reported in previous re-
search, with values ranging from 0.81 to 0.89 among children aged 3 to 6 years [40]. 

2.3.3. Cognitive Flexibility 

The Tower of London task (ToL) involves a wooden board with three pegs of differ-
ent heights and three colored cylinders [41]. Children are asked to rearrange the cylinders 
on the pegs to match a given target configuration while following specific rules (e.g., mov-
ing only one cylinder at a time and completing the task within a set number of moves). 
The procedure includes two practice trials followed by ten test trials, with task difficulty 
increasing progressively. The highest score is 10. In a pilot study using a separate sample 
of 13 children (test–retest method), the task demonstrated acceptable reliability, with an 
intraclass correlation coefficient (ICC) of 0.73. 
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2.3.4. Math Outcome Measures 

The math assessments were adapted from Mavilidi et al. [42] and included (a) num-
ber line estimation and (b) numerical magnitude comparison tasks: 

• Number line estimation: Children were asked to identify the positions of the num-
bers 2, 3, 5, 7, and 9 on a number line that only displayed the numbers 1 at the start 
and 10 at the end, with all other numbers omitted. They earned 1 point for each cor-
rect placement, with a maximum possible score of 5. 

• Numerical magnitude comparison: Children were asked to identify the larger num-
ber in pairs of digits (e.g., 2 vs. 5, 4 vs. 9, 5 vs. 8, 4 vs. 7, 6 vs. 9). They received 1 point 
for each correct response, with a maximum possible score of 5. 

2.3.5. Engagement 

Two trained data collectors conducted classroom observations using the engage-
ment/involvement dimension of the Child Observation in Preschool (COP) protocol 
[23,43]. The engagement dimension measures the extent to which children are focused 
and actively engaged in classroom activities. Observations are scored on a five-point scale: 
a rating of 1 (low involvement) indicates a lack of interest or being off-task (e.g., drum-
ming with a pencil), while a 5 (high involvement) reflects intense, sustained concentration. 
Moderate involvement refers to the behavior of a child who is focused on an activity, 
briefly interrupts it (e.g., by looking elsewhere), and then returns to it again. 

The engagement assessment instrument is resource-intensive and requires extensive 
observer training prior to data collection. Given that only two trained observers were 
available and following the instrument’s protocol recommending six children per ob-
server per classroom, a sub-sample of 24 children was selected. Specifically, 12 children 
from the intervention group (six per classroom) and 12 from the control group (six per 
classroom) were chosen via stratified random sampling. The criterion for selection was to 
ensure a balanced distribution of boys and girls across both study conditions. Children’s 
behavior was coded using repeated momentary observations, with each coding decision 
recorded at approximately 8–10-s intervals. Each target child was observed 10 times (total 
observation duration approximately 8–10 min). Inter-observer agreement reached 91%, a 
level comparable to that reported by Miranda et al. [23]. 

2.3.6. Enjoyment 

At the conclusion of the intervention, children were asked to indicate their enjoyment 
of the lesson by responding to the question, “Did you enjoy the lesson today?”, using a 3-
point faces scale (happy, neutral, and sad faces), ranging from 1 (“I did not like it at all”) 
to 3 (“I liked it a lot”) [14]. 

2.4. Intervention 

The intervention group carried out the same learning activities as the control group 
for 15 min and then followed a music-and-movement program for 5 min. The choreogra-
phy of the intervention group was demonstrated by a physical education teacher with 
dance qualification, and children were asked to mimic the movements. The dance instruc-
tor was not involved in either the assessment procedures or the collection of study data. 
The title of the song in the intervention group was “Dance Monkey”, by Tones and I (pro-
ducer Konstantin Kersting), and the choreography was based on basic movement steps 
(e.g., marching, jumping, step side). Moreover, locomotor dance movements were com-
bined with expressive arm gestures to help the children convey the song’s lyrics (e.g., 
“cry” and “happy”). For example, in the lyrics “Ooh, I see you, see you, see you every 
time. And oh my, I like your style. You, you make me, make me, make me wanna cry,” 
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the children used arm movements to represent the ideas of “I see you” and “cry.” The 
choreography used in the intervention was adapted from the YouTube video “Dance 
Monkey” Zumba Kids Choreography 
https://www.youtube.com/watch?v=GRM9h8EQ6Bw (accessed on 1 June 2026). The song 
Dance Monkey has a tempo of approximately 98 beats per minute (BPM) and has a slightly 
“bouncy” and syncopated feel, making it ideal for music–movement activities. Moreover, 
some beats are emphasized off the main rhythm, creating a playful pattern that further 
motivates children to engage in movement. 

For the cool-down phase and the gradual return of the children to their seats, the 
following movements were performed in synchrony with the music (Calm Down Song 
for Kids, https://www.youtube.com/watch?v=TRLS-6s3yfQ (accessed on 1 June 2026): 

• Standing upright with their arms by their sides, children stretched (raised) their arms 
overhead and then lowered them back alongside the body. 

• They then bent forward to touch their toes and returned to an upright position with 
their arms by their sides. 

• Finally, they slowly sat down in their seats and took a calm, deep breath. 

The seated group (control) followed for 15 min the regular lesson activities on the 
same topic, just like the intervention group, and then engaged in 5 min drawing/painting. 
Following the 15 min of lesson activities and the 5 min of drawing/painting, children per-
formed the pre- and post-tests (i.e., approximately 20 min after the onset of the lesson). 

