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Abstract 

Introduction: The physical fitness profile of children is one of the Talent Identification and Development (TID) 

methods, but there is little evidence to support the measurement data. In this study, we investigated the effect of 

practice frequency on the physical fitness profile of fourth grade children participating in a TID project. 

Methods: We surveyed the sports habits of children who applied for children’s sports lessons and the number of 

practices the children attended each week. The children were engaged in soccer (n=220) or swimming (n=256). 

For the TID, height, weight, and performance in the 20 m Shuttle Run, 30 m Sprint Run, Standing Long Jump, 

and Horizontal Jump Repetition were assessed. Results: Regarding the 20 m shuttle run, children in both the 

soccer and swimming groups that practiced 3 to 4 times a week and 5 or more times a week performed 

significantly better than children practicing 1 to 2 times a week. Regarding the 30 m run, in the soccer group, 

children that practiced 5 or more times a week performed significantly better than children practicing 1 or 2 

times a week. There were no significant differences in the number of practices per week and performance in the 

Standing Long Jump and Horizontal Jump Repetition in both groups. Discussion and Conclusions: Our results 

suggest that fourth grade children who participated in either soccer or swimming and who practiced more often 

had more endurance ability, but similar power or agility compared to children who practiced less often. These 

results indicate that children's endurance ability during this period is easily acquired, but should be used with 

caution as a method for evaluating talent. 
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Introduction 

In countries that are considered sports powerhouses, talent identification and development (TID) efforts 

to identify and nurture children with increased potential to succeed in sports have always been a priority (Malina 

2010, Zeng et al. 1992). Over the last few decades, TID in many countries has increased, and the number of 

research reports examining TID, as well as its methods and outcomes has increased in many countries. In Japan, 

many sports organizations and prefectures have engaged in TID with the Tokyo Olympic and Paralympic Games 

(Kinugasa et al. 2018). Currently, TID activities are considered important, are systematized in both sport 

powerhouse countries and smaller countries, and have produced many athletes who are active worldwide (Lidor 

et al. 2009, Regier 2019). 

While TID methods vary widely, the majority of cases involve anthropometric and physical fitness 

measurements, with assessment of the subject's physical profile (Johnston et al. 2018, Zhao et al. 2019). 

However, the physical growth and development phase of children is not uniform across the population, and may 

be highly individualized and marked by varying levels of maturity (Malina et al. 2004). In fact, it is unclear 

whether the characteristics of physical fitness in children are similar to those in adults. Many reports have 

described difficulty in predicting future success, especially in TID targeted at a younger generation (Barreiros et 

al. 2014, Bergeron et al. 2015, Vaeyens et al. 2009). 

The physical fitness of a child is influenced by exercise habits and lifestyle habits, in addition to the 

inherent attributes of the child. In a similar way, individual physical fitness factors, such as explosive power and 

endurance of a child, may be influenced by exercise type, intensity, and frequency in children. However, few 

reports have examined the training of children and their responses to that training (Armstrong & Barker 2011, 

Lesinski et al. 2016). Therefore, it is difficult to construct evidence-based Talent Identification methods at this 

time. Much more knowledge about children's training and their response to that training is needed to build a 

better talent identification system. These findings would also be useful in clarifying human growth and 

development. 

Human exercise volume, intensity, and duration can be quantitated by heart rate monitors, pedometers, 

physical activity monitors, and accelerometers (Böhm et al. 2019, Murakami et al. 2016, Veijalainen et al. 2019). 
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However, these instruments are not suitable for surveying a large number of people, in particular, children. On 

the other hand, the frequency of exercise is suitable for surveying a large number of people, as it only surveys 

the number of exercises per week. 

The purpose of this study was to investigate the effect of practice frequency on the physical fitness 

profile of fourth grade children participating in a TID Project. We investigated children engaged in soccer and 

swimming, while participating in a TID project in Saitama Prefecture, Japan. Soccer and swimming are popular 

sports for children around the world, and it is important to clarify the effects of these sports on the physical 

fitness of children. Our hypothesis is that endurance ability was most sensitive to the number of sport practices, 

while other abilities were more influenced by the difference of maturity level and the inherent attributes of the 

child. 

