
 

Health and Skill Related Physical Fitness Variable 
between Male and Female Junior Volleyball Players: A 

Comparative Study 
 

Fauzi Fauzi1*, Nawan Primasoni2, Yulvia Miftachurochmah2 

1 Sports Coaching Education, Faculty of Sports and Health Sciences, Yogyakarta State 
University, Yogyakarta, Indonesia. 

2 Department of Sports and Health, Faculty of Vocational, Yogyakarta State University, 
Yogyakarta, Indonesia. 
fauzi@uny.ac.id 

Abstract. Physical fitness, which is crucial for both health and skills, plays a 
pivotal role in volleyball performance. The research methodology employed a 
comparative design involving 72 junior volleyball players (36 men and 36 
women) selected through purposive sampling. Health-related fitness parameters 
assessed included VO2Max and flexibility, while skill-related parameters 
encompassed speed, agility, power, and coordination. Data analysis utilized 
independent t-tests to identify significant differences between the two groups. The 
findings indicated that male volleyball players exhibited significantly higher 
VO2Max values (X = 31.29 ml/kg/min) compared to female players (X = 28.33 
ml/kg/min) with a p-value of 0.001. Conversely, female players demonstrated 
superior flexibility (X = 36.06 cm) compared to male players (X = 33.40 cm) with 
a p-value of 0.028. Regarding skill parameters, male players outperformed in 
speed (X = 6.92), agility (X = 18.72), and power (X = 50.66), all with p-values < 
0.05. On the other hand, female players exhibited better coordination (X = 5.11) 
compared to male players (X = 3.94) with a p-value of 0.003. In conclusion, there 
are significant disparities in various physical fitness parameters related to health 
and skills between male and female junior volleyball players.  
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1 Introduction  

Physical fitness is one of  pivotal determinants that influences sports performance [14], 
[44], [60]. Physical fitness is characterized by a healthy body condition capable of 
optimal performance in diverse daily activities. It is classified into two categories: 
physical fitness associated with health and physical fitness associated with skills in a 
sport [28], [64]. Health-related fitness serves as a fundamental cornerstone in human 
life [59], essential for individuals in general as well as athletes, to maintain optimal 
physical fitness that bolsters their daily pursuits and accomplishments. Health-related 
fitness components encompass muscle strength, muscle endurance, cardiovascular 
endurance, flexibility, and body composition. On the other hand, skill-related fitness 
pertains to the physical abilities crucial for effectiveness and efficiency in sports or 
activities demanding specific skills. 
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Volleyball, a dynamic and physically demanding sport, necessitates distinctive physical 

attributes and skills. Key fitness components linked to skills in volleyball encompass 

speed, agility, power, balance, coordination, and reaction time [24] are very important 

for optimal performance in the game of volleyball.  By comprehending the distinctions 

in these factors between male and female players, valuable insights can be gained for 

coaches and academics to tailor training programs that enhance performance, minimize 

injury risks, and enable players to execute technical skills effectively, respond promptly 
to game situations, and perform complex movements. 

 

Despite the extensive research on physical fitness in volleyball players, there remains 

a scarcity of studies that specifically delve into the comparative analysis of fitness 

concerning gender-specific skills, particularly at the junior level where young athletes 

are at a pivotal stage [7]. This critical juncture presents an opportunity for targeted 

interventions that can have long-lasting effects on their abilities and overall career 

development. Hence, conducting this comparison in a structured and empirical manner 

holds significant importance. 

 

This research aims to bridge this gap by conducting a thorough comparative analysis of 

fitness components related to skills among male and female junior volleyball players. 
Through the assessment of crucial fitness elements, the study aims to pinpoint areas 

where gender disparities are most prominent, laying the groundwork for gender-

specific workout routines. Furthermore, these insights may enhance the overall 

comprehension of how physiological and developmental factors impact performance in 

junior athletes. 

 

Hence, this study has four primary objectives: (1) Measure and compare physical 

fitness components crucial for health, specifically flexibility and cardio endurance, 

among male and female junior volleyball players; (2) Evaluate and compare physical 

fitness components essential for skills, including speed, coordination, agility, and 

power, among male and female junior volleyball players; (3) Analyse the potential 
implications of the identified differences for enhancing training and performance; (4) 

Provide recommendations for future research and practical applications in the realm of 

exercise science and training.  

 

Through the attainment of these objectives, this research aims to enhance the scientific 

comprehension of distinct fitness factors in junior volleyball players and facilitate the 

creation of enhanced and streamlined training programs. 

 

2 Method 

2.1 Participants 

This research employs a cross-sectional comparative study method, characterized by an 

observational analysis of data from a population at a single point in time [9], [30], [55]. 

The research was carried out at the Sports Laboratory School (SELABORA) of 

Yogyakarta State University. The study sample comprised 72 participants, divided into 
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two groups: the first group consisted of male football players (n=36), and the second 

group comprised female volleyball players (n=36). The selection of participants for this 

study utilized a purposive sampling method, requiring that individuals had a minimum 

of one year of volleyball practice, were free from injuries, and were willing to undergo 

the series of tests without coercion. For detailed characteristics of the study sample, 

refer to Table 1. 

Table 1. Participant’s physical characteristics (mean ± SD) 

Group N Age Height (m) 
Weight 

(kg) 
BMI 

Male 
3
6 

13.19±1.4
5 

1.63±0.08 51.92±9.17 
19.36±2.8

5 

Female 
3

6 

12.58±1.5

3 
1.56±0.04 50.09±4.07 

20.54±1.6

3 

 

2.2 Data Collection 

Data collection techniques in this research involved utilizing tests and measurements. 

Participants were required to be in good health, free from injuries, abstain from 

strenuous exercise for at least 48 hours, and refrain from consuming food before the 

tests. Prior to testing, participants were instructed to warm up and stretch for 10 
minutes. Body composition was also assessed during the testing process, with strong 

verbal encouragement given to motivate participants to exert maximum effort. 

