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Introduction 

Football teams have begun to use GPS -based tracking techniques over the past decade to 

determine the objective external load (Wehbe et al., 2014). External load is the projection of 

physical requirements for training. This load group is divided into two major categories 

(Marczinka et al., 2019):  

• Locomotor load (speed, distance)  

• Mechanical load (IMA). 

Movements that contain a change of direction, start, stop, or jumps are called mechanical load 

(Impellizzeri, 2019). In recent years, the focus has been on match analysis in football, due to 

the development of increasingly delicate satellite positioning systems (Aughey, 2011). GPS 

systems have been spread in sports for physical parameters (Gray et al., 2010; Aughey, 2011). 

Many parameters can be detected, e.g. The distance, speed, accelerations, decelerations, etc. 

(Malone et al., 2017). 

The largest professional revolution in performance monitoring in football (also) GPS systems 

primarily the importance of the muscles of thighs and legs and thus all-body micro-movements 

(Osgnach et al., 2010; Cummins et al., 2013; Lacome et al., 2017; Silva et al., 2022). In matches, 

up to 8 cods per minute can be expected for adults (Bloomfield et al., 2007). It is important for 

accelerations and decelerations in the case of recruitment (also) that they trigger more metabolic 

and mechanical loads than permanent speed runs (Hader et al., 2016). During workouts, SSGs 

exercises increase the number of accelerations and decelerations (Martín-Garcia et al., 2019; 

Zurutuza et al, 2020). In football, the appearance of linear speed is not constant, but rather to 

be interpreted as an effective multidirectional movement (Fitzpatrick et al., 2019). Agriculture 

is dominated by effective start and stop, but unlike closed -end speeds ("quickness"), you need 

to make acyclic movements with the current environmental changes in response to a stimulus 

(Sheppard & Young, 2006; Young et al., 2021). We call it agility (Schandl, 2018). Agility is a 

"fast and accurate whole-body movement that results in a change of speed, direction or 

movement pattern in response to a stimulus" (Jones & Nimimchius, 2018: 145). If, on the other 

hand, there is no need to decide, but change the direction during movement and the route can 

be planned, we are talking about directional ability (Csáki & Takács, 2020). The fundamental 

difference between the two abilities is thus reflected in environmental conditions (Matlák et al., 

2016). 

 

 



Aim and questions  

The purpose of the dissertation is to investigate the performance and measured data of athletes 

in the academic system through a whole season. The research included U16 and U17 age 

groups. We would like to provide methodological assistance to age group training and to 

provide coaches how to interpret the values that they received. Another important area for 

explaining the results, is how the parameters of the measurement can be set to serve efficiency. 

The interpretation of the data allows you to develop individual development plans and to 

develop the most characters of the post. In the context of a longitudinal study, we follow the 

development of the teams and the individual during the season. During the research, we 

examine the championship year by separating the autumn and spring semester. Development is 

monitored for both physical parameters, motor track tests, and training and match monitoring. 

Among the goals of the Academy is to reach international levels for footballers. Based on the 

tests to be surveyed, it is expected that they can be successfully included in various human 

biological indicators and motor rehearsals. 

Q1: Where do the effectiveness of the parameters examined rank in international comparison? 

H1: The players' results in human biology and motor track tests are internationally relevant. 

We conduct a longitudinal study to track the progress of teams during the league season. The 

progress is monitored in terms of physical parameters, motor track tests, training, and match 

monitoring.  

Q2: How will the teams studied develop during the league season?  

H2: As a result of planned skill development, the measured motor skills show an increase 

between different age groups (U16 and U17) compared to autumn and spring measurements. 

In addition to basic training, players receive post-specific training with sufficient frequency. 

The academy places great emphasis on general preparation, which has several advantages. The 

athlete can be included in several roles, and the special training starts from a more stable 

foundation, but at the same time, professional football requires the acquisition of the qualities 

characteristic of the positions. 

Q3: What are the differences in the skills of players in different positions based on training 

performance? 

H3: Athletes' averages vary significantly based on positions in the game based on weekly 

training loads. 



An important element of the dissertation is the effect of training load on match performance. 

From a pedagogical point of view, the task of training load is to prepare athletes for the 

requirements dictated by the match. Based on external load indicators, we examine the 

relationships between training and match performance. 

Q4: What is the relationship between training load and match load?  

H4: Based on the professional work of the academy, weekly training loads prepare footballers 

for match loads. 

Video analysis of the players judged by the coaches to be the most talented will be carried out on 

a team-by-team basis throughout the league season. During the individual video recording 

analyses, the specifics characteristic of the posts is drawn, which means the meeting of matches 

with the ball. The results obtained can be the starting point for later post-specific preparation. 

Q5: Based on the individual video recording, what are the differences between the two age 

groups in terms of meeting the ball and technical execution in different parts (positions)? 

