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Abstract 

Introduction: Physical fitness and cognitive ability are two important components in football 
playing performance, especially in the young age group.  
Objective: This study aims to analyze the effect of VO₂max, IQ, and age on football playing skills 
in young players. 
Methodology: This study used a cross-sectional design involving 66 players aged 13, 15, and 17 
years from various clubs in Palembang. VO₂max was measured through the Bleep Test, IQ 
through a standard intelligence test, and playing skills through the David Lee football skills test. 
The analysis was carried out using the Spearman correlation test. 
Discussion: The results showed a significant positive correlation between VO₂max, IQ, and age 
on football playing skills (p < 0.01). Age showed the highest correlation with playing skills (r = 
0.824), followed by IQ (r = 0.798) and VO₂max (r = 0.750). 
Conclusions: This study has shown that physical fitness, cognitive ability, and age have a 
significant influence on soccer playing skills in young players. The positive relationship 
between the three variables indicates that the development of playing skills cannot be 
separated from the interaction between physical readiness, cognitive capacity, and age 
maturity. This study has succeeded in meeting its objectives by proving that age is a dominant 
predictor, while physical fitness and IQ provide significant contributions simultaneously to 
improving technical performance. Thus, the development of age-based training programs that 
integrate physical and cognitive aspects is highly recommended to maximize the potential of 
young players in the game of soccer. 
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Resumen 

Introducción: La forma física y la capacidad cognitiva son dos componentes importantes en el 
rendimiento en la práctica del fútbol, especialmente en el grupo de edad joven.  
Objetivo: Este estudio tiene como objetivo analizar el efecto del VO₂max, el coeficiente 
intelectual y la edad en las habilidades de juego de fútbol en jugadores jóvenes. 
Metodología: Este estudio utilizó un diseño transversal en el que participaron 66 jugadores de 
13, 15 y 17 años de varios clubes de Palembang. El VO₂max se midió mediante el test Bleep, el 
CI mediante un test de inteligencia estándar y las habilidades de juego mediante el test de 
habilidades futbolísticas David Lee. El análisis se llevó a cabo mediante la prueba de correlación 
de Spearman. 
Discusión: Los resultados mostraron una correlación positiva significativa entre el VO₂max, el 
CI y la edad en las habilidades de juego de fútbol (p < 0,01). La edad mostró la mayor correlación 
con las habilidades de juego (r = 0,824), seguida del CI (r = 0,798) y el VO₂max (r = 0,750). 
Conclusiones: Este estudio ha demostrado que la condición física, la capacidad cognitiva y la 
edad tienen una influencia significativa en las habilidades de juego de fútbol en jugadores 
jóvenes. La relación positiva entre las tres variables indica que el desarrollo de las habilidades 
de juego no puede separarse de la interacción entre la preparación física, la capacidad cognitiva 
y la madurez de la edad. Este estudio ha logrado cumplir sus objetivos al demostrar que la edad 
es un factor predictivo dominante, mientras que la preparación física y el coeficiente intelectual 
contribuyen de forma significativa y simultánea a la mejora del rendimiento técnico. Por lo 
tanto, el desarrollo de programas de entrenamiento basados en la edad que integren aspectos 
físicos y cognitivos es muy recomendable para maximizar el potencial de los jugadores jóvenes 
en el juego del fútbol. 
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Introduction

Soccer is a sport that combines physical and cognitive factors in a complex way, where physical abilities 
such as speed, strength, and endurance are instrumental in supporting players' performance on the 
field, while cognitive skills such as decision-making, tactical understanding, and game intelligence de-
termine success in dynamic match situations (Abarghoueinejad et al. 2021). Cognitive and physical play 
a very important role in the game of football, where fast and precise decision-making skills, supported 
by cognitive abilities, interact directly with players' physical conditions, such as sprint speed, endur-
ance, and agility, to achieve optimal performance on the field (Kelly et al. 2021). 