 

The instruments employed to evaluate the level of physical fitness pertaining to skills 

encompass the following tests: the 40-meter Sprint test for speed assessment, Wall 

Catch Test for coordination evaluation, Vertical Jump Test for power measurement, 

Multistage Test for aerobic endurance assessment, Agility-T Test for agility evaluation, 

and Sit and Reach test for flexibility measurement. 

Sprint Speed test 40-meter. This test was conducted based on the criteria stated by 

[35]. Begin by marking the 40-meter track with start and finish line cones. Participants 

should position themselves at the starting line with one foot behind it, poised to 

commence running. Upon hearing the command “Go,” participants should sprint from 
the start to the finish line as swiftly as possible, with the timer commencing when 

movement begins. The stopping time is recorded as the participant crosses the finish 

line. Each participant is allowed two attempts to achieve their optimal performance, 

with a rest interval of approximately 2-5 minutes between attempts to prevent fatigue. 

Alternate-Hand Wall-Toss. The test commences with the participant positioned 2 

meters away from a wall, holding a tennis ball in one hand. Subsequently, the 

participant throws the ball against the wall with one hand and catches it with the other 

hand after it rebounds. This action is repeated for a duration of 30 seconds. Scoring is 

determined by the quantity of successful ball catches. In instances where the ball drops 

or is not caught, the participant must promptly retrieve the ball and resume the test. The 
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evaluation of this test is contingent upon the number of successful throws and catches 

achieved. 

Vertical Jump (VJ) Test. Vertical Jump (VJ) is employed as an indirect method to 

assess lower body strength in the vertical dimension [1]. The equipment required 

includes a board affixed to the wall at a height ranging from 150 to 350 cm, powdered 

chalk such as talcum powder or flour, and a blackboard eraser. To conduct the test, 

begin by dusting the fingertips with lime powder or magnesium carbonate. The 
participant then stands upright near the wall with feet together, positioning the scale 

board to the left or right. Subsequently, the hand closest to the wall is extended straight 

up, with the palm placed on the scale board to mark the reach. Participants commence 

in a crouched position with the dominant hand or arm raised vertically, while the other 

arm hangs by the body’s side without aiding in the jumping motion. Upon jumping as 

high as possible and touching the board with their fingertips to leave a mark, the 

assessment is based on the difference between the jumping and standing achievements. 

Each participant is given two attempts to perform this test, and the best result is 

recorded. 

Multistage Fitness Test. Multistage is a field test that is straightforward yet provides 

a reasonably precise estimation of maximum oxygen consumption for a variety of 

applications or objectives [12]. The multistage test in this resarch was carried out based 
on the criteria proposed by [33]. Participants had to shuttle between two designated 

lines precisely 20 meters apart. The running pace was regulated by auditory signals 

(beeps). Starting at 8.5 km/h, the speed for the test incremented by 0.5 km/h with each 

successive stage. The participant’s ultimate score on this test was the final shuttle 

reached at the specified running pace. The test concluded when the participant failed to 

reach the next line twice consecutively following the auditory cue. 

Agility T-Test. The Agility T-Test is a tool for measuring agility that employs a T-

shaped field pattern to evaluate an individual’s agility level. This test assesses agility 

in forward, backward, and sideways movements. The test procedure follows the 

guidelines set by [35]. The results of this test are determined by the fastest time 

recorded. Timing begins as the participant moves from the starting line and concludes 
when the participant returns to the starting line. 

Sit and Reach. Flexibility is measured using the sit and reach test. Participants sit with 

their feet positioned approximately hip-width apart against the testing box, extend their 

knees, place their right hand over the left, and then reach forward slowly as far as 

possible by sliding their hands along the measuring board. Each participant has two 

chances to perform this test, and the best result is recorded. Test norms are established 

based on [19] 

Statistical Analysis. Data analysis was conducted using SPSS version 27.0. The data 

is presented as mean ± standard deviation (SD). The analysis employs a two-tailed 
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independent sample t-test to examine differences in group averages with a significance 

level set below 5% (p<0.05). Before proceeding with the main test, prerequisite tests 

are performed: (1) normality test using Shapiro-Wilk; and (2) homogeneity test using 

Levene Statistics. These prerequisite tests require a significance level above 5% 

(p>0.05). 

3 Result and Discussion 

3.1 Result 

The researchers conducted a normality test using the Shapiro-Wilk method to assess if 

the data in this study followed a normal distribution. The results indicated that all 

variables had a p-value > 0.05, indicating normality. Further information can be found 

in Table 2. 

Table 2. Normality Test Results 

Variable Group 
Shapiro-Wilk 

Statistic df Sig. 

Sprint -40 m (s) 
Male .947 36 .085 

Female .976 36 .600 

Alternate-Hand Wall-Toss 
Male .954 36 .144 

Female .957 36 .175 

Agility-T Test (s) 
Male .989 36 .975 

Female .972 36 .479 

Vertical Jump (cm) 
Male .982 36 .804 

Female .942 36 .059 

VO2Max(ml.kg.min) 
Male .971 36 .466 

Female .959 36 .201 

Sit and Reach (cm) 
Male .958 36 .193 

Female .969 36 .389 

 

To proceed with a comparative study, the next essential assumption test is the 

homogeneity test. This test validates that the variance between groups is consistent. 

Results from Levene’s test indicate that all research variables have a p-value > 0.05, 

confirming homogeneity of variance in this analysis. Additional information is 

available in Table 3. 

Table 3. Homogenity Test Results 

Variable Levene Statistic df1 df2 Sig. 

