
Quasi-simplex structure among physical ability

Football Science Vol.10, 57-64, 2013
http://www.jssf.net/home.html

57

1.  Introduction

With regards to the selection of pubescent soccer 
players, there is a trend of fast players being chosen 
(Hirose, 2008). Yagüe & Fuente (1998) reported that 
sprint speed develops remarkably before and after 
peak height velocity age (PHVA). As a difference of 
four to fi ve years in PHVA may be observed even in 
players of the same chronological age (Chuman et 
al., 2009), it is believed that the closer early-maturing 
players get to PHVA during puberty, the higher their 
sprint speed. We have previously reported in an 
earlier study that there is a significant correlation 
between 20-m sprint times (sprint speed) and PHVA 
(maturity status) (Chuman et al., 2013).

Yamada & Nishijima (2001) arrayed the physical 
ability factors that soccer players should aim to 
achieve through power development programs with 
strength, power and speed, and showed that these 
physical ability factors follow a simplex structure. 
A simplex structure refers to differences in the 
extent of compositeness among tests shown using a 
simple hierarchical system (Guttman, 1966). In the 
correlation matrix among the physical ability tests 
arrayed with strength, power and speed, there exists 
a structure in which values that are closer to the main 
diagonal are larger while values that are further away 
are smaller (Yamada & Nishijima, 2001). While the 
correlation coefficient changes by a predetermined 
percentage according to the composite loading under 
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a perfect simplex structure, as the actual test includes 
errors in the variables, the correlation coeffi cient does 
not change by a predetermined percentage. This type 
of structure is known as a quasi-simplex structure.

In the case of pubescent soccer players, the factors 
behind the development of strength, power and speed 
include not only training but also the influence of 
growth. As a result of a heightened maturity status, 
one’s physique, as well as physical ability, develops. 
As remarkable differences in maturity statuses 
among pubescent soccer players have been confi rmed 
(Chuman et al., 2009), it is believed that differences 
in physique and physical ability (strength, power and 
speed) arise as a result of maturity status. In other 
words, among pubescent soccer players, maturity 
status does not directly affect sprint speed; instead, it 
is believed that there exists a quasi-simplex structure 
where maturity status infl uences physique (leg muscle 
size), physique influences strength (leg muscle 
streugth), strength influences power (jump power) 
and power (jump power) influences speed (sprint 
speed, see Figure 1).

However, there have not been reports examining 
the quasi-simplex structure among the physical 
ability factors that contribute to the sprint speed of 
pubescent soccer players. Clarifying the hierarchy of 
such factors allows pubescent soccer players to grasp 
their strengths and weaknesses in physical ability 
through comparative evaluation on an individual 
basis, and verify which are the areas that they should 
focus on for training in the future in order to become 
professional soccer players. To validate and analyze 
such a quasi-simplex structure, Structural Equation 
Modeling (SEM) may be used (Yamada & Nishijima, 
2001). On that note, this study sets out to validate the 
quasi-simplex structure among physical ability factors 
related to sprint speed among pubescent soccer 
players using SEM.

2.  Methods

42 field soccer players (13.7 ± 1.2 years old) 
belonging to U-15 category (junior high school 
students aged 13-15 years) team of club participating 

in the Japan Professional Football League Division 
1 (J1-League) were chosen as subjects for this 
study. The subjects were all male players who had 
been selected through the soccer selection process. 
The subjects had permission from their parents and 
guardians to participate in the training with their 
soccer club, and this study was conducted as a part of 
their training under the management of the supervisor 
of the soccer club. This study is endorsed by the 
Ethics Committee of the University of Tsukuba.

In this study, we validated the conceptual model 
shown in Table 1 based on the hypothesis that a 
quasi-simplex structure exists among physical ability 
factors related to sprint speed among pubescent 
soccer players. Nine items that fulfi lled the condition 
of content validity with respect to the five factors 
were chosen as measurement items. The item chosen 
for maturity status factor was relative peak height 
velocity age (RPHVA). PHVA was calculated from 
the height and chronological age (CA) during the nine 
years between seven and fi fteen years of age using the 
BTT model of AUXAL3 (SSI), which is a software 
for analyzing vertical height. In addition, RPHVA at 
the time of the 20-m sprint trial was calculated by 
subtracting PHVA from the chronological ages of the 
subjects. School annual health reports were used to 
determine height between seven and twelve years of 
age while height between thirteen and fi fteen years of 
age was measured at the time of the trial.