 

Methods 

Subjects 

The subjects of this study were 220 children who played soccer regularly and 256 children who swam 

regularly that participated in a TID Project for fourth graders in Saitama, Japan in 2014. The age (mean ± SD) of 

the soccer group was 9.2 ± 0.4 years, while that of the swimming group was 9.3 ± 0.4 years. This TID was not a 

project specialized to one sport, but, after being selected, a suitable competition was selected for the children 

based on their own characteristics. Therefore, the measurement of physical fitness performed in this study 

assessed general athletic ability, and not soccer or swimming skills. 

Prior to conducting this study, approval was obtained from the ethical review committee established in 

the Saitama Sports Science Committee. In addition, at the start of participating in the TID project, the children 

and their parents were provided written instruction and their consent was obtained. 

Questionnaire investigation 

Before participating in the TID, we surveyed the parents of children who applied for these types of 

children's sports lessons and documented the number of practices per week that each child experienced. The 

analysis was performed by assigning the number of practices per week as 0, 1 to 2, 3 to 4, and 5 or more 

practices. 

Measurement of physical fitness in the TID 

For the TID, the following physical fitness measurements were performed by a member of the Saitama 

Sports Science Committee, familiar with the measurement, in addition to the measurement of height and weight. 

20 m Shuttle Run 

The child reciprocates along a 20 m line in time with an electronic sound, which increases in tempo 

every minute. The child steps on the 20 m line according to the electronic sound, changes direction, and, then, 

reciprocates. If the child misses the electronic sound twice in a row, the assessment is complete. The examiner 

judges as to whether the child's reaction was in time for the electronic sound. The maximum number of 20 m 

turns was recorded. 

30 m Sprint Run 

The child's performance in the 30 m sprint was measured using a photocell system. In order to reduce 

fluctuations in measured values due to flying starts and delays, each child was started arbitrarily at 1 m before 

the measurement point (accelerated running). The time taken to run from 1 m ahead of the starting point to 30 m 

was measured by the photocell system. The time was indicated to 0.01 seconds for analysis. If there was an 

obvious mistake such as a stumbling at the start, the test was re-started. 

Standing Long Jump 

Each child stands on a thin mat, and, with both feet, jumps forward using the whole body. The distance 

(cm) from the toes at the start to the end of the heel at landing is measured twice, and the higher value is used for 

analysis. 

Horizontal Jump Repetition 

The child stands on the center line of three lines drawn at 1 m intervals, and crosses or steps on the line 

in the order of right, middle, and left as quickly as possible for 20 seconds. The examiner visually measures the 

number of times the child crosses the line or steps on the line. The value is measured twice, and the higher value 

is used for analysis. 

Statistical analysis 

A general linear model was used to analyze the effect of sports events (soccer and swimming) and 

practice frequency on physical fitness. The general linear model was constructed with the physical fitness 

parameter as the dependent variable, and the sports events and practice frequency as independent variables. All 

models were confirmed previously to be free of interactions (the sports events and practice frequency per week). 

The practice frequency was treated as a four-rank ordinal nominal scale (0, 1 to 2, 3 to 4, and 5 or more practices 

per week). The analysis used one or more practices per week. Estimated mean, standard errors (SE), and 95% 

confidence intervals (95%CI) were calculated. A P-value of <0.05 was considered statistically significant, and all 

P-values were two-sided. All statistical analyses were performed using SPSS statistics version 23.0 (IBM Japan, 

Ltd., Tokyo, Japan) software. 
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Results 

In the soccer group, 157 children practiced 1 to 2 times per week, 57 children practiced 3 to 4 times per 

week, and 6 children practiced 5 or more times per week. In the swimming group, 238 children practiced 1 to 2 

times per week, 8 children practiced 3 to 4 times per week, and 10 children practiced 5 or more times per week 

(Table 1). There were no significant differences in height and body mass between the soccer and swimming 

groups for each practice frequency (Table 1).  

Table 1. The number and physical profile of soccer players and swimmers. 
 Soccer Players Swimmers 

Number of 

Practices/week 

1-2 

times 

3-4 

times 

5 or more 

times 

1-2 

times 

3-4 

times 

5 or more 

times 

Number 157 57 6 238 8 10 

Height (m) 1.357 1.368 1.341 1.346 1.362 1.373 

SD 0.008 0.010 0.024 0.007 0.021 0.019 

Body Mass (kg) 30.1 30.6 28.7 29.6 30.4 30.4 

SD 0.6 0.8 1.8 0.5 1.6 1.4 

 

Regarding the 20 m shuttle run, children in both the soccer and swimming groups practicing 3 to 4 

times a week and 5 or more times a week performed significantly better than those practicing 1 to 2 times a week 

(Fig. 1).  