Sprint-40 m (s) .138 1 70 .711 
Alternate-Hand Wall-Toss 2.512 1 70 .117 

Agility T Test (s) 3.066 1 70 .084 

Vertical Jump (cm) 3.410 1 70 .069 
VO2Max (ml.kg.min) 2.685 1 70 .106 

Sit and Reach (cm) 3.066 1 70 .084 
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The comparative analysis of health-related fitness parameters between male and female 

volleyball players revealed notable differences. Male players exhibited a higher average 

VO2Max value (X = 31.29 ml/kg/min) compared to female players (X = 28.33 

ml/kg/min). Conversely, in flexibility measured by sit and reach, female players (X = 

36.06 cm) outperformed male players (X = 33.40 cm) with a significant p-value of 

0.028. Detailed results are available in Table 4. 

Table 4. Comparison of health related fitness parameters between male and female volleyball 
players 

Health Gender N X SD t p 

VO2Max 
(ml/kg/min) 

Male 36 31.29 3.89 
3.574 <0.001 

Female 36 28.33 3.09 

Sit and Reach 
(cm) 

Male 36 33.40 4.56 
2.247 0.028 

Female 36 36.06 5.44 

N= number of participants, X= mean, SD= standard deviation, t= T score, p<0.05 

 

The comparative analysis of skill-related fitness parameters between male and female 

volleyball players revealed significant differences. Male players demonstrated faster 
sprint times in the 40-meter test (M = 6.92) compared to female players (M = 7.36), 

with a p-value of 0.003. Additionally, in the agility test using the T-test, male players 

exhibited superior performance with an average time of 18.72 seconds, while female 

players averaged 20.04 seconds, with a p-value < 0.001. Furthermore, in the power 

ability test measured by the vertical jump, male players achieved a greater jump height 

(X = 50.66 cm) than female players (X = 36.44 cm), with a p-value < 0.001. 

 

However, in the coordination test utilizing the Alternate-Hand Wall-Toss method, 

female volleyball players (X = 5.11) exhibited superiority over male volleyball players 

(X = 3.94) with a p-value of 0.011. More details can be found in Table 5. This suggests 

that female volleyball players generally excel in the coordination aspect compared to 
their male counterparts. 

 

Table 5. Comparison of skill related fitness parameters between male and female volleyball 

players 

Skill Gender N X SD t p 

Sprint-40 m (s) 
Male 36 6.92 .59 

-3.031 0.003 
Female 36 7.36 .66 

Alternate-Hand 

Wall-Toss 

Male 36 3.94 1.56 
-2.601 0.011 

Female 36 5.11 2.18 

Agility T Test (s) 
Male 36 18.72 1.60 

-3.977 <0.001 
Female 36 20.04 1.18 

Vertical Jump 

(cm) 

Male 36 50.66 9.01 
7.507 <0.001 

Female 36 36.44 6.93 
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3.2 Discussions 

The research findings reveal significant differences between male and female groups 

across all fitness components studied, including: Multistage Fitness Test (t(71) = 3.574, 

p < 0.001), Sit and Reach (t(71) = 2.247, p = 0.028), Vertical Jump (t(71) = 7.507, p < 

0.001), 40m Sprint (t(71) = -3.031, p = 0.003), Alternate-Hand Wall-Toss (t(71) = -

2.601, p = 0.011), and Agility (t(71) = -3.977, p < 0.001). The male group outperformed 

the female group in skills tests for: Vertical Jump (X = 50.66, SD = 9.01), 40m Sprint 

(X = 6.92, SD = 0.59), and Agility (X = 18.72, SD = 1.60). Conversely, the female 

group excelled over the male group in skills tests for: Alternate-Hand Wall-Toss (X = 

5.11, SD = 2.18) and Sit and Reach (X = 36.06, SD = 5.44).  

 
Based on the research findings, a simple conclusion can be drawn: the male group 

generally excels in power, speed, agility, and cardiorespiratory fitness components 

compared to the female group. In contrast, the female group demonstrates superiority 

in coordination and flexibility compared to the male group. These differences are likely 

influenced by physiological developmental characteristics during puberty or genetics, 

rather than the training program, as both groups underwent identical training programs.  

 

Power. Power output is affected by various factors such as muscle tissue size and length 

[45], muscle mass [54], muscle architecture [17], [39] and musle tissue type [42]. 

Furthermore, it is well known that the characteristics of these factors or the skeletal 

muscles can be different based on the genders [4]. Meanwhile, vertical jump 
performance is influenced by biomechanical and psychological factors, including 

anthropometric characteristcs. The study also indicate variatins in vertical jump results 

between mae and female athletes [2]. In this study, specifically, male athletes aged 12 

tend to outperform female athletes in vertical jump performance. [26] provide insightful 

explanations for why gender differences are prominently observed across various 

populations, including elite and highly trained athletes, from a biological standpoint. 

These distinctions may stem from variations in muscle characteristics between males 

and females. [22] also attribute these differences to the notable changes that surface 

during puberty. During this phase, male athletes typically exhibit higher muscle mass 

due to increased lean body mass, while females undergo an increase in fat percentage, 

leading to a simultaneous decrease in muscle mass in response to puberty [5].  

Speed. Almost similar to power, speed (sprint) ability is influenced by complex 
multifactors, and one of them is maximal strength factor [16]. In this study, boys tended 

to achieve shorter times in the 40m sprint compared to girls. The variances observed in 

sprint performance could be attributed to variances in the maximal strength 

characteristics between males and females [56]. In this matter, [56] Explain that the 

differences appear due to the hormonal interaction (testosterone-estrogen) which are 

gender-specific, leading to alterations in maximal strength. Moreover, a study by [22] 

support this explanation, the study reveals that boys tend to undergo a notable rise in 

maximal strength in contrast to girls, primarily due to elevated testosterone levels. On 

the other hand, girls experience a significant increase on estrogen when they hit puberty 

[62]. The surge in estrogen levels during puberty might influence the rise in body fat 

percentage, subsequently impacting maximal strength and sprint performance. In this 
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regard, other findings by [27] and [18] explain that anthropometric variances can also 

impact sprint performance. While fat percentage measurements were not specifically 

conducted on the research subjects in this study, the results indicated discrepancies in 

sprint time improvements between boys and girls, with boys demonstrating greater 

advancements despite having nearly identical BMIs. 

