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Abstract

Different types of training methods can affect children's physical fitness as well as performance in different ways. The aim of this study was to compare the effect of jump rope training on some of the physical and motor fitness factors between male and female primary school students. Forty-three male and female students from primary school volunteered. The students participated in a jump rope training program for 6 weeks (3 sessions per week). Before and after the training periods physical and motor fitness tests including cardiovascular endurance, agility, speed, legs explosive power, hands muscle endurance, hands power, static and dynamic balance were taken from the participants. The data were analyzed using the ANCOVA and dependent T-tests at a significance level of P<0.05. The results showed no significant difference between male and female students in the indices of cardiovascular endurance, speed, hands muscular endurance, hands muscle power, legs explosive power, static and dynamic balance (P>0.05), while the agility index was improved in male students. It is suggested that male and female primary school students use Jump Rope trainings to improve their physical fitness and motor factors.
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Introduction


In terms of general health, physical fitness is one of the important concepts in childhood and adolescence. Low physical fitness in childhood and adolescence is associated with overall mortality, cardiovascular diseases, and type 2 diabetes in adulthood. On the other hand, it has been shown that people with high physical fitness, have a longer life span and are less prone to illness [1]. One of the skill exercises that increases physical fitness is jump rope. Jump rope allows students to maximize their physical activity in the least span of time and in smallest of spaces with almost no expensive equipment. Jump rope training, due to its diversity, affects the infrastructural factors of different dimensions of perceptual-motor abilities and can play a significant role in improving and developing balance, coordination and agility of students, if properly and appropriately practiced [2]. In this regard, Campbell [3] states that jumping exercises with rope is a valuable activity that results in muscle strength and endurance, cardiovascular health, balance, agility, and coordination between body organs [3]. On the other hand, the results of various researches indicate that gender is an effective factor in the implementation of basic motor skills [4-8]. Generally, experts believe that boys are superior to girls in most motor skills. The fact that boys are more active than girls is a relatively accepted finding. However, the extent to which gender make differences seems to depend on the type and intensity of activity [9].



Nevertheless, despite the overall decline in physical activity in both genders, gender differences in physical activity continue to increase until the late stages of childhood, adolescence and adulthood, so that boys prove superior to girls, on average, in engaging with physical activities. This can be attributed to the fact that boys spend more time in moderate-level activities than girls with regard to gender composition and type of sports [10]. However, since the Ministry of Education's new curriculum compelled to include a jump rope plan (Tanavarz) for elementary education, it seems necessary to investigate the impact of this physical activity on the students' physical and motor fitness along with the importance of implementing this plan according to gender. Considering that literature in this area had been  conducted at higher age levels, and only few indices have been surveyed in them [11-13], and also the fact that studies in the lower age levels have limited themselves to a single gender [14-], the purpose of this study is to compare the effect of a jump rope training course on physical and motor fitness components in boys and girls primary school students.





Materials and Methods



 Participants and Study Design



The research method was quasi-experimental and field- based with pre-test and post-test design. The statistical sample included 21 male students and 22 female primary school students (2nd, 4th and 6th grade) in the city of Sabzevar with a range of 8 to 12 years old who were selected as available samples. At first, subjects and their parents signed a written consent and were informed about the risks and benefits of the present study which was approved by the Ethical Committee of the Department of Sport Sciences, University of Hakim Sabzevari. Also, according to the questionnaire for assessing the readiness to start physical activity, people with a record of diseases were excluded. In addition, to act more assuredly, a health certificate was given to selected samples for visiting a doctor, and students who were not in desirable levels of physical and mental health, as well as those who were not interested in taking part in the research project, were cancelled out from the list. Also, the subjects were not members of any particular sports team or club, and they just followed the jump rope training.




Training Program



The jump rope program was run for six weeks (three sessions a week). In order to get acquainted with the training and also more physical fitness of the subjects, students were trained with different methods of jump rope for two weeks before the pretest, and finally, the jump rope run in place was selected as a training method for the subjects. The training program started with five one-minute sets and ended with fourteen one-minute sets. The resting time between sets was one minute. The jumping rhythm was 60 times per minute, which was controlled by the intensity and the overload of the training along with the tonality and with increasing number of sets per week (Table 1).