The item chosen for leg muscle size factor was 
thigh muscle cross sectional area (MCSA). The  
MR machine of 0.2T (Signa Profile, GE Yokogawa 
Medical Systems Ltd.) was used to take cross 
sectional images of the thighs of the subjects. The 
distance between the upper extreme of the greater 
trochanter and the lower extreme of the femur was 
designated as femur length, and the area of the muscle 
(30% MCSA and 70% MCSA) was calculated from 
the images at 30% and 70% of the femur length (from 
the distal end).

The items chosen for leg muscle strength factor 
were knee extension torque (KET) and knee 
flexion torque (KFT), as measured by an isokinetic 
dynamometer (Biodex-System3, Biodex Medical 

Figure 1   Conceptual model of physical ability factors in pubescent male soccer players.
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Systems Inc.). The measurements were conducted 
based on an angular velocity of 60 degrees.

The items chosen for jump power factor were the 
counter movement jump test (CMJ) and the five-
step jump test (5J). For CMJ, the side view of the 
jumping motion of the subjects was taken using a 
video camera (at 30 frames/sec) and the vertices of 
the subjects were identified using the differences in 
brightness; jump height was then calculated from 
the difference in height up to the subjects’ vertices at 
standing and upon jumping. Note that jump height 
was obtained by recording images of a calibration 
instrument with multiple attached markers beforehand 
and converted based on the actual length between 
markers and the number of pixels. For 5J, subjects 
were made to adopt a starting position with both feet 
together, jump five times while alternating between 
their left and right feet, and end with both feet on the 
ground. The shortest distance between the subject’s 
toe at the start of the test and the subject’s heel upon 
landing was measured, and this was used as the result 
for 5J.

The items chosen for sprint speed factor were the 
5-m and 20-m sprint tests (5MST and 20MST). Using 
a photoelectric measurement device (Hamamatsu 

Photonics K.K.), the measurement was started at the 
instant the subject’s foot left the ground, and the time 
until his body passed the light sensor set up at the 5-m 
and 20-m positions was converted into speed (km/h). 
This was then recorded as the result for the 5-m and 
20-m sprints.

This study sought to validate the quasi-simplex 
structure according to the following procedure based 
on the methodology of Yamada & Nishijima (2001): 
(1) constructing a measurement model that fulfills 
the condition of content validity; (2) conducting the 
test; (3) calculating the descriptive statistics (mean 
± standard deviation); (4) examining the construct 
validity through the confi rmatory factor analysis using 
structure equation modeling (SEM); (5) examining 
the hierarchy among the physical ability factors using 
the multiple indicator model obtained using SEM. For 
the SEM parameter estimation, maximum-likelihood 
estimation, the most commonly used method in 
applied research using SEM, was used (Toyoda, 
1992). In the interests of discrimination, parameter 
control was implemented. The control conditions 
were: (1) fixing the path coefficient from the error 
variable to the endogenous variables at 1; (2) fi xing 
the path coeffi cient from the latent variables, which is 
an endogenous variable, to the observed variable at 1; 
(3) fi xing the variance of the latent variables, which is 
an exogenous variable, at 1; (4) fi xing the variance of 
the error variable e1 at 0. For the degree of the model 
fitting indicators,χ2(P value), GFI, AGFI, CFI, NFI, 
RFI and RMSEA were used. The significance level 
was designated as p < 0.05. SPSS 12.0J for Windows 
and Amos 5.0J were used in the statistical analysis.

3.  Results

Table 2 shows the correlation matrix among the 
observed variables. Signifi cant correlation coeffi cients 
(r = 0.53–0.94) were obtained among all the observed 
variables. Table 3 shows the correlation matrix 
among the factors. Signifi cant correlation coeffi cients 
(r = 0.70–0.90) were obtained among all the factors.

Figure 2 shows the standardized solution of the 
confi rmatory factor structure. The degree of the model 
fi tting indicators was obtained as χ2= 16.472 (P value 
= 0.626), GFI = 0.918, AGFI = 0.805, CFI = 1.000, 
NFI = 0.964, RFI = 0.932, RMSEA = 0.000. The path 
coefficients among the factors reflected values from 
0.70 to 0.90. The path coeffi cients from the factors to 
the observed variables reflected values from 0.85 to 

