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Hot Executive Function (hot EF) refers to cognitive process involved in high emotion or motivation, and the operation of this function is related to the activities of the ventromedial prefrontal lobe and orbitofrontal lobe. Meanwhile, rhythmic-movement activity is a musical activity in which one expresses and feels music with one’s own body movements which involves cognitive abilities such as adjusting and understanding emotions among children. To explore how rhythmic-movement activity with rewards influences the development of hot EF in children of 5–6 years old, the organization principles of rhythmic-movement activity with rewards intervention on hot EF were designed, and 62 children of 5–6 years old in a kindergarten in Yantai of China were selected as research participants (M = 5.80 years old, SD = 0.37 years old) for pre-test and post-test experimental design. The experimental group received rhythmic-movement activity with rewards three times a week for 6 weeks, while the control group did not. The gift delay task and the children’s gambling task were used to measure two sub-components of hot EF before and after the intervention, and the results show that rhythmic-movement activity with rewards has a significant effect on gratification delay and affective decision-making ability of children. Finally, the effects and enlightenment of rhythmic-movement activity with rewards on hot EF are discussed.
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Introduction

Primary school is an important turning point for children to receive formal education, during which period new learning content and classroom rules will bring challenges to children. Some children are unable to cope with these challenges and develop adjustment problems. It is usually characterized by restlessness, incessant activity, difficulty in waiting, interference in the activities of others, etc., which is specifically reflected in behaviors and emotional problems such as uncontrollable behavior, excessive activity, pursuit of timely rewards, and emotional dysregulation (Çökük and Kozikoglu, 2020; Shakehnia et al., 2021). These manifestations of impulsivity, risk-taking, and emotional disturbance may be closely related to emotion-related hot executive function (hot EF) (Prencipe et al., 2011). Low level of hot EF not only influences their immediate lives, but also have negative impact on children’s future development, such as academic and social difficulties, increased criminal activity, use of public aids, and drug abuse (Racz et al., 2013; Corcoran et al., 2018). From this perspective, improving the level of hot EF of children may be the key to solving the adaptation problem.

Hot EF refers to cognitive process involved in high emotion or motivation, and the operation of this function is related to the activities of the ventromedial prefrontal lobe and orbitofrontal lobe (Zelazo and Cunningham, 2007; Logue and Gould, 2014). The essence of hot EF is linking cognitive process with emotion, adjusting cognitive conflicts related to emotion, and making choices and actions that are in line with long-term interests and facilitate people to make good social adaptations (Rueda et al., 2016). The key stage of hot EF development is preschool, with 5 years old being the key period and turning point (Traverso et al., 2015; Veer et al., 2017). Children’s daily life is closely related to the development of hot EF. For example, children often face cognitive dilemmas related to emotions and desires, such as (i) whether to do homework before or after playing and (ii) whether a delicious snack is healthy or not. When making such decisions, children must reconcile specific emotions, expectations, and rules in the brain, manage emotions among competing choices, make plans or choices in line with long-term interests, and adjust their impulse to get instant satisfaction (Rueda and Paz-Alonzo, 2013). Hot EF can help children better adjust cognitive factors such as emotion, motivation, desire, personal social behavior norms, rewards, and win–lose emotions, affective decision making ability, and reasoning, empathy, self-awareness, etc. (Zelazo and Müeller, 2002; Fatwikiningsih, 2016). to help young children make choices and actions in line with their future development.

Some studies indicate that the core components of hot EF include gratification delay (GD) and affective decision making (ADM) (Zelazo and Carlson, 2012; Antonini et al., 2015; Crone and Steinbeis, 2017; O'Toole et al., 2019). GD refers to the choice orientation of voluntarily giving up immediate gratification for more-valuable long-term goals, and the self-control ability demonstrated in the waiting process (Yu et al., 2016; Moriguchi et al., 2018). For example, to achieve academic success, one must give up things that can produce short-term happiness (e.g., chasing dramas and games) and do things that are slow but rewarding (e.g., reading, exercising, and finishing homework). During this period, individuals need strong self-control to resist temptations and deal with setbacks. The tools for measuring GD in studies include the marshmallow experiment (Mischel, 2014), the post-picture finding task (Simpson and Riggs, 2007), the candy delay task, the gift wrapping task (Kochanska et al., 1996), and the gift delay task (GDT). Research has shown that GD appears in early childhood (Yanaoka et al., 2022), and GD in early childhood can predict social communication ability and academic achievement in adolescence, as well as weight, health, and career achievement in adulthood (Schlam et al., 2013). ADM is the ability to make choices that seek advantages and avoid disadvantages when individuals face at least two different value contradictions that cause emotional conflicts (Bracha and Brown, 2012; Charpentier et al., 2016). There are four explanations for the development of ADM ability: (i) the development of somatosensory marker ability. This theory implies that the brain influences the decision-making process through physical sensations and affective responses. In the process of decision-making, people will have physical feelings related to a specific situation. These physical feelings can be physiological changes (such as increased heart rate, increased breathing) or physical manifestations (such as facial expressions, physical movements), which provide a concrete and perceptible experience for decision-making, and this experience is crucial to the development of decision-making.; (ii) to stimulate the development of flexible representation ability of enhancement value; (iii) the development of rule reasoning and rule integration ability; (iv) focusing on the future development of decision-making ability, this being the core reason for the development of ADM ability (Zeng, 2010). The main purpose of ADM ability is to focus on the future and make choices and decisions that are beneficial to oneself or society in present activities, and it is a very important example of social adaptability (Lerner et al., 2015). When a person’s ADM ability is poor (e.g., the abuse of drugs), it leads to poor emotional regulation ability and makes it easy to do dangerous things (Volkow et al., 2010; Martin and Delgado, 2011). In addition, people with defective ADM are prone to behavioral problems such as alcoholism, smoking, addiction, etc. and are easily tempted by emotions and rewards to make choices that have negative impacts on the future. Research shows that ADM ability plays an important role in children’s cognitive ability and emotional development, and it is an important part of higher-order thinking, which runs through all conscious activities of human beings (Bandyopadhyay et al., 2013). The tools for measuring ADM ability include the emotion regulation scale (Martins et al., 2020) and the children’s gambling task (ChGT) (Kerr and Zelazo, 2004). For example, one research used the ChGT to measure how hot EF affected physical aggression in children between the ages of five and six, and this method is more suitable for testing younger children (O'Toole et al., 2019).