H5: Based on video analysis, there are significant differences in the type of encounter with the 

ball according to posts. 

The main condition for the success of football is the paradox that from the point of view of 

training theory a high level of contradictory skills is necessary at the same time. We are looking 

for the answer to this problem due to the special preparation of players. 

Q6: Can there be a close relationship between physiologically different types of abilities at the 

same time? 

H6: Point cloud diagrams show that there is a strong correlation between energetically different 

capabilities. 

The aim of the research is to develop a professionally relevant performance profile for coaches. 

Through easy-to-understand profiles, we try to help coaches in the multidimensional 

measurement system in which athletes participate. The performance profile allows for both 

sport-specific and post-specific selection. These are decisive factors for future success. 

Q7: What are the dominant motor traits (field tests and match load) in the development of the 

performance profile that cover the two age groups studied and the talented players? 

H7: It is assumed that in the performance profile figures compiled based on the skills and 

external load indicators to be assessed, the results of talented players will be higher than the 

team averages. 

 

 

 



Methods  

Research ethics 

Research ethics license number: ELTE PPK KEB 2020/20. Modified 14.04.2023 ELTE PPK 

KEB 2020/20-02. Based on the permission, we were given the opportunity to analyze the data 

secondly.  

Participants 

The sampling site is a football academy in Western Hungary. Age groups included in the study: 

U16, U17. N=45. The teams include goalkeepers, defenders, midfielders, and attackers, 

proportionally distributed by post. The study included those youth footballers who are 

considered age groups eligible for the special Sports Academy status stipulated by law. 

Tests 

During the motor tests and the change in body composition, we considered the variables of the 

Football Specific Measurement Test System required by the National Sports Agency (NSÜ) 

Non-profit Private Limited Company on behalf of the Ministry of Defence. These measurement 

test batters apply to sports academy age groups. It was developed by the Puskás Academy 

Methodological Center (Csáki, 2020).  In 2019, based on Government Decision 1656/2019 

(XI.21.), the academy received the status of Sports Academy, which guarantees a unified 

regulatory and quality assurance system for sports organizations belonging to this 

category(http://www.kozlonyok.hu/nkonline/index.php?menuindex=200&pageindex=kozltart

&ev=2019&szam=187). The tests surveyed are part of the academy's testing procedures, 

internationally accepted, standardized pitch tests in football, and were nothing new for players. 

The content of the data can be divided into the following groups: (1) training and match 

performance monitoring, (2) conditioning measurement, (3) human biological measurement, 

(4) medical measurement, (5) video recording analysis. 

Tools and methods used in research 

Performance monitoring (external load indicators): CatapultOptimEyeS5 

• Conditioning measurements: 

• Locomotor speed test (5 m, 10 m, 30 m): Witty Wireless Training Timer Photocell 

• Sport-specific endurance: Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) audio 

• Ability to change direction (Illinois Test (IAT); COD505): Witty Wireless Training 

Timer Photocell 

• Isokinetic dynamometer to assess leg strength: HumacNorm isokinetic dynamometer 

o Balancing ability: ProKin-E stabilometer 

http://www.kozlonyok.hu/nkonline/index.php?menuindex=200&pageindex=kozltart&ev=2019&szam=187
http://www.kozlonyok.hu/nkonline/index.php?menuindex=200&pageindex=kozltart&ev=2019&szam=187


o Explosive power measurement: Standing Long jump from location (tape 

measure) 

• Human biology measurement: Body composition measurement: InBody 770 instrument 

• Medical measurement: Functional Movement Screen (FMS) set 

• Video recording analysis: Hudle Sportcode. 

Data processing 

IBM SPSS Statistic for Windows, Version 28 is used to evaluate the measured data (Csallner, 

2015). After adding the data, we carry out the process of data cleaning, paying special attention 

to outliers and extreme values. In connection with univariate analyses, mean, standard deviation 

values are considered. In multivariate analyses, the significance of single-aspect analysis of 

variance (ANOVA) within and between teams is examined, followed by correlation matrix 

analysis with Pearson's correlation (p<0.05). By analyzing the values of variables that fit into 

the point cloud, we examine the relationship between two different capabilities. The radar chart 

illustrates the evolution of performance profiles.  

Results 

Results for hypothesis 1: 

In the following human biological and conditioning parameters, the results of the two age 

groups (U16, U17) achieve the performance expected at international level: body composition 

variables (9 pcs), locomotor speed test (30m), sport-specific endurance (YYIR1), ability to 

change direction (IAT test), explosive power ability (HT test), Functional Movement Screen 

(FMS) test. What we did not find results approaching the international level: ability to change 

direction (COD505 test), Counter-Movement Jump (CMJ test), total distance values traveled 

in matches. 

