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Objective: Physical inactivity and sensory integration dysfunction are public health concerns among Chinese preschool children. The purpose of this study was to determine the efficacy of a novel functional training program focused on motor development for healthy children aged 5 to 6 years.

Methods: A total of 101 healthy children aged 5 to 6 years in Tianjin were randomly assigned to the experimental group (N = 51), which received 12-week functional training featuring essential motor skills, whilst the control group (N = 50) continued with their kindergarten-based physical education curriculum. Test of Gross Motor Development-2, national physical fitness measurement, and sensory integration were evaluated before and after the intervention. Children's height, body weight, and the corresponding pre-intervention test scores were utilized as covariates to compare the post-intervention outcomes between the groups.

Results: After the intervention, the experimental group scored considerably higher (P < 0.01) on the locomotor composite score, object control composite score, and overall gross motor score than the control group; the experimental group scored higher (P < 0.05) on the run, gallop, leap, stationary dribble, kick, striking a stationary ball, overhand throw, and underhand roll motor skill tests than the control group; the experimental group performed considerably better (P < 0.01) on the balance beam walking test and sit-and-reach test than the control group; and, the experimental group performed considerably better (P < 0.01) on the vestibular function, tactile defensiveness, and proprioception than the control group.

Conclusion: A 12-week functional training focused on motor development effectively enhanced gross motor, physical fitness, and sensory integration in 5–6-year-old healthy Chinese children.
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INTRODUCTION

The health of preschool children is critical for healthy growth throughout their lifespan (1). Numerous researches have demonstrated that motor development is closely related to individual health, cognitive ability, emotional wellbeing, and social development, and is a necessary condition for young children to thrive academically (2). Motor development can be classified into a gross motor which involves primarily large muscle groups in the trunk or limbs (e.g., running, jumping), and a fine motor which involves mostly the wrists of the arms or small muscle groups (e.g., drawing, using chopsticks). Gross motor is necessary for the development of motor skills, physical fitness, cognitive, perceptual, and emotional capabilities in early childhood (3, 4). Gross motor is not measured in terms of speed or distance traveled, but rather based on how coordinated and smooth the movement is completed (5). Five to six-years of age in children is a vital developmental stage for preschool children about to join an elementary school, as well as the optimal age for motor development (6). If children's motor skills are fully and evenly developed during this time, it could have a significant impact on their subsequent learning of motor skills in school and even as adults. Otherwise, motor development delay has been shown to be a factor in the developmental delay in children (7).

Functional training originated in rehabilitation and aims to restore the body's fundamental functioning through targeted motor activities on the affected limb. Functional training has now evolved significantly, and its emphasis on the kinetic chain exercise, balance training, and multi-joint functional movements is congruent with fundamental principles of early childhood motor skill development. Generally, researches have proven that functional training (8) or motor development training (9) has a beneficial influence on motor skills in disadvantaged children. However, their combined effect on motor skills in healthy, preschool children is missing in the literature. Given the important role of motor development in early childhood, it is critical to address this research gap.

By the time children reach the age of seven, they should have acquired acceptable levels of competency in fundamental motor skills, as they begin to participate in increasingly specialized physical activities (10). This research integrated functional training and motor development patterns in young children to construct a novel 12-week functional training program focused on motor development for preschool children. The study aimed to establish an experimental basis for promoting motor development, physical activity, and sensory integration in early childhood.



METHODS


Participants

The research was approved by the Ethics Committee of Tianjin University of Sport and the protocol adhered strictly to the Declaration of Helsinki. Criteria for inclusion include guardians' informed consent and, children were able to collaborate and engage throughout the intervention. Criteria for exclusion include: children without full participation in the intervention, including one missing visit; children who did not participate completely in the pre- and post-intervention assessments of gross motor, physical fitness, and sensory integration; children enrolled in after-school sports or physical fitness classes during the duration of the study; or, children with physical developmental disorders or a history of congenital diseases. A total of 101 eligible children aged 5 to 6 years in Tianjin were randomly assigned to the control and experimental groups. Table 1 summarizes the demographic characteristics of the participants.