A way of stimulating the development of hot EF is to use sport-based interventions. Studies have shown that sport intervention can not only promote physical development and reduce the probability of obesity (Mandolesi et al., 2018) but also increase the neuronal connection between the cerebellum and frontal cortex, making attention more concentrated and promoting the development of cognitive ability (Budde et al., 2008). Physical sport is also closely related to the development of emotion, decision-making, communication skills, and social skills (Sohrabi, 2019). Study discussed the effects of different intensities of sport on children’s EF behavior. The experimental group and the control group, respectively, conducted low-intensity or moderate-intensity sport for 8 weeks, twice a week and for 35 min each time. The intervention course was aimed at helping children to coordinate sports in an interesting and pleasant way instead of focusing on competition or skill improvement, and it was found that moderate-intensity sport is best for promoting children’s cognitive and physical development (Chang et al., 2013). Compared with the promotion of long-term chronic exercise on the development of brain function, a single acute exercise also has a transient impact on growth factors such as brain-derived neurotrophic factor. Studies found that these growth factors closely related to cognitive ability increased after exercise (Diamond, 2006). Physical movement is also strongly linked to the development of emotions, decision-making, communication skills, and social skills (Sohrabi, 2019). One study reviewed the influence of Quadrato Motor Training sports training on hot EF. In motor inhibition training, practitioners were required to alternate between dynamic movements and static postures while focusing their attention and consciousness on the present body and excluding all other thoughts. This process has brought about physiological changes in the brain and enhanced the comprehensive communication between cognitive and emotional brain regions, thus verifying the hypothesis that sport can improve hot EF (Leshem et al., 2020). Therefore, physical sport is not only beneficial to physical health but also closely related to the development of cognition, emotion, and decision-making of hot EF.

Given the significant value of hot EF, researchers actively explored various intervention methods, with sport training and music training emerging as widely used approaches. Participation in music activities generated a musical advantage, which refers to a non-musical cognitive benefit acquired through formal musical training (Benítez-Barrera et al., 2022). Putkinen et al. (2015) explored the effects of formal music training and informal music group activities on children’s cognitive abilities. The findings revealed that music training not only enhanced children’s neural audio discrimination but also improved their attention control skills, exemplifying the positive effects of music engagement on cognitive development. A study randomly selected 36 children with abnormal emotional socialization development as research participants to implement music intervention, and they evaluated the children’s emotional and social development again 3 months later. After music intervention, the indicators of the children’s emotional socialization development in the implicit behavior domain had improved most obviously, and the dimensions of impulsiveness and anxiety in activities had also improved significantly, showing statistical differences with the pre-test results (Feiying et al., 2018). Musical training can also enhance neuroplasticity and structural brain development (Hyde et al., 2009; Luo et al., 2012). The study involved college students reflecting on their music training experiences and revealed the positive impact of music training on children’s emotional and cognitive processes. Music training has a positive impact on people’s affective decision making by enhancing emotional processing, improving cognitive abilities, cultivating attention and concentration, as well as promoting brain development and neural connections (Hou et al., 2017). At the same time, musical training can also lead to better emotional arousal and make the emotional state develop in a positive direction (Husain et al., 2002; Shaposhnikova et al., 2021).

