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Abstract

:

Little is known about the dose–response of physical education interventions on motor coordination in preschoolers. Our aim was to investigate whether the development of motor skills changed depending on different amounts of a physical education program (PEP) in children aged 3–5 years. One hundred forty-five children were recruited from kindergartens and randomly divided into a control group (CG, n = 28), which did not perform any PEP, and two intervention groups, which performed 4 h/week (I1, n = 78) and 10 h/week (I2, n = 39) of a PEP for 16 weeks. Each lesson was set in the form of a programmed game in order to produce fun, thus increasing enthusiasm for participation. Before and after the intervention, locomotor and object control skills and the gross motor development quotient were assessed with the Italian version of the gross motor development test. Both intervention groups showed a significant increase in the motor skills compared with the control group. Moreover, the level of performance was significantly higher after 10 h/week compared to 4 h/week. These findings can be useful for standardizing PEPs in preschool settings so that they can be applied by teachers for planning effective programs for developing motor skills in early childhood.
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1. Introduction


Early childhood is a fundamental step for child development [1] and physical activity (PA) plays an essential role in this process [2]. According to Canadian guidelines, over a 24-h day, preschool children should spend at least 3 h in a variety of physical activities, including at least 1 h at high intensity [3]. However, numerous studies reported that preschool children are sedentary, not reaching the recommended amount of daily PA [4,5,6]. As is known, the PA in preschool is limited and, furthermore, the level of PA among children living in Europe varies considerably between countries [7]. In Italy, according to ISTAT data for the two-year period 2017–2018, children aged 3–5 years who do not practice any sport or PA in their leisure time represent 46.1% [8]. To expand this negative trend, the development of new digital devices has certainly favored the increase in the sedentary rate of this population, which spends more time with smartphones, tablets, and videogames, increasing the so-called “screen time” [9]. The pandemic situation also adversely affected PA levels in children, making it difficult to practice PA regularly [10]. There are many studies that have shown that performing PA in early childhood brings various benefits, from psycho-physical and cognitive development to educational and social aspect [11]. As for motor development, several studies have reported that the practice of PA improves the level of fundamental motor skills (FMS) by increasing motor competences in childhood [12,13]. FMS are the basic movements and include locomotor skills (running, jumping, galloping, jumping, crawling) and object control skills (bouncing, grabbing, throwing, kicking) [14,15]. They are constituent elements that lead to sport-specific motion sequences and enable life-long movement experiences [16]. In addition, it has been fully demonstrated that motor competence in early childhood is a predictive element for the practice of physical activity throughout life. A longitudinal study [17] evaluated the effects of early motor skills in adulthood and found a positive association between the development of FMS at age 6 and time spent in PA at age 26 in leisure time. This demonstrates the importance of effective interventions to enable children to develop FMS early, thus increasing their motor competence and favoring the establishment of a physically active lifestyle. Children do not develop these abilities naturally through maturation processes [18], but they should be learned, practiced, and reinforced. Precisely in early childhood it is essential to teach these motor skills, especially in those age groups defined as “sensitive”, i.e., evolutionary periods, limited in time, in which there is a favorable training against a specific motor quality. The critical time to develop FMS is in early childhood when movement patterns are developed [18] and before school age, when children begin to participate in games and sports that will require them to use these skills.



A systematic review carried out by Engel et al. [19] showed significant improvements in the competence of preschoolers’ FMS following teacher-led interventions executed for at least three sessions per week. Recent evidence has also exhibited the short and long-term beneficial effects of physical education programs (PEP) not only on the development of motor skill, but also on cognitive development [20,21]. Indeed, an increase in FMS positively influences psychosocial aspects and cognitive functions in preschool children [22,23].



For all these reasons, in the early years of the child’s life, the practice of structured physical activities is of crucial importance. To confirm this, Logan et al. have found that structured interventions of PA are more efficient compared with free play activities [18]. However, many studies lack a structured and reproducible PA [21] program in preschool settings that includes specific activities, timing, and duration.



Therefore, the presence of a physical education teacher could be useful in kindergartens for the implementation of PEP aimed at developing FMS in early childhood [24]. Indeed, children spend a good part of their day at school, so the latter could certainly serve as a place to promote PA [25]. The childcare setting provides an environment in which interventions to increase PA can be provided. However, few interventions have involved preschool settings [25].



