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A comparative study of four physical education curricula on the developmental behavior of Chinese preschool children aged 4 to 6 years and its correlation with balance ability
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Early childhood development is important for the future developmental behavior, physical fitness, and social adaptation. The content of the physical education curriculum in kindergarten is crucial for the growth of preschool children. The aim of this study was to explore the effects of 12-week of 4 different physical education curriculum interventions on developmental behavior and balance ability, and the correlation between these two factors in preschool children. 94 preschool children aged 4–6 years were stratified and randomly assigned to tennis group (TG), football group (FG), sensory integration group (SIG), and control group (CG). All interventions resulted in greater improvements in all developmental behavior indicators and balance ability after intervention compared to baseline. The SIG showed greater improvements in total development quotient (DQ), gross motor DQ, fine motor DQ, and balance ability than the other three groups after intervention. No significant difference in balance ability between FG and SIG was found. There was a positive and significant correlation between adaptability DQ, social behavior DQ, and balance ability after SIG intervention. The SIG training could correlate children’s balance ability with their social behavior and adaptability. The sensory integration curriculum might be the optimal curriculum to promote the efficient improvement of preschool children’s developmental behavior and motor competence.
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1 Introduction

Children and adolescents have demonstrated a detrimental impact on the future development of motor competence and rapid progress due to the lack of appropriate physical training during the critical stage of growth and development (1, 2). This is especially true for preschool children aged 4–6 years old (2, 3). Early childhood is an important period for rapid development of body and brain. Therefore, timely training of gross motor skills and fine motor skills is crucial for enhancing physical fitness, motor skills, and physical health (4, 5). According to the latest figures released by Ministry of Education of People’s Republic of China, 46.2755 million young children have received preschool education in kindergarten in 2023, 1.7766 million fewer than in 2022 (6). The sharp decrease in the number of young children attending kindergarten has highlighted the crucial role of maintaining high-quality early childhood education curricula. Tennis, soccer and sensory integration movement include both gross and fine motor skills, and are dominated by the upper limbs, lower limbs, and the whole body coordination, respectively. Previous researches suggested that tennis, soccer and sensory integration courses were more beneficial than traditional physical education courses (4, 7). However, no study has concurrently compared the effects of the aforementioned three courses.

The physical education curriculum at kindergarten has been suggested as one of the most important and available avenues for the promotion of physical activity, physical fitness, and motor skills among preschool children (8). Chinese young children spend approximately 40 h each week in kindergarten, where they are provided with ample opportunities for physical activities and structured physical education classes (9). Studies have found that young children’s physical activity in the early years was associated with a range of positive health outcomes (e.g., cognitive development, psychosocial, fundamental motor skill and balance ability), and there was a significant positive correlation between early physical activity and balance ability, object control skills, and gross motor skills (10, 11). Therefore, it is necessary for preschool children to carry out effective physical education curriculum and activity at kindergarten. In previous studies, the effects of various factors such as gender, age, health status, intervention, duration of intervention on young children development have been explored (2, 12–16). However, few studies have examined the impacts of different physical education curriculum on young children development.

The Developmental Scale for Children aged 0–6 years (DSC) is a standard diagnostic assessment tool widely used in China to assess the developmental behavior level of children aged 0–6 years (17, 18). The DSC represents the latest version of the Children Neuropsychological and Behavior Scale (CNBS), encompassing five attributes (gross motor, fine motor, language, adaptability, and social behavior) while also providing measures for mental age (MA) and development quotient (DQ). Different versions of DSC have been extensively employed within academic research (17, 19, 20). For example, in the research of Li et al. (20). the CNBS-R2016 and Griffiths Mental Development Scales for China were both employed to evaluate the development of children with autism spectrum disorder, and the results showed good consistency in the developmental assessment. Furthermore, the result verified the reliability of CNBS-R2016. Nevertheless, the application of DSC has not been found yet.