Rhythmic-movement activities are generally defined as a type of activity that combines musical rhythm with physical movement (Miendlarzewska and Trost, 2014; Williams and Berthelsen, 2019; Hu et al., 2020; Laure and Habe, 2023). In China’s childhood education, rhythmic-movement activities usually exist as a kind of music teaching curriculum. In this activity, teachers guide children to accompany music, express music content through rhythmic movements, perceive the elements of music, and develop concentration, imagination and movement coordination. In order to attract the interest of children, preschool teachers usually provide rewards to be awarded at the end of the activity. Relevant studies have shown that whether gifts are presented in front of them will also affect children’s delayed gratification level (Mischel, 1974). And the speed and accuracy of decision making is also improved by the incentive of rewards (Geier et al., 2010; Padmanabhan et al., 2011). Therefore, our intervention activity integrated the reward element. Studies have shown that children can indeed perform rhythmic physical activity to music (Einarson and Trainor, 2016; Kragness and Trainor, 2018; Tuominen et al., 2020). And this activity aims to teach children to hear and to respond organically to the various rhythms of music; to make their bodies rhythmically coordinated and conscious through actually experiencing music in movement. The children are encouraged to move freely, vigorously, and naturally and to use their bodies as a whole (White, 2013). It includes dancing, clapping, tapping instruments, performing body movements, etc., which is widely used in early childhood education and loved by children. First, rhythmic-movement activities can improve children’s rhythmic ability (Venetsanou et al., 2014). A comparative study of music and rhythmic-movement activities found that rhythmic-movement activities not only improved children’s basic movement skills but also affected their rhythmic ability (Marinšek and Denac, 2020). Second, rhythmic-movement activities can promote children’s cognitive development (Williams and Berthelsen, 2019). Most researchers believe that the transfer effect of music training can promote the development of cognitive ability. Rhythmic-movement activity requires individuals to decode musical symbols and convert them into corresponding action commands, so as to gather attention during practice, which has a very positive impact on the development of spatial working memory, linguistic working memory, and reasoning ability of individuals. In addition, studies have also shown that music training can affect the gray matter volume of the temporal occipital lobe and insular cortex in the brain, and then promote the development of human cognition (Bergman Nutley et al., 2014). Researchist investigated the influence of rhythmic-movement activity on the cognition of children between the ages of three and four in a kindergarten in London in the United Kingdom. Music training can enhance the regional coordination of body movement, hearing, and perception (Bowmer et al., 2018). Third, rhythmic-movement activity has a certain influence on the development of emotions in hot EF. Rhythmic-movement activity can improve depression, stress, anxiety, and anger (Cevasco et al., 2005). And fourth, rhythmic-movement activity has an impact on children’s prosocial behavior and attitude (Wan and Zhu, 2021). Rhythm coordination in rhythmic-movement activity improves neural flexibility, and rhythmic-movement activity with cooperative behaviors can enhance prosocial behavior attitude and good mood because of the cooperative relationship with peers. When children participate in rhythmic-movement activity, they are easily mobilized by cheerful music. However, rhythmic-movement activity under the guidance of teachers requires children to concentrate on judging the rhythm to complete the combination of music and movements. Children must combine and regulate various cognitive abilities in their brains, so as to promote children’s control and recognition of emotions. At the same time, music activity is also a good means of emotional education for children, and its educational power is better than simply imparting knowledge (Zhou, 2015).

The process of rhythmic-movement activities typically includes warm-up; introduction; music appreciation; movement expression; music performance; and relaxation etc. (Matthews et al., 2016; Kim and Lee, 2023; Laure and Habe, 2023; Williams et al., 2023). A study designed a rhythm and movement intervention program to explore the effect of rhythm and movement intervention on improving the self-regulation skills of 3–4 year old children, which included the following steps: (i) warm-up involving body percussion; (ii) becoming familiar involving an adaptation of a familiar early childhood song; (iii) moving to the beat involving large grossmotor movements; (iv) playing to the beat involving simple rhythm sticks or castanets; (v) dancing to the beat involving slightly more complex gross motor movement patterns to activity three of the session and often involving visual motor skills and coordination such as mirroring the shape of rhythm sticks on the floor with bodies; and (vi) calming, which includes a series of movements and then stillness accompanied by relaxation music to support physiological entrainment to a calmer state, targeting embodied emotional regulation. After 8 weeks of intervention, the results of the study showed that rhythmic-movement activity had a significantly improved effect on children’s self-regulation (Williams et al., 2023). In another study, the researchers conducted a Montessori music movement activity to explore the development of rhythmic ability in 3–6 year old children. In the activity, children were deployed into two experimental groups and a control group. Intervention consisted of introducing 15–20 min of unstructured movement time, either accompanied by a piano or recording, three times a week for 4 months, whereas the control group carried on the usual Montessori program. Three tests for measuring rhythmic abilities were used: auditory discrimination of the rhythmic patterns, imitation of spoken rhythmic phrases, and determining the synchronization of movement with the rhythm of the music. It turned out that, Montessori music movement has a positive effect on the development of children’s rhythmic ability (Laure and Habe, 2023). Korean researchers developed an interpersonal relationship based music activity program for children from Grade 3 to Grade 6. This intervention activity included three stages: introduction music, development, and consolidate shared feelings. In the development stage, 10 interpersonal care techniques were applied in the theme area while performing activities, such as singing with Orff music, making ostinato rhythms, performing physical activities, playing musical instruments, and appreciating and playing musical instruments. The experiment showed that the intervention activity had significant effects on ego-resilience, peer relationships, happiness, interpersonal care awareness, physiological anxiety, and physiological stress (Kim and Lee, 2023). American researchers in rural southwestern Ohio conducted a study to understand how teachers experience and structure the role of rhythm in basic education. Through qualitative research methods, rhythm was incorporated into curriculum teaching by using music and rhythm, creating rhythmized learning environment, integrating art and music, and encouraging students to study independently, which effectively improves students’ learning effect and academic achievement (Matthews et al., 2016).