 
Figure 1. 20 m shuttle run and practice frequency in the soccer and swimming groups. 

* < 0.05, ** p < 0.01 

 

Regarding the 30 m run, in the soccer group, children practicing more than 5 times a week performed 

significantly better than children practicing 1 or 2 times a week (Fig. 2). In the swimming group, there was no 

significant difference in the number of practices per week and the 30 m sprint performance (Fig. 2).  

 

 
 

Figure 2. 30 m sprint and practice frequency in the soccer and swimming groups.  

* < 0.05 
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There were no significant differences in the number of practices per week and performance in the 

Standing Long Jump and Horizontal Jump Repetition in both the soccer group and the swimming group (Figs. 3, 

4). 

 
Figure 3. Standing long jump and practice frequency in the soccer and swimming groups. 

n. s., not significant 

 
Figure 4. Horizontal Jump repetition and practice frequency in the soccer and swimming groups. 

n. s., not significant 

 

Discussion 

This study investigated the effect of the number of practices per week on individual physical fitness 

factors for children with high physical fitness who participated in a TID and regularly practiced soccer or 

swimming. Our results demonstrate that the number of soccer or swimming practices per week greatly affects 

endurance ability (Fig. 1). In addition, practice frequency had a slight effect on running speed (30 m running) for 

children practicing soccer. However, other physical fitness factors, such as power (Standing Long Jump) and 

agility (Horizontal Jump repetition), were not affected by the number of practices in either sport. 

A few longitudinal studies reported that maximum oxygen uptake (VO2max), a physiological index of 

endurance ability, improves markedly during a child's peak height velocity (PHV) period (Kobayashi et al. 1978, 

Geithner et al. 2004). The 20 m shuttle run used in this study was developed as a method for estimating VO2max 

(Léger & Lambert 1982). The subjects of this study were 4th graders, ages 9 to 10 years old, who were younger 

than the reported PHV period of boys of 13 years old (Kobayashi et al. 1978, Philippaerts et al. 2006). Although 

recent data suggests that the PHV occurs at 11 years old due to the premature aging of boys in Japan (Ohsawa 

2015), according to the calendar age, the subjects of this study were examined prior to PHV. Regarding the 

effect of endurance training before, during, and after PHV, reports suggest that it is more effective in the during-

PHV stage (Murase et al. 1981) and that there is no difference in the effect of endurance training before-PHV 

and after-PHV (Armstrong & Barker 2011). However, the results of the present study suggest that endurance 

ability is improved remarkably by increasing the number of practices per week even in this age group. 

Results of this study suggest that endurance ability must be taken into consideration when evaluating 

the talent of a child during this period. It is difficult to determine if a child’s ability stems from nature or nurture, 

and the training effect during the growth and development period appears to include different individual maturity 
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levels. However, our results show that considerable endurance ability can be acquired during this period. Also, 

there are many sports, other than soccer and swimming, that require endurance ability for their performance. The 

amount of practice during this period (the number of practices per week) may be a major factor supporting 

performance during this period. While endurance ability might have a significant effect on performance in many 

different sports, as well as the evaluation of TID fitness during this period, it is necessary to evaluate the 

performance carefully. Currently, it is unclear how endurance ability that develops during this period affects 

future endurance. 

With respect to the 30 m sprint run, since many short sprint movements are included in soccer practice 

(Bangsbo 1994), the increase in the number of practices per week might have appeared as a training effect (Fig. 

2). In the swimming group, there is no similar movement during practice, and a training effect may not have 

appeared because the practice was performed in the water and a ground reaction force was not received. 

The Standing Long Jump and the Horizontal Jump Repetition were not related to the number of 

practices in any group. In soccer, there are many movements that require Stretch Shortening Cycle (SSC) ability, 

such as sprint dash and direction change running (Bangsbo 1994), but neither item has a relationship with the 

number of practices (Figs. 3, 4). Lloyd, et al. (2011) examined Squat Jump (SJ), Counter Movement Jump 

(CMJ), Relative Strength Index (RSI) and leg stiffness in 7 to 17 years old and reported that the largest mean 

differences occurred between age groups of 10 and 11 years for SJ height, CMJ height, and RSI (Lloyd et al. 