Balance is fundamental to perform gross motor skills. It is an essential prerequisite to promote physical health and motor skills in preschool children (21). Balance ability is defined as the ability to maintain a certain body posture under dynamic or static conditions, including static balance and dynamic balance (22). Currently, an increasing number of studies have investigated the correlation between gross motor skills and balance abilities in preschool children (12, 13, 23). For example, in the research of Jiang et al. (12) it was found that both the dynamic and static balance abilities of young children aged 3–6 years exhibited a positive correlation with their gross motor skills. Furthermore, the correlation between object control skills, physical activity, physical fitness, gender, and age with balance ability have also been evaluated (10, 13, 24, 25). However, the current research on the correlation between the indicators in the DSC and balance ability has not been found. Additionally, previous researches have indicated that preschool children can enhance their dynamic and static balance by engaging in physical education curriculum such as taekwondo, Chinese martial arts, gymnastics, and tennis (26–28). These studies confirmed the positive effect of different physical education curriculum on prompting balance ability. However, no studies have concurrently investigated the influence of tennis, football, and sensory integration curriculum on balance ability or the correlation between the developmental behavior of these three curricula and their balance ability.

Based on the information above, this study aimed to explore the impacts of a 12-week different physical education curriculum on the developmental behavior of preschool children aged 4 to 6 in China and its correlation with their balance ability. Four physical education curricula with structured and game-based were adopted: tennis, football, sensory integration and traditional physical education. It was hypothesized that the three intervention curricula would result in greater improvements in total development quotient (DQ), gross motor DQ, fine motor DQ, language DQ, adaptability DQ, social behavior DQ, and balance ability compared to traditional curriculum. Specifically, the sensory integration curriculum intervention may be the optimal physical education curriculum.



2 Materials and methods


2.1 Participants recruitment

Based on the experimental design, the sample size was estimated prospectively using G*power v3.1.0 (Franz Faul, University of Kiel, Germany) with a level of 0.05 and power of 0.80. The effect size was set at 0.35 based on a previous study (29). As a result, the sample size was estimated to be 96 subjects. To allow for study withdrawal and dropout, we decided to recruit an additional 4 participants. Thus, the planned sample size of this study was 100.

Participates were 4–6 years old preschool children (male = 50, female = 50) recruited from a kindergarten in Xi’an city, China. To ensure the universality and trustworthiness of this study, the allocation adopted a stratified random method. Participants were initially stratified by sex (male or female) and subsequently randomized into four groups with a 1:1:1:1 allocation ratio, namely: Tennis Group, Football Group, Sensory Integration Group, and Control Group (each group comprising N total = 25, with N male or female =12/13). However, six participates were discarded due to physical discomfort and temporary leave (male = 4, female = 2). A total of 94 participates were finally enrolled in this study. The inclusion criteria included (1) be healthy with no developmental delay or chronic diseases; (2) no cognitive impairment and understand and follow instructions; (3) be able to participate in all intervention processes; (4) did not participate in any other physical training except kindergarten physical education curriculum. Table 1 presents the demographic characteristics of the final sample. Informed written consent was obtained from all participants’ parents before the experiment. The study received ethical approval from the Ethics Committee of Shaanxi Normal University (approval number: 202416028).



TABLE 1 Baseline demographic characteristics of the participants.
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2.2 Experimental design

This study was designed as a four-group parallel randomized controlled trial lasted between 6 March and 30 May in 2023. All the testing and intervention were performed in a kindergarten stadium. Before formal experiment, each participant was instructed to familiar with the test and intervention protocol. According to the aforementioned groups, participants in the three experimental groups received structured curriculum interventions in tennis, soccer, and sensory integration, while participants in the control group received traditional physical education curriculum. All interventions consisted of three training sessions per week for 12 weeks with each session lasting 30 min. The physical education curriculum interventions will be carried out by researchers with teaching experience. Moreover, two additional researchers (three from each group) will be assigned to each group to ensure the safety and quality of the intervention. The developmental behavior test and balance ability test were assessed at baseline and post-intervention. The experimental design is schematized in Figure 1.
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FIGURE 1
 Experimental design.