Both physical and cognitive aspects play an important role in football performance, with physical activ-
ity levels maintained during COVID-19 quarantine contributing to faster physical recovery, while cogni-
tive abilities to manage stress and make quick decisions influence player performance once competition 
resumes (Slaidiņš & Fernāte. 2021). Football-specific cognitive skills, such as decision-making, have a 
more significant role in differentiating the level of play of young players compared to general cognitive 
skills, although they are interrelated (Martin et al. 2025). Motor coordination skills such as adaptability 
and complex reaction time play an important role in improving the effectiveness of football players, 
where adaptability supports attack and comprehensive play, while complex reaction time has more in-
fluence on defensive effectiveness (Bojkowski et al. 2022). 

Development in football involves various interconnected aspects, such as physical fitness, cognitive abil-
ity, and player age. One factor that affects physical fitness is VO2max, which is a measure of the body's 
capacity to use oxygen during high-intensity physical activity (Pranata et al. 2024). Development of VO₂ 
max through structured training methods can contribute greatly to improving the physical fitness of 
adolescent athletes (Jatmiko et al. 2024). Interval training can improve the performance of young play-
ers (Ortiz-pulido et al. 2022). In addition, football players' IQ is positively related to their performance 
on the pitch, where higher cognitive abilities allow players to make faster and more informed decisions, 
which in turn improve their game effectiveness (Nakisa & Rahbardar 2021). IQ plays an important role 
in the game of football, where players with higher levels of intelligence tend to be faster at making stra-
tegic decisions, reading game situations, and anticipating opponents' moves, which contributes to their 
improved performance on the pitch (McNamara 2023). 

The age of football players is also a significant factor in skill development. At a young age, players tend 
to be at the stage of learning basic skills, while at a more mature age, technical skills and game strategies 
begin to develop better (Benítez-Sillero et al. 2021). Therefore, it is important to understand how phys-
ical fitness, cognitive ability, and age influence each other in shaping football playing skills in young 
players. 

This study aims to analyse the impact of physical fitness measured through VO2max, cognitive ability 
measured through IQ, and age on the football playing skills of young players. In this context, understand-
ing the relationship between these three factors can provide valuable insights for the training and de-
velopment of young football players, as well as help improve the effectiveness of training programmes 
implemented by coaches. 

 

Method 

Research Design 

This study used a cross-sectional design to evaluate the relationship between VO2max, IQ, age, and foot-
ball playing skills in Palembang city. The study was conducted over three months, from December 2024 
to February 2025. 
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Participants 

A total of 66 football players from various local clubs in Palembang participated in this study. Inclusion 
criteria were players who were actively training and competing for at least one year, aged 13, 15, and 
17 years, and willing to follow all study procedures. Participants with a history of serious injury in the 
last six months or health conditions that could affect the measurement results were excluded from this 
study. 

VO2 Max was measured using the Bleep Test (Beep Test). Cognitive ability was measured using the In-
telligence Quotient (IQ) with the following classification. 
 
Figure 1. Test Set of Football Playing Skills 

 

Table 1. IQ Classification Based on SPM Test Results 
Interval Clasificatio 

120 < High 
110-119  Average 

80-89 Low 
(Nini, D., Anang 2012) 

 

The ‘David Lee’ basic football skills and proficiency test is a series of tests so that its implementation is 
like when athletes practice or play football in general. 

(Irianto 2011) 

Description: 

The testi does from the start, do a zig-zag dribble past the stake/cone (the distance between the 
stake/cone is 2 metres), stop the ball in a 1 metre box line, the testi passes into a 2 metre goal of 8 balls 
that have been provided by the tester, dribble by taking the ball from the box line 1 metre before, then 
dribble quickly to the finish line. 

Procedure 

1. Preparation and Counselling: All participants were fully informed about the purpose and 
procedures of the study. Informed consent was obtained from all participants. 

2. Collecting information from participants such as age, training period, and participation in 
competitions in the past year. 

3. The next measurement was a cognitive ability test using the Intelligence Quotient (IQ). 

4. Measurement of VO2 Max using the Bleep Test (Beep Test). Participants were asked to refrain 
from strenuous physical activity for 24 hours prior to the measurement and avoid consuming 
food or drinks that could affect the measurement results such as caffeine and alcohol. 