Physical and Motor Fitness Tests



The shuttle run test was used to measure cardiovascular endurance [17], T test for measuring agility [18], 20-meter sprint test to measure speed, Vertical Jump test (Sargent Jump test) to measure legs explosive power, modified chin-up to measure the muscular endurance of the hands [18], throwing a one and a half kilogram medicine ball to measure the power of the hands [19], Standing Stork Test for static balance measurements, and Y balance test for dynamic balance measurements [20]. Also, the height of the subjects was measured using tape measure and weight using the Seca scale made in Germany.




Statistical Analysis



The Shapiro-Wilk test was used to check the normal distribution of data. Independent t-test and covariance analysis were used to examine the between-group changes. In order to investigate within-group changes, the paired Student's t-tests were used. All of the statistical tests were performed using SPSS software version 16 and a significant level of p<0.05 was considered.




Results



Using the Shapiro-Wilk test, it was found out that the distribution of all variables in the research is normal, so parametric tests were used to perform statistical computations (Table 2). The results of statistical operations on the measures of Table 1 showed that there was no significant difference in body weight, agility, legs explosive power, hand power, static balance and dynamic balance indices between two groups of boys and girls (p>0.05). But, there was a significant difference in the cardiovascular endurance, muscle strength and muscle endurance indices between the two groups (p>0.05). Also, the result of the covariance analysis test on the post test results of Table 1 indices showed that there was no significant difference between the two groups in cardiovascular endurance (p=0.39, F=73.0). Within-group outcomes showed that cardiovascular endurance in boys was significantly increased (t=0.86, p=0.03). However, there was no significant change in the girls group (p=0.92, t=-1.43).






Table 1: Jump rope training program.
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Table 2: Results of statistical tests on research measures in pre-test and post-test stages in experimental groups.

[image: ]





Significance level: p≤0.05*



There was no significant difference between the two groups regarding speed index (p=0.12, F=0.35). Within-group results showed no significant change in boys speed (p=0.1, t=1.70). However, there was a significant increase in the girls group (p=0.001, t=5.14). The agility index showed a significant difference between two groups, so that jump rope training significantly improved the agility in the boys compared to the girls (p=0.03, F=4.7). There was no significant differences in hands muscular endurance between the two groups (P=0.69, F=0.15). Within-group outcomes revealed that this index was significantly increased in both boys (P=0.01, t=-2.56) and girls (P=0.003, t=-3.40). The legs explosive power indicate no significant differences in the two groups (P=0.79, F=0.009). Within-group outcomes revealed that this index was significantly increased in both boys (P=0.02, t =-2.44) and girls (P=0.01, t =-2.59).




There was also no significant difference in the two groups for muscular power of the hands (P=0.85, F=0.03). Within- group outcomes revealed that this index was significantly increased in both boys (p=0.001, t=-4.28) and girls (p=0.001, t=-4.36). No significant differences were observed in the static balance between the two groups (p=0.14, F=2.26). Within-group outcomes indicated that this index was not significantly different in both boys (P=0.09, t =-2.88) and girls (P=0.45, t=-0.75). Dynamic balance in three directions of the anterior (P=0.47, F=0.51), posterolateral (F=1.38, P=0.24) and posteromedial (F=1.73, P=0.19) did not show significant differences between the two groups. Within-group outcomes showed that this index increased significantly in both boys and girls. Body weight did not show significant difference between two groups (p=0.79, F= 0.64). Within-group results indicated that body weight in both boys (P=0.53, t=-0.63) and girls were not significantly different (P=.16, t =-1.43).



Discussion



The results of this study indicated that there is no significant difference between boys and girls in relation to changes in cardiovascular endurance (VO2max) due to jumping rope training. Within-group results showed that jumping rope training in boys causes a significant improvement in VO2max. But there was no significant change in the girls group. Quite pertinently, Roland et al. [21] found no significant difference between VO2max in girls and boys aged 10 to 13 years-old who were subjected to 12-week aerobic training (jumping rope, basketball dribbling, shot on goal, etc.). Obert et al. [22] also proved that there was no significant difference between the VO2max of children aged 10 to 11	who had 13 weeks of aerobic training (school curriculum). The researchers stated that boys and girls had the same initial levels of aerobic fitness before puberty in response to VO2max in aerobic exercises which is not affected by gender. In contrast, Doris [6] showed that eight weeks of jump rope training in children aged 9 to 10 would significantly improve the VO2max much more in boys than in girls. The researcher claimed the difference in the concentration of hemoglobin and body composition as a reason for such a result.