2.3 Intervention programme

Each curriculum of the three experimental groups and the control group was based on structured lessons, which consist of a 5-min warm-up, 20 min main content exercises, and a 5-min cool-down activity. The warm-up consisted of light-intensity movements (e.g., wrist rotation, and leg swing), moderate-intensity activities (e.g., arm rotation, lunges with rotation and knee-up walk), and higher-intensity activities (e.g., arm sprint, dynamic stretching, on-site running, and high knees); cool-down started with moderate-intensity activities and ended with light-intensity movements (9). The main part of the lesson included 5 min of moderate-to-vigorous intensity activity according to the respective intervention curriculum, with at least 2 min of vigorous-intensity activity, every 10 min (9, 30). The contents of the main part in tennis and football group were replaced every 4 weeks to achieve a progressive learning and training. The main part of the control group followed a kindergarten-based physical education curriculum, including rhythm exercises, group games, gymnastics, and free play (4). The three interventions and control group were carried out in the form of games to increase children’s interest, and only differed in the main part (see Supplementary Appendix 1). The movements and contents of all groups were simple and there was no discernible division of difficulty levels. The protocol and components of the curriculum interventions were refined by verbal consulting with experts and teachers in preschool education. These interventions were carried out within the physical education curriculum plan of kindergartens, to avoid extra curriculum for the preschool children in the intervention groups.



2.4 Measurements


2.4.1 Balance ability measures

The specific contents and scoring criteria of the balance test was performed with reference to published literature (31). The validity of this balance test has been verified among young children aged 3–6 years in China (31, 32). The content of the balance test was set according to the Guidelines for the Learning and Development of Children aged 3–6 (33) and the Guidelines for Kindergarten Education (Trial) issued (34) by the ministry of Education of the People’s Republic of China, which made this test more scientific and credible. The balance test contained five items: stand on 1 foot, walk 3 meters on the balls of feet, walk 5 meters on the balls of feet, stand on 1 foot with eyes closed, and balance beam. The scoring criteria of the balance test differed between male and female participants and were categorized into 3 different age bands (3–4, 4–5, and 5–6 years). The specific tests, directions, materials and site layout, cautions and scoring criteria of the balance test were based on the published article (31). In this study, the final balance score was obtained by averaging the results of the scores from two balance test items in the same age bands. The specific contents and scoring criteria of the balance test were shown in Table 2.



TABLE 2 The specific contents and scoring criteria of the balance test.
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2.4.2 Children developmental behavior measures

The developmental behavior level of preschool children was evaluated with the Developmental Scale for Children aged 0–6 years (DSC), which has been recognized and applied in China (18, 19). This scale has been promulgated by the National Health Commission of the People’s Republic of China, which made it more authoritative and credible. The scale comprised a total of 261 indicators, which could evaluate the five attributes: gross motor, fine motor, language, adaptability, and social behavior in young children aged 1–84 months. Of these, there were 8–10 test items in each month age group. Notably, young children of different months of age had various test contents across each of the five attributes (see Supplementary Appendix 2). All tests were conducted using the specific inspection tools that matched the DSC. The specific tests, directions, materials and site layout, cautions and scoring criteria of the developmental behavior level of children test were based on the DSC. In this study, the results of each attribute’s score were represented by development quotient (DQ), and the DQ for each attribute and the total DQ could be calculated by the formula: DQ = (Mental Age/Actual Age) *100.




2.5 Statistical analysis

Statistical analysis was performed using SPSS 21.0 for Windows (SPSS). Normality was tested by means of the Kolmogorov–Smirnov test. All variables, except score of balance ability, were normally distributed (p>0.05). Therefore, one-way analysis of variance or Kruskal-Wallis test was used to compare the developmental behavior scores or balance ability scores of the four groups (TG, FG, SIG, CG) between pre- and post-intervention. Post-hoc analysis was conducted using the Bonferroni test. Effect size was evaluated with η2 (Eta partial squared) where 0.01 ≤ η2 < 0.06 constitutes a small effect, 0.06 ≤ η2 < 0.14 a medium effect, and η2 ≥ 0.14 a large effect (35). Moreover, a paired-sample t-test or non-parametric paired Wilcoxon signed-rank test was performed to compare the developmental behavior scores or balance ability scores of the four groups before and after the intervention. Cohen’s d effect size (ES) was used to quantify the magnitude of the training effect. The level of ES was defined as trivial (0.0–0.2), small (0.2–0.6), moderate (0.6–1.2), large (1.2–2.0), and very large (>2.0) (36). The Spearman correlation analysis was used to examine the correlations between developmental behavior scores and balance ability scores. For normal distributed variable, results were expressed as Mean ± SD, while for abnormal distributed indices, data were expressed as Median (Quartile). The significance level for all statistical analyses was set at p < 0.05.