5. The ‘David Lee’ basic football skills and proficiency test is a test of a series of skills in the game of 
football. 

Data analysis 

Descriptive analysis was conducted to describe the characteristics of the participants. Kolmogorov-
Smirnov Normality Test to determine whether the data is normally distributed or not. Provided that the 
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significance value is significant> 0.05, then the data is normally distributed; but if the significance value 
is <0.05, then the data is not normally distributed and normally distributed. Then, if the data is normally 
distributed, the analysis can proceed with the Pearson correlation test. However, if the data is not nor-
mally distributed, the Spearman correlation test (a non-parametric test) is used instead. The correlation 
test was used to test the relationship between VO2 Max, player IQ, age, and football playing skills. The 
significance level was set at p < 0.05. 

 

Results 

Participant Characteristics 

The average age of the participants was 15.0 ± 1.6 years, the average cognitive ability (IQ) was 101.8 ± 
18.3, the average football playing skill (FPS) was 21.9 ± 3.1 seconds, and the average physical fitness 
(VO₂ max) was 48.0 ± 3.2 ml/kg/min. 
 

Table 2. Descriptive Statistics 
 N Minimum Maximum Mean Std. Deviation 

VO2 Max 66 42.30 54.10 47.9727 3.19733 
IQ 66 75 130 101.83 18.288 

Age 66 13 17 15.00 1.646 
FPS  66 16.23 27.48 21.9067 3.08284 

 
Furthermore, the results of the research data were tested for normality using the Kolmogorov-Smirnov 
normality test to determine whether the data were normally distributed or not. The results of the Kol-
mogorov-Smirnov normality test are presented in Table 3. Based on the data in Table 3, it can be con-
cluded that the data is not normally distributed, this is based on the Sig value, which shown by the Sig 
value. (2-tailed) <0.05, only one variable has a Sig value. (2-tailed) > 0.05, namely the VO2 Max variable 
with a Sig value. (2-tailed) 0.200. Based on the results of this Normality Test, further testing uses the 
Spearman correlation test (nonparametric) to analyse the relationship between several variables, 
namely VO2 Max, player IQ, age, and football playing skills. The results of the Spearman correlation anal-
ysis are presented in Table 4. 

 

Table 3. One-Sample Kolmogorov-Smirnov Test 
 VO2 Max IQ Age FPS 

N 66 66 66 66 

Normal Parameters 
Mean 47.9727 101.83 15.00 21.9067 

Std. Deviation 3.19733 18.288 1.646 3.08284 

Most Extreme Differences 
Absolute .071 .226 .221 .110 
Positive .071 .226 .221 .074 
Negative -.054 -.127 -.221 -.110 

Test Statistic .071 .226 .221 .110 
Asymp. Sig. (2-tailed) .200 .000 .000 .045 

 

Table 4. Correlations Spearman's  

 VO2 Max IQ Age FPS 

Spearman's rho 

VO2 Max 

Correlation Coefficient 1.000 .822** .702** .750** 
Sig. (2-tailed) . .000 .000 .000 

N 66 66 66 66 

IQ 
Correlation Coefficient .822** 1.000 .731** .798** 

Sig. (2-tailed) .000 . .000 .000 

N 66 66 66 66 

Age 
Correlation Coefficient .702** .731** 1.000 .824** 

Sig. (2-tailed) .000 .000 . .000 
N 66 66 66 66 

FPS 
Correlation Coefficient .750** .798** .824** 1.000 

Sig. (2-tailed) .000 .000 .000 . 