Therefore, this study designed and implemented an intervention measure targeting rhythmic-movement activities with rewards for children. The aim of this study was to determine the effects of this rhythmic-movement activities with rewards intervention on hot EF in children of 5 to 6 years old for 6 weeks. We hypothesized that the 6-week rhythmic-movement activities intervention would improve children’s hot EF. Specifically, the research hypothesis is as follows.

Hypothesis: rhythmic-movement activity with rewards intervention can significantly promote the development of hot EF in experimental group children.



Materials and methods


Participants

Participants were 62 Chinese 5- to 6-year-old children, who were from two classes of a preschool which was located in Yantai of China. To ensure the effect of regularizing the experimental response, two classes were randomly selected in the preschool, and children of one class were assigned to the control group (M = 5.77 years old, SD = 0.35 years old, 16 males and 16 females) and children of the other class were assigned to the experimental group (M = 5.83 years old, SD = 0.40 years old, 19 males and 11 females). Five children in the control group had experienced special music curriculums (dance and drum kit), as had three children in the experimental group (guzheng, piano, and dance). No parent of any child in either group had engaged in work related to music and art, and there was no statistical difference in age and gender between the experimental group and control group [gender t(62) = 1.050, p = 0.297]; [age t(62) = −0.652, p = 0.517]. All the children in the experimental group and control group were normal with no psychotic history, family genetic history, or serious physical diseases, and all had normal intelligence, hearing, and vision (in some cases corrected vision).



Design and procedure

The rhythmic-movement activity with rewards intervention was conducted in a real-world setting, and interventions were carried out by the teachers in the class. To ensure the scientific nature of the experiment, the teacher did not know the purpose of the intervention, there by avoiding the subjective influence of the experimenters and verifying the operability of the framework. We employed a pre-post study design, and the participants of the two groups were assessed on the indexes of hot EF twice. Before the experiment, Informed Consent Forms were distributed to obtain parental consent and receive children’s basic information (name, gender, date of birth, participation of interest-oriented classes), and the parents of 62 children agreed to participate in the whole test. Having collected the information, pretests were completed within 2 weeks. All the children participated voluntarily in the tests and had the right to quit the experiment. At the start of experiment, the researchers explained the experimental requirements to the children to ensure that they understood the experimental tasks. After the pre-test, the experimental group conducted a 6-week intervention consisting of 18 lessons and each lesson consists of 6 sessions for 30–40 min; on the contrary, the control group received the routine teaching activities. The intervention process was as follows: warm-up; activity introduction and announcement of the rewards; music enjoyment; movement expression; music performance; relaxation and reward distribution. In the activities, all the children were encouraged to participate actively, show boldness, and participate in the challenges. Within 2 weeks after the intervention, the post-test of all the children was completed immediately. All the children in the experimental group and control group received the same two hot EF tests as the pre-test. The pre-test and post-test are the same person, and the intervention activities were organized and implemented by students majoring in pre-school education at Ludong University in China.



Tests and materials

Two tasks, including the Gift Delay Task (GDT) and Children’s Gambling Task (ChGT), were used to test the two core components of hot EF. GD was measured using the GDT, and ADM ability was measured using the ChGT. The specific experimental operations were as follows.

In the current study, the tools for measuring gratification delay (GD) are: Gift Delay task (GDT) (Mischel et al., 1972; Zelazo et al., 2010) and Snack Delay Task (SDT) (Slot et al., 2017; Alesi et al., 2019), among which the former uses gifts as temptations, and the latter uses snacks as temptations. The basic procedures of the two are similar. A study have pointed out that the most commonly used instruments to assess hot EF in preschool children were the Gift Delay task (Montroy et al., 2019). In addition, we discussed the issue of temptation with the kindergarten where we intervened. Considering the safety of snacks, we finally chose the Gift Delay task. In this study, the self-GD paradigm proposed by Mischel was used for the GDT test to evaluate the developmental level of the children’s GD ability. First, before the experiment, the experimenter investigated the favorite toys of the children in the experimental group and control group and then showed screened pictures of the toys for the children to vote for their favorite ones. The statistical results were then used to select the toys that most of the children liked to determine the reward for GD. The preliminary preparation included a set of special tables and small stools for the children, a timer, an adult chair, and a pressing bell. The scoring method of the experiment was as follows: zero points for an immediate reward; one point for a delayed reward. The scoring standard for measuring delay maintenance ability was as follows: the standard time of this paradigm was 20 min, with every 4 min as a scoring segment, i.e., got one point in 0–4 min, got two points in 4.01–8 min, got three points in 8.01–12 min, got four points in 12.01–16 min and got five points in 116.01–20 min.