3 Results


3.1 Scores from developmental scale for children

Figure 2 represents the comparison of the results of developmental behavior indicators (GMDQ, FMDQ, LADQ, ADDQ, SBDQ, and TDQ) before and after four different physical education curriculum interventions (CG, FG, SIG, and CG). There was no significant difference in all developmental behavior indicators among the four groups before the intervention. However, significant differences were observed in the gross motor development quotient, fine motor development quotient, and total development quotient among groups after the intervention (GMDQ: F = 23.057, p = 0.000, eta-square = 0.435; FMDQ: F = 15.603, p = 0.000, eta-square = 0.342; TDQ: F = 9.554, p = 0.000, eta-square = 0.242). For the developmental behavior indicators of GMDQ, FMDQ and TDQ, SIG showed a higher score than TG (GMDQ: p = 0.000; FMDQ: p = 0.000; TDQ: p = 0.001), FG (GMDQ: p = 0.000; FMDQ: p = 0.000; TDQ: p = 0.002) and CG (GMDQ: p = 0.000; FMDQ: p = 0.000; TDQ: p = 0.000). The values of all developmental behavior indicators before and after four different physical education curriculum interventions are shown in Table 3.
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FIGURE 2
 The comparison of the results of developmental behavior indicators (GMDQ, FMDQ, LADQ, ADDQ, SBDQ, and TDQ) before and after four different physical education curriculum interventions (CG, FG, SIG, and CG).




TABLE 3 The values of developmental behavior indicators before and after four different physical education curriculum interventions.
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For the tennis group, there was a statistically significant increase in FMDQ, FMDQ, ADDQ, LADQ, SBDQ and TDQ in the post-intervention period compared to the baseline period (GMDQ: p = 0.000, Cohen’d = 1.700; FMDQ: p = 0.000, Cohen’d = 1.594; ADDQ: p = 0.000, Cohen’d = 3.207; LADQ: p = 0.000, Cohen’d = 2.497; SBDQ: p = 0.000, Cohen’d = 3.575; TDQ: p = 0.000, Cohen’d = 3.078). For the football group, there was a statistically significant increase in FMDQ, FMDQ, ADDQ, LADQ, SBDQ and TDQ in the post-intervention period compared to the baseline period (GMDQ: p = 0.000, Cohen’d = 2.639; FMDQ: p = 0.000, Cohen’d = 2.714; ADDQ: p = 0.000, Cohen’d = 2.430; LADQ: p = 0.000, Cohen’d = 2.911; SBDQ: p = 0.000, Cohen’d = 2.451; TDQ: p = 0.000, Cohen’d = 3.537). For the sensory integration group, there was a statistically significant increase in FMDQ, FMDQ, ADDQ, LADQ, SBDQ and TDQ in the post-intervention period compared to the baseline period (GMDQ: p = 0.000, Cohen’d = 3.280; FMDQ: p = 0.000, Cohen’d = 3.121; ADDQ: p = 0.000, Cohen’d = 3.674; LADQ: p = 0.000, Cohen’d = 4.546; SBDQ: p = 0.000, Cohen’d = 2.331; TDQ: p = 0.000, Cohen’d = 5.377). For the control group, there was a statistically significant increase in FMDQ, FMDQ, ADDQ, LADQ, SBDQ and TDQ in the post-intervention period compared to the baseline period (GMDQ: p = 0.000, Cohen’d = 1.879; FMDQ: p = 0.000, Cohen’d = 2.269; ADDQ: p = 0.000, Cohen’d = 1.836; LADQ: p = 0.000, Cohen’d = 2.618; SBDQ: p = 0.000, Cohen’d = 2.010; TDQ: p = 0.000, Cohen’d = 2.826).



3.2 Scores from balance ability test

Figure 3 illustrates the comparison of balance ability scores before and after four different physical education curriculum interventions. There was no significant difference in balance ability scores among the four groups before the intervention. However, significant differences were observed in balance ability scores among the four groups after the intervention (p = 0.015). Specifically, the SIG showed higher balance ability scores than TG (p = 0.011) and CG (p = 0.003), whereas no significant differences were identified between FG and SIG (p > 0.05).
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FIGURE 3
 The comparison of balance ability scores before and after four different physical education curriculum interventions. Data were represented as Median (Quartile). Significant differences are indicated by asterisks (p < 0.05), double asterisks (p < 0.01) or # (p < 0.01). Noted that the points represent each subjects’ score and the black line was the median number.