N 66 66 66 66 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Discussion 

Correlation of Physical Fitness and Cognitive Ability 

The results showed a significant positive correlation between Physical Fitness and Cognitive Ability (r 
= 0.882, p = 0.000). In this case, physical fitness is seen from VO2 Max results, and cognitive abilities 
from IQ. This finding shows that the higher the level of physical fitness of a player, the better his cogni-
tive abilities tend to be. This reflects that good physical condition is related to concentration, focus, and 
grasp of game tactics. Improved physical fitness accompanied by cognitive stimulation can strengthen 
brain functions, including concentration, information processing speed, and decision-making in com-
plex match situations. Thus, excellent physical condition not only supports stamina but also has a direct 
positive impact on players' mental readiness to deal with high levels of game pressure (Staiano et al. 
2022). Physical fitness developed through a brain endurance training approach also strengthens cogni-
tive resilience, which is crucial in sports such as football, where players need to stay focused, make quick 
decisions, and adjust to game dynamics simultaneously (Dallaway et al. 2021). Training that combines 
physical activity with cognitive challenges can simultaneously improve physical endurance as well as 
executive brain functions, such as attention, mental resilience, and decision-making (Staiano et al. 
2023). High levels of physical fitness help minimise fatigue accumulation and maintain stable cognitive 
performance throughout the match. Therefore, the maintenance of physical fitness is not only important 
for the stamina aspect, but it is also a key foundation in maintaining players' mental readiness at the 
highest competitive level (Angius et al. 2022). 

Correlation between Physical Fitness and Age 

The results showed a significant positive correlation between Physical Fitness and age (r = 0.702, p = 
0.000). This finding shows that age is directly proportional to physical fitness in this group, namely the 
older the age, the better the physical fitness of a football player. This is due to an increase in exercise 
capacity as age increases (in the teenage age range). As the adolescent group ages, there is a significant 
increase in physical fitness components such as strength, speed and endurance. These improvements 
are closely related to the increased frequency and intensity of training that the body can tolerate, as well 
as more mature physiological adaptations to training loads. Thus, age is one of the factors that influence 
the progress of physical fitness in young players, especially when accompanied by a structured and con-
tinuous training programme (Castro-Infantes et al. 2024). players with a relatively higher age have su-
perior physical performance, especially in aspects of endurance and speed, which are strongly thought 
to be related to the body's adaptation to training and biological maturity. This indicates that with in-
creasing age, especially in the adolescent age range, the physical fitness ability of football players tends 
to increase as a result of increased training capacity, playing experience, and physiological development 
that supports sports performance (Bonilla et al. 2024). Increasing age in the adolescent to early adult 
range allows players to develop optimal physical fitness capacity through increased training intensity 
and better tactical understanding (Vaccaro Benet et al. 2024). As age increases in adolescence, the 
body's ability to adjust to training loads increases, which in turn promotes the development of overall 
physical quality. Thus, age is one of the key elements that support the growth of physical fitness in young 
football players (Bujnovsky et al. 2019) 

Correlation of Physical Fitness and Football Playing Skills 

The results showed a significant positive correlation between Physical Fitness and Football Playing 
Skills (r = 0.750, p = 0.000). This finding shows that players who have high physical fitness tend to show 
better playing skills. Sprinting ability, stamina, and strength support technical performance on the field. 
Sprinting ability, stamina and strength support technical performance on the pitch. Technical and tacti-
cal performance on the field is strongly influenced by a player's physical capacity, especially in support-
ing transition speed, duel success, and effectiveness in defending and building attacks (Mason et al. 
2024). Improved physical fitness not only contributes to basic movement abilities, but also supports 
improved technical skills in play. Players who have better physical fitness tend to show superior tech-
nical performance on the field, both in terms of ball possession, passing accuracy, and response to over-
all game situations (Aksoy and Saygın 2020). This improvement in physical ability has a direct impact 
on the quality of playing skills, especially in tactical decision-making, response to game pressure, and 
efficiency in performing technical movements such as dribbling and passing (Nikolaienko and Vorobiov 
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2023). Good physical fitness not only improves motor performance, but also strengthens the execution 
of tactical aspects of the game, which in turn has an impact on improving overall playing skills (Figueira 
et al. 2018). Players with higher levels of physical fitness have better motor efficiency, such as movement 
speed, coordination, and agility that make football players more skilled in performing playing tech-
niques in a match (Matos et al. 2023). 