Agility. In this study, boys exhibited superior agility t-test performance results 

compared to girls. These results are corroborated by several pertinent studies indicating 
that men generally outperform women significantly in agility tasks [67]. Agility is a 

complex motor function that involves various basic motors and various other complex 

factors simultaneously [25]. [50] explain that speed is strongly related to agility. 

Meanwhile, according to [11] The most important factors in developing agility are 

speed, strength, power, anthropometric variabels, and technique. Apart from these 

factors, differences in gender specific characteristics are known to also influence agility 

performance [67]. In this scenario, changes in neuromuscular function and muscle size 

differ between sexes during puberty. Puberty leads to larger muscle size in boys, 

whereas girls exhibit higher muscle activation. In this scenario, changes in 

neuromuscular function and muscle size differ between sexes during puberty. Puberty 

leads to larger muscle size in boys, whereas girls exhibit higher muscle activation [20]. 

However, as the muscle size increase in girls cannot equal that of boys, boys end up 
stronger than girls. This strength disparity could potentially impact the speed and agility 

of children post-puberty. 

Coordination. In this study, girls exhibited superior coordination abilities in wall catch 

compared to boys. Both boys and girls underwent identical training programs without 

distinction. The reason behind girls’ better coordination in wall catching could possibly 

be attributed to the notion that girls mature earlier than boys, although some aspects 

remain unexplained.  

 

Girls undergo puberty at a faster rate than boys [6], [32]. A study by Larson et al. [31] 

found that girls are superior to boys in a timed-task coordination test. Meanwhile, 

research by Smits-Engelsman et al. [49] revealed that girls excelled in the manual 
dexterity test (fine motor skills), whereas boys outperformed in the aiming and catching 

test (gross motor skills). Additionally, some studies indicate that there is no significant 

disparity between boys and girls, although girls exhibit slightly better performance 

overall [41].  

 

Research by [65] revealed that boys in the younger age category demonstrate superior 

object control skills compared to girls, a distinction that tends to become more 

pronounced with age. Furthermore, these disparities are often attributed to varying 

interests in participation in different types of physical activities and sports based on 

gender. [51]. The impact of gender on disparities in coordination abilities remains a 

topic of ongoing debate in research. The complexity of understanding the development 
of coordination in children highlights the necessity for additional research in this area. 
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Cardiorespiratory. In the cardiorespiratory domain, it is understood that women 

generally exhibit superior cardiac function compared to men, although each gender has 

its own set of advantages and disadvantages [52]. Research conducted by Prabhavathi 

et al. [43] and D. Xiang et al. [58] indicates that the hormone estrogen provides 

cardioprotective benefits, offering women with higher estrogen levels resistance 

against cardiac diseases. Conversely, excessive or inadequate levels of the testosterone 

hormone from their ideal amount in men have been associated with adverse effects on 
heart function, as highlighted by studies from Morris & Channer [38] and Goodale, 

Sadhu, Petak, & Robbins [21]. However, various studies show that men tend to have a 

higher VO2max than women [47], [48]. As explained by Kenney, Wilmore, & Costill 

[29], the average girl has 70-75% of the VO2max of boys after puberty. This difference 

is believed to be caused by steroid hormonal changes in boys and girls during puberty 

[10]. In this scenario, boys typically undergo a rise in muscle mass, whereas girls 

experience an increase in body fat percentage. The elevation in fat percentage linked to 

BMI subsequently leads to a reduction in VO2max in girls [8]. Moreover, women 

generally possess less muscle mass than men, resulting in a lower absolute VO2max if 

presumed to have equivalent oxidative capacity [66].  

 

Flexibility. It is widely acknowledged that adult women typically exhibit greater 
flexibility than men [61]. Meanwhile, flexibility abilities do not differ in the younger 

population [13]. One potential factor contributing to this contrast could be the hormonal 

and anatomical muscle changes that occur after puberty. It is evident that boys display 

increased muscle strength and higher muscle mass compared to girls after puberty. On 

the other hand, research by Robles-Palazón et al. [46] ndicates that an increase in 

muscle mass leads to heightened muscle stiffness due to accelerated bone growth, 

subsequently resulting in decreased flexibility [40]. Moreover, enhanced strength can 

lead to heightened tendon stiffness [57], potentially diminishing flexibility [53]. Unlike 

men, women are recognized for not undergoing a substantial increase in muscle mass, 

thus avoiding significant muscle or tendon stiffness. Furthermore, women’s superior 

flexibility can be attributed to a higher presence of collagen tissue [23], more estrogen 
hormone [3], and other physiological and biological factors resulting from an increase 

in these two things [37]. In this study, girls demonstrated superior flexibility compared 

to boys, aligning with findings from various other studies that corroborate similar 

research outcomes, such as those from [34], [36], [63]. 

 

The discussion above leads to the conclusion that boys generally outperform girls in 

most fitness tests related to skills and health, except for throwing, catching, and 

flexibility tests where girls excel. However, beyond the findings of this study, there 

exist numerous unexplained factors contributing to the differences in test results 

between boys and girls due to the constraints of this research. Firstly, the research that 

explores the impact of puberty generally compares various physical parameters before, 
during, and after puberty. This study does not confirm whether the children have 

undergone puberty. Secondly, to elucidate the puberty process, other studies could 

incorporate assessments of maturity rather than solely relying on chronological age. 

Biological theory suggests that a child’s maturity cannot be solely determined by age. 

Nevertheless, this research did not conduct measurements related to age maturity. 