Table 1. Children's demographic characteristics.
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Experimental Design

This research was conducted between October and December of 2021. In October and November, the control and experimental groups were primarily engaged in outdoor activities. Due to the cold winter weather in Tianjin, both groups were primarily engaged in indoor activities in December. Outcome tests were administered 1 week before to the first intervention session and 1 day following the last session.

The control group followed a kindergarten-based physical education curriculum, with each lesson lasting 40–50 min and focusing on group games, gymnastics, and free play as the primary modes of movement. Table 2 summarizes the three primary components of the kindergarten self-designed curriculum, which include rhythmic exercise, games, and free activities for children. In brief, the curriculum covers a limited number of motor skills, the movements are simple, and there is no discernible division of difficulty levels. This curriculum is designed to promote children's interest in physical education and fulfill the Ministry of Education's requirement for physical activity. The control group received the lesson once a week during weeks 1–8 and twice a week during weeks 9–12.


Table 2. Description of the kindergarten-based physical education curriculum.
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The experimental group participated in a functional training program meant to promote motor development. In constructing the functional training program, existing guidelines (11) and published protocol (5) were reviewed, as well as the developmental characteristics (12), cognitive qualities (13), Chinese-specific movement patterns of 5–6-year-old children (14). The protocol and components of the functional training program were refined by consulting with experts and teachers in preschool education. The intervention period was replaced by the same time as the kindergarten-based physical education curriculum, and each training session lasted 40–50 min. Table 3 summarizes the main activities in the functional training program. The program is centered on motor skills and is tailored to the child's cognitive and emotional needs, with mini-games such as tennis, football (soccer), and basketball used to interest young children in training. Each training session begins with a preparation phase, including warm-up, neuromuscular activation, dynamic stretching, and core muscle activation. The main training phase has consisted of two modules. This first module is devoted to motor skill development, with an emphasis on walking, jumping, crawling, throwing, pushing, and catching. The second module focuses on physical fitness, with an emphasis on balance, agility, and endurance. Each training session concludes with a phase of motor skill consolidation and static stretching. The experimental group received a 1–4 week period for basic skill acquisition with one training per week, a 5–8 week period for basic skill consolidation with one training per week, and a 9–12 week period for skill strengthening with two training per week.


Table 3. Description of the functional training program.
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During the intervention period, both groups received similar types and frequencies of general education in kindergarten, including music and arts curriculum.



Instrument

Gross motor was assessed using the Chinese children's validated Test of Gross Motor Development-2 (TGMD-2) (15). TGMD-2 is composed of locomotor and object control domains. Each domain contains six skill tests, for a total of 12 fundamental movement skills. Each skill comprises 3–5 scoring criteria: performed the standard or not performed the standard, which are assigned one or zero points. Two domains' scores are added together to provide a composite score for each domain. After that, the scores for two domains can be added together to obtain an overall gross motor score.

Between 9:00 and 10:30 a.m., the same group of testers administered the physical fitness test in the kindergarten gym and playground, according to the test criteria outlined in the National Physical Fitness Measurement Standards Manual (Preschool Children Version) (16). The test battery gauges different components of fitness, including the standing long jump test, balance beam walking test, tennis throwing test, sit-and-reach test, 10-m shuttle run test, and double-leg timed hop test. A detailed measurement procedure can be found in an independent evaluation of the test (17).