In the scientific literature, there are studies that deal with free play activities but not structured physical activities, or that analyze the amount of structured physical activity that could lead to an increase in the gross motor skills in preschoolers. However, despite the findings that free play could increase engagement, results indicated that it is an insufficient intervention. For this, children should be invited to PA [26] and therefore structured interventions should be proposed.



The figure of the physical education teacher is missing in both Italian kindergarten and primary schools, and this certainly leads to a decrease in the possibility of developing FMS. It would be necessary, therefore, that children also at school could follow programs of physical education, but still today there is little clarity on the adequate amount of PEP that could lead to an increase in the motor skills of children. Therefore, the aim of this study was to investigate the level of motor skills after 4 h/week or 10 h/week of a PEP of 16-week length in preschoolers.




2. Materials and Methods


2.1. Participants and Study


A school-based randomized trial was conducted to evaluate the effect of a PEP on preschoolers’ gross motor skills. The calculation of the statistic power with the G*Power software (latest ver. 3.1.9.7; Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany) considering a power of 80%, an alpha error of 0.05, an effect size of 0.25 and an ANCOVA test suggests involving a minimum sample size of 158 participants. This study recruited 166 children aged 3–5 years from eight different kindergartens of the Municipality of Palermo, but a number of 145 (55% boys) completed the assessment before and after the intervention. They were randomly divided into three different groups: a control group (CG, n = 28; 61% boys) and two intervention groups [(I1, n = 78; 54% boys) and (I2, n = 39; 54% boys)]. The anthropometric characteristics of the participants are described in Table 1. All parents gave their informed consent for the participation of their children in this study. The study was approved by the Ethical Board of the University of Palermo (N. 2/2018) and conformed to criteria for the use of persons in research as defined in the Declaration of Helsinki (Trial Registration: NCT03454061 retrospectively registered 2 March 2018). All children participated voluntarily and could withdraw from the study at any time.



PEP intervention was carried out in seven kindergartens of Palermo by a team of physical education teachers from February to May of 2019. Physical activity teachers led the PEP and curricular teachers supported the planned activities. Before intervention, they followed a 10-h training course on the objectives, methodology, and evaluation tools of the PEP with the aim of having a homogeneous intervention, allowing a reliable collection of data. This intervention lasted 16 weeks and was carried out for a total of 4 h/week for the I1 group and 10 h/week for the I2 group for a total of 52 and 180 h, respectively [21]. The difference between the I1 and I2 programs was the number of hours spent for the development of the motor skills included in the PEP (Figure 1).




2.2. Intervention


PEP was composed of activities aimed at developing body awareness, motor, and perceptive-sensory skills fundamental in preschool children. It was performed by the I1 group in the morning for two days per week, and by the I2 group in the morning and afternoon for five days per week. Each class was structured in three parts: a first phase of body warming up and social interaction (5 min); a central phase (about 50 min); and a phase of cooling down and feedback (about 5 min) in order to relax the children and know their levels of satisfaction. In particular, the motor skills trained in the central phase were: sensory-perceptual and locomotor skills, eye–hand and eye–foot coordination, spatial orientation and rhythm skills. More time was spent for sensory-perceptual and locomotor skills as suggested by the guidelines of the Italian Ministry of Education, University and Research (MIUR) [27]. The detailed description of PEP protocol was reported in our previous study [28]. Each lesson was set in the form of a programmed game in order to produce fun and thus increase enthusiasm for participation.




2.3. Measures


Participants were evaluated for object control and locomotor skills with the Italian version of the gross motor development test (TGMD) [15].



This test is divided into two different sub-tests that evaluate different aspects of gross motor development, that is, the control of objects (bounce the ball, catch the ball, catch a ball with a tennis racket, and run while you kick a ball and throw a ball) and the locomotion (which requires subjects to run as fast as possible for 15 m, jump forward, gallop for 10 m, jump on one leg for 5 m, make a long jump, and make small jumps forward and sideways). The scores of the two sub-tests were added and converted into a combined gross motor development quotient (GMDQ).



In order to have a better validity, according to the manual, each child has performed three trials of each skill. For each of these, two different scores were awarded: “1”, when a performance parameter was performed twice in three, or a grade “0”, when a criterion was not respected or was incorrectly played twice in three. The total sum of scores obtained for each individual item (maximum total score 48) was converted into standard scores based on the child’s age level. The gross motor development level based on the GMDQ scores suggested by the manual was evaluated as follows: 131–165 (very high motor ability, VH-MA), 121–130 (high motor ability, H-MA), 111–120 (over average motor capacity, OA-MA), 90–110 (average motor skill, A-MA) 80–89 (lower than average motor skill, UA-MA), 70–79 (low motor capacity, L-MA), and 35–69 (very low motor capacity, VL-MA) [15].