Thirdly, due to constraints in time, equipment, and costs, researchers did not encompass 
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all fitness parameters (related to health or skills). A comprehensive study in this regard 

could shed light on the topic of gender differences in various fitness components. 

4 Conclusion 

The study found that male volleyball players had significantly higher VO2Max values 

compared to female players, while female players showed superior flexibility. In terms 

of skill parameters, males outperformed in speed, agility, and power, whereas females 

excelled in coordination. These significant disparities in physical fitness between male 

and female junior volleyball players suggest the need for targeted and gender-specific 

training programs to enhance their performance and development. 

Acknowledgement The authors would thank the Universitas Negeri Yogyakarta for all 

supporting their study. 

References 

1. Banda, D. S., Beitzel, M. M., Kammerer, J. D., Salazar, I., & Lockie, R. G. (2019). Lower-
Body Power Relationships to Linear Speed, Change-of-Direction Speed, and  High-Intensity 
Running Performance in DI Collegiate Women’s Basketball Players. Journal of Human 

Kinetics, 68, 223–232. https://doi.org/10.2478/hukin-2019-0067 
2. Bchini, S., Hammami, N., Selmi, T., Zalleg, D., & Bouassida, A. (2023). Influence of muscle 

volume on jumping performance in healthy male and female  youth and young adults. BMC 
Sports Science, Medicine & Rehabilitation, 15(1), 26. https://doi.org/10.1186/s13102-023-
00639-x 

3. Bell, D. R., Blackburn, J. T., Norcross, M. F., Ondrak, K. S., Hudson, J. D., Hackney, A. C., 
& Padua, D. A. (2012). Estrogen and muscle stiffness have a negative relationship in 
females. Knee Surgery, Sports Traumatology, Arthroscopy : Official Journal of the ESSKA, 
20(2), 361–367. https://doi.org/10.1007/s00167-011-1577-y 

4. Belzunce, M. A., Henckel, J., Di Laura, A., Horga, L. M., & Hart, A. J. (2023). Similarities 
and differences in skeletal muscle and body composition between sexes: an MRI study of 

recreational cyclists. BMJ Open Sport &amp;Amp; Exercise Medicine, 9(3), e001672. 
https://doi.org/10.1136/bmjsem-2023-001672 

5. Ben Mansour, G., Kacem, A., Ishak, M., Grélot, L., & Ftaiti, F. (2021). The effect of body 
composition on strength and power in male and female students. BMC Sports Science, 
Medicine and Rehabilitation, 13(1), 1–11. https://doi.org/10.1186/s13102-021-00376-z 

6. Biro, F. M., Greenspan, L. C., & Galvez, M. P. (2012). Puberty in girls of the 21st century. 
Journal of Pediatric and Adolescent Gynecology, 25(5), 289–294. 
https://doi.org/10.1016/j.jpag.2012.05.009 

7. Bompa, T. O., & Buzzichelli, C. (2019). Periodization-: theory and methodology of training. 
Human kinetics. 

8. Capel, T. L., Vaisberg, M., Araujo, M. P. de, Paiva, R. F. L. de, Santos, J. de M. B. Dos, & 
Bella, Z. I. K. de J.-D. (2014). Influence of body mass index, body fat percentage and age at 

menarche on aerobic capacity (VO₂ max) of elementary school female students. Revista 
brasileira de ginecologia e obstetricia : revista da Federacao Brasileira das Sociedades de 
Ginecologia e Obstetricia, 36(2), 84–89. 

242             F. Fauzi et al.



 

9. Capili, B. (2021). Cross-Sectional Studies. The American Journal of Nursing, 121(10), 59–
62. https://doi.org/10.1097/01.NAJ.0000794280.73744.fe 

10. Carayanni, V., Bogdanis, G. C., Vlachopapadopoulou, E., Koutsouki, D., Manios, Y., 
Karachaliou, F., Psaltopoulou, T., & Michalacos, S. (2022). Predicting VO(2)max in 
Children and Adolescents Aged between 6 and 17 Using  Physiological Characteristics and 

Participation in Sport Activities: A Cross-Sectional Study Comparing Different Regression 
Models Stratified by Gender. Children (Basel, Switzerland), 9(12). 
https://doi.org/10.3390/children9121935 

11. Dawes, J. (2019). Developing agility and quickness. Human Kinetics Publishers. 
12. Dawes, J. J., Lindsay, K., Bero, J., Elder, C., Kornhauser, C., & Holmes, R. (2017). Physical 

fitness characteristics of high vs. low performers on an occupationally specific physical 
agility test for patrol officers. Journal of Strength and Conditioning Research. 
https://doi.org/10.1519/JSC.0000000000002082 

13. Donti, O., Konrad, A., Panidi, I., Dinas, P. C., & Bogdanis, G. C. (2022). Is There a 
“Window of Opportunity” for Flexibility Development in Youth? A  Systematic Review 
with Meta-analysis. In Sports medicine - open (Vol. 8, Issue 1, p. 88). 

https://doi.org/10.1186/s40798-022-00476-1 
14. Farley, J. B., Stein, J., Keogh, J. W. L., Woods, C. T., & Milne, N. (2020). The Relationship 

Between Physical Fitness Qualities and Sport-Specific Technical Skills in Female, Team-
Based Ball Players: A Systematic Review. Sports Medicine-Open, 6, 1–20. 

15. Ford, P., de Ste Croix, M., Lloyd, R., Meyers, R., Moosavi, M., Oliver, J., Till, K., & 
Williams, C. (2011). The Long-Term Athlete Development model: Physiological evidence 
and application. Journal of Sports Sciences. https://doi.org/10.1080/02640414.2010.536849 

16. Fossmo, J. E., & van den Tillaar, R. (2022). The effects of different relative loads in weight 
training on acceleration and acceleration from flying starts. Sports, 10(10), 148. 