Correlation of Cognitive Ability and Age 

The results showed a significant positive correlation between Cognitive Ability and Age (r = 0.731, p = 
0.000). This finding shows that as we get older, cognitive ability increases sharply, including under-
standing tactics, reading the game, and decision making. The decision-making process in team sports is 
strongly influenced by cognitive development that occurs with the accumulation of experience and in-
creased exposure to complex game situations. Players who are more mature in age tend to have a better 
ability to recognise patterns of play, anticipate opponents' actions, and choose the most effective re-
sponse within a limited time (Ashford et al. 2021). he decision-making process in young athletes devel-
ops with age and playing experience. Older players in the young age category show higher cognitive 
performance because they have experienced more game situations, received feedback from coaches, 
and engaged in exercises that stimulate aspects of pattern recognition and strategic responses (Silva et 
al. 2020). Football players who have a more mature age contribute to maturity in understanding the 
dynamics of the game and in making the right and fast decisions on the field (Zhao et al. 2022). The older 
players in the young age category show higher cognitive performance than younger players, especially 
in playing positions that demand fast and accurate decision making (Schumacher et al. 2018). 

Correlation of Cognitive Ability and Football Playing Skills 

The results showed a significant positive correlation between Cognitive Ability and Football Playing 
Skills (r = 0.798, p = 0.000). This finding shows that players who are cognitively more intelligent also 
show higher football playing skills, such as positioning, intelligent passing, and anticipation of opponent 
movements. Players with better executive function are able to make faster decisions, adjust strategies 
in changing game situations, and process multiple information simultaneously under pressure. Cogni-
tive intelligence not only supports mental aspects, but also has a direct impact on the quality of football 
playing skills on the field (Lervold and Kaalvik 2025). High cognitive intelligence in football players di-
rectly contributes to improved playing skills, such as effective positioning, intelligent passing, and the 
ability to anticipate opponents' movements (Jakobsen 2020). High cognitive intelligence contributes to 
the improvement of the technical and tactical aspects of the game, which include precise positioning, 
accurate passing ability, and quick reactions to changing situations on the pitch (Scharfen 2022). 

Age Correlation with Football Playing Skills 

The results showed a significant positive correlation between age and Football Playing Skills (r = 0.824, 
p = 0.000). This finding suggests that as players get older (within the data range), their playing skills 
improve. This could be due to a combination of experience, repeated practice, and mental development. 
Long-term playing experience contributes to the strengthening of certain cognitive aspects during active 
play, especially in the context of information processing and strategic decision-making on the field(Mac-
nab et al. 2023). The process of tactical skill development in young players is strongly influenced by 
playing experience, the frequency of repeated practice, as well as cognitive maturity that increases with 
age (Machado et al. 2020). older age in the data range is associated with improved playing skills, as 
players have gone through an intensive training phase, played in a competitive context, and experienced 
deep mental development (Machado et al. 2023). With increasing age, players tend to be better able to 
assimilate complex tactical information and apply it in real game contexts (Gaviria Alzate et al. 2024). 
increasing age in the developmental span not only reflects the accumulation of experience, but also leads 
to the internalisation of deep tactical knowledge and cognitive efficiency that support the improvement 
of overall playing skills (Cardoso et al. 2019). 
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Conclusions 

This study has shown that physical fitness, cognitive ability, and age have a significant influence on soc-
cer playing skills in young players. The positive relationship between the three variables indicates that 
the development of playing skills cannot be separated from the interaction between physical readiness, 
cognitive capacity, and age maturity. This study has succeeded in meeting its objectives by proving that 
age is a dominant predictor, while physical fitness and IQ provide significant contributions simultane-
ously to improving technical performance.  

The main contribution of this study lies in its integrative approach in examining multidimensional fac-
tors that influence playing skills, thus broadening the understanding of the dynamics of young player 
development in the context of soccer. In addition, the results of this study provide an empirical basis for 
designing training programs that not only emphasize physical aspects, but also cognitive stimulation 
that is appropriate to the developmental phase of young athletes' ages.  

In the future, this study can be used as a reference in the development of age-based training curricula 
and cognitive functions, as well as encouraging further exploration of integrated training interventions 
that combine physical and mental training to support the optimization of player performance as a whole. 
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