Sensory integration was evaluated using the Child Sensory Integration Scale (18), which was established based on American psychiatrist Jean Ayres's classic sensory integration theory and has been validated in Chinese children aged 3 through 11 years (19). The sensory integration test requires parental cooperation, and due to the very subjective nature of parental self-assessment, the same rehabilitation therapist must help parents in completing an online questionnaire before and after the intervention to guarantee the scale is objectively consistent. The scale consists of the following five domains: vestibular function (14 items), which evaluates gross motor; tactile defensiveness (21 items), which evaluates emotional stability and a tendency to over-defend; proprioception (12 items), which evaluates body's proprioception and balance coordination; learning ability (8 items), which evaluates learning deficits due to poor sensory integration; and, issues particular to children beyond the age of 10 (8 items), which was not assessed in the present study population. Each of the 50 items was scored using a five-point Likert scale as follows: 5 = never (the child never responds in this manner when presented with the opportunity); 4 = seldom (the child responds occasionally in this manner); 3 = occasionally (the child responds sometimes); 2 = frequently; 1 = always (the child responds in the manner noted whenever presented with the opportunity). Total scores for each domain were theoretically between 8 and 105, with higher scores indicating better performance.



Statistics

The IBM SPSS Statistics 24.0 was used for the statistical analysis. A Shapiro-Wilk test was used to confirm data normality. First, a t-test was used to evaluate whether there were pre-intervention test differences between the groups. Second, a t-test was used to evaluate the training effect within the groups. Third, an analysis of covariance was used to evaluate the training effect between the groups, using the height (except for sensory integration), body weight (except for sensory integration), and corresponding pre-intervention test scores as continuous covariates. Results for the sit-and-reach test were compared using the paired Wilcoxon test within groups, and the Mann-Whitney U test between groups. P < 0.05 was considered statistically significant.




RESULTS

Table 4 summarizes the gross motor test results. Before the intervention, the control group scored considerably higher (P < 0.01) on the kick test than the experimental group. There were no significant differences (P > 0.05) in any of the other gross motor tests between the groups before the intervention.


Table 4. Results of gross motor.
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Within the control group, the post-intervention locomotor composite score was higher (P < 0.05), with a higher (P < 0.05) gallop test score and no significant changes (P > 0.05) in the scores of the other five locomotor tests; the post-intervention object control composite score was lower (P < 0.05), with a lower (P < 0.05) striking a stationary ball test score, lower (P < 0.05) overhand throw test score, and considerably lower (P < 0.01) kick test score; and, there was no change (P > 0.05) in the overall gross motor score.

Within the experimental group, the post-intervention locomotor composite score, object control composite score, and overall gross motor score were all considerably higher (P < 0.01); and, all post-intervention locomotor and object control test scores were higher (P < 0.05).

After the intervention, the experimental group scored considerably higher (P < 0.01) on the locomotor composite score, object control composite score, and overall gross motor score than the control group; the experimental group scored higher (P < 0.05) on the run and stationary dribble tests than the control group; and, the experimental group scored considerably higher (P < 0.01) on the gallop, leap, kick, striking a stationary ball, overhand throw, and underhand roll tests than the control group.

Table 5 summarizes the physical fitness test results. Before the intervention, there were no significant differences (P > 0.05) in any of the physical fitness tests between the groups.


Table 5. Results of physical fitness.
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Within the control group, the post-intervention 10-m shuttle run test was considerably better (P < 0.01). Within the experimental group, the post-intervention standing long jump test and sit-and-reach test were better (P < 0.05), and the post-intervention balance beam walking test, tennis throwing test, 10-m shuttle run test, and double-leg timed hop test were considerably better (P < 0.01).

After the intervention, the experimental group performed considerably better (P < 0.01) on the balance beam walking test and sit-and-reach test than the control group.

Table 6 summarizes the sensory integration test results. Before the intervention, there were no significant differences (P > 0.05) in any of the sensory integration domains between the groups.


Table 6. Results of sensory integration.

[image: Table 6]

Within the control group, there was no change (P > 0.05) in the sensory integration. Within the experimental group, the post-intervention vestibular function, tactile defensiveness, and learning ability were considerably improved (P < 0.01).

After the intervention, the experimental group performed considerably better (P < 0.01) on the vestibular function, tactile defensiveness, and proprioception than the control group.