17. Franchi, M. V, Atherton, P. J., Reeves, N. D., Flück, M., Williams, J., Mitchell, W. K., 
Selby, A., Beltran Valls, R. M., & Narici, M. V. (2014). Architectural, functional and 
molecular responses to concentric and eccentric  loading in human skeletal muscle. Acta 

Physiologica (Oxford, England), 210(3), 642–654. https://doi.org/10.1111/apha.12225 
18. Genton, L., Mareschal, J., Karsegard, V. L., Achamrah, N., Delsoglio, M., Pichard, C., Graf, 

C., & Herrmann, F. R. (2019). An Increase in Fat Mass Index Predicts a Deterioration of 
Running Speed. Nutrients, 11(3). https://doi.org/10.3390/nu11030701 

19. Gibson, A. L., Wagner, D., & Heyward, V. (2019). Advanced fitness assessment and 
exercise prescription, 8E. Human kinetics. 

20. Gillen, Z. M., Housh, T. J., Schmidt, R. J., Herda, T. J., De Ayala, R. J., Shoemaker, M. E., 
& Cramer, J. T. (2021). Comparisons of muscle strength, size, and voluntary activation in 
pre- and  post-pubescent males and females. European Journal of Applied Physiology, 
121(9), 2487–2497. https://doi.org/10.1007/s00421-021-04717-1 

21. Goodale, T., Sadhu, A., Petak, S., & Robbins, R. (2017). Testosterone and the Heart. 
Methodist DeBakey Cardiovascular Journal, 13(2), 68–72. https://doi.org/10.14797/mdcj-

13-2-68 
22. Handelsman, D. J., Hirschberg, A. L., & Bermon, S. (2018). Circulating Testosterone as the 

Hormonal Basis of Sex Differences in Athletic  Performance. Endocrine Reviews, 39(5), 
803–829. https://doi.org/10.1210/er.2018-00020 

23. Hashemi, J., Chandrashekar, N., Mansouri, H., Slauterbeck, J. R., & Hardy, D. M. (2008). 
The human anterior cruciate ligament: sex differences in ultrastructure and  correlation with 
biomechanical properties. Journal of Orthopaedic Research : Official Publication of the 
Orthopaedic  Research Society, 26(7), 945–950. https://doi.org/10.1002/jor.20621 

24. Hoeger, W. W. K., Hoeger, S. A., Fawson, A. L., & Hoeger, C. I. (2018). Principles and labs 
for fitness and wellness. Cengage Learning. 

Health and Skill Related Physical Fitness Variable             243



   

25. Hojka, V., Stastny, P., Rehak, T., Gołas, A., Mostowik, A., Zawart, M., & Musálek, M. 
(2016). A systematic review of the main factors that determine agility in sport using  
structural equation modeling. Journal of Human Kinetics, 52, 115–123. 
https://doi.org/10.1515/hukin-2015-0199 

26. Hunter, S. K., S Angadi, S., Bhargava, A., Harper, J., Hirschberg, A. L., D Levine, B., L 
Moreau, K., J Nokoff, N., Stachenfeld, N. S., & Bermon, S. (2023). The Biological Basis of 
Sex Differences in Athletic Performance: Consensus  Statement for the American College 
of Sports Medicine. Medicine and Science in Sports and Exercise, 55(12), 2328–2360. 
https://doi.org/10.1249/MSS.0000000000003300 

27. Ishida, A., Travis, S. K., & Stone, M. H. (2021). Associations of Body Composition, 
Maximum Strength, Power Characteristics with  Sprinting, Jumping, and Intermittent 
Endurance Performance in Male Intercollegiate Soccer Players. Journal of Functional 
Morphology and Kinesiology, 6(1). https://doi.org/10.3390/jfmk6010007 

28. Kariyawasam, A., Ariyasinghe, A., Rajaratnam, A., & Subasinghe, P. (2019). Comparative 
study on skill and health related physical fitness characteristics  between national basketball 

and football players in Sri Lanka. BMC Research Notes, 12(1), 397. 
https://doi.org/10.1186/s13104-019-4434-6 

29. Kenney, W. L., Wilmore, J. H., & Costill, D. L. (2021). Physiology of sport and exercise. 
Human kinetics. 

30. Kesmodel, U. S. (2018). Cross-sectional studies - what are they good for? Acta Obstetricia 
et Gynecologica Scandinavica, 97(4), 388–393. https://doi.org/10.1111/aogs.13331 

31. Larson, J. C. G., Mostofsky, S. H., Goldberg, M. C., Cutting, L. E., Denckla, M. B., & 
Mahone, E. M. (2007). Effects of gender and age on motor exam in typically developing 
children. Developmental Neuropsychology, 32(1), 543–562. 
https://doi.org/10.1080/87565640701361013 

32. Laureys, F., Middelbos, L., Rommers, N., De Waelle, S., Coppens, E., Mostaert, M., 
Deconinck, F. J. A., & Lenoir, M. (2021). The Effects of Age, Biological Maturation and 

Sex on the Development of Executive  Functions in Adolescents. Frontiers in Physiology, 
12, 703312. https://doi.org/10.3389/fphys.2021.703312 

33. Léger, L. A., Mercier, D., Gadoury, C., & Lambert, J. (1988). The multistage 20 metre 
shuttle run test for aerobic fitness. Journal of Sports Sciences, 6(2), 93–101. 
https://doi.org/10.1080/02640418808729800 

34. Lima, T. R. de, Martins, P. C., Moraes, M. S., & Silva, D. A. S. (2019). Assocıatıon of 
flexıbılıty wıth socıodemographıc factors, physıcal actıvıty, muscle strength, and aerobıc 
fıtness ın adolescents from southern brazıl. Revista Paulista de Pediatria : Orgao Oficial Da 
Sociedade de Pediatria de Sao Paulo, 37(2), 202–208. https://doi.org/10.1590/1984-
0462/;2019;37;2;00005 