Several biologic variables have significant roles in determining the different levels of VO2max in girls and boys. These include higher muscle mass and lower fat mass in boys, high levels of testosterone, and more protein synthesis in boys and high levels of estrogen and more fat synthesis in girls [23]. Wilford et al. [24] reported that high mass of body fat increased heart beat rate and blood pressure during exercise and reduced cardio respiratory endurance. Also, girls have a smaller heart and less stroke volume, which is associated with a smaller body size and possibly lower testosterone levels [25]. Girls' lower capacity for increasing the difference in arterial-venous blood, which is due to lower hemoglobin levels, reduces the ability to carry oxygen to active muscles. Also, among the reasons for difference in VO2max in girls and boys, may be the faster pulse rates of women's heart and their smaller chest when compared to men [26].




The results of this study showed that there is no significant difference between boys and girls in relation to speed variation due to jump rope training. But Within-group results indicated that jump rope training in girls caused a significant improvement of speed. In this regard, Miyaguchi et al. [8] assessed the relationship between jump rope training and speed performance in 5th and 6th grade primary school students. The results showed that boys were better than girls in speed tests. In this research, a double under method (one jump and double under) was used, which may be the reason of inconsistency with the present research. Also, Sohrabi Jahromi, Gholami [16] showed that 15-week jump rope training does not significantly change the speed rate in girls aged 9-10 years-old. They attributed the reason for this result to the fact that speed is an inherited biological factor. In contrast, Partavi [9] found that seven weeks of jump rope training improves the speed of male students aged 11 to 12. Also, Ozer et al. [13] showed that 12-week jump rope training significantly improves the speed of girl volleyball players aged 14 to 15.




In justifying the results of the present study, it should be stated that considering physiological differences between boys and girls, and boys’ higher level of physical activity in comparison with girls in the school environment, sports clubs and outdoors, they are less likely to be affected by jump rope training course. But this intensity and duration was appropriate for girls (because of low physical activity, partly due to cultural issues, and partly due to the lack of facilities and trained personnel for woman education) and accordingly caused a change in their speed rate. Mc Lenzie [7] and Aplache (2005) [4] also found that practicing basic movement patterns and exercises during preschool improves the development of basic movement patterns and motor and sport skills in children. They stated that girls improve faster in basic motor skills than boys. Therefore, it seems that the difference between girls and boys is related to the speed performance of basic motor skills.



The results of this study also showed that jump rope trainings significantly improved agility in boys in comparison with girls. In line with this finding, Cepero et al. [5] showed that 5 months of physical education classes improve agility in 8 to  12	years-old Spanish boy students compared to girl students. They attributed the lack of improvement in girls to their low coordination which stems from their lower rates of activity. However, the improvement observed in boys in this study can be attributed to higher neuromuscular coordination and balance in comparison with girls. Because it is said that one of the important determinants of agility in men is balance. In fact, agility consists of two components of velocity and strength along with maintaining balance and coordination [27]. Boys with more muscle mass and longer bones are more likely to be stronger and faster than girls. Due to the fact that strength, speed and power are factors that affect agility, boys are more agile and girls with lower bone density and wider pelvis structure do not have good performance in running [28].




The present study showed that there is no significant difference between two groups in relation to changes in muscle endurance of shoulder girdle in jump rope training. But these exercises improved the muscular endurance of both boys and girls. In line with this result, Pavik et al. [29] showed that 3 months of swimming did not change significantly the muscular endurance of shoulder girdle in girls and boys aged 11 to 14 years. However, due to the holding of rope and the mechanism of movement of the arms and shoulders (involvement of shoulder muscles with respect to the holding and rotation of the rope), the effect of these exercises on muscular endurance in the present study was not unexpected. Therefore, in order to improve muscular endurance, one has to practice exercises that insert more-than-normal pressure on the muscles. In fact, muscle endurance only increases when the muscle works for a certain period of time, at its maximum strength and endurance, against resistances that are higher than normal. In this case, the exercise creates changes in the structure of the muscle and the nervous system, which leads to muscle hypertrophy and neural adaptation, which play roles in the development of muscular endurance [18].



