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The rate of learning and cognitive development is at its highest level in preschool-aged children, making this stage a critical period. Exercise has received increasing attention for its beneficial physical and mental health effects on the development of preschool children. This study investigated the effects of diverse exercise on the cognition of preschool children. Two classes were randomly selected from kindergarten classes of children aged 5–6 years, and designated as the experimental and control classes. Each class contained 20 children (10 boys and 10 girls) according to the kindergarten class system. The experimental class completed exercises according to the designed curriculum, while control class carried out exercises according to the regular teaching plan, for a study period of 12 weeks. The Wechsler Preschool and Primary Scale of Intelligence (WPPSI) and the Mental Health Questionnaire for Children were used to assess outcomes, both at the beginning and end of study. After 12 weeks, the experimental class has improved in the “Object Assembly,” “Block Design,” “Picture Completion,” and “Coding” (14.70 ± 2.14, p < 0.01; 14.54 ± 1.56, p < 0.01; 9.62 ± 2.06, p < 0.05; 15.92 ± 2.72, p < 0.05) in performance test, and showed improvements in the “Movement,” “Cognitive Ability,” “Sociality” and “Living Habits” (5.65 ± 0.59, p < 0.01; 11.20 ± 1.91, p < 0.05; 9.05 ± 1.72, p < 0.05; 7.10 ± 1.45, p < 0.05) in mental health outcomes. Diverse exercise has a significantly beneficial role in promoting the cognitive development of children aged 5–6 years, as well as a beneficial, albeit insignificant, role in their mental health.
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INTRODUCTION

The rate of learning and cognitive development is at its highest level in preschool-aged children, making this stage a critical period (Sarıkaya and Coşkun, 2015). Providing children with high-quality interventions during this educational period will positively impact their cognitive development (Clark and Kingsley, 2020).

Exercise has received increasing attention for its beneficial physical and mental health effects on the development of preschool children. Evidence supports that exercise exerts a positive impact on cognition through several mechanisms, including glucose delivery, angiogenesis and neurotransmitter levels (Alvarez-Bueno et al., 2017). Furthermore, exercise can stimulate cognitive development in children, especially those in preschool (Bidzan-Bluma and Lipowska, 2018; Norris et al., 2020). Skills and relationships learned during exercise have a continuous impact on other aspects of children’s learning (Bidzan-Bluma and Lipowska, 2018). In primary schools and kindergartens, introducing exercise as an effective complementary activity can play a positive role in children’s learning (Norris et al., 2020). According to Piaget’s cognitive development theory, motor activity is essential for operational intelligence, especially spatial thinking (Lawrence et al., 1957). The theory indicates that action is the source of perception and the basis of thinking, and children’s psychological development is the result of the subject adapting to the object through action (Piaget, 1952). Piaget emphasized that physical and motoric experiences are necessary for the child’s conceptual development of movement and speed, especially during the early stages of development (Piaget et al., 2013).

Children’s cognitive abilities may be influenced by cardiopulmonary function and sedentary activity (Riso et al., 2019). Some systematic reviews on simple aerobic exercise have found that more exercise and less sedentary behavior can have certain health benefits for the physical, cognitive, social and emotional development of preschool children (Carson et al., 2017; Kuzik et al., 2020). The reason may be that long-term exercise enhances the expression of nerve growth factor, thereby improving the executive control network function and the development of cognitive brain function (Donnelly et al., 2016).

A positive correlation between exercise and academic performance has been observed among children, presumably due to changes in cognition, including executive function, memory, and fluid intelligence (Tomporowski et al., 2015). Many studies have focused on the positive effects of exercise on the prefrontal cortex and the hippocampus. Increased activation in the prefrontal cortex, involved in cognitive control, has been observed after exercise interventions (Sanchez-Lopez et al., 2019; Sember et al., 2020). Individuals with better cognitive development in early childhood appeared to be better prepared for learning and had stronger academic ability throughout the educational process (Bryant et al., 2020), and children with higher cognitive ability showed stronger physical fitness (Latorre-Roman et al., 2020).