Results for hypothesis 2: 

During the spring measurements, progress was made in the following variables and abilities 

related to autumn measurements: human biology measurement, locomotor speed test (30m), sport-

specific endurance (YYIR1), ability to change direction (IAT test), explosive power capability 

(HT test), Functional Movement Screen (FMS) test, leg strength tests measured by an isokinetic 

dynamometer. There was stagnation or decline in the spring in connection with the COD505 

test and the stabilometer balancing ability tests. 

Results for hypothesis 3: 

During the weekly training load of players by position, the following trend can be summarized: 

U16: defenders have the highest total distance indicator; the meterage per minute by 

midfielders is the most intense; the number of meters spent by attackers in zones above 19.8 



km/h is the most significant; The acceleration (Acc) and deceleration (Dec) indicators of 

attackers are significant in the sample studied. U17: the number of meters defenders spend in 

the sprint zone (over <25.2 km/h) exceeds the average for other positions; maximum speed 

values are post-independent; midfielders have explosive actions that outnumber teammates; 

attackers' Total Player Load is below average for other positions. 

Results for hypothesis 4: 

Based on the relationship between training and match performance, training and match 

variables are closely correlated in the same external load group (e.g., U16 locomotor load:  

maximum speed, training and match indicator: r=0.879; p=0.000). Within external load 

indicators, we also found a correlation between training and match variables (e.g. U17 

mechanical load: Total Player Load training index and Player Load/min match indicator: 

r=0.543; p=0.009). The correlation of locomotor load parameters is stronger than mechanical 

load indicators. Autumn measurements show closer joint movement than spring measurements. 

Results for hypothesis 5: 

During the video recording analyses (44 matches; monitoring 3-3 players per team), we found 

the following dominant post-specific technical implementations to be the most pronounced in 

the two age groups: defenders: ball acquisition, free ball acquisition, constructive pass, ball 

holder. Midfielders: goal, feinting, shooting, ball passing, free ball acquisition. Attackers: goal, 

feinting, shoot, ball pass, dribbling. 

Results for hypothesis 6: 

During the point cloud chart analyses, it can be established that the Total Distances and the 

Total Player Load training indicators are stronger together in the U17 age group, while in the 

U16 age group there is a more moderate correlation, which can be read in connection with the 

straight lines that fit on the point cloud. The variables of high intensity acceleration and high 

intensity deceleration are related in both age groups, more dominant in the U16 age group and 

more moderate in the U17 age group. The movement of distance meterage per minute and 

explosive actions is stronger than the U17   age group and weaker than the U16 age group can 

be observed on the point cloud chart. The ability to change direction (IAT test) and the 

locomotor speed test (30m) were closely correlated in the U17 age group, while no relationship 

was found between the parameters in the U16 age group. 

Results for hypothesis 7: 

We plotted 28 performance profiles with radar diagrams. The profiles of the 3-3 most talented 

athletes selected by the coaches per team section exceed the team averages of the two age 

groups in most of the parameters examined. This has been proven both in external load 



indicators and in sport-specific abilities. The defender and midfielder of the U16 age group 

stand out in the sample studied. The high quality of physiologically different abilities (from the 

point of view of energy base) was also confirmed in connection with the radar diagrams of 

external load indicators and sport-specific abilities.  

 

Discussion 

Hypothesis testing 

H1: The players' results in human biology and motor track tests are internationally relevant. 

Based on the comparison, it can be concluded that the results obtained in the examined sample 

were predominantly equal to the values expected at international level in international 

comparison.  

The H1 hypothesis has been partially confirmed. 

H2: As a result of planned skill development, the measured motor skills show an increase 

between different age groups (U16 and U17) compared to autumn and spring measurements. 

 A longitudinal study during the championship season shows that most of the abilities improve during 

the season, although not all variables have been proven. 

Our H2 hypothesis has largely been confirmed. 

H3: Athletes' averages vary significantly based on positions in the game based on weekly 

training loads. 

We did not find any significant difference between averages per post. Deviations between 

averages are of a tendency nature. 

The H3 hypothesis is rejected. 

H4: Based on the professional work of the academy, weekly training loads prepare footballers 

for match loads. 

The relationship between locomotor and mechanical load training and match load can be shown 

to be different in strength between autumn and spring. In some cases, there is a stronger, in 

some cases weaker, correlation between training and match load when examining the two 

league halves separately. 

The H4 hypothesis can be considered partially true. 

H5: Based on video analysis, there are significant differences in the type of encounter with the 

ball according to posts. 

There are significant differences in the way players in different positions meet the ball. 

The hypothesis H5 is considered justified. 



H6: Point cloud diagrams show that there is a relationship between energetically different 

capabilities. 

Based on the point cloud diagrams, it can be concluded that there is a correlation between the 

performances performed in different motorcycle track tests. Similar results can be said about 

the co-movement between external load indicators. 

The H6 hypothesis can be considered partially true. 