For the tennis group, the balance ability scores before and after intervention were 77.50 (72.50, 80.00) and 85.00 (85.00, 87.50), respectively. There was a statistically significant increase in the scores in the post-intervention period compared to the baseline period (Z = -4.332, p = 0.000). For the football group, the balance ability scores before and after intervention were 77.50 (75.00, 80.00) and 87.50 (85.00, 87.50), respectively. There was a statistically significant increase in the scores in the post-intervention period compared to the baseline period (Z = −4.234, p = 0.000). For the sensory integration group, the balance ability scores before and after intervention were 77.50 (71.88, 83.13) and 87.50 (85.00, 90.00), respectively. There was a statistically significant increase in the scores in the post-intervention period compared to the baseline period (Z = −4.136, p = 0.000). For the control group, the balance ability scores before and after intervention were 77.50 (75.00, 78.75) and 85.00 (83.75, 87.50), respectively. There was a statistically significant increase in the scores in the post-intervention period compared to the baseline period (Z = −4.417, p = 0.000).



3.3 Correlation

Table 4 shows the correlations between developmental behavior indicators and balance ability among the four different physical education curriculum interventions before and after intervention. Before the intervention, there was a significant positive correlation between the balance ability of the four groups and their gross motor development quotient, fine motor development quotient, and total development quotient (GMDQ: TG: r = 0.864, p < 0.01; FG: r = 0.893, p < 0.01; SIG: r = 0.840, p < 0.01; CG: r = 0.862, p < 0.01; FMDQ: TG: r = 0.548, p < 0.01; FG: r = 0.681, p < 0.01; SIG: r = 0.488, p < 0.05; CG: r = 0.705, p < 0.01; TDQ: TG: r = 0.726, p < 0.01; FG: r = 0.799, p < 0.01; SIG: r = 0.613, p < 0.01; CG: r = 0.734, p < 0.01). After the intervention, significant positive correlation was also found between the gross motor development quotient, fine motor development quotient, total developmental quotient and balance ability in the four groups (GMDQ: TG: r = 0.743, p < 0.01; FG: r = 0.562, p < 0.01; SIG: r = 0.748, p < 0.01; CG: r = 0.694, p < 0.01; FMDQ: TG: r = 0.533, p < 0.01; FG: r = 0.454, p < 0.05; SIG: r = 0.772, p < 0.01; CG: r = 0.457, p < 0.05; TDQ: TG: r = 0.602, p < 0.01; FG: r = 0.502, p < 0.05; SIG: r = 0.781, p < 0.01; CG: r = 0.584, p < 0.01). In addition, a significant positive correlation between the balance ability of sensory integration group and its adaptability development quotient and social behavior development quotient was observed after the intervention (ADDQ: r = 0.678, p < 0.01; SB: r = 0.613, p < 0.01).



TABLE 4 The correlations between developmental behavior indicators and balance ability among the four different physical education curriculum interventions before and after intervention.
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4 Discussion

This study presented some of the first findings on the effects of four different structured physical education curriculum interventions on developmental behavior and balance ability of preschool children aged 4–6 years old and their correlation. It was interestingly found that all interventions result in greater improvements in total development quotient (DQ), gross motor DQ, fine motor DQ, language DQ, adaptability DQ, social behavior DQ, and balance ability after the intervention compared to baseline. Furthermore, the sensory integration group showed greater improvements in GMDQ, FMDQ, TDQ and balance ability than the other three groups after the intervention. However, one special finding of interest was that no significant difference in balance ability between football group and sensory integration group. This partially supported our hypothesis. Moreover, we also found a positive and significant correlations between ADDQ, SBDQ and balance ability after sensory integration intervention. To our knowledge, this is the first study to simultaneously compare the effects of four different physical education curriculum interventions on developmental behavior and balance ability, and the correlation between these two factors in preschool children.