2.4. Statistical Analysis


Data are shown as means and standard deviations. Normal distribution of the data was verified with Shapiro–Wilk test. The difference within each group was analyzed with Kruskal–Wallis. As the examined variables showed significant differences between the groups before the intervention (age, height, and pre-test scores), the analysis of covariance (ANCOVA) with Tukey–Kramer post hoc was applied using the pre-test scores as covariates. The calculation of the effect size was carried out for ANCOVA analysis through eta squared (η2) and for Tukey–Kramer post hoc test through Cohen’s d. In particular, η2 = 0.01 indicates a small effect; η2 = 0.06 indicates a medium effect; η2 = 0.14 indicates a large effect [29]. In regard to Cohen’s d, d = 0.2 is considered a “small” effect size, 0.5 represents a “medium” effect size and 0.8 a “large” effect size. In all the analyses, the level of significance was set at p < 0.05. All analyses were performed with Jamovi (The jamovi project (2020) version 1.2 Sydney, Australia) [30]. Retrieved from https://www.jamovi.org (accessed on 26 September 2022) [30].





3. Results


Before the intervention, the CG, I1 and I2 groups did not significantly differ in relation to body weight and BMI. However, age and height were significantly higher in the I1 compared to the I2 group (p < 0.05, Table 1), while they did not differ between the CG and both intervention groups. CG did not also show any significant change between pre- and post-measures in locomotion and object control skills and the GMDQ (Figure 2, Figure 3 and Figure 4). Differently, the I1 and I2 groups exhibited significant increases in all three variables examined between pre- and post-intervention (p < 0.05, Figure 2, Figure 3 and Figure 4). Comparing the three groups, we found that locomotor skills, object control abilities, and the GMDQ of the I1 and I2 groups was significantly higher than the CG (p < 0.001, Figure 2, Figure 3 and Figure 4). In addition, the I2 group displayed a significant increase compared with the I1 children (p < 0.05). A large effect of PEP was found for the examined variables as shown by the eta square values, while Cohen’s d indicated a medium effect between the I1 and I2 groups and a large effect between the CG and the intervention groups (see Table 2). In the analysis of the covariate, we did not detect any significant variation between the groups using age or height as covariates.




4. Discussion


In this study, we examined the effect that the number of hours engaged in a structured PEP, led by physical education teachers, has on the development of gross motor skills in preschool children. In our previous study [28], the same PEP was performed for a total of 2 h/week, while in this investigation for 4 h/week by the I1 group and for 10 h/week by the I2 group. Our previous results detected a higher percentage in the GMDQ by 10% in the intervention group than the control group, while here we found a better performance by 34% in the I1 group and by 45% in the I2 group compared with the CG. Therefore, this means that more time engaged in a structured physical activity seems to be related with higher levels of motor skills. These findings were confirmed by an increasing number of studies that indicated that greater amounts of PA are associated with better health conditions in preschooler age [3,31]. Recent studies have also shown that in order to prevent obesity and overweight at the preschool age, at least 60 min per day of physical activity are recommended for children between the ages of 3 and 5 years [32,33,34]. However, low and moderate intensity PA was not constantly associated with any health indicators, while moderate to vigorous intensity, vigorous intensity and total physical activity were positively related to more health indicators [2,3,11]. There is a negative relationship between moderate to vigorous physical activity (MVPA) and sedentary behavior, indicating that preschoolers who have higher levels of MVPA have lower levels of sedentary behavior [19]. Several studies have objectively measured the amount of PA through the use of accelerometers, identifying a positive relationship between quantity, development of fundamental movement skills [35,36,37], school performance [35], and quality of sleep [38], showing a negative relationship with the time spent in front of screens [38].



For toddlers and preschoolers, the most favorable frequency and duration of physical activity were unclear, but, a greater amount of physical activity appeared to be better for health. However, there is little evidence on the number of hours of school-based physical education that is associated with a higher level of gross motor skills. The goal of physical education in preschool settings is to ensure that children develop the appropriate knowledge, fundamental movement skills, and attitude needed to acquire a healthy lifestyle at an early age, thereby providing them with healthy practices that can later be refined and carried through to adulthood. Furthermore, physical education programs can be educational strategies to improve cognitive learning. Physically active lessons could include teaching content such as math, language, art, and social science, achieving positive effects on physical activity level and learning, results that simple play does not achieve [39].