Item Mean ± S.D. Min Max

CA (years old) 13.7 ± 1.2 12.2 15.5

PHVA (years old) 12.7 ± 1.0 11.1 15.3

RPHVA (years old) 0.93 ± 1.4 -1.82 3.77

Height (cm) 162.9 ± 8.2 142.2 180.1

Body mass (kg) 51.1 ± 9.7 33.3 82.3

70%MCSA (cm2) 126.8 ± 26.0 88.8 194.1

30%MCSA (cm2) 78.1 ± 17.5 48.5 124.5

KET (Nm) 130.9 ± 38.5 52.9 243.0

KFT (Nm) 68.1 ± 22.1 28.2 140.6

5J (m) 10.64 ± 1.03 8.80 12.91

CMJ (cm) 47.0 ± 5.7 35.9 59.9

20MST (km/h) 22.3 ± 1.0 20.1 24.2

5MST (km/h) 16.9 ± 0.8 15.2 18.5

Table 1   Descriptive statistics (N=42).
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1.00. The values of the path coeffi cients in the model 
were all signifi cant.

Figure 3 shows the standardized solution of the 
quasi-simplex structure among the physical ability 
factors related to sprint speed among pubescent soccer 
players. The degree of the model fitting indicators 
was obtained as χ2= 14.439 (P value = 0.914), GFI 
= 0.928, AGFI = 0.859, CFI = 1.000, NFI = 0.969, 
RFI = 0.951, RMSEA = 0.000. The path coeffi cients 
among the factors were 0.91 from the maturity status 
factor to the leg muscle size factor, 0.99 from the leg 
muscle size factor to the leg muscle strength factor, 
0.87 from the leg muscle strength factor to the jump 
power factor and 0.91 from the jump power factor to 
the sprint speed factor. The path coeffi cients from the 
factors to the observed variables refl ected values from 
0.78 to 1.00. The values of the path coeffi cients in the 
model were all signifi cant.

4.  Discussion

First, we examined the construct validity of 
the nine observed variables that explain the five 
latent variables in the conceptual model (Figure 1) 

for this study (Figure 2). The construct validity 
coefficient, represented by the path coefficient 
from the latent variables to the observed variables, 
reflected significant, large values from 0.85 to 
1.00. In addition, the degree of the model fitting 
indicators was favorable, and it was shown that the 
nine observed variables used fulfill the condition of 
construct validity.

The simplex structure among test items may be 
confirmed from the correlation matrix among the 
test items. In the case where it may be verified that 
the correlation matrix bears a simplex structure, 
the closer the elements to the main diagonal in the 
correlation matrix the higher the correlation, and 
the further they are located towards the top right or 
bottom left the lower the correlation. In the case of 
cross sectional data, where there exists a hierarchical 
inclusion relation among the test items that fulfills 
the condition of content validity, a simplex structure 
may be observed from the correlation matrix. In 
the correlation matrix among the nine observed 
variables for which construct validity was verified, 
the correlations (r = 0.53–0.94) were all found to 
be significant (Table 2). It was confirmed that the 

Factors Item RPHVA 70%MCSA 30%MCSA KET KFT 5J CMJ 20MST 5MST

Maturity status RPHVA ―

Leg muscle size 70%MCSA 0.85 ―

30%MCSA 0.84 0.94 ―

Leg muscle strength KET 0.77 0.86 0.79 ―

KFT 0.71 0.78 0.70 0.83 ―

Jump power 5J 0.74 0.75 0.71 0.68 0.58 ―

CMJ 0.64 0.74 0.66 0.66 0.53 0.78 ―

Sprint speed 20MST 0.73 0.80 0.72 0.68 0.59 0.81 0.75 ―

5MST 0.66 0.67 0.59 0.59 0.58 0.71 0.60 0.88 ―

Factors F1 F2 F3 F4 F5

F1: Maturity status ―

F2: Leg muscle size 0.85 ―

F3: Leg muscle strength 0.81 0.90 ―

F4: Jump power 0.79 0.84 0.78 ―

F5: Sprint speed 0.73 0.80 0.70 0.88 ―

Table 2   Correlation matrix among measurement items (N=42).

Table 3   Correlation matrix among physical ability factors  (N=42).
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correlation at the main diagonal of the correlation 
matrix was high, while a trend of low correlation as 
we move away from the main diagonal was verifi ed. 
This result shows that the correlation matrix of the 
nine observed variables bears a simplex structure. In 
addition, signifi cant correlations (r = 0.70–0.90) were 
also found among the fi ve factors that are explained 
by the nine observed variables (Table 3). Arraying 
these observed variables or factors according to the 
permutations of the factors in the conceptual model 

(Figure 1), a trend in which the nearer to the main 
diagonal the higher the correlation and the further 
away the smaller the correlation was verifi ed in both 
cases. These results show that the correlation matrix 
among the five factors bears a simplex structure 
(Table 2 and Table 3). The hierarchy explained by 
a quasi-simplex structure refers to a relationship in 
which lower factors are included in upper factors. As 
it was verifi ed that the correlation matrices among the 
permutated observed variables and among the factors 
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Figure 2   Confi rmatory factor structure of physical ability factors in pubescent male soccer players.