H7: It is assumed that the performance profile figures compiled on the basis of the skills and 

external load indicators to be assessed show a higher value for the results of the most talented 

players than the team averages. 

With the help of the radar chart, we proved that the values of players with outstanding abilities 

from teams exceed team averages. 

The hypothesis H7 is considered proven. 

Methodological guide 

Based on the results obtained, we have formulated an ideological guide that covers  

(1) general recommendations, (2) age group (U16, U17) specific. The recommendations enable 

more effective, age-specific training planning. Methodological recommendations consider 

state-of-the-art theories (Oliver & Harrison, 2020; Vass, 2020). The proposals are based on 

international literature. Post-specific preparation can be developed based on what has been 

described. The recommendations reflect a preventive approach. 

Summary, outlook 

Knowledge of the motor performance structure of football in youth age is essential (Csáki, 

2017). The development and monitoring of motor skills together support the harmonious 

development and successful performance of the athlete (Soós, 2022).  In recent decades, the 

interdisciplinary-based approach has also reached training theory, thus also the preparation of 

youth athletes (Williams, 2000). As a result, it tries to influence the development of athletes by 

involving several disciplines. In our research, we focused on the performance group among the 

traditional performance components. In our study, a particularly important age stage was 

observed in a longitudinal study. U16 and U17 footballers undergo quantitative and qualitative 

changes during this period, where the effect of targeted training stimuli is an important imprint 

of their subsequent performance (Lloyd & Oliver, 2012). When mapping the skills and abilities 

needed to become an effective footballer, we looked at a broad spectrum of ability structures. 

The most modern tools currently available helped to achieve this. The content of the obtained 

data can be divided into several groups. A particularly valuable part of the dissertation is the 

locomotor load data (training and match) obtained by global positioning systems (GPS) and the 



weekly averages of mechanical load indicators (IMA microsensor) measured based on the same 

variables, which were examined over a full season. Based on the data received, we developed 

a performance profile for coaches. The profile is interpreted in two areas: data obtained during 

motorcycle track tests; and external load indicators measured during match performance. Such 

a comprehensive investigation was previously the privilege of professional adult athletes. 

Knowledge of these data has implications for various areas of sports science: skill development, 

periodization, individual development, and fitness conditioning work (Bompa & Carrera, 

2015). The effect of skills developed during training on the match appears as a pedagogical goal 

for any specialist. This is where the results of his work can really be seen. By knowing the goal-

content-method, the training system that is the multifacetedly prepared football ideal becomes 

effective. Football is a game of opposites, coaches say, because both in terms of motor skills 

and physiological characteristics, it is the seemingly paradoxical opposite of several abilities 

and skills, and at the same time its high level ensures performance (Stølen et al., 2005). We 

tried to map and summarize this variability during the dissertation. During our work, general 

training theory and methodology helped our investigations. The aim of the dissertation is to 

provide a comprehensive picture of the changes in the performance structure of motor skills in 

the academic system for junior athletes. 

New findings of the research  

• In Hungary, youth footballers have never been examined in such a versatile and complex 

way in the form of doctoral dissertations. 

• Such large-scale capability monitoring has not yet taken place in a longitudinal study. 

• In the study, state-of-the-art, globally unique equipment was available for the research. 

• The development of a performance profile for youth footballers can be considered a 

pioneering achievement. 

• Weekly averages of athletes' external load indicators for an entire championship season 

were not available to specialists in the literature. 

• Training methodology recommendations compiled since the obtained data, based on 

real training and match measurement results, which cover a whole season, cannot be 

found in the Hungarian literature. 

Future directions of research 

Based on the equipment available at academies, it is a realistic goal to extend the assessed 

capabilities and external load indicators to a national scale. In addition to the two age groups, 

it would be worth including younger (e.g., U15) or older (e.g., U19) age groups. In this case, 



the performance profile could be standardized, thus facilitating the selection and preparation 

process.  

It would also be feasible to align the external load indicators measured during matches with the 

video recording analysis process. In this way, the physical performance delivered could be 

evaluated in a match context. This effort would also help the work of coaches. 

The presence of global positioning systems (GPS) can determine many interesting, exciting 

directions of research: 

• When planning trainings and training exercises, knowledge of already known physical 

requirements and effects, thereby standardizing training exercises and facilitating the 

planning of periodization 

• replacing motor track tests (e.g., YYIR1) with more sport-specific tests (e.g., 

standardized SSGs), where progress could be tracked and measured in football-specific 

exercises. 

• Development of reactive agility trajectories linking load and cognitive processes 

• special post training with load indicators typical of a particular post. 

• Knowledge of the ratio of locomotor load (basically cyclic locomotor structure) to 

mechanical load (predominantly acyclic locomotor structure) during the match would 

provide interesting and valuable information. This would help to plan training 

methodology aspects. 
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