However, previous studies have been more focused on simple aerobic exercise and the physical development of children (Alesi et al., 2016; Bezerra Alves and Alves, 2019; Bryant et al., 2020; Cai et al., 2020; Madsen et al., 2020; Williams et al., 2020). To the best of our knowledge, no studies have examined the effects of diverse exercise and its potential effects on preschool children. Thus, it is worth studying whether diversity and interest in exercise should be taken into account when arranging exercise courses in order to meet the developmental needs of children and improve their cognitive development. Participation in diverse exercise may be beneficial to the development of cognitive flexibility and working memory in preschool children. Exercise at an early age exhibits more benefits than that at later ages; for instance, a positive childhood lifestyle may have a protective effect on brain health later in life (Sanchez-Lopez et al., 2019). Diverse exercise involves all parts of the body, and the trajectories, routes and nature of the movement of different parts are varied. Children must focus on observing changes in movements to perform the correct action, which could increase their ability to observe and to block out distractions. Several sources have suggested that diverse play-based exercise could be particularly suitable for preschool children and provide more benefits than a single exercise (Scalise et al., 2018). We speculate that diverse exercise will be beneficial to the cognitive development of preschool children if the exercise curriculum is well designed and able to achieve the desired effect. At the same time, the content of the kindergarten curriculum will be enriched, and the exercise interest and experience of preschool children will be enhanced. It is especially important to investigate the effects of an appropriate exercise intervention on preschool children to strengthen their cognitive development. Since an increasing number of experimental studies have reported the mental health benefits of participating in exercise among preschool children (Donnelly et al., 2016), whether diverse exercise can improve the mental health of preschool children also deserves to be studied.

In view of this, in the present study, experiments were designed to test the hypothesis that diverse exercise can exhibit beneficial effects on the cognition of preschool children and can play a secondary role in mental health. This study can provide an effective reference for improving the learning ability of children and promoting their overall physical and mental development.



MATERIALS AND METHODS


Study Population

Participants were recruited from a kindergarten in Jinan, Shandong, China. Two classes, designated as the experimental and control classes, were randomly selected from kindergarten classes of children aged 5–6 years using computer-generated random numbers corresponding to all classes. Each class contained 20 children (10 boys and 10 girls) according to the kindergarten class system. After the pre-test of related outcomes, the experimental class completed exercises according to the designed exercise curriculum, and the control class carried out exercises according to the regular teaching plan. The instructor of the exercise in the experimental class was a physical education practitioner with formal normal education who did not participate in the test of related outcomes. The related outcomes of the experimental and control classes were assessed by the same testers, who conducted relevant learning and training in advance to ensure the accuracy of the test.



Interventions

Children in the experimental class performed 60 min of moderate-intensity exercise three times per week for 12 weeks according to the designed teaching plan. The diverse exercise curriculum of the experimental class consisted of four parts. The first part was a preparation activity lasting about 10 min. In the second part, the children carried out gymnastic exercises for about 10 min for a complete set of movements with a beat of 4 × 8, that is, 4 sets of 8 repetitions. The third part was about 30 min of diverse exercise, including drilling, rolling, walking, running, climbing, jumping, throwing, and other movements, taking into account the development of children’s balance, coordination, flexibility, sensitivity, endurance, flexibility, and other qualities, while also focusing on the cultivation of children’s observation, logical thinking ability and team spirit. The fourth part was a relaxation activity lasting about 10 min. The total time was 60 min (Scalise et al., 2018).

Children in the control class were given regular simple aerobic exercise classes according to the kindergarten teaching plan. The duration of exercise in the control class was the same as in the experimental class, which was 60 min. The two classes attended exercise sessions at different times to avoid a time conflict.

Except for the different class times and content of the exercise program, all other activities in the kindergarten were the same between the experimental and control classes, ensuring the continuation of normal activities and rest. Parents were asked to ensure that the attendance rate was as high as possible and that no other physical training classes were conducted during the experiment.



Outcomes

Tests were performed before and after the 12-week intervention. A cognitive test was administered to the children by professionals from Shandong Normal University with the assistance of kindergarten teachers. A mental health test in the form of a questionnaire was distributed to guardians, who completed it based on the actual situation of the children and submitted it the next day. All personnel received training on tests before they were administered. The results were recorded on paper and transferred to the computer within 24 h.


Cognitive Test

Wechsler Preschool and Primary Scale of Intelligence (WPPSI) was used, which highlights the cognitive aspects of children’s intellectual ability, including verbal and performance tests (Wechsler, 2012). The verbal test included five parts: “Information,” “Vocabulary,” “Arithmetic,” “Similarities,” and “Comprehension,” which was used to measure the ability of verbal learning, conceptual formation and assimilation capacity of language, ability to analyze and summarize and abstract thinking related to language. The performance test included five parts: “Zoo Locations,” “Picture Completion,” “Object Assembly,” “Coding,” and “Block Design.” which was used to measure fluid intelligence, spatial perception, visual organization and reasoning ability (Wechsler, 2012). Because our participants were Chinese children, we used the official Chinese translation of WPPSI and then carried out the test (Lin and Zhang, 2012). Internal consistency reliability for WPPSI was calculated using a split-half analysis with normative sample data. Reliability coefficients for the composite scales ranged from 0.88 to 0.97 (>0.7) (Grizzle, 2011). Factor analysis studies have shown that the series of scales of WPPSI have high construct validity. The correlation coefficient of the total table score was 0.89 (>0.7) (Wechsler, 2012).