Children’s gambling task

Tools for measuring affective decision making (ADM) include The Emotion Regulation Checklist (ERC) (Martins et al., 2020; Lucas-Molina et al., 2022) and Children’s Gambling Task (ChGT) (Andrews and Moussaumai, 2015; O'Toole et al., 2019; Beck et al., 2020). Firstly, the reason for choosing the ChGT to test affective decision-making is that the children’s Gambling Task simulates the interactive competition scene of children, which can better reflect children’s emotional adjustment ability in the real world. Secondly, children’s Gambling Task are repeatable and comparable. It can be repeated tests among different times, places and participants to assess the development and change of children’s emotional decision-making ability. Therefore, we chose the children’s game task as a measurement tool for emotional decision-making. The present study used the children’s version of the Iowa Gambling Task—also known as the ChGT—to test the children’s ADM ability of hot EF (Garon and Moore, 2004; Bunch et al., 2007; Hou et al., 2017). The main purpose of ADM is to make choices and decisions that are beneficial to individuals or to others (society). In the ChGT, children need to integrate rewards and punishment information from uncertain cards to win rewards to the maximum extent, and completing this experimental task requires high emotional input.

In the experiment, two decks of cards (20 cm × 30 cm) were used in this task: one deck of cards with 50 vertical stripes on the back, and the other deck of cards with 50 polka dots on the back. The test time was about 20 min. The vertical-stripe playing cards (advantage cards) always had a smiling face and occasionally a crying face. The polka-dot playing cards (disadvantage cards)always had two smiling faces and occasionally several crying faces (between four and six). The scoring standard for measuring ADM ability was as follows. The basic score of this test was 10 points. On this basis, the children randomly drew cards from the two stacks, winning or losing X points where X is the number of smiling faces minus the number of crying faces. After touching the cards 50 times, the test stopped and the children’s scores were counted. At this point, the children were asked four questions to test their understanding of the game cards. The first two questions focused on advantage cards, while the last two questions focused on disadvantage cards. The tester’s questions were as follows. Question i: Which set of cards is the best? If children can mention “vertical-stripe playing cards,” they will earn one point. Question ii: Why do you think this set of cards is the best? If children can say “these cards can earn me more smiles,” they will get one point. Question iii: Which set of cards is the worst? If children can mention “polka-dot playing cards,” they will earn one point. Question iv: Why do you think this set of cards is the worst? If children can say “these cards can make me lose many smiles,” they will earn one point. One point was given for each answer to a question, totaling four points. The total score of the test was the score of the cards plus the score of the questions.



Intervention program

With the intervention, we aimed to develop the hot EF of children through rhythmic-movement activities with rewards. The intervention was done by the training teacher of rhythmic-movement activities with rewards, who was the main class teacher with 16 years of teaching experience of the experimental class and had a solid theoretical foundation in pre-school education. The training location was the activity room of the experimental group. The study selected 18 cheerful children’s songs, allowing children to perceive beats, rhythms, accents and melodies, to create movements along with the music for musical performance. In the activity, according to the content shared by children, teachers drew charts, showed the story plot, and explained the beats, rhythms, accents and melodies used in the music. Take rhythm as an example, reading “ta” in quarter rhythm with its chart of “X”; The musical instruments provided in the activity include African drums, sand hammers, double drum, carelets, etc. In addition, children were also provided with costumes for the performance.

Each activity in this study consists of 6 parts, and the activity design refers to the activity process of a rhythmic-movement activity with rewards intervention. (i) Warm-up means to attract the children’s attention and prepare the body. Teacher led children to sing while beating the body, such as “body syllable song”: “Touch your feet do do do do; Touch your knee re re re re…”; (ii) Activity introduction is to introduce the purpose and content of the activity and announce the rewards. The teacher presented the reward to the children and promised to receive the reward for their positive performance. Children can be rewarded when they completed the activity (the reward is non-test task reward); (iii) Music appreciation is that children appreciate music, imagine the story, and express the story with words and actions. The teacher draws a plot chart according to the content shared by the children; (iv) Movement expression means to enjoy music in sections, with the help of distinct character images and transformation of story plot, letting children use action to show music beat, strength, melody changes. For example, jumping shows the lively music, walking shows the music with slow rhythm; (v) Music performance is to perform a dance with different roles and music. According to the rhythm of music, the children can freely express their body movements, create body movements, gestures or use instruments combining audio-visual and movement. After getting familiar with the music plot and rhythm through the previous part, children looked at the chart and listened to the music to perform the song; (vi) Play soothing music to breathe deeply and calm children’s mood is the end of the activity part. Teacher led children to review the content of the activity, so that they can reflect on their own performance, in order to perform better in the following activities. Rewards would be presented upon completion of the activities.