2.5. Statistical Analyses 

Separate analyses of covariance (ANCOVA) were performed to examine differences 
between the intervention and control group. The post-test scores were the dependent var-
iables and the corresponding pretest scores were the covariates. The paired samples t-test 
was used to examine within-group differences between pre- and post-test. Furthermore, 
effect sizes were reported using partial eta squared (ηp2) for ANCOVA and Cohen’s d for 
paired-samples t-tests. Reliability was assessed using a two-way, random-effects, single 
measure Intraclass Correlation Coefficient (ICC). All statistical analyses were carried out 
employing SPSS (version 28). Statistical significance was set at p ≤ 0.05. 

3. Results 
Mean and standard deviation of the dependent variables are presented in Table 1. 

Table 1. Means and standard deviations of the dependent variables (M ± SD). 

 Treatment Group Control Group 
 Pre Post Pre Post 

Flanker test (msec) 1166.71 ± 257.91 963.33 ± 232.70 * 1262.93 ± 269.21 1179.50 ± 308.36 
Flanker test 
(percent %) 

65.85 ± 17.37 74.79 ± 18.75 68.15 ± 15.89 74.87 ± 20.56 

Corsi block test (number of  
cubes) 

3.24 ± 0.77 3.32 ± 0.74 3.04 ± 0.92 3.14 ± 0.97 

Tower of London (level) 3.04 ± 1.09 3.08 ± 1.03 2.96 ± 0.79 2.89 ± 0.68 
Number line estimation 3.28 ± 1.24 3.46 ± 1.31 3.48 ± 1.38 3.61 ± 1.39 

Numerical magnitude com-
parison 3.44 ± 1.15 3.79 ± 1.19 3.64 ± 1.18 3.82 ± 1.15 

Engagement 3.00 ± 0.85 3.58 ± 0.90 ** 3.08 ± 0.90 3.33 ± 0.88 
Enjoyment  2.60 ± 0.57  2.68 ± 0.61 

* Significant difference between the two groups (p < 0.05). ** Significant difference between pre- and 
post-test. 
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3.1. Inhibitory Control (Flanker Task) 

ANCOVA revealed that children in the intervention group exhibited significantly 
faster reaction times compared to those in the control group (F = 6.18, p = 0.016, ηp2 = 0.11). 
Furthermore, the intervention group improved significantly from pre-test to post-test (t = 
3.65, p = 0.001, Cohen’s d = 0.73). Regarding the percentage of correct answers (%), there 
was no significant difference between the two groups (F = 0.357, p = 0.55, ηp2 = 0.007). 

3.2. Working Memory (Corsi Block Test) 

There was no significant difference between the two groups (F = 0.108, p = 0.743, ηp2 
= 0.002). 

3.3. Cognitive Flexibility (Tower of London) 

There was no significant difference between the two groups (F = 0.589, p = 0.446, ηp2 
= 0.012). 

3.4. Math Performance 

Regarding number line estimation and numerical magnitude comparison, there were 
no significant differences between the two groups (F = 0.023, p = 0.88, ηp2 = 0.00, F = 0.176, 
p = 0.677, ηp2 = 0.004, respectively). 

3.5. Engagement 

ANCOVA revealed no significant difference between the intervention and control 
groups (F = 0.819, p = 0.376, ηp2 = 0.038). However, paired-samples t-test indicated a sig-
nificant improvement from pre- to post-measurement in the intervention group (t = 2.24, 
p = 0.046, Cohen’s d = 0.648). In contrast, no significant change was observed in the control 
group between pre- and post-measurement (t = 1.00, p = 0.339, Cohen’s d = 0.289). 

3.6. Enjoyment 

There were no significant differences between the groups (t = 0.47, p = 0.63, d = 0.59). 

4. Discussion 
The aim of this study was to investigate the effects of a brief music–movement AB on 

EF, math performance, enjoyment and engagement of preschool children. According to 
the results of the study, the intervention group showed better inhibition control and 
higher levels of engagement after the music–movement session compared to the seden-
tary group. There were no significant differences regarding working memory, cognitive 
flexibility, math performance and enjoyment of the lesson. 

Studies of elementary school children consistently show improvements in inhibition 
after a single session of active break [11,20,44]. However, the limited number of studies 
examining the effects of a single AB on preschool children’s inhibition are incongruent. 
Specifically, Ureña et al. [45] reported improved behavioral self-regulation after 15 min 
circuit with bike, and Palmer et al. [13] reported better ability to sustain attention, after 30 
min of various motor skills (e.g., hopping from target to target, throwing, dribbling a ball), 
compared to sedentary. However, Russo et al. [33] reported no differences on selective 
attention between 20–30 min physical activity session and indoor activities (cutting, draw-
ing, and coloring). Whereas Tandon et al. [16] reported better inhibitory control in the 
sedentary group (engaged in activities such as storytelling, crafts, and coloring) compared 
to a single session of aerobic activities. The authors proposed that after a short period of 
physical activity, preschool children might show lingering hyperactive behaviors, poten-
tially resulting in more mistakes on tasks requiring inhibition. The study of Tandon et al. 
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[16] contained a 15-min aerobic activity session with chasing games, running, and jump-
ing. When children engage in such activities, they tend to go all out, reach very high heart 
rates and enter a heightened state of stimulation. This hyperarousal may explain why chil-
dren in the study of Tandon et al. [16] showed reduced performance in inhibitory control 
compared to the sedentary group. In our study, children were required to concentrate and 
synchronize their movements to the beat of the song, which appeared to prevent them 
from reaching a heightened level of physiological arousal. The children remained focused 
on performing the music–movement activities, and at no point did they exhibit signs of 
breathlessness or sweating, indicating that they did not reach a high level of physical ex-
ertion or overstimulation. However, this observation should be interpreted with caution, 
as it is based on a subjective assessment rather than an objective measure of exercise in-
tensity. Future research should incorporate objective measures of the intensity of music–
movement activities, such as accelerometry or ratings of perceived exertion, to provide a 
more accurate evaluation and further clarify this issue. During the music–movement ac-
tivities, children are not only required to synchronize their movements to the rhythm of 
the music but also to suppress their innate tendency to perform fast and high-intensity 
movements. This process demands a high degree of self-control and sustained attention, 
which may, in turn, transfer to subsequent learning activities in the classroom. However, 
further research is needed to substantiate this interpretation. 