Mental Health Test

Subjects were tested with the Mental Health Questionnaire for Children Aged 5–6 years, which is from the book Mental Health Measurement compiled by Song (2005). The test included five parts: “Movement,” “Cognitive Ability,” “Emotion and Will,” “Sociality,” and “Living Habits” with a total of 38 question items. The reliability of internal consistency was evaluated with Cronbach’s alpha coefficients. In this study, Cronbach’s alpha was 0.74 (>0.7). Bartlett’s test of sphericity and the Kaiser–Meyer–Olkin (KMO) measure were used to test construct validity. In this study, the KMO measure was 0.75 (>0.7). Reliability and validity were found to be acceptable.



Data Statistics

The results were statistically analyzed using the SPSS 22.0 software. Sample size was estimated using preliminary arithmetic items in the WPPSI verbal test by Cohen’s d method (Cohen, 1992): the means of data from different groups (11.72 ± 1.04 and 13.31 ± 1.19, n = 6 per group) were divided by pooled standard deviation to calculate the standardized effect size (Cohen’s d value = 1.423), the largest of which was then compared with Cohen’s d power table to determine minimum group size (n = 17) with sufficient statistical significance (5%) and power (90%). A paired t-test was used for intra-group control, and a two-way analysis of variance (ANOVA) was used with the factors “group” and “time” to test for interaction effects. P < 0.05 was considered statistically significant.





RESULTS


Basic Characteristics of Subjects

As shown in Table 1, there were 20 students in each class, with a male-to-female ratio of 1:1. The average height in the experimental and control classes was 120.90 ± 5.74 cm and 120.80 ± 6.56 cm, respectively. The average weight in the experimental and control classes was 23.15 ± 4.78 kg and 24.70 ± 6.49 kg, respectively. The average age in the experimental and control classes was 72.60 ± 3.65 months and 73.08 ± 2.96 months, respectively. All of the above characteristics were statistically the same between the two classes and met experimental requirements.


TABLE 1. Characteristics of subjects.
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Evaluation Outcomes of Wechsler Preschool and Primary Scale of Intelligence


Verbal Test

As shown in Table 2, in the experimental class, there were no significant changes in the scores on any of the verbal test items except for the “Similarities” item, which showed a higher post-test score. In the control class, there were no significant changes between the pre- and post-test scores on any of the verbal tests.


TABLE 2. Scores of verbal test items of Wechsler Intelligence Scale in experimental class and control class before and after the experiment.
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Table 3 shows that in the experimental class, there were no significant differences in the scores on any of the verbal test items between sexes, except for the “Arithmetic” item when comparing the pre-test scores between boys and girls. All significant differences measured according to sex are shown in Figure 1.


TABLE 3. Scores of verbal test items of Wechsler Intelligence Scale in experimental class according to sex before and after the experiment.
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FIGURE 1. Difference between pre- and post-test measures according to sex. (A) Scores of “Arithmetic” in verbal test items of Wechsler Intelligence Scale in experimental class before the experiment. (B) Scores of “Object Assembly” and “Coding” in performance test items of Wechsler Intelligence Scale in experimental class after the experiment. (C) Scores of “Performance IQ” in IQ scores of Wechsler Intelligence Scale in experimental class before and after the experiment. *p < 0.05.




Performance Test

Table 4 shows the results of the performance test in the experimental class. When comparing pre- and post-test scores, all scores showed significant improvements, except for the “Zoo Locations” score. In the performance test in the control class, the “Zoo Locations” and “Picture Completion” scores did not show significant improvements. Similarly, the “Coding” score increased in the post-test, but the difference was not significant. The “Object Assembly” and “Block Design” scores showed significant improvements.


TABLE 4. Scores of performance test items of Wechsler Intelligence Scale in experimental class and control class before and after the experiment.