Below are 18 intervention lesson songs (Table 1).



TABLE 1 18 intervention lesson songs.
[image: Table1]




Results

SPSS 27.0 was used to analyze the data. In this study, two groups (rhythmic-movement activity with rewards intervention training experimental group; control group) and two times (pre-experiment test; post-experiment test) were used to design the variance analysis, with the GD and ADM scores as the intra-subjectivity factors and the experimental and control classes as the inter-subjectivity factors. Two-way analysis of variance (ANOVA) was used to test the interaction between the experimental and control groups at the time points before and after the test.

Regarding the control of irrelevant factors, we first investigated the basic situation of the children (their participation in special curriculums, and their gender, age, and parents’ occupations), and there was no statistical difference. Second, before the experiment, a homogeneity test was carried out on the developmental level of GD and ADM ability of the children in the two groups. Regarding the intervention activities, the experimental group and control group had unified weekly and monthly teaching activities in the kindergarten, so the activities are similar. After school, the experimental group participated in 30–40 min of rhythmic-movement activity with rewards training three times a week for 6 weeks, while the control group received no intervention. The scores of the hot EF tasks before and after rhythmic-movement activity with rewards are given in Table 2.



TABLE 2 Task data of hot executive function (hot EF) in experimental group and control group.
[image: Table2]


Statistical analysis of pre-test results of experimental and control groups

To better control the experimental variables, the test results for the two components of hot EF of the children in the experimental group and control group were analyzed using an independent-sample T-test to test whether the hot EF of the children in the experimental group and control group was at the same level. The results showed that there was no significant difference in the GD and ADM scores between the experimental group and control group.

There was no significant difference between the experimental group and control group in the pre-test scores of GD [t(62) = −0.167, p = 0.868], and there was no significant difference between the two groups in the pre-test scores of ADM ability [t(62) = −1.125, p = 0.265]. Therefore, the two ability levels of the two groups of children in the pre-test were equivalent, and intervention research could be carried out (Table 3).



TABLE 3 Pre-test data of experimental group and control group.
[image: Table3]



Effects of rhythmic-movement activity with rewards on children’s hot executive function, gratification delay, and affective decision-making ability

To study further the influence of rhythmic-movement activity with rewards on children’s GD and ADM, we conducted two-way bidirectional repeated-measurement ANOVA to analyze the interaction between the time points of GD and ADM (pre-test; post-test) and groups (rhythmic-movement activity with rewards experimental group; control group) (Table 4).



TABLE 4 Analysis of intervention effect of rhythmic-movement activity with rewards experimental group on hot EF.
[image: Table4]

The GDT results showed that the interactions between time points and groups were significant [F = 13.337, p < 0.001, η2p = 0.210]. Simple effect analysis showed that there was significant difference between pre-test and post-test in the experimental group (p < 0.001) but no significant difference between pre-test and post-test in the control group (p = 0.415). Under the pre-test conditions, there was no significant difference between the experimental group and control group (p = 0.868). Under the post-test conditions, there was significant difference between the experimental group and control group (p < 0.001). This shows that rhythmic-movement activity with rewards can significantly promote the development of children’s GD ability.

The ChGT results showed that the interactions between time points and groups were significant [F = 64.063, p < 0.001, η2p = 0.516]. Simple effect analysis showed that there was significant difference between pre-test and post-test in experimental group (p < 0.001) but there was no significant difference between pre-test and post-test in control group (p = 0.774). Under the pre-test conditions, there was no significant difference between the experimental group and control group. Under the post-test conditions, there was significant difference between the experimental group and control group (p < 0.001). This shows that rhythmic-movement activity with rewards can significantly promote the development of childrens ADM ability.




Discussion


Analysis of effectiveness of rhythmic-movement activity with rewards intervention

Rhythmic-movement activity with rewards is a kind of music teaching course widely used in 3–6 year old children in China. It emphasizes that under the guidance of teachers, children express their understanding of music through different physical movements along with the rhythm of music, and integrate certain intellectual and social goals in the process. Generally, in the teaching process, teachers will jointly use rewards to stimulate children’s interest in participating in activities. If children successfully complete the activity, they will receive a small sticker representing honor. Study has shown that rhythm and physical movement play a role in improving hot EF (Vazou et al., 2020). Most of the previous studies explored the influence of rhythm or physical movement on the hot EF of children. Rhythmic-Movement activities can not only arouse children’s interest in participating in music activities, but also combine rhythm and physical movement. However, few studies have explored the relationship between rhythmic-movement activity with rewards and hot EF. Although some of the interventions in the past have achieved certain results, they are extremely challenging and difficult to implement when applied in standard educational settings. The rhythmic-movement activity with rewards in this study contains six basic parts, which makes the realization of rhythmic-movement intervention hot EF easier and more operable. The organizational form of rhythmic-movement activity with rewards is close to children’s life, and the intervention experiment was carried out in a kindergarten by means of games. A teacher with rich experience was selected as the organization teacher of intervention activities, which verifies the effectiveness and operability of the intervention framework in real kindergarten education, and lays a foundation for the better promotion and greater role of prosody activities in kindergartens.