Regarding working memory and cognitive flexibility, the findings of the present 
study indicate no significant differences between the two groups. This lack of effect aligns 
with previous research reporting that a single bout of AB does not enhance working 
memory [46,47] or cognitive flexibility [12,48]. Conversely, other studies have demon-
strated positive effects of active break interventions on both working memory [49,50] and 
cognitive flexibility [51,52]. These inconsistent findings may be attributed to procedural 
discrepancies, such as variations in the intensity, duration, or neuromuscular demands of 
physical activity. For instance, exercise intensities and durations vary widely across the 
literature, with heart rates ranging from 120 to 160 bpm and session durations spanning 
10 to 50 min [48]. Each of these factors may differentially affect executive function out-
comes. In the present study, physical activity intensity was not objectively assessed. 
Therefore, it is possible that the intensity of the music–movement break was insufficient 
to induce improvements in working memory and cognitive flexibility. To address this 
limitation, future research should investigate music–movement active breaks delivered at 
varying intensity levels. 

In the present study, children demonstrated increased engagement levels during 
learning activities following the music–movement intervention relative to baseline levels. 
This finding appears to be consistent with the limited literature of classroom-based phys-
ical activity breaks on preschool children engagement [29,53]. Webster et al. [29] found 
that a short bout of active break involving gross motor activities, such as marching, bunny 
hops, scissor kicks, and lunges, had positive effects on on-task behavior among preschool-
aged children (mean age ≈ 3.8 years). Similar positive results on on-task behavior after AB 
have been reported with early primary children, regardless their implementation time 
(morning or afternoon) [26]. Preschool children often struggle to sustain attention during 
prolonged sedentary activities, which can lead to restlessness and disengagement [33]. A 
distinctive feature of the present study is that it addresses this challenge by satisfying 
children’s natural need for movement and play through playful, rhythmic activities. 
Rhythmic movement has been shown to strengthen self-regulatory capacities by engaging 
neural systems responsible for managing behavior and attention [54,55]. The inherently 
enjoyable nature of music–movement activities also promotes active participation and 
sustained involvement, which can translate into improved focus when children return to 
academic tasks [55]. Therefore, by simultaneously supporting behavioral regulation and 
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motivation, music–movement activities represent a promising approach for enhancing 
on-task behavior in preschool settings. However, given the limited number of studies in 
this area, further research is needed. 

Dancing is among children’s most favored activities, and it is closely related to en-
joyment [56,57]. On the other hand, enjoyment reduces anxiety, increases children’s mo-
tivation for learning and influences their academic performance in a positive way [58–60]. 
Therefore, it was expected that the music–movement group would present higher scores 
in enjoyment and engagement (on-task behavior) than the sedentary group. However, this 
hypothesis was partially confirmed. Although children showed greater engagement in the 
intervention group there was no significant difference regarding enjoyment. The findings 
of the present study is in accordance with Haas et al. [14] who reported no significant 
differences between AB and sedentary group. Similarly to our study, in the study of Haas 
et al. [14], preschool children answered on a 3-point ordinal scale with child-oriented 
graphics. In contrast, in the study of Mavilidi et al. [42], children showed higher interest 
ratings in the active learning conditions than in the sedentary condition. One possible ex-
planation for the conflicting findings may be the difference in the Likert scale format (5-
point vs. 3-point) used in the studies. In the study of Mavilidi et al. [42], children rated 
their enjoyment using a 5-point Likert scale with smiley faces, and it is well established 
that a 5-point Likert scale generally provides greater sensitivity and discrimination than 
a 3-point scale [61]. Therefore, the use of a 5-point scale in future studies may yield differ-
ent results. However, some authors argue that preschool children (aged 3–5) are unlikely 
to use 5-point scales reliably, which is why a 3-point scale was selected in this study 
[62,63]. Clearly, further research is needed on this topic. 