The traditional physical education curriculum in kindergartens has been suggested as a primary way to promote the development of motor skills and physical health of preschool children. However, there was little robust evidence on the wildly use of curriculum in kindergartens that simultaneously embody the characteristics of interest, structure and sports-led (8, 37). In this study, the primary characteristics of different curriculum interventions were football curriculum intervention dominated by lower limbs, tennis curriculum intervention dominated by upper limbs and sensory integration curriculum intervention dominated by the whole body coordination. However, both the control group and these three intervention groups showed significant increases in developmental behavior and balance ability after the 12-week intervention compared to their respective baselines. The results were similar to the published studies (2, 4, 26). For example, in a recent study, Li et al. (26) found that martial arts sensory teaching group and martial arts traditional teaching group had the same effect on improving the total score of motor skills. However, in many studies, there was no significant change after the intervention of traditional physical education curriculum (2, 4, 7, 38). Compared to relevant previous researches, it seemed that the results of consistent changes in the traditional physical education curriculum would be related to the curriculum design of this study, the result of the almost consistent volume, duration and intensity of physical activity in the curriculum, as well as the engagement of the same muscle groups.

To date, no study has concurrently compared the effects of the aforementioned four physical education curriculum interventions on the developmental behavior of preschool children (7, 9, 39). For example, Luka et al. (39) merely conducted a comparison between the regular tennis training and the exergame plus regular tennis training in gross motor development. Other studies have compared sensory integration training interventions with blank controls (7). In this study, after intervention, the sensory integration group exhibited significantly higher scores on the GMDQ, FMDQ, and TDQ than the tennis, football and control groups, while the football group, tennis group and control group had no significant differences in all developmental behavior indicators. Compared with tennis courses dominated by upper limbs and football courses dominated by lower limbs, sensory integration courses dominated by whole body coordination are more systematic and coordinated. Previous studies argued that the sensory integration training was a process that involves the integration of multiple sensory inputs, including vision, audition, vestibular sensation, proprioception, tactile, and olfactory information (7, 40). The locomotor and object control of gross motor skills are correlated with vestibular function and proprioception in sensory integration (4, 23). Therefore, this may explain why the GMDQ, FMDQ, and TDQ exhibited better outcomes following the sensory integration curriculum intervention. Moreover, the similar curriculum structure, content, exercise duration, volume, and intensity across the tennis, football, and control groups could potentially account for the absence of significant differences among them.

In previous studies, gross motor and fine motor skills have generally been used to evaluate the impact of different interventions, ages, relative ages, and genders on the developmental features, motor competence, activity levels, and motor skills among both healthy and sick young children. These studies have consistently reported positive effects (2, 12–16). It was found that the Test of Gross Motor Development-Second Edition (TGMD-2), TGMD-3, Movement Assessment Battery for Children-2, Bayley Scale of Infant Development, Gesell Development Scale, Cognitive Assessment System, Accelerometer and other tools were widely used to access gross motor skills, fine motor skills, physical activity, cognition and so on. These assessments were extensively employed in the research field of young children developmental behavior (2, 12, 41–43). However, in this study, we employed the Developmental Scale for Children aged 0–6 years (DSC), a tool specifically adapted for Chinese children, which assesses language, adaptability, and social behavior, as well as gross motor and fine motor skills (18, 19). A Chinese study has found that both parent-led family support training and non-parent-led family support training significantly increased the TDQ in children with psychomotor retardation. The parent-led family support training group showed significant improvements in gross motor, fine motor, and adaptability post-intervention compared to the non-parent-led family support training group (44). This partially supports the results of the present study. To our knowledge, this is the first study to use the DSC to explore the effects of different curriculum interventions on young children’s developmental behavior.

In terms of balance ability, it has been suggested that the human balance system may develop with age, of which children aged 3–6 years are particularly sensitive to the development of their balance ability, while the balance regulation mechanism in children aged 7 years is similar to that of adults (12). In this study, all participants were preschool children who were in a particularly sensitive phase of balance ability development. Each of the four physical education curriculum interventions involved lower limb movements and balance control, while maintaining a consistent volume and intensity of physical activity in the curriculum. These may be why all four physical education curricula have a significant effect in promoting balance ability. Some studies argued that children’s balance depended on interaction with surrounding environments and exercises of muscle during the growth process (12, 45). In the present study, there was no significant difference in balance ability between football group and sensory integration group after intervention, which may be attributed to the dominance of lower limb muscles in the overall movement patterns of football.