DISCUSSION

Motor development is the process through which individuals go from unstructured, untrained movements to regular, complicated, and deliberate movements (20). At the age of five, the fundamental motor skills gradually improve, and various motor skills gradually develop at the age of six (21). Given that gross motor activities are fundamental motor skills that are developed during the early stages of children's growth, the development of gross motor skills can be prioritized. In this study, kindergarten-based physical education curriculum can only improve certain crucial gross motor and physical fitness characteristics, while having minimal effect on sensory integration. Following a 12-week functional training program focused on motor development, healthy children aged 5 to 6 years performed better in terms of gross motor, physical fitness, and sensory integration. The implication is clear that kindergartens and communities should consider physical education programs with scientific rigor, such as this functional training program, in order for preschool children to develop important motor skills in a timely and sufficient manner, which could have significant effects on their physical and cognitive development.

The kindergarten-based physical education curriculum improved children's locomotor skills but not their object control skills, and the effect on children's gross motor development is not significant. The control group performed significantly better on the pre-intervention kick test than the experimental group. The reason for this could be that the kindergarten-based physical education curriculum had already begun teaching some children football classes. Consequently, some children in both the control and experimental groups were exposed to the kicking motion, resulting in disparities in their gross motor test scores before the intervention. In terms of the higher locomotor composite score, the regular parent-child sporting games held in the kindergarten establish a hurdle race, which is similar to the gallop test in the TGMD-2. As a result, the kindergarten-based physical education curriculum repeatedly consolidates the gallop movement skill while preparing for the sporting games and practicing hurdles, which has a beneficial effect on children's locomotor skills.

The functional training program integrates fundamental movement and balance skills and motor coordination activities for gross motor development. After the 12-week intervention, the locomotor composite score, object control composite score, and overall gross motor score were all higher in the experimental group, demonstrating that the functional training program focused on motor development can help preschool children's gross motor development. Meanwhile, the functional training program incorporates group-based ball games into the workout. Ball activities are very interactive and can not only pique young children's interest, but also improve their observation, judgment, and agility (22). Additionally, Wang et al. (14) has revealed that the rate at which children develop motor skills is related to the frequency with which they play with peers in Chinese preschool children aged 3 to 6 years. Epidemiological researches have generally found a suboptimal level of physical activity in Chinese preschool children aged 3 to 6 years (23, 24). Given the association between physical activity and motor skills, it is not unexpected that Chinese preschool children without adequate physical activity have suboptimal motor development. After adjusting for covariates, Rao et al. (25) discovered that the motor skill development scores of 4-year-old children were significantly lower in 2017 than in 2013. Our findings should be insightful for researchers and practitioners when designing motor development programs for preschool children in kindergartens or communities.

Early childhood is a vital period for physical fitness development. Adequate exercise can aid in the normal development of children's various organs, and physical fitness is a critical indicator of children's health (26). If young children lack physical activity and health-related fitness, they may be more susceptible to chronic diseases such as type 2 diabetes (27) and hypertension (28). Thus, regular physical activity is critical to developing motor skills in early childhood and promoting health throughout their life cycle (29). Meanwhile, motor skill development is a significant predictor of greater levels of health-related physical fitness and physical activity behaviors in preschool children, as well as improved health outcomes (30). It has been demonstrated that the development of 3–6-year-old children's motor skills is positively correlated with their physical health (31). Longitudinal studies also have demonstrated that children's ability to acquire motor skills continues to influence their development of physical fitness and health (32). This study provided evidence that the kindergarten-based physical education curriculum can only help children improve their speed quality, implying that the curriculum cannot address all facets of children's physical fitness. This paucity of high-quality physical activity in Chinese kindergartens is consistent with previous research. For example, Hu et al. (12) evaluated the quality of outdoor play in 91 Chinese kindergartens. They reported insufficient opportunities for outdoor play and a lack of physical activity among children aged 3 to 6 years. In comparison, the functional training program focused on motor development increased all physical characteristics of preschool children, with more noticeable outcomes in balance and flexibility. The functional training program is composed of supervised motor skill activities that can help children improve their sensitivity to external stimuli, develop new conditioned reflexes, and thus foster the development of their body's flexibility and coordination. Recent epidemiological studies on the incidence of developmental coordination disorder in Chinese children found that the overall incidence was 3.4%, and suspected cases were 5.4%, among 3–5-year-old children (33); and the overall incidence was 5.5%, and suspected cases were 10.4%, among 3–10-year-old children (34). This functional training program is particularly relevant to contemporary Chinese society for the healthy development of early childhood.