The findings related to enjoyment should be interpreted with caution. Although pic-
torial smiley-face scales are commonly used with preschool children because of their sim-
plicity and developmental appropriateness [14,42], the use of a single-item 3-point scale 
may have limited sensitivity to detect subtle differences in affective responses. Moreover, 
during the assessment process, examiners observed that some children appeared to select 
the smiling-face responses without carefully considering the question. This tendency may 
have contributed to the very high enjoyment scores observed across both groups and re-
sulted in a ceiling effect. Consequently, the absence of significant differences between 
groups may partly reflect limitations of the measurement tool rather than a true lack of 
differences in enjoyment. Future studies should consider employing more comprehensive 
and psychometrically validated measures of enjoyment for young children to better cap-
ture variations in their affective experiences. 

One limitation of the study is that it was implemented as a class-level intervention 
involving different teachers for each class. In the preschool educational system, each class 
has its own teacher, and variations in teaching style, enthusiasm, and classroom manage-
ment may have influenced the findings. Furthermore, because each study arm included 
only two kindergartens, teacher effects could not be isolated from intervention effects. 
Future studies should include a larger number of clusters and implement designs that 
better control for teacher-related influences. Another limitation of the study is related to 
the young age of the participants. Due to preschool children’s developmental immaturity, 
it cannot be certain that they consistently performed to the best of their ability during the 
assessments, which may have affected the result of the measurements. Third, due to the 
resource-intensive nature of the engagement observation protocol, this variable was as-
sessed in a sub-sample of 24 children rather than the full sample (n = 53). Although this 
reduced sample size may have limited the statistical power of the engagement analyses, 
the approach was necessitated by the availability of only two trained observers and the 
need to comply with the instrument’s recommended observer-to-child ratio. Future stud-
ies employing larger teams of trained observers are needed to replicate and extend these 
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findings in larger samples. Another limitation is that the research assistants were not 
blinded to group allocation. Consequently, assessment bias cannot be completely ruled 
out, particularly for observational measures such as engagement. 

5. Conclusions 
The most common duration of classroom active break (AB) interventions is approxi-

mately 15–20 min [64,65]. However, a typical preschool lesson lasts 40–45 min, making it 
impractical for an active break to occupy nearly half of the lesson time. Moreover, 20 min 
corresponds to the duration of a regular break in kindergarten, during which children 
engage in free play. For this reason, many teachers consider an AB duration of more than 
5 min to be unrealistic [18]. For future AB interventions to be both feasible and effective 
in preschool settings, teachers’ concerns regarding the duration of classroom AB should 
be taken into account. A unique contribution of this study is the finding that a brief, 5-min 
music–movement activity is sufficient to improve inhibitory control in preschool children. 
Furthermore, the higher levels of engagement observed in the intervention group relative 
to baseline suggest that music–movement activities may have a positive effect on chil-
dren’s subsequent focus and participation during learning activities. Children’s engage-
ment in the class activities is considered a key factor in improving academic performance 
[66]. Although the AB group did not show differences in mathematics compared to the 
sedentary group, the observed improvements in inhibition and engagement suggest that 
even a brief 5-min AB may facilitate changes in cognitive performance. 

Author Contributions: Conceptualization, D.C. and E.M.-M.; methodology, E.P.; software, D.C.; 
validation, L.K.; formal analysis, L.K.; investigation, E.P.; resources, E.P.; data curation, D.C.; writ-
ing—original draft preparation, D.C.; writing—review and editing, E.M.-M.; visualization, E.M.-M.; 
supervision, D.C.; project administration, D.C. All authors have read and agreed to the published 
version of the manuscript. 

Funding: This research received no external funding. 

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee of Aristotle University Thessaloniki Greece 
(protocol code 273689/2024 and date of approval 14 November 2024. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 
study. 

Data Availability Statement: The data presented in this study are available on request from the 
corresponding author. 

Acknowledgments: The authors would like to thank the children who participated in this study, as 
well as their parents and guardians for their cooperation and support. We also sincerely thank the 
teachers and staff of the preschool centers for their valuable assistance and contribution to the im-
plementation of the study. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Abbreviations 
The following abbreviations are used in this manuscript: 

AB Activity Breaks 
COP Child Observation in Preschool 
EF Executive Functions 

  

https://doi.org/10.3390/children13070855


Children 2026, 13, 855 13 of 16 
 

https://doi.org/10.3390/children13070855 

References 
1. Baggetta, P.; Alexander, P.A. Conceptualization and Operationalization of Executive Function. Mind Brain Educ. 2016, 10, 10–

33. https://doi.org/10.1111/mbe.12100. 
2. Diamond, A. Executive functions. Annu. Rev. Psychol. 2013, 64, 135–168. https://doi.org/10.1146/annurev-psych-113011-143750. 
3. Micalizzi, L.; Brick, L.A.; Flom, M.; Ganiban, J.M.; Saudino, K.J. Effects of socioeconomic status and executive function on school 

readiness across levels of household chaos. Early Child. Res. Q. 2019, 47, 331–340. https://doi.org/10.1016/j.ecresq.2019.01.007. 
4. Liu, W.; Wang, Z.; Liu, Y.; Li, X. The effects of early childhood dancesport intervention on executive function in preschool 

children: A randomized controlled trial. Sci. Rep. 2025, 15, 25003. https://doi.org/10.1038/s41598-025-10751-2. 
5. Lola, A.; Tzetzis, G.; Manou, V.; Aleksandropoulu, S. Attentional focus on learning fundamental movement skills in children. 