Our study aims to explore the relationship between rhythmic-movement activity with rewards and hot EF in children. To examine these relationships, we designed rhythmic-movement activity with rewards to promote the development of hot EF in children, respectively measuring two sub-components of hot EF, including delayed gratification and affective decision-making ability in children. From the research results, the experimental results were consistent with the research hypothesis of this study. Rhythmic-movement activity with rewards can promote the development of children’s hot EF. To explain more clearly how an rhythmic-movement activity with rewards curriculum trains children’s hot EF, we discuss the influences of the two components separately.



Effect of rhythmic-movement activity with rewards on ability to delay gratification

In this study, GD task was used to measure children’s delayed gratification ability before and after rhythmic-movement activity with rewards. The results showed that rhythmic-movement activity with rewards improved children’s performance in delay gratification, which is consistent with previous studies (Kenney, 2013; Cummings, 2014; Hennessy et al., 2019). Previous studies have analyzed the influence of rhythm-movement activity on delayed gratification from the perspective of cerebral cortex development and inhibitory control ability development (Holochwost et al., 2017; Jaschke et al., 2018). A study used functional magnetic resonance imaging confirmed that the brain regions associated with musical rhythm are located in the bilateral superior temporal cortex, auxiliary motor area, putamen, and cerebellum parts of the cerebral cortex, which are associated with the development of delayed gratification (Kasdan et al., 2022). In addition, some studies have found that listening to music can make people’s brain secrete a neurotransmitter called endorphins (Krout, 2007). Meanwhile this chemical substance can alleviate pain and anxiety in people, help them generate a sense of pleasure, and thus help them obtain satisfaction to a certain extent (Theorell and Theorell, 2014). Musical rhythm is also associated with the development of inhibitory control (Westby, 2012). Children adjusted their physical movements according to the perceived rhythm and perform music, which can promote the development of children’s inhibitory control and thus affect the development of delay gratification (Ramdass and Bembenutty, 2012; Traverso et al., 2015). Other studies have found that rhythm in music is also related to social aspect (Will, 2017). Young children and other children move together to the rhythm, creating a shared experience that also enhances interpersonal connection and satisfaction. Physical movements can affect delayed gratification through a variety of neural pathways and physiological mechanisms. Previous studies have confirmed that physical movements can activate motor neurons and other neural circuits and increase cerebrovascular flow in the prefrontal cortex, which is an important physiological basis for delayed gratification (Zayas et al., 2014; Graham and Brown, 2021; Douris et al., 2023). Physical movements are also closely related to neural functions such as cognitive processing, consciousness and memory, and may alter an individual’s perception and evaluation of satisfaction by activating specific brain structures and interconnected neural circuits (Johnson et al., 2013; Alleva et al., 2014). Therefore, physical movement can promote the development of delayed gratification. In addition, in rhythmic-movement activities, children perform music with physical movements to match their movements with the current music, inhibit the occurrence of incorrect movements, and thus achieve the effect of improving children’s inhibitory control ability. Rewards also affect the development of children’s ability to delay gratification (Miller and Karniol, 1976; Rapport et al., 1986). Rewards can be viewed as a positive feedback signal that increases the probability of a particular behavior occurring. Research has shown that the brain regions associated with reward overlap with those associated with delayed gratification, such as: dopaminergic (DAergic) neurons in the ventral tegmental area (Roesch and Olson, 2003). Rewards can also affect our mood and emotional state and studies have shown that how much children like the reward and whether the reward is presented to the child will affect the ability of children to delay gratification. Therefore, we carefully selected rewards for each lesson in the activity and displayed them in front of children’s eyes to enhance children’s motivation to get rewards, so as to control their behavior in the activity and improve the development of their ability to delay gratification.



Effect of rhythmic-movement activity with rewards on affective decision-making ability