Some studies argued that motor competence was defined as gross motor skill competency, while the gross motor skill competence was defined as proficiency in a range of fundamental movements skills (13, 29, 46). The fundamental movement skills were often described more precisely as basic stability (e.g., static balance and dynamic balance), object control (manipulation) and locomotor movements (3, 24, 46). These points seem to indicate that there was a positive relationship between balance ability and gross motor and fine motor. Furthermore, it was believed that the essence of sensory integration training was to use gross motor activities to activate the vestibular and somatosensory systems (47). In this study, positive correlations were observed between the GMDQ, FMDQ, TDQ, and balance ability at both baseline and post- intervention. These findings were consistent with the general conclusion of the study (13, 46, 47). Moreover, this study was the first to find a significant positive correlation between balance ability and SBDQ and ADDQ after intervention. It has been suggested that the essence of sensory integration training was employing play activities and sensory-enhanced interactions to elicit the child’s adaptive response (48). The goal of sensory integration training was to increase the child’s ability to integrate sensory information, thereby demonstrating more organized and adaptive behaviors, including social skill, motor planning, and perceptual skill (48, 49). Therefore, this might be the reason for the correlation between balance ability and SBDQ and ADDQ after intervention.

Exercise has positive effects on young children’s physical and brain function (40, 50). In this study, the exercise content of all four curriculum interventions involved the coordination of whole-body muscles and the control of small muscle groups. This helps young children to control their body, maintain balance and enhance the fine control of local muscles, thereby improving gross motor, fine motor and balance ability. Instruction comprehension, mutual communication and cooperation during exercise may potentially improve language and social behavior ability. Moreover, young children require to adapt to changing environments and various situations in physical activity during exercise, which may potentially enhance adaptability. Previous studies argued that the brain regulates motor behavior and performance while motor training influences brain function and structure (50). Long-term exercise stimulates the development of the nervous system, enhances neural pathways, improves the plasticity of the brain and nerves, and thus promotes the growth and development of young children (40). In addition, the better results of the sensory integration curriculum intervention could potentially be attributed to the mechanism that vestibular and proprioceptive input can modulate the processing of sensory information in the reticular formation and limbic system and achieve the ideal level of alertness in the central nervous system (7, 51, 52).

However, it should be acknowledged that this study has several limitations. Firstly, the sample size of the current study was relatively small, which may influence the credibility of the current research. A larger sample size would be effective to acquire a greater generalizability. Secondly, owing to unpredictable and uncontrollable factors, the number of participants included in this study did not reach the optimal sample size as calculated by G*power. Increasing the number of additional participants could potentially address this issue. Thirdly, the control measures implemented in China during the post-epidemic period could potentially influence the daily activities of participants and the efficacy of the intervention, thereby introducing the risk of interference from other irrelevant variables. If possible, future experiments’ recruitment and intervention implementation strategies should avoid such period. Lastly, the scales and test contents used in the current study originated from China and were more applicable to Chinese preschool children, which may limit the universal applicability of the research results. Future studies should consider adopting internationally recognized scales to evaluate the developmental behavior of preschool children and employing more precise and advanced laboratory equipment to assess balance ability, so as to improve the accuracy and credibility of research results. Moreover, it is a difficult task to intervene and test preschool children, and there would be many emergencies in the process of intervention that would affect the effect of a single intervention. A more robust study design with strict execution would be needed to solve the issue in the future study. Furthermore, future research could build upon the current findings to perform comparative studies across various ages and genders. This approach could potentially be more effective in enhancing the motor skills of young children and improving the quality of physical education curriculum.



5 Conclusion

In conclusion, all four different physical education curriculum interventions significantly improved developmental behavior and balance ability. Among them, the sensory integration physical education curriculum intervention has been found to be the most effective in improving GMDQ, FMDQ, TDQ and balance ability in preschool children. There was significant positive correlation between balance ability and GMDQ, FMDQ, and TDQ before and after the intervention. Notably, a positive and significant correlations between ADDQ, SBDQ, and balance ability after sensory integration intervention was found. This finding suggested that sensory integration training should be given priority in the future routine physical education curriculum design, so as to promote the efficient improvement of preschool children’s developmental behavior and motor competence.
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