Phys. Act. Rev. 2022, 10, 60–67. https://doi.org/10.16926/par.2022.10.07. 
6. McPherson, A.; Mackay, L.; Kunkel, J.; Duncan, S. Physical activity, cognition and academic performance: An analysis of medi-

ating and confounding relationships in primary school children. BMC Public Health 2018, 18, 936. https://doi.org/10.1186/s12889-
018-5863-1. 

7. Melguizo-Ibáñez, E.; Zurita-Ortega, F.; Tadeu, P.; Ubago-Jiménez, J.L.; Vargas, J.M.A. Classroom Active Breaks as a Physical-
Educational Intervention for Executive Functions and Mathematical Outcomes: A Systematic Review with Meta-Analysis. Educ. 
Psychol. Rev. 2026, 38, 43. https://doi.org/10.1007/s10648-026-10146-3. 

8. Masini, A.; Marini, S.; Gori, D.; Leoni, E.; Rochira, A.; Dallolio, L. Evaluation of school-based interventions of active breaks in 
primary schools: A systematic review and meta-analysis. J. Sci. Med. Sport 2020, 23, 377–384. 
https://doi.org/10.1016/j.jsams.2019.10.008. 

9. Du, A.; Ning, K.; Shangguan, C.; Wang, C.; Wan, B.; Chi, A. The Effects of Acute Cognitively Engaging Physical Activity on 
Executive Function in Preschool Children: Evidence from Behavioral and fNIRS Measures. Behav. Sci. 2025, 15, 1712. 
https://doi.org/10.3390/bs15121712. 

10. Bellacicco, R.; Capone, F.; Sorrentino, C.; Di Martino, V. The Role of Active Breaks and Curriculum-Based Active Breaks in 
Enhancing Executive Functions and Math Performance, and in Reducing Math Anxiety in Primary School Children: A System-
atic Review. Educ. Sci. 2025, 15, 47. https://doi.org/10.3390/educsci15010047. 

11. Song, H.; Wang, J.-J.; Zhang, B.; Shi, L.; Lau, P.W.C. Do acute and chronic physical activity interventions affect the cognitive 
function of preschool children? A meta-analysis. Psychol. Sport Exerc. 2023, 67, 102419. 
https://doi.org/10.1016/j.psychsport.2023.102419. 

12. Zhang, B.; Liu, Y.; Zhao, M.; Meng, X.; Deng, Y.; Zheng, X.; Wang, X.; Xiong, S.; Han, Y. Differential effects of acute physical 
activity on executive function in preschoolers with high and low habitual physical activity levels. Ment. Health Phys. Act. 2020, 
18, 100326. https://doi.org/10.1016/j.mhpa.2020.100326. 

13. Palmer, K.K.; Miller, M.W.; Robinson, L.E. Acute exercise enhances preschoolers’ ability to sustain attention. J. Sport Exerc. 
Psychol. 2013, 35, 433–437. https://doi.org/10.1123/jsep.35.4.433. 

14. Haas, P.; Sudeck, G.; Kelava, A.; Cattarius, M.; Meibohm, M.; Schmid, J.; Kistoglidou, E.; Gawrilow, C. Acute effects of a motor 
coordination intervention on executive functions in kindergartners: A proof-of-concept randomized controlled trial. Pilot Feasi-
bility Stud. 2022, 8, 185. https://doi.org/10.1186/s40814-022-01125-w. 

15. Stein, M.; Auerswald, M.; Ebersbach, M. Relationships between Motor and Executive Functions and the Effect of an Acute 
Coordinative Intervention on Executive Functions in Kindergartners. Front. Psychol. 2017, 8, 859. 
https://doi.org/10.3389/fpsyg.2017.00859. 

16. Tandon, P.S.; Klein, M.; Saelens, B.E.; Christakis, D.A.; Marchese, A.J.; Lengua, L. Short term impact of physical activity vs. 
sedentary behavior on preschoolers’ cognitive functions. Ment. Health Phys. Act. 2018, 15, 17–21. 
https://doi.org/10.1016/j.mhpa.2018.06.004. 

17. Watson, A.J.L.; Timperio, A.; Brown, H.; Hesketh, K.D. A pilot primary school active break program (ACTI-BREAK): Effects on 
academic and physical activity outcomes for students in Years 3 and 4. J. Sci. Med. Sport 2019, 22, 438–443. 
https://doi.org/10.1016/j.jsams.2018.09.232. 

18. Chorlton, R.A.; Williams, C.A.; Denford, S.; Bond, B. Incorporating movement breaks into primary school classrooms; a mixed 
methods approach to explore the perceptions of pupils, staff and governors. BMC Public Health 2022, 22, 2172. 
https://doi.org/10.1186/s12889-022-14551-5. 

19. Howie, E.K.; Schatz, J.; Pate, R.R. Acute Effects of Classroom Exercise Breaks on Executive Function and Math Performance: A 
Dose-Response Study. Res. Q. Exerc. Sport 2015, 86, 217–224. https://doi.org/10.1080/02701367.2015.1039892. 

https://doi.org/10.3390/children13070855


Children 2026, 13, 855 14 of 16 
 

https://doi.org/10.3390/children13070855 

20. Chatzopoulos, D.; Mouchou-Moutzouridou, E.; Papadopoulos, P.; Katsanis, G.; Panoutsakopoulos, V. Acute Effects of 5-Minute 
Dance Active Break on Executive Functions, Mathematics, and Enjoyment in Elementary School Children. Int. Electron. J. Elem. 
Educ. 2023, 16, 239–251. 