[image: Table 4]
As shown in Table 5, the post-test scores on “Object Assembly” and “Coding” were significantly improved when comparing boys and girls in the experimental class. The “Object Assembly” score showed significant improvements among girls in the post-test. Both boys and girls showed significant improvements in the “Block Design” item in the post-test. All significant differences measured according to sex are shown in Figure 1.


TABLE 5. Scores of performance test items of Wechsler Intelligence Scale in experimental class according to sex before and after the experiment.
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Evaluation Outcomes of Mental Health Outcomes

As shown in Table 6, when comparing the results of pre- and post-tests, the experimental class showed improvements in “Movement,” “Cognitive Ability,” “Emotion and Will,” “Sociality,” and “Living Habits” aspects to varying degrees, with significant differences in all outcomes except for “Emotion and Will.” On the other hand, there were no significant changes in the outcomes of the control class. There was no significant difference between the experimental and control classes in any of the outcomes except for the post-test “Movement” score.


TABLE 6. Mental health outcomes of experimental class and control class before and after experiment.
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DISCUSSION

Several test items in the outcomes of WPPSI, such as “Picture Completion,” “Block Design,” “Coding” and “Object Assembly,” reflect the observation and perception abilities of preschool children. After 12 weeks of the exercise intervention, the experimental class significantly improved in “Object Assembly” and “Block Design” compared with the control class. These improvements demonstrate that the diverse exercise courses could be beneficial to the development of the observation and perception abilities of 5–6-year-old children.

The main reason for the beneficial effects of diverse exercise on children’s observation ability may be that, for the diverse exercise course, we designed several physical exercises that were beneficial to children’s development. Studies have focused on the positive effects of regular exercise on cognitive skills in children (Alesi et al., 2016). Cognitively engaging and coordinatively demanding activities are considered viable options to increase executive functions, potentially improving children’s cognitive skills and enhancing their attention and observation ability (Hsieh et al., 2017). Gymnastic exercises are based on the coherence and precision of movements and have a degree of standardization. Moreover, a complete set of exercises involves all parts of the body, and the trajectories, routes and nature of the movements of different body parts are varied. In addition, during the teaching process, we highlighted some key points and difficulties to explain and demonstrate separately, assigning certain practice tasks to the children with the aim of improving the pertinence and selectivity of their observation. The second reason for the observed beneficial effects of diverse exercise may be that sustained attention is correlated with enhanced memory performance (Johnson et al., 2019). Acute exercise upregulates neural activity in brain structures that play a key role in subserving episodic memory function, including the medial prefrontal cortex and medial temporal lobe (Kazuya et al., 2018). We designed jigsaw puzzles and included them in the game part of the diverse exercise course. For example, the children were allowed to carefully observe the jigsaw puzzle before playing the game, after which they divided them into pieces; then, they put the pieces together at the end of the activity. Recent studies have confirmed that engaging in an acute bout of exercise before a task requiring sustained attention can have additional effects on short-term memory function and improve task performance (Waters et al., 2020). Toward the end of the activity, the children performed various actions related to walking, running, jumping and throwing. After reaching the end of the activity, they fit the pieces together to form a meaningful whole action in the form of a relay race according to their memories. Children observed the jigsaw puzzle carefully before the game, requiring them to be selective and focus on the characteristics of the tasks due to limited time. Therefore, diverse exercise courses may strengthen the observation ability of 5–6-year-old children through purposeful and conscious cultivation of their observation ability. A previous randomized controlled trial performed a 4-week exercise program and concluded that daily brief coordinated exercise could improve attention in children (Harris et al., 2018). In our study, after a certain period of diverse exercise, the observation ability of the 5–6-year-old children was significantly improved.

The main explanation for the promoting effects of diverse exercise on children’s perception ability may be as follows: (1) Motion perception is the perception of objects moving in space, including the trajectory, speed and direction. After learning to imitate an action during gymnastic exercises, 5–6-year-old children may form a certain understanding of its direction and trajectory, which may also gradually strengthen during the practice. (2) Spatial perception refers to the reflection of the spatial characteristics of objects in the human brain, including orientation, shape, size, and depth. Short-term gymnastics training can generally promote children’s spatial working memory at the behavioral and neurophysiological levels (Aadland et al., 2019). Executive functions, including inhibition and spatial and auditory working memory, were significantly associated with agility, which was significantly linked to comprehensive physical ability via motor coordination (Aoyama and Imai-Matsumura, 2020). Diverse exercise, such as walking like a penguin on a balance beam, holding a sandbag on one’s head and forward rolling, requires children to perceive space, which benefits their spatial perception while developing their coordination and balance. This suggests that diverse exercise involving cognitive–motor interactions have potential benefits in the spatial cognitive ability of preschool children. (3) Time perception is the ability to manage the use of time when conducting tasks; the accuracy of time perception may rely on the executive control process related to the intentional allocation of attentional resources, including non-temporal stimulus properties (perception) (Matthews and Meck, 2016; Witowska et al., 2020). Diverse exercise includes tasks that preschool children must complete within a given time, so children could learn to adjust their performance of exercises in an attempt to complete the game within the allotted time. Through these exercises, children’s time perception was improved to a certain extent.