Figure 3   Quasi-simplex structure of physical ability factors in pubescent male soccer players.
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bear a simplex structure, it may be inferred that the 
observed variables and factors in this study fulfi ll the 
condition of following a simplex structure.

Analyzing the conceptual model in Figure 1 
using SEM, the degree of the model fitting factors 
reflects favorable values, and significantly high 
path coefficients (0.87–0.99) were verified among 
the factors (Figure 2). These path coefficients were 
higher than the correlation coefficient between the 
maturity status factor and the sprint speed factor 
(r = 0.73). In other words, the relationships among 
factors permutated using the conceptual model were 
all stronger than the relationship between the maturity 
status factor and the sprint speed factor.

The path coefficient from the maturity status 
factor to the leg muscle size factor was 0.91, and a 
strong causal relationship was found between the two 
factors. As the production of the protein anabolism 
hormone increases during puberty, growth in height 
is remarkable. In addition, the increase in muscle size 
reaches its maximum within one year of reaching 
PHVA (Beunen and Malina, 1988). However, it has 
been reported that a difference of four to five years 
in maturity status exists among pubescent soccer 
players (Chuman et al., 2009). This large difference 
in maturity status causes early-maturing players to 
approach maximum growth in muscle volume earlier 
than late-maturing players, and the thigh muscle cross 
sectional area (MCSA) increases (Chuman et al., 
2009). Looking at these results, it may be surmised 
that among pubescent soccer players, the maturity 
status factor strongly influences the leg muscle size 
factor.

Next, the path coeffi cient from the leg muscle size 
factor to the leg muscle strength factor was 0.99, 
and a strong causal relationship was found between 
the two factors. As the representative muscular 
tension (specifi c tension) per unit of MCSA is almost 
constant, it is believed that the leg muscle size factor 
measured using thigh MCSA reflects the specific 
tension of the thigh muscle. On the other hand, the leg 
muscle strength factor refl ects the specifi c tension and 
maximum voluntary contraction, which is determined 
by motor unit recruitment and their frequencies, of the 
thigh muscle. The similarity between the two is that 
both refl ect the specifi c tension of the thigh muscle, 
while the difference is that the leg muscle strength 
factor reflects neural factors as well. Hoshikawa et 
al. (2008) reported that among male sports players 
(including soccer player) aged 15.2 years (junior 

high school students), the larger the thigh MCSA, 
the higher the knee strength. Based on these fi ndings, 
it may be surmised that although the leg muscle 
size factor and the leg muscle strength factor are 
independent factors, among pubescent soccer players, 
the leg muscle size factor strongly infl uences the leg 
muscle strength factor.

The path coefficient from the leg muscle strength 
coefficient to the jump power coefficient was 0.87, 
and a strong causal relationship was found. The leg 
muscle strength factor refl ects the maximum voluntary 
contraction of the legs that is not accompanied by 
counter movement. On the other hand, in addition to 
the maximum voluntary contraction of the legs, the 
jump power factor refl ects the elastic energy resulting 
from stretch-shortening cycle (SSC) motions. The 
similarity is that both factors reflect the maximum 
voluntary contraction of the legs, while the difference 
is that the jump power factor also reflects elastic 
energy. For the single jumping motion of the standing 
broad jump and vertical jump, strength is exerted 
through the concentric contraction of the quadriceps 
femoris muscle, while strength is exerted through the 
eccentric and concentric contraction of the quadriceps 
femoris muscle for the continuous jumping motions 
of the five-step jump test and the rebound jump. 
Takamatsu et al. (1990) reported that knee extension 
strength influenced by the jumping motions of 
exercises such as the standing broad jump and 
five-step jump test. From these findings, it may be 
surmised that although the leg muscle strength factor 
and the jump power factor are independent factors, 
among pubescent soccer players, the leg muscle 
strength factor strongly influences the jump power 
factor.