21. Kracht, C.L.; Hendrick, C.; Lowe, A.; Roman, H.; Staiano, A.E.; Katzmarzyk, P.T.; Beyl, R.; Redman, L.M. Evaluation of indoor 
activities for moderate-to-vigorous physical activity in preschoolers. J. Sports Sci. 2024, 42, 1776–1784. 
https://doi.org/10.1080/02640414.2024.2413724. 

22. Shen, Y.; Zhao, Q.; Huang, Y.; Liu, G.; Fang, L. Promotion of Street-Dance Training on the Executive Function in Preschool 
Children. Front. Psychol. 2020, 11, 585598. https://doi.org/10.3389/fpsyg.2020.585598. 

23. Miranda, B.M.; Gebhart, T.; Early, D.M.; McDoniel, M.E. Examining the child observation in preschool and teacher observation 
in preschool in community-based child care centers. Early Child. Res. Q. 2024, 66, 98–108. 
https://doi.org/10.1016/j.ecresq.2023.08.012. 

24. McLellan, G.; Arthur, R.; Donnelly, S.; Bakshi, A.; Fairclough, S.J.; Taylor, S.L.; Buchan, D.S. Feasibility and Acceptability of a 
Classroom-Based Active Breaks Intervention for 8–12-Year-Old Children. Res. Q. Exerc. Sport 2022, 93, 813–824. 
https://doi.org/10.1080/02701367.2021.1923627. 

25. Owen, K.B.; Parker, P.D.; van Zanden, B.; MacMillan, F.; Astell-Burt, T.; Lonsdale, C. Physical Activity and School Engagement 
in Youth: A Systematic Review and Meta-Analysis. Educ. Psychol. 2016, 51, 129–145. 
https://doi.org/10.1080/00461520.2016.1151793. 

26. Broad, A.A.; Bornath, D.P.D.; Grisebach, D.; McCarthy, S.F.; Bryden, P.J.; Robertson-Wilson, J.; Hazell, T.J. Classroom Activity 
Breaks Improve On-Task Behavior and Physical Activity Levels Regardless of Time of Day. Res. Q. Exerc. Sport 2023, 94, 331–
343. https://doi.org/10.1080/02701367.2021.1980189. 

27. Reyes-Amigo, T.; Grao-Cruces, A.; Sanchez-Oliva, D.; Garcia-Hermoso, A.; Reyes-Molina, D.; Yañez-Sepúlveda, R.; Olivares-
Arancibia, J.; Hurtado-Almonácid, J.; Páez-Herrera, J.; Salinas-Gallardo, G.; et al. Acute effect of school-based active breaks on 
physical activity level and on-task classroom behavior in primary schoolchildren. Front. Public Health 2025, 13, 1644819. 
https://doi.org/10.3389/fpubh.2025.1644819. 

28. Szabo-Reed, A.N.; Willis, E.A.; Lee, J.; Hillman, C.H.; Washburn, R.A.; Donnelly, J.E. Impact of Three Years of Classroom Phys-
ical Activity Bouts on Time-on-Task Behavior. Med. Sci. Sports Exerc. 2017, 49, 2343–2350. 
https://doi.org/10.1249/MSS.0000000000001346. 

29. Webster, E.K.; Wadsworth, D.D.; Robinson, L.E. Preschoolers’ time on-task and physical activity during a classroom activity 
break. Pediatr. Exerc. Sci. 2015, 27, 160–167. https://doi.org/10.1123/pes.2014-0006. 

30. Dieringer, S.T.; Porretta, D.L.; Sainato, D. Music and On-task Behaviors in Preschool Children With Autism Spectrum Disorder. 
Adapt. Phys. Act. Q. 2017, 34, 217–234. https://doi.org/10.1123/apaq.2015-0033. 

31. Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behav-
ioral, and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. https://doi.org/10.3758/bf03193146. 

32. Lai, Y.; Wang, Z.; Yue, G.H.; Jiang, C. Determining Whether Tennis Benefits the Updating Function in Young Children: A Func-
tional Near-Infrared Spectroscopy Study. Appl. Sci. 2020, 10, 407. https://doi.org/10.3390/app10010407. 

33. Russo, G.; Bigliassi, M.; Serli, C.; Micucci, A.; Ceciliani, A. Short-term effects of physical and cognitive activity on selective 
attention in preschool children. Acta Psychol. 2026, 264, 106603. https://doi.org/10.1016/j.actpsy.2026.106603. 

34. Karabon, A. The use of mathematics in early childhood classroom transitions to foster co-construction of knowledge, negotia-
tion, and cultural mediation. Learn. Cult. Soc. Interact. 2019, 22, 100320. https://doi.org/10.1016/j.lcsi.2019.100320. 

35. Hemmeter, M.L.; Snyder, P.; Kinder, K.; Artman, K. Impact of performance feedback delivered via electronic mail on preschool 
teachers’ use of descriptive praise. Early Child. Res. Q. 2011, 26, 96–109. https://doi.org/10.1016/j.ecresq.2010.05.004. 

36. Stoet, G. PsyToolkit: A software package for programming psychological experiments using Linux. Behav. Res. Methods 2010, 
42, 1096–1104. https://doi.org/10.3758/BRM.42.4.1096. 

