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Research. Studies three to six are currently in preparation for journal submission. This thesis contains 

a general introduction that details the background to load monitoring in team sports and the 

importance of this process in youth soccer before stating the key objectives for each study (chapter 

one). A systematic review is included to provide a comprehensive overview of the current evidence 

as it relates to the relationship between training dose and the outcome response to training in elite 

youth soccer players (chapter two). The main body of research is presented in chapters three to seven, 

in the form of six original investigations. Collectively, these studies combine to describe the load 

performed by elite youth-level soccer players and establish the constructs of load that describe the 

greatest amount of variance within a player monitoring dataset. The general discussion provides an 

interpretation of the studies from a practical standpoint and details clear implications for sports 

scientists and researchers working in the elite youth football academies. The final section of this thesis 

provides an interpretation of the collective findings and suggests practical recommendations that help 

to guide areas that researchers can further investigate. All references are included in the reference list 

at the end of the thesis.  

Finally, the impact of the COVID-19 pandemic should also be acknowledged.  Specifically, the 

prolonged lockdown periods, inability to travel internationally, the new work organization at Juventus 

(i.e., COVID bubbles, etc.), and increased work demands required to manage these factors severely 

affected the original research.   
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Abstract 
Soccer is a team-based sport that requires prolonged high-intensity intermittent exercise and the 

execution of numerous different actions that elicit high levels of force. The stochastic nature of these 

phases requires players to stress a range of different physical capabilities. Developing these physical 

abilities concurrently (i.e., alongside technical, and tactical training) poses a significant challenge in 

managing players training loads, and therefore requires a systematic approach to training design and 

management. The widespread use of player monitoring tools and quantity of data provided by micro-

technology requires a greater understanding which parameters should be examined and also the 

variation that can occur in these parameters through a competitive season. The objective of this thesis 

was to aid practitioners by conducting an in-depth analysis of real-world data and applied scenarios 

that occur in an elite level academy. A specific objective was to assess and provide insights into the 

differences (if any) between different age groups and contribute towards advancing current 

knowledge regarding “how they train” and the evolution of players physical capacities. This thesis 

contains 7 independent studies which aim to describe the training loads incurred by elite-level youth 

soccer players, identify the constructs that can help to prescribe training, remove data redundancy by 

identifying the variables that parsimoniously describe the training load performed, and finally, 

describe the association between select training load variables and physical outcomes in this specific 

population.  

 

Study one was a systematic literature review that investigated the relationship between training load 

variables and the performance outcomes in youth soccer players. The main findings highlighted that 

a limited number of studies (n = 10) reported inconsistent relationships for both aerobic and 

neuromuscular capabilities. Whilst there was low to moderate risk of bias in previous studies, the 

present analysis showed these studies findings were imprecise, inconsistent, and indirect. The review 

highlighted the need for additional research examining the associations between select training load 

variables (over acute and chronic periods) based on well justified conceptual frameworks and 

consistent reporting methods. 

 

The second study examined the levels of training load accrued accumulated during in-season training 

weeks in four age groups (i.e., U15, U16, U17, and U19) of an elite youth soccer academy. The results 

present a progression in players perceived training load levels from U15 to U17, with a subsequent 

reduction in load in the U19. This study also presented differences in the levels of training load 

performed between starters and non-starters and a limited degree of variability between training 
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weeks. Study three described how these training loads were distributed across a weekly microcycle 

in the different age groups of an elite youth soccer academy. Results showed that the match day was 

the most intense session of the training week across all age groups and the application of a different 

weekly training load distribution in the youngest and oldest age groups of the academy. Study four 

investigated which training metrics provided by wearable microtechnology during training and 

competition influenced the players sRPE. This study identified that total distance, very high-speed 

running, and a moderate heart rate threshold to be the major contributors to sRPE.   

 

A practical problem for sports scientists assessing training load in soccer is handling the vast array of 

data being recorded from each session for each player. Therefore, studies five and six applied two 

different approaches to applying Principal Component Analysis (PCA) on a dataset consisting of 82 

training load variables to identify components and/or variables that described the most variance in 

the training load. Study five used an unguided approach and study six used a guided approach. This 

process was also undertaken to ensure that the metrics included in the academy’s training load 

monitoring program were not omitting a variable (or group of variables) that could aid training 

prescription, or alternatively including unnecessary variables in the training load analysis. The results 

of study five demonstrated that, when unguided variable input was used for the PCA, numerous 

variables are required to describe training load and that the PCA outputs were subtly different in each 

of the four different age groups. In addition, after data reduction (i.e., PCA), 7 components and 25 

variables were retained in study five, and these results were deemed to have limited practical 

applications for interpreting training load in an applied setting. Therefore, in study six, a conceptual 

framework based on current literature and expert opinion was then developed and applied to guide 

training load variable selection in a follow-up PCA. The results of study six identified four 

components of load (i.e., the total volume of load, acceleration load, the quantity of high-speed 

running, and heart rate load), including both internal and external load, that should be considered in 

a load monitoring program. The variance described was relatively stable across the four components, 

despite differences in the weighting of different variables in some of the age groups.  

 

The final study (study seven) assessed the dose-response relationship between select training load 

variables with fitness outcomes (i.e., aerobic fitness, high-intensity intermittent running capacity, and 

neuromuscular power) across three different age categories. The results demonstrate that age group 

and test period influence both physical outcomes and the quantity of load performed in that phase of 

the competitive season. We observed that changes in aerobic fitness was not related to the quantity 
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of load accumulated over 1- or 4-week periods for any load variable. In contrast, both acute (1-week) 

and chronic (4-week) sRPE and very high-speed running training loads were shown to be associated 

with improvements in countermovement jump power values.  

 

The collective findings in this thesis provide a new detailed description of the quantity and 

distribution of sRPE training load performed by elite youth soccer players, highlighting the 

importance of controlling training duration to manage training load and identify contextual factors 

that influence periodisation strategies. The present results also question the efficacy of applying PCA 

as a data reduction method to agnostically identify constructs of training loads for the purposes of 

player monitoring. The findings also highlight the complex nature of the dose-response relationship 

between training load variables and fitness outcomes. Additionally, the results of each individual 

study highlight subtle differences between age groups, their periodization strategy and trends in the 

evolution of players physical capacity. Key learnings for practitioners are provided through 

demonstrating an evidence-informed approach to player monitoring and show how the importance of 

various player monitoring data can be assessed through the research process. Collectively, the 

findings of this thesis support the application of a conceptual framework for the identification of 

suitable training load constructs and the metrics to be included in a training load monitoring system 

for elite youth soccer players. Indeed, it is recommended that practitioners and scientists embrace the 

uncertainty and individual differences that exists in the complex system of training youth footballers. 

These findings can be used to refine and enhance the approach to player monitoring in a world class 

youth academy, but with the acknowledgement the there is a complex relationship between training 

loads and outcomes in elite youth football. Further research is required to identify other methods that 

can provide practical insights to the monitoring process and facilitate players long-term development. 
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