2011). Moreover, it is known that at the age before PHV there is a decrease in coordination ability due to the 

difference in the timing of the growth spurt of the legs and the trunk (Philippaerts et al. 2006). Therefore, these 

may increase the individual difference in both Standing Long Jump, which is an index of power, and the 

Horizontal Jump Repetition, which is an index of agility, and may not be seen to be related to the number of 

practices. 

Few studies have examined the effects of training on children's muscle strength and power. The 

development of muscle strength and power improves significantly after PHV (cross-sectional study) (Malina et 

al. 2004, Armstrong & Barker 2011. Peitz et al. 2018). Peitz et al.(2018) reviewed research investigating short-

term resistance training before, during, and after PHV, and reported a smaller training effect before PHV than 

observed during and after PHV. Therefore, for our subjects, it may be difficult to develop muscle strength and 

power, which may reduce the response of our subjects to practice to less than that of other periods. Overall, the 

difference in original strength and the difference in maturation were large, and it was difficult to be influenced 

by the number of practices. Therefore, the Standing Long Jump as an index of power might not have been 

affected by the number of practices. In addition, the Horizontal Jump Repetition, an index of agility, has a strong 

relationship with muscle strength (Sonoda et al. 2018) and similar results were observed. 

Important factors that influence the training effect are training intensity, time, frequency, and mode 

(Fleck & Kraemer 2014). The only training content investigated in this study was weekly frequency of practice 

and sport practiced. There are instruments and methods for measuring the amount of exercise, strength, and 

practice time of an individual, but these methods are not suitable for surveying a large number of people. In 

addition, surveys targeting children are subject to various restrictions, making it difficult to target a large number 

of children. Therefore, few reports have investigated the training status and physical ability of children during 

this pre-PHV period. 

The subjects of this study were children who participated in a TID project. Therefore, it was considered 

that the children were interested in sports and possessed a higher physical ability than children in the general 

population. In fact, according to a report from the Ministry of Education, Culture, Sports, Science, and 

Technology of Japan (e-Stat, 2018), the mean 20 m shuttle run for fourth grade elementary school boys is 47.03 

± 20.02 times, the mean standing long jump is 145.84 ± 17.8 cm, and the mean Horizontal Jump repetition is 

39.95 ± 7.23 times. Thus, the physical ability of the subjects of this study was much higher than that of general 

population children. Our results on the daily training status and physical ability of children with outstanding 

physical ability presents valuable information. 

A very popular model for athlete development includes the theory of Long-Term Athlete Development 

(LTAD) by Dr. Istvan Balyi, which includes periodization of the training plan for athletes (Balyi et al. 2013). 

This theory presents a training model step by step according to the maturity level of an individual, and is a 

method that has been adopted in Canadian, Australian, and British sports programs. However, there are some 

criticisms that the evidence behind the theory is poor (Federica 2016). As mentioned above, there are few studies 

that have examined training and physical ability of children at the age examined in this study. Johnson (2018) 

states that practical research is needed to build LTAD (DiFiori et al. 2014). Practical research results, such as 

that of this study, are important as evidence for constructing a theory for developing child athletes. 

There are limitations to this study. First, the effect of differences in the practice content between clubs 

that the children attended was not examined. Therefore, clubs that practice more often per week might have been 

trained to improve their endurance ability. The survey of practice content in this study was the number of 

practices per week, and not the practice time or detailed practice content. Second, very few children in both the 

soccer and swimming groups practiced 5 or more times a week. It is necessary to increase the number of subjects 

and further validate the content of this study in the future. 
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Due to the increased competition and sophistication of sports in recent years, many junior athletes begin 

specialized training at a younger age, and there are concerns about the negative effects such as sport injuries and 

burnouts caused by severe training in younger children (DiFiori et al. 2014, Valovich et al. 2011). The results of 

this study suggest that increasing the number of practices per week might improve endurance ability and 

performance during that period. In other words, the more you practice, the more endurance you have and the 

better your performance becomes. Therefore, it is necessary to contribute to the construction of a sports 

environment desirable for children from a more comprehensive perspective by adding injuries and psychological 

surveys to this study. 

 

Conclusion 

In this study, we investigated the relationship between the number of practices per week and physical 

ability in children who participated in a TID project targeting fourth grade elementary school children who 

regularly practice soccer and swimming. Our results suggest that fourth grade children playing soccer or 

swimming regardless of sports events and who practiced more often had more endurance ability, but no 

difference in power or agility compared to those who practiced less often. These results indicate that children's 

endurance ability during this period is easily acquired and should be used with caution as a method for 

evaluating talent. 
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