37. Stoet, G. PsyToolkit. Teach. Psychol. 2017, 44, 24–31. https://doi.org/10.1177/0098628316677643. 
38. Eriksen, C.W. The Flankers task and response competition: A useful tool for investigating a variety of cognitive problems. Vis. 

Cogn. 1995, 2, 101–118. https://doi.org/10.1080/13506289508401726. 
39. Roebers, C.M.; Kauer, M. Motor and cognitive control in a normative sample of 7-year-olds. Dev. Sci. 2009, 12, 175–181. 

https://doi.org/10.1111/j.1467-7687.2008.00755.x. 
40. Lehmann, J.; Quaiser-Pohl, C.; Jansen, P. Correlation of motor skill, mental rotation, and working memory in 3- to 6-year-old 

children. Eur. J. Dev. Psychol. 2014, 11, 560–573. https://doi.org/10.1080/17405629.2014.888995. 

https://doi.org/10.3390/children13070855


Children 2026, 13, 855 15 of 16 
 

https://doi.org/10.3390/children13070855 

41. Baughman, F.D.; Cooper, R.P. Inhibition and young children’s performance on the Tower of London task. Cogn. Syst. Res. 2007, 
8, 216–226. https://doi.org/10.1016/j.cogsys.2007.06.004. 

42. Mavilidi, M.-F.; Okely, A.; Chandler, P.; Louise Domazet, S.; Paas, F. Immediate and delayed effects of integrating physical 
activity into preschool children’s learning of numeracy skills. J. Exp. Child Psychol. 2018, 166, 502–519. 
https://doi.org/10.1016/j.jecp.2017.09.009. 

43. ). Farran, D. Child Observation in Preschools (COP) [Unpublished instrument]. Peabody Research Institute, Vanderbilt University, 
2014. 

44. Graham, J.D.; Bremer, E.; Fenesi, B.; Cairney, J. Examining the Acute Effects of Classroom-Based Physical Activity Breaks on 
Executive Functioning in 11- to 14-Year-Old Children: Single and Additive Moderation Effects of Physical Fitness. Front. Pediatr. 
2021, 9, 688251. https://doi.org/10.3389/fped.2021.688251. 

45. Ureña, N.; Fernández, N.; Cárdenas, D.; Madinabeitia, I.; Alarcón, F. Acute Effect of Cognitive Compromise during Physical 
Exercise on Self-Regulation in Early Childhood Education. Int. J. Environ. Res. Public Health 2020, 17, 9325. 
https://doi.org/10.3390/ijerph17249325. 

46. Drollette, E.S.; Hillman, C.H. Walking effects on memory in children: Implications for individual differences in BMI. Ment. 
Health Phys. Act. 2020, 18, 100317. https://doi.org/10.1016/j.mhpa.2020.100317. 

47. De Greeff, J.W.; Bosker, R.J.; Oosterlaan, J.; Visscher, C.; Hartman, E. Effects of physical activity on executive functions, attention 
and academic performance in preadolescent children: A meta-analysis. J. Sci. Med. Sport 2018, 21, 501–507. 
https://doi.org/10.1016/j.jsams.2017.09.595. 

48. Egger, F.; Conzelmann, A.; Schmidt, M. The effect of acute cognitively engaging physical activity breaks on children’s executive 
functions: Too much of a good thing? Psychol. Sport Exerc. 2018, 36, 178–186. https://doi.org/10.1016/j.psychsport.2018.02.014. 

49. Mazzoli, E.; Salmon, J.; Teo, W.-P.; Pesce, C.; He, J.; Ben-Soussan, T.D.; Barnett, L.M. Breaking up classroom sitting time with 
cognitively engaging physical activity: Behavioural and brain responses. PLoS ONE 2021, 16, e0253733. 
https://doi.org/10.1371/journal.pone.0253733. 

50. Ruiz-Ariza, A.; López-Serrano, S.; Mezcua-Hidalgo, A.; Martínez-López, E.J.; Abu-Helaiel, K. Efecto agudo de descansos física-
mente activos en variables cognitivas y creatividad en Educación Secundaria (Acute effect of physically active rests on cognitive 
variables and creativity in Secondary Education). Retos 2021, 39, 635–642. https://doi.org/10.47197/retos.v0i39.78591. 

51. Booth, J.N.; Chesham, R.A.; Brooks, N.E.; Gorely, T.; Moran, C.N. A citizen science study of short physical activity breaks at 
school: Improvements in cognition and wellbeing with self-paced activity. BMC Med. 2020, 18, 62. 
https://doi.org/10.1186/s12916-020-01539-4. 

52. Chen, A.-G.; Yan, J.; Yin, H.-C.; Pan, C.-Y.; Chang, Y.-K. Effects of acute aerobic exercise on multiple aspects of executive func-
tion in preadolescent children. Psychol. Sport Exerc. 2014, 15, 627–636. https://doi.org/10.1016/j.psychsport.2014.06.004. 

53. McGowan, A.L.; Gerde, H.K.; Pfeiffer, K.A.; Pontifex, M.B. Physically active learning in preschoolers: Improved self-regulation, 
comparable quantity estimation. Trends Neurosci. Educ. 2021, 22, 100150. https://doi.org/10.1016/j.tine.2021.100150. 

54. Williams, K.E.; Berthelsen, D. Implementation of a rhythm and movement intervention to support self-regulation skills of pre-
school-aged children in disadvantaged communities. Psychol. Music 2019, 47, 800–820. 
https://doi.org/10.1177/0305735619861433. 