The present study also showed that there is no significant difference between boys and girls in relation to the changes in explosive leg power in jump rope training. But within-group outcomes showed a significant improvement in the measure in both boys and girls. In line with this result, Zapartidis et al. [30] examined gender differences in male and female handball players aged 12 to 15 years old. The results indicated that there was no significant difference between girls and boys in the test of explosive power in the legs. The researchers stated that the sports special workout regimen according to the principle of specificity was the main reason for this lack of difference. But the reason for the result in the present study is that the jump rope is a stretch-contraction cycle [8]. Also, jumping rope is a low- intensity sample of plyometric exercises. Similar to plyometric exercises, jump training has two levels of eccentric contraction and rapid concentric contraction. During eccentric contraction, elastic components are drawn along when the quadriceps and gastrocnemius muscles are pulled out. Therefore, part of the energy is stored in the shape of elastic potential energy. During concentric contraction, this energy is released, resulting in increased power and speed of movement. The increase in these factors will improve the power. Additionally, the nerve coordination achieved in jump activities such as plyometric exercises and jump rope training (muscle spindle stretch reflex), is a result of increased explosive power [16].



The present study revealed that there is no significant difference between boys and girls in relation to changes of muscular power of the hands in jump rope training. But within- group outcomes showed a significant improvement in both boys and girls. No similar research was found in order to compare the results. However, the specificity of training is probably one of the reasons for this improvement. Since the weight of the rope is significant for the elementary students, therefore, when the rope is thrown from behind to the front, there is a need for the subjects' attempt which possibly increases the power of the hands during the training period.




Another result of the present study was that there is no significant difference between two groups regarding to static balance changes in jump rope training. Within-group outcomes also showed that this index was not significantly different in boys and girls. Similar research in this area was not found, and existing researches have only been limited to one gender. For instance, Ghaderiyan et al. [31] showed that 12-week jump rope training improves the static balance in male students aged 10 to 13 years with Pes cavus. Ghelichpoor et al. [32] also found that a 10-week cycle of jump rope training would improve static balance in elementary school students. The researchers pointed to an increase in the strength of the lower limb muscles caused by participating in the training period as a result of their finding. In contrast, Fallah et al. [33] showed that 6-week jump rope training significantly improved the static balance in girls aged 14-24 with mental disorders compared to boys. The reason for this inconsistency is probably the type of subjects, the age range, and the type of test used to measure the static balance (The Sharpened or Tandem Romberg test). But the reason for the result of this study is that, since jump rope training is a dynamic activity and includes repeated jumps, the principle of specificity for static balance is not regarded here. In addition, the short duration of the training period (6 weeks) cause the index not to be heavily affected. Perhaps, if the training period was conducted for a longer term, we would have different results.



The present study also found that there was no significant difference between boys and girls in relation to dynamic balance changes in jump rope training. But within-group outcomes showed a significant improvement in both boys and girls. Similar research has not been found in this area, and existing researches have only been carried out on one gender. In this regard, Nicklson [34] showed that 24 weeks jump rope training significantly improves dynamic balance in boys aged 5-14 years old. Brararzade et al. [14] also demonstrated a dynamic balance improvement based on a 6-week speed jump rope training in fourth-grade elementary school students. In another study, Sohrabi Jahromi, Gholami [16], stated that performing 15-week jump rope training improves the dynamic balance of girls aged 9-10 years old. In justifying these results, it can be said that in the jump rope training, more stress is applied to neuromuscular systems in order to maintain balance, also, while exercising, the individual needs dynamic balance. Therefore, jump rope training is a special exercise to improve dynamic balance and due to repeated jumps and keeping balance while performing these movements, it matches with the principle of the specificity of training. Therefore, achieving this result should not be unexpected.




The results of this study showed that there is no significant difference between boys and girls in relation to weight changes. Also, within-group outcomes revealed that this index did not change significantly in both boys and girls. In this regard, Chen (2010) [35], Chao-Chien, Yachan [36], in two separate studies, showed that jump rope had no significant effect on body mass index and weight of blind and mentally impaired teens. They did not have a diet and did not control the intensity of exercise because of the physical limitations of subjects and also stated it as the reason for their results. In contrast, Sheikholeslami Vatani et al. [15] showed that 8-week jump rope training improves waist-hip ratio and fat percentage in obese boys. The reason for the difference in the results of the research with the present study is the difference in the type of exercise program and the type of subjects. But the reason for the outcome of the current study can be attributed to the duration of the training period and the duration of each training session, which was not able to stimulate changes in body weight. In addition, the lack of diet control probably affects this outcome. So that food intake by subjects during the training may increase, which causes no significant changes in body weight.




Conclusion



It is recommended that elementary school girls and boys use jump rope exercises to improve their physical and motor fitness.
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