Sensory integration is critical for children's capacity to learn and social development across their lifespan (35). Children with sensory integration dysfunction are more vulnerable to external influences during movement, exhibiting intense mood swings, decreased self-control, a difficulty to maintain bodily balance, and, in severe cases, aggression. It is a significant public health problem worldwide, with a prevalence of sensory integration dysfunction ranging from 36.94% (36) to 55.8% (37) in Chinese preschool children aged 3 to 6 years. In this study, the functional training program focused on motor development was more effective at improving children's sensory integration than kindergarten-based physical education curriculum. This outcome is consistent with the literature. In Chinese children aged 3 to 6 years, it has been validated that TGMD-2 had a highly significant positive correlation with children's static balance, dynamic balance, and proprioception (38). On the one hand, the greater the risk of sensory integration dysfunction, the more difficult it is to acquire motor skills (39); on the other hand, the locomotor and object control of gross motor skills are correlated with vestibular function and proprioception in sensory integration (40). Functional training is structured around better neuromuscular responses, such as 2-foot hop, which aids children's spatial orientation, improve their balance, and stimulate their vestibular and proprioceptive senses. The present results suggest that a 12-week functional training can improve children's general sensory development, and that establishing a motor development-focused program could be a successful early life educational intervention strategy.

Notably, the functional training program enhanced the learning ability within the experimental group. Motor development is favorably associated with young children's learning ability. A regression analysis of 4–5-year-old children in the Northeast of England discovered that motor skill acquisition improved the number of children who are prepared to enter elementary school and that promoting gross and fine motor skills may increase the number of children who meet entry requirements and are more likely to achieve better educational outcomes (41). This observation was similarly validated among Chinese preschool children. Recently, Chou et al. (42) showed that 4–5-year-old children enrolling in kindergartens with better physical fitness programs had better executive function, which was associated with better academic skills. Furthermore, children with better motor skills had greater executive functions and obtained more academic skills in kindergartens (42). Thus, not only does the functional training program help preschool children's physical fitness, but it may also have a beneficial effect on their long-term learning ability.

This study has two limitations. First, there are six recommended self-reported levels of exercise intensity for Chinese preschool children aged 5 to 6 years, corresponding to an average heart rate of <120, 120, 120–140, 140, 140–160, and >160 beats·min−1 (43). Tan et al. (44) suggested that the target heart rate for physical activity in Chinese children aged 3 to 6 years should range between 126.3 and 165.8 beats·min−1. As a result, this study designed the functional training program maintaining a target heart rate of 120–160 beats·min−1. During the pilot test, both the kindergarten-based physical education curriculum and the functional training program fell within this target heart rate, and there were no statistically significant differences between the two exercise intensities. Due to the impossibility of concurrently recording all heart rate responses in the research context, we cannot rule out the possibility that the exercise intensity throughout the intervention period was different at certain periods. Second, this study examined the effect of a functional training program on 5–6-year-old healthy children, restricting the capacity to generalize these findings to other age groups or children with physical developmental disorders.

In conclusion, a 12-week functional training program focused on motor development improved gross motor, physical fitness, and sensory integrity in healthy Chinese preschool children. This study provided evidence that functional training can be used to accelerate motor development in this age group and has resulted in considerable advancements in a healthy Chinese population. Based on these findings, we recommend expanding this novel functional training program to kindergartens, schools, and communities in order to promote the healthy development of preschool children.
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