55. Rodriguez-Gomez, D.A.; Talero-Gutiérrez, C. Effects of music training in executive function performance in children: A sys-
tematic review. Front. Psychol. 2022, 13, 968144. https://doi.org/10.3389/fpsyg.2022.968144. 

56. Đošić, A.; Živković, D.; Uzunović, S.; Živković, M.; Đorđević, N.; Pantelić, S. Effects of a 12-week dance program with two 
weekly frequency protocols on fine motor competence and balance in preschool children: A randomized controlled trial. PLoS 
ONE 2025, 20, e0338422. https://doi.org/10.1371/journal.pone.0338422. 

57. Kapodistria, L.; Chatzopoulos, D.; Chomoriti, K.; Lykesas, G.; Lola, A. Effects of a Greek Traditional Dance Programme on 
Sensorimotor Synchronization and Auditory Reaction Time of Young Children. Int. Electron. J. Elem. Educ. 2021, 14, 1–8. 

58. van den Berg, V.; Singh, A.S.; Komen, A.; Hazelebach, C.; van Hilvoorde, I.; Chinapaw, M.J.M. Integrating Juggling with Math 
Lessons: A Randomized Controlled Trial Assessing Effects of Physically Active Learning on Maths Performance and Enjoyment 
in Primary School Children. Int. J. Environ. Res. Public Health 2019, 16, 2452. https://doi.org/10.3390/ijerph16142452. 

59. Mavilidi, M.F.; Ouwehand, K.; Riley, N.; Chandler, P.; Paas, F. Effects of an Acute Physical Activity Break on Test Anxiety and 
Math Test Performance. Int. J. Environ. Res. Public Health 2020, 17, 1523. https://doi.org/10.3390/ijerph17051523. 

60. Vazou, S.; Klesel, B.; Lakes, K.D.; Smiley, A. Rhythmic Physical Activity Intervention: Exploring Feasibility and Effectiveness 
in Improving Motor and Executive Function Skills in Children. Front. Psychol. 2020, 11, 556249. 
https://doi.org/10.3389/fpsyg.2020.556249. 

https://doi.org/10.3390/children13070855


Children 2026, 13, 855 16 of 16 
 

https://doi.org/10.3390/children13070855 

61. Alan, Ü.; Atalay Kabasakal, K. Effect of number of response options on the psychometric properties of Likert-type scales used 
with children. Stud. Educ. Eval. 2020, 66, 100895. https://doi.org/10.1016/j.stueduc.2020.100895. 

62. Coombes, L.; Bristowe, K.; Ellis-Smith, C.; Aworinde, J.; Fraser, L.K.; Downing, J.; Bluebond-Langner, M.; Chambers, L.; Mur-
tagh, F.E.M.; Harding, R. Enhancing validity, reliability and participation in self-reported health outcome measurement for 
children and young people: A systematic review of recall period, response scale format, and administration modality. Qual. Life 
Res. 2021, 30, 1803–1832. https://doi.org/10.1007/s11136-021-02814-4. 

63. Hall, J.R.; Deery, B.; Sciberras, E.; Kern, M.; Quach, J. How are we measuring resilience in children? A systematic review. Ment. 
Health Prev. 2024, 35, 200351. https://doi.org/10.1016/j.mhp.2024.200351. 

64. Ferreira Vorkapic, C.; Alves, H.; Araujo, L.; Joaquim Borba-Pinheiro, C.; Coelho, R.; Fonseca, E.; Oliveira, A.; Dantas, E.H.M. 
Does Physical Activity Improve Cognition and Academic Performance in Children? A Systematic Review of Randomized Con-
trolled Trials. Neuropsychobiology 2021, 80, 454–482. https://doi.org/10.1159/000514682. 

65. Mavilidi, M.F.; Pesce, C.; Benzing, V.; Schmidt, M.; Paas, F.; Okely, A.D.; Vazou, S. Meta-analysis of movement-based interven-
tions to aid academic and behavioral outcomes: A taxonomy of relevance and integration. Educ. Res. Rev. 2022, 37, 100478. 
https://doi.org/10.1016/j.edurev.2022.100478. 

66. Diamond, A.; Ling, D.S. Review of the Evidence on, and Fundamental Questions About, Efforts to Improve Executive Functions, 
Including Working Memory. In Cognitive and Working Memory Training; Oxford University Press: Oxford, UK, 2019; pp. 143–
431. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 
people or property resulting from any ideas, methods, instructions or products referred to in the content. 

https://doi.org/10.3390/children13070855

	1. Introduction
	2. Materials and Methods
	2.1. Participants
	2.2. Procedures
	2.3. Measurements
	2.3.1. Inhibitory Control
	2.3.2. Working Memory
	2.3.3. Cognitive Flexibility
	2.3.4. Math Outcome Measures
	2.3.5. Engagement
	2.3.6. Enjoyment

	2.4. Intervention
	2.5. Statistical Analyses

	3. Results
	3.1. Inhibitory Control (Flanker Task)
	3.2. Working Memory (Corsi Block Test)
	3.3. Cognitive Flexibility (Tower of London)
	3.4. Math Performance
	3.5. Engagement
	3.6. Enjoyment

	4. Discussion
	5. Conclusions
	Abbreviations
	References