35. Mackenzie, B. (2005). Performance evaluation tests. London: Electric World Plc, 24(25), 
57–158. 

36. Marta, C. C., Marinho, D. A., Barbosa, T. M., Izquierdo, M., & Marques, M. C. (2012). 
Physical fitness differences between prepubescent boys and girls. Journal of Strength and 
Conditioning Research, 26(7), 1756–1766. https://doi.org/10.1519/JSC.0b013e31825bb4aa 

37. Miyamoto-Mikami, E., Kumagai, H., Tanisawa, K., Taga, Y., Hirata, K., Kikuchi, N., 
Kamiya, N., Kawakami, R., Midorikawa, T., Kawamura, T., Kakigi, R., Natsume, T., 
Zempo, H., Suzuki, K., Kohmura, Y., Mizuno, K., Torii, S., Sakamoto, S., Oka, K., … Fuku, 
N. (2021). Female Athletes Genetically Susceptible to Fatigue Fracture Are Resistant to  
Muscle Injury: Potential Role of COL1A1 Variant. Medicine and Science in Sports and 
Exercise, 53(9), 1855–1864. https://doi.org/10.1249/MSS.0000000000002658 

38. Morris, P. D., & Channer, K. S. (2012). Testosterone and cardiovascular disease in men. 
Asian Journal of Andrology, 14(3), 428–435. https://doi.org/10.1038/aja.2012.21 

244             F. Fauzi et al.



 

39. Mpampoulis, T., Methenitis, S., Papadopoulos, C., Papadimas, G., Spiliopoulou, P., 
Stasinaki, A.-N., Bogdanis, G. C., Karampatsos, G., & Terzis, G. (2021). Weak Association 
Between Vastus Lateralis Muscle Fiber Composition and Fascicle  Length in Young 
Untrained Females. Sports (Basel, Switzerland), 9(5). 

https://doi.org/10.3390/sports9050056 
40. Nagahori, H., & Shida, N. (2022). Relationship between Muscle Flexibility and 

Characteristics of Muscle Contraction in Healthy Women during Different Menstrual 
Phases. Physical Therapy Research, 25(2), 68–74. https://doi.org/10.1298/ptr.E10173 

41. Navarro-Patón, R., Arufe-Giráldez, V., Sanmiguel-Rodríguez, A., & Mecías-Calvo, M. 
(2021). Differences on Motor Competence in 4-Year-Old Boys and Girls Regarding the  
Quarter of Birth: Is There a Relative Age Effect? Children (Basel, Switzerland), 8(2). 
https://doi.org/10.3390/children8020141 

42. Plotkin, D. L., Roberts, M. D., Haun, C. T., & Schoenfeld, B. J. (2021). Muscle fiber type 
transitions with exercise training: Shifting perspectives. Sports, 9(9), 127. 

43. Prabhavathi, K., Selvi, K. T., Poornima, K. N., & Sarvanan, A. (2014). Role of biological 
sex in normal cardiac function and in its disease outcome - a  review. Journal of Clinical and 

Diagnostic Research : JCDR, 8(8), BE01-4. https://doi.org/10.7860/JCDR/2014/9635.4771 
44. Puchalska-Sarna, A., Baran, R., Kustra, M., Pop, T., Herbert, J., & Baran, J. (2022). The 

Level and Factors Differentiating the Physical Fitness of Adolescents  Passively and 
Actively Resting in South-Eastern Poland-A Pilot Study. Children (Basel, Switzerland), 
9(9). https://doi.org/10.3390/children9091341 

45. Reggiani, C., & Schiaffino, S. (2020). Muscle hypertrophy and muscle strength: dependent 
or independent variables? A provocative review. European Journal of Translational 
Myology, 30(3). 

46. Robles-Palazón, F. J., Ayala, F., Cejudo, A., De Ste Croix, M., Sainz de Baranda, P., & 
Santonja, F. (2022). Effects of Age and Maturation on Lower Extremity Range of Motion 
in Male Youth  Soccer Players. Journal of Strength and Conditioning Research, 36(5), 1417–

1425. https://doi.org/10.1519/JSC.0000000000003642 
47. Santisteban, K. J., Lovering, A. T., Halliwill, J. R., & Minson, C. T. (2022). Sex Differences 

in VO(2max) and the Impact on Endurance-Exercise Performance. International Journal of 
Environmental Research and Public Health, 19(9). https://doi.org/10.3390/ijerph19094946 

48. Sharma, H. B., & Kailashiya, J. (2016). Gender Difference in Aerobic Capacity and the 
Contribution by Body Composition  and Haemoglobin Concentration: A Study in Young 
Indian National Hockey Players. Journal of Clinical and Diagnostic Research : JCDR, 
10(11), CC09-CC13. https://doi.org/10.7860/JCDR/2016/20873.8831 

49. Smits-Engelsman, B., Coetzee, D., Valtr, L., & Verbecque, E. (2023). Do Girls Have an 
Advantage Compared to Boys When Their Motor Skills Are Tested  Using the Movement 
Assessment Battery for Children, 2nd Edition? Children (Basel, Switzerland), 10(7). 

https://doi.org/10.3390/children10071159 
50. Sonesson, S., Lindblom, H., & Hägglund, M. (2021). Performance on sprint, agility and 

jump tests have moderate to strong  correlations in youth football players but performance 
tests are weakly correlated to neuromuscular control tests. Knee Surgery, Sports 
Traumatology, Arthroscopy : Official Journal of the ESSKA, 29(5), 1659–1669. 
https://doi.org/10.1007/s00167-020-06302-z 

51. Spanou, M., Stavrou, N., Dania, A., & Venetsanou, F. (2022). Children’s Involvement in 
Different Sport Types Differentiates Their Motor  Competence but Not Their Executive 
Functions. International Journal of Environmental Research and Public Health, 19(9). 
https://doi.org/10.3390/ijerph19095646 