An increasing number of studies have investigated that structured physical activity programs improve FMS more than do free play activities [18]. There were also significant improvements in preschoolers’ FMS following interventions of physical education led by specialized teachers, although weekly duration and frequency are still unclear to date. In our study, PEP was conducted by a physical education teacher and its features were particularly described, such as the objectives, methodology, type, and quantity of activities. This planning allows to standardize the protocol, which becomes more reproducible. A PEP for a preschool environment is not composed of sets and repetitions of physical exercises but includes games aimed at a specific goal in which simple motor skills become more and more complex. For this reason, we decided to evaluate the amount of PEP by assessing the time dedicated at the development of each examined motor skill. Consequently, we did not use electronic devices (accelerometers and pedometer) to measure the intensity and volume of physical activity as we were more interested in evaluating the quality of the movement.



A limitation of this study is the presence of a significant difference in age and height between the I1 and I2 groups, which was caused by the dropout due to illness of the children during the intervention. However, in the analysis of the covariate, we did not detect any significant variation between these groups using age or height as covariates. These two variables may not influence the results because the tests administered assess the quality of movement and not the level of physical performance. In addition, despite the fact that the I2 group was the children’ group with the smallest age, it showed the highest level of motor skill performance compared to the others. This phenomenon can be explained by advances and delays in motor and body development of more or less two years in this range of age [40]. Therefore, these results suggest that 10 h/week of PEP are the most effective for the development of motor skills compared with 2 [28] or 4 h/week for schoolers aged 3–5 years old. These findings are also confirmed by the medium-large effect size of PEP on gross motor skills. These results are useful to clarify the dose–response relationship between a structured PEP and the development in motor skills in preschool settings. Furthermore, this standardized PEP can be applied by curricular or physical education teachers for planning effective programs for developing motor skills in early childhood.



Future researches will be to extend the interventions to a larger population and identify the effects of physical education programs on motor skills as well as on lifestyle determinants, physical fitness and cognitive functions.
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Figure 1. Number of hours spent for the development of the motor skills in I1 and I2 groups. 
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Figure 2. The score of locomotor skills in CG, I1 and I2 groups. * p < 0.001 I1 and I2 vs. CG; § p < 0.05 I2 vs. I1. 
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Figure 3. The score of object control skills in CG, I1 and I2 group. * p < 0.001 I1 and I2 vs. CG; § p < 0.05 I2 vs. I1. 
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Figure 4. The score of gross motor development quotient (GMDQ) in CG, I1 and I2; * p< 0.001 I1 and I2 vs. CG; § p < 0.05 I2 vs. I1. 
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Table 1. Anthropometric characteristics of preschool children.
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	Group
	Age (Years)
	Height (cm)
	Weight (Kg)
	BMI (Kg/m2)





	CG (n = 28)
	4.29 ± 0.65
	106 ± 6.84
	19.5 ± 5.44
	17.0 ± 3.14



	I1 (n = 78)
	4.42 ± 0.66
	108 ± 7.35
	19.8 ± 4.34
	16.9 ± 2.64



	I2 (n = 39)
	3.92 ± 0.83 *
	104 ± 6.88 *
	17.6 ± 3.59
	16.2 ± 2.11







BMI, body mass index. * p < 0.05 I1 vs. I2.
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Table 2. Measures of effect size in ANCOVA analysis and Tukey–Kramer post hoc test.






Table 2. Measures of effect size in ANCOVA analysis and Tukey–Kramer post hoc test.





	

	
Locomotor Skills

	
Object Control Skills

	
GMDQ






	
ANCOVA

	
F

	
p

	
η2

	
F

	
p

	
η2

	
F

	
p

	
η2




	
90.0

	
<0.001

	
0.561

	
42.6

	
<0.001

	
0.377

	
60.0

	
<0.001

	
0.460




	

	
CG vs. I1

	
CG vs. I2

	
I1 vs.

I2

	
CG vs. I1

	
CG vs. I2

	
I1 vs.

I2

	
CG vs.

I1

	
CG vs.

I2

	
I1 vs.

I2




	
ptukey

	
<0.001

	
<0.001

	
0.005

	
<0.001

	
<0.001

	
0.011

	
<0.001

	
<0.001

	
0.002




	
Cohen’s d

	
2.695

	
3.330

	
0.635

	
1.733

	
2.312

	
0.579

	
2.181

	
2.866

	
0.686
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