Lastly, the path coefficient from the jump power 
factor to the sprint speed factor was 0.91, and a 
strong causal relationship was verified. The jump 
power factor refl ects the ability of the legs to exert a 
large amount of strength in a short span of time. The 
muscular activity pattern for a jumping motion is an 
SSC motion, and the landing time is around 0.2–0.9 
seconds (Takamatsu et al., 1989; Zushi et al., 1993). 
On the other hand, the sprint speed factor refl ects the 
ability of the legs to exert a large amount of strength 
in a short span of time to a greater extent than the 
jump power factor. The muscular activity pattern in 
a sprinting motion is also SSC motion. The landing 
time is around 0.1–0.2 seconds (Mero et al, 1992), 
and requires the ability to swiftly move all for limbs. 
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The similarity is that both factors refl ect the ability of 
the legs to exert a large amount of strength in a short 
span of time using SSC motion, while the difference 
is that as compared to the jump power factor, the 
sprint speed factor sees the exertion of a large amount 
of strength by the legs in a short span of time being 
repeated many times. Iwatake et al. (2008a, 2008b) 
reported that the 50-m sprint time has a correlation 
with the jumping ability used in exercises such as 
the five-step jump test and the vertical jump, and 
that 50-m sprint times improved as a result of an 
increase in leg function, which exerts a large amount 
of strength in a short span of time, through jump 
training. Tsuda (2009) reported that in a study of 
children aged from 10 to 12 years of age, the greater 
the jumping ability for exercises such as the standing 
broad jump, vertical jump and rebound jump, the 
better the 50-m sprint times. As such, jump power 
may be considered as a factor that is directly related 
to the improvement of sprint speed. Based on these 
findings, it may be surmised that among pubescent 
soccer players, the jump power factor strongly 
infl uences the sprint speed factor.

From the discussion above, it may be inferred that 
among pubescent male soccer players, there exists 
a quasi-simplex structure where the maturity status 
factor influences the leg muscle size factor, the leg 
muscle size factor infl uences the leg muscle strength 
factor, the leg muscle strength factor influences 
the jump power factor and the jump power factor 
influences the sprint speed factor. It is implied that 
using these results, we can conduct a comparative 
evaluation involving the various physical ability 
factors on an individual basis to clarify the training 
that each player should focus on. However, as the 
PHV (peak height velocity) timing and tempo differ 
depending on conditions such as race, ethnicity and 
sex, the broad application of the fi ndings of this study 
is limited by the fact that the subjects for this study 
were chosen from pubescent Japanese male soccer 
players.

Conclusion

Among pubescent male soccer players, a quasi-
simplex structure exists in the sequence of maturity 
status factor, leg muscle size factor, leg muscle 
strength factor, jump power factor and sprint speed 
factor.

References
Beunen, G. & Malina, R.M. (1988) Growth and physical 

performance relative to the timing of the adolescent spurt. 
Exercise and Sport Sciences Reviews, 16 : 503-540.

Chuman, K., Hoshikawa, Y. & Iida, T. (2009) Yo-Yo intermittent 
recovery level 2 test in pubescent soccer players with relation 
to maturity category. Football Science, 6 : 1-6.

Chuman, K., Hoshikawa, Y. Iida, T. & Nishijima, T. (2012) 
Relationships between selection result and sprint ability 
and peak height velocity in pubescent male soccer players. 
Football Science (in press).

Guttman, L. (1966) Order analysis of correlation matrix. 
Handbook of multivariate Experimental Psychology (pp. 439-
458). Chicago : Rand McNally & Company.

Hirose, N. (2008) Talent selection and development of soccer 
players. Training Science, 20 (4) : 253-259. (in Japanese)

Hoshikawa, Y., Mutamatsu, M., Iida, T., Ii, N. & Nakajima, Y. 
(2008) Knee extensor and f lexor strength per unit muscle 
cross-sectional area of junior and senior male athletes. 
Training Sciences, 20 (2) : 127-136. (in Japanese with English 
abstract)

Iwatake, J., Kitada, K., Kawahara, S. & Zushi, k. (2008a) The 
inf luence of Jump training on the sprinting ability in late 
pubertal boy students. Japan Journal of Physical Education, 
Health and Sport Science, 53: 353-362. (in Japanese with 
English abstract)

Iwatake, J., Yamamoto, M., Nishizono, H., Kawahara, S., Kitad, 
K. & Zushi, k. (2008b) The relationship between acceleration 
and maximu m spr int ing abi l i t ies ,  va r ious ju mping 
performances, and maximum leg strength in adolescent 
students. Japan Journal of Physical Education, Health and 
Sport Science, 53 : 1-10. (in Japanese with English abstract)

Mero, A., Komi, P.V. & Gregor, R.J. (1992) Biomechanics of 
sprint running. Sports Medicine, 13 (6) : 376-392.