In this study, ChGT was used to measure children’s affective decision-making ability before and after rhythmic-movement activity with rewards. The results showed that rhythmic-movement activity with rewards could improve children’s affective decision-making ability. However, in previous studies, the effect of rhythmic-movement activity on affective decision-making ability is still controversial. One study explored the effect of rhythmic-movement activity on affective decision-making ability in young people and children, and collected the hot EF of the two age groups. The research results showed that there was no obvious correlation between rhythmic-movement activity and affective decision-making ability (Frischen et al., 2022). Another study compared the performance of three groups of participants (early, late, and no music training) on the Iowa Gambling Task (IGT) to examine whether rhythmic-movement activity was related to affective decision-making ability, and the results showed that early rhythmic-movement activity had a positive effect on affective decision-making ability (Hou et al., 2017), which was consistent with the results of our study. The rhythmic-movement activity intervention designed in this study also improved children’s performance in ChGT for the following reasons: First, the musical rhythm can promote the development of children’s affective decision-making ability. Previous studies have suggested that this effect may be caused by musical rhythm affecting children’s temporal, parietal and frontal cortex, as well as the thalamus and cerebellum. These brain regions were also involved in affective decision-making processes in children (Cardoso et al., 2014). At the same time, musical rhythm has been found to enhance the expression of dopamine D4 receptors (in the prefrontal cortex) (Cocker et al., 2014; Miendlarzewska and Trost, 2014), dopamine levels in the brain and associated genetic variants generally influence affective decision-making ability (He et al., 2010; Mapelli et al., 2014), improving children’s affective decision-making ability. In addition, research has shown that different rhythmic patterns can modulate emotional experience and decision-making processes (Thompson and Quinto, 2011; Zhou et al., 2022). Fast pacing is often associated with positive emotions and feelings of excitement. A fast pace can increase an individual’s level of emotional activation, promoting concentration and emotional arousal. This can lead to decisions that tend to be impulsive and seek immediate gratification. In contrast, a slow pace is often associated with relaxation and comfort. A slow pace can reduce an individual’s level of emotional activation, bringing a sense of calm and relaxation. This could lead to more careful, rational and long-term interest in decision-making (Cheng et al., 2009). Secondly, physical movement was also closely related to the development of affective decision-making ability (Gil-Arias et al., 2019). It has been found that physical movement enhanced people’s ability to organize and interpret sensory information, thereby developing more complex movement patterns and affecting their reasoning abilities as well as their ability to express and process emotions (McKay et al., 2019). Physical movements can also change an individual’s self-perception and level of confidence. This boost in self-confidence is likely to affect emotional decision-making, making it easier for individuals to take on challenges and try new things (Soytürk and Öztürk, 2019). In addition, the rewards given by teachers in this study may affect children’s affective decision-making ability to some extent. Rewards can trigger positive affective responses such as joy and excitement (Sander and Nummenmaa, 2021). These affective reactions will affect people’s perception and evaluation of things. Positive rewards make children more sensitive to the perception of the activities they participate in, thus affecting their affective decision-making (Brosch et al., 2010). Neurophysiological, functional neuroimaging and clinical neuropsychological studies have shown that the reward cortex is located in the orbitofrontal cortex and the anterior cingulate cortex, and this cortex is also a cortical region that can affect the development of affective decision-making ability (Diekhof et al., 2008). In addition, as an external incentive, rewards encourage children to be more inclined to adopt behaviors or choices that match rewards. When children expect a reward, they may be more motivated to try, learn, or complete a task. At the same time, the incentive of rewards can also improve the speed and accuracy of decision-making (Khodadadi et al., 2014). In this study, rewards given by teachers have an impact on children’s affective decision-making ability, which may also be related to teachers’ positive feedback (Schiebener and Brand, 2015). When children actively complete a rhythmic-movement activity with rewards, the teacher will give positive reward feedback. This kind of positive feedback can enhance children’s self-confidence and enthusiasm, and play a positive incentive role for their affective decision-making.

In conclusion, the development of delayed gratification and affective decision-making ability is a complex and multi-factorial process involving the interaction and integration of multiple factors, and our research on this aspect is still evolving.



Limitations and future directions

Five major limitations of this study should be noted. First of all, the intervention activity contains three important elements (musical rhythm, physical movement and rewards). Although relevant contents are covered in the discussion section, we have not been able to identify the respective contributions of the 3 components in improving hot EF, which is an important research direction in the future. Second, there has been no discussion about the interaction of multivariate variables such as the content, organization, and duration of the rhythmic-movement activity. Third, there was no further study of the potential neural mechanism of children’s hot EF by using brain imaging and other technologies. Forth, there may be some uncontrollable variables in the quasi-experimental design of the experimental and control groups in the real educational environment of the kindergarten. Finally, there are defects in the selection and intervention of GDT, which makes the progress of the low-level group not obvious, and there was no continuous follow-up investigation on the development of hot EF. Nevertheless, the results of this study are promising. In future work, we can further determine the respective contributions of these three components in increasing hot EF, and we will extend the training time, explore which steps in the program can improve the intervention effect, find a more suitable intervention plan and principle of rhythmic-movement activity, continue to discuss the organization and content of rhythmic-movement activity in depth, and track and investigate the long-term influence of rhythmic-movement activity on children’s hot EF. When measuring the level of GD, we should choose various measuring tools to better observe the influence of intervention activities on children’s hot EF. If conditions permit, we can also use brain imaging technology to observe the regional changes of the cerebral cortex, and think about irrelevant factors in kindergarten education to control them.




Conclusion

In this study, the effects of rhythmic-movement activity with rewards on the hot EF in children of 5 to 6 years old, were investigated systematically by using standard experimental paradigms. It was found that rhythmic-movement activity with rewards can improve children’s GD and ADM ability and provide a new method for early intervention in children’s hot EF, which has important theoretical guiding value and practical significance.
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