The scores improved in both genders after the intervention, but the post-test scores of the girls were higher. However, in the present study, this difference was less related to exercise and more likely due to the earlier development of girls. Girls peak in their physical growth earlier than boys, with a correspondingly earlier stabilization of brain metabolism (Vandekar et al., 2019). Some studies suggest that all language-related tracts develop earlier in girls than in boys, and girls have scored better than boys on reading tasks (Qiu et al., 2011; Lebel and Deoni, 2018; Kaczkurkin et al., 2019). The cognitive aspect of functioning yielded a higher correlation with motor functioning in female than in male children (Bala and Katić, 2009).

Maintaining a healthy lifestyle has been found to promote mental health in both neurotypical children and children with mental health problems (Sampasa-Kanyinga et al., 2020; Thomas et al., 2020). From the results of the mental health questionnaire, in terms of “movement” outcomes, after 12 weeks of the intervention, the experimental class showed greater improvement than the control class. This result indicates that the diverse exercise course was conducive to the development of movements in children between 5 and 6 years old and benefited their ability to learn basic movements. The main reason may be that the diverse exercise course included not only gymnastic exercises but also drilling, rolling, climbing, walking, running, jumping, throwing, and other various forms of exercise. Therefore, children aged 5–6 years could effectively exercise all parts of their body in the course of the exercise, and their balance, coordination, flexibility, sensitivity, endurance, and other aspects could be greatly improved. Previous reviews suggest an association between exercise and lower rates of depression and anxiety, or more positive self-perception and self-esteem, but the conclusions were limited due to the small sample size (Lubans et al., 2016; Rodriguez-Ayllon et al., 2019). While there is little evidence showing that exercise can significantly affect mental health in preschool children, a general trend has been observed suggesting that children who meet exercise recommendations have higher mental health scores (Rodriguez-Ayllon et al., 2019; Thomas et al., 2020). In terms of other outcomes, although the differences between the experimental and control classes did not reach statistical significance after the experiment, intra-group comparisons still revealed an improving trend in the experimental class with respect to “cognitive ability,” “sociality,” and “habits of life.” Although further study is needed to verify the benefits of diverse exercise on specific aspects of long-term conditions in children, increased participation in exercise should nevertheless be recommended as a potential means of improving long-term mental health (Dimitri et al., 2020).

However, it should be noted that while most studies report that 10–30 min of exercise exhibits beneficial effects on complex higher-level cognitive tasks (Byun et al., 2014), longer durations of exercise (>35 min) have been reported to negatively affect memory performance and decrease cognitive performance, likely due to the fatigue induced by prolonged exercise (Hacker et al., 2020). Furthermore, prolonged exercise is hypothesized to produce adverse effects due to an excessive increase in arousal (Crush and Loprinzi, 2017). Therefore, when designing a diverse exercise program, the exercise time should be reasonably controlled to ensure that the effects follow an optimal trend (Chang et al., 2012). In addition, exploratory analyses have indicated that the effect of acute exercise is temporally limited, with the intervention leading to accuracy gains only when tested directly after the intervention (Stein et al., 2017). Thus, long-term adherence needs to be taken into account in the teaching process, developing children’s exercise habits in order to ensure the enduring effect of diverse exercise. Although we have confidence in the reliability of test scores, which is typically assessed across time by administering the same test to the same individuals twice and then correlating the test and retest scores to produce a stability coefficient (Watkins and Smith, 2013; Brunner et al., 2017), the results should be interpreted with caution and further tested in future studies. Furthermore, the total physical activity of children was not assessed in the study, as children and their parents were instructed to reduce physical activity other than that in the intervention, which could be a potential limitation of the study.



CONCLUSION

In conclusion, the results of this study indicate that diverse exercise has a beneficial role in the cognitive development of children aged 5–6 years. However, further studies with larger sample sizes and longer intervention times are needed to confirm its role in the mental health of children aged 5–6 years.
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