Takamatsu, K., Zushi, K., Aida, H., Yoshida, T. & Ishijima, S. 
(1989) Influence of difference in height of bench and knee 
f lexion during takeoff movement in depth jump on jump 
height and load characteristic of the lower limbs. Study of 
plyometric active strength training (2). Study reports of sports 
science in Japan sports association, 9 : 46-55.

Takamatsu, K., Zushi, K. & Muraki Y. (1990) The relationships 
between sprinting and jumping abilities and knee extension 
forces exerted by swing and piston movements. Bulletin of 
Institute of Health and Sport Science, University of Tsukuba, 
13 : 207-214. (in Japanese with English abstract)

Toyoda, H. (1992) Covariance structure analysis using SAS (pp. 
191-193). Tokyo : University of Tokyo Press. (in Japanese)

Tsuda, Y. (2009) Relationship between running and jumping 
ability at the upper-grade of elementary school. Bulletin of 
Mimasaka University Mimasaka Junior College, 54 : 1-4. (in 
Japanese)

Yagüe, P. H. & De La Fuente, J. M. (1998) Changes in height 
and motor performance relative to peak height velocity : a 
mixed-longitudinal study of Spanish boys and girls. American 
Journal of Human Biology, 10 : 647-660.

Yamada, H. & Nishijima, T. (2001) Quasi-simplex structure of 
muscular power tests for soccer players. Japan Journal of Test 
and Evaluation of Physical Education and Sports 1 : 21-27. (in 
Japanese with English abstract) 

Zushi, K., Takamatsu, K. & Koto, T. (1993) The specifi city of leg 
strength and power in several sport athletes. Japan Journal of 
Physical Education, Health and Sport Science, 38 : 265-278. (in 



Football Science Vol.10, 57-64, 2013

Chuman K., et al.

http://www.jssf.net/home.html
64

Japanese with English abstract) Name: 
Kentaro Chuman

Affi liation: 
YAMAHA FOOTBALL CLUB CO., LTD.

Address:
2500 Shingai, Iwata-shi, Shizuoka 438-0025 Japan

Brief Biographical History:
2003-2005 Master’s Program in Health and Physical Education, 
University of Tsukuba
2009-2012 Doctoral Program in Physical Education, Health and 
Sport Sciences, University of Tsukuba
2004-2010 Physical Coach, Jubilo Iwata Youth Academy
2011-2013 Scout & Physical Adviser, Jubilo Iwata

Main Works:
• Chuman, K., Takahashi, S. & Nishijima, T. (2004) Dynamic 

characteristics of muscle in preadolescent boys. Human 
Performance Measurement 1: 30-35.

• Chuman, K., Takahashi, S., Nakano, T. & Nishijima, T. (2005) 
Dynamic causal structure analysis of condition f luctuation 
factors in a soccer player. Football Science 2: 1-7.

• Chuman, K., Hoshikawa, Y. & Iida, T. (2009) Yo-Yo 
intermittent recovery level 2 test in pubescent soccer players 
with relation to maturity category. Football Science 6: 1-6.

• Chuman, K., Hoshikawa, Y., Iida, T. & Nishijima, T. (2011) 
Relationships between Yo-Yo intermittent recovery tests and 
development of aerobic and anaerobic fitness in U-13 and 
U-17 soccer players. International Journal of Sport and Health 
Science 9: 91-97.

• Chuman, K., Hoshikawa, Y., Iida, T. & Nishijima, T. (2011) 
Yo-Yo intermittent recovery level 2 test performance and leg 
muscle growth in a six-month period among pubescent soccer 
players at different stages of maturity. International Journal of 
Sport and Health Science 9: 105-112.

• Chuman, K., Hoshikawa, Y., Iida, T. & Nishijima, T. (2013) 
Relationship between sprint ability and maturity in elite and 
sub-elite pubescent male soccer players. Football Science 10: 
10-17.

• Chuman, K., Ikoma, T., Hoshikawa, Y., Iida, T. & Nishijima, T. 
(2013) Yo-Yo intermittent recovery level 2 test in young soccer 
players from U-13 to U-18. Science and Football VII: 101-106.

Membership in Learned Societies:
• Japanese Society of Science and Football