52. St Pierre, S. R., Peirlinck, M., & Kuhl, E. (2022). Sex Matters: A Comprehensive 
Comparison of Female and Male Hearts. In Frontiers in physiology (Vol. 13, p. 831179). 
https://doi.org/10.3389/fphys.2022.831179 

Health and Skill Related Physical Fitness Variable             245



   

53. Takeuchi, K., Nakamura, M., Fukaya, T., Konrad, A., & Mizuno, T. (2023). Acute and 
Long-Term Effects of Static Stretching on Muscle-Tendon Unit Stiffness:  A Systematic 
Review and Meta-Analysis. Journal of Sports Science & Medicine, 22(3), 465–475. 
https://doi.org/10.52082/jssm.2023.465 

54. van der Zwaard, S., Weide, G., Levels, K., Eikelboom, M. R. I., Noordhof, D. A., 
Hofmijster, M. J., van der Laarse, W. J., de Koning, J. J., de Ruiter, C. J., & Jaspers, R. T. 
(2018). Muscle morphology of the vastus lateralis is strongly related to ergometer  
performance, sprint capacity and endurance capacity in Olympic rowers. Journal of Sports 
Sciences, 36(18), 2111–2120. https://doi.org/10.1080/02640414.2018.1439434 

55. Wang, X., & Cheng, Z. (2020). Cross-Sectional Studies: Strengths, Weaknesses, and 
Recommendations. Chest, 158(1S), S65–S71. https://doi.org/10.1016/j.chest.2020.03.012 

56. Warneke, K., Wagner, C.-M., Keiner, M., Hillebrecht, M., Schiemann, S., Behm, D. G., 
Wallot, S., & Wirth, K. (2023). Maximal strength measurement: A critical evaluation of 
common methods-a narrative  review. Frontiers in Sports and Active Living, 5, 1105201. 
https://doi.org/10.3389/fspor.2023.1105201 

57. Waugh, C. M., Korff, T., Fath, F., & Blazevich, A. J. (2014). Effects of resistance training 
on tendon mechanical properties and rapid force  production in prepubertal children. Journal 
of Applied Physiology (Bethesda, Md. : 1985), 117(3), 257–266. 
https://doi.org/10.1152/japplphysiol.00325.2014 

58. Xiang, D., Liu, Y., Zhou, S., Zhou, E., & Wang, Y. (2021). Protective Effects of Estrogen 
on Cardiovascular Disease Mediated by Oxidative  Stress. Oxidative Medicine and Cellular 
Longevity, 2021, 5523516. https://doi.org/10.1155/2021/5523516 

59. Xiang, M., Gu, X., Jackson, A., Zhang, T., Wang, X., & Guo, Q. (2017). Understanding 
adolescents’ mental health and academic achievement: Does physical fitness matter? School 
Psychology International, 38(6), 647–663. 

60. Xiao, W., Soh, K. G., Wazir, M. R. W. N., Talib, O., Bai, X., Bu, T., Sun, H., Popovic, S., 
Masanovic, B., & Gardasevic, J. (2021). Effect of Functional Training on Physical Fitness 

Among Athletes: A Systematic  Review. In Frontiers in physiology (Vol. 12, p. 738878). 
https://doi.org/10.3389/fphys.2021.738878 

61. Yu, S., Lin, L., Liang, H., Lin, M., Deng, W., Zhan, X., Fu, X., & Liu, C. (2022). Gender 
difference in effects of proprioceptive neuromuscular facilitation  stretching on flexibility 
and stiffness of hamstring muscle. Frontiers in Physiology, 13, 918176. 
https://doi.org/10.3389/fphys.2022.918176 

62. Yu, Z., Jiao, Y., Zhao, Y., & Gu, W. (2022). Level of Estrogen in Females-The Different 
Impacts at Different Life Stages. Journal of Personalized Medicine, 12(12). 
https://doi.org/10.3390/jpm12121995 

63. Zhang, F., Bi, C., Yin, X., Chen, Q., Li, Y., Liu, Y., Zhang, T., Li, M., Sun, Y., & Yang, X. 
(2021). Physical fitness reference standards for Chinese children and adolescents. Scientific 

Reports, 11(1), 4991. https://doi.org/10.1038/s41598-021-84634-7 
64. Zheng, W., Shen, H., Belhaidas, M. B., Zhao, Y., Wang, L., & Yan, J. (2023). The 

Relationship between Physical Fitness and Perceived Well-Being, Motivation,  and 
Enjoyment in Chinese Adolescents during Physical Education: A Preliminary Cross-
Sectional Study. Children (Basel, Switzerland), 10(1). 
https://doi.org/10.3390/children10010111 

65. Zheng, Y., Ye, W., Korivi, M., Liu, Y., & Hong, F. (2022). Gender Differences in 
Fundamental Motor Skills Proficiency in Children Aged 3-6  Years: A Systematic Review 
and Meta-Analysis. International Journal of Environmental Research and Public Health, 
19(14). https://doi.org/10.3390/ijerph19148318 

66. Zhou, N. (2021). Assessment of aerobic exercise capacity in obesity, which expression of 
oxygen  uptake is the best? Sports Medicine and Health Science, 3(3), 138–147. 
https://doi.org/10.1016/j.smhs.2021.01.001 

246             F. Fauzi et al.



 

67. Zwierko, M., Jedziniak, W., Popowczak, M., & Rokita, A. (2022). Reactive Agility in 
Competitive Young Volleyball Players: A Gender Comparison of  Perceptual-Cognitive and 
Motor Determinants. Journal of Human Kinetics, 85, 87–96. https://doi.org/10.2478/hukin-
2022-0112 

 
 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

Health and Skill Related Physical Fitness Variable             247

http://creativecommons.org/licenses/by-nc/4.0/

	Health and Skill Related Physical Fitness Variable between Male and Female Junior Volleyball Players: A Comparative Study

