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This thesis investigated the developmental activities of elite youth soccer players from a Category One Elite Player Performance Plan academy in relation to their systematic soccer coaching, and the volume of additional physical activity engaged in outside of their formal soccer academy environment. Methodological rigour was ensured through determining the validity, objectivity and reliability of a tool for assessing technical soccer skills. The study demonstrated appropriate levels of objectivity and reliability for technical soccer behaviours specific to the playing philosophy of the academy, and highlighted the importance of following this process to ensure quality data collection. The coaching efficacy of the academy in developing technical soccer skill in under-9 (U9) and under-12 (U12) age cohorts was investigated over a 12-month period. Results suggested that technical skill improvement was negligible over this time period, with the exception of passing frequency and efficiency within the U12 cohort. The final phase of the thesis investigated the habitual physical activity levels of the same cohorts on training- and non-training days to determine whether there is a relationship between physical activity and technical skill development. Results suggested that there is no relationship between the volume of habitual physical activity and the development of technical soccer skills. Additionally, both the U9 and U12 cohorts appeared to follow the early specialisation pathway in soccer. All studies within the thesis focused upon an elite population, and insight into their training activity and skill development is valuable. The thesis has contributed a robust methodological procedure for creating new observational analysis tools when assessing soccer philosophy-specific behaviours. Additionally, a valuable insight into the efficacy of elite soccer coaching and the habitual physical activity patterns of U9 and U12 players has been presented.
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[bookmark: _Toc8991639]1.1 Introduction
Developing talented soccer players is a costly and large-scale process which requires scientific support in order to drive evidence-based coaching programmes (Ford et al., 2010; Ward et al., 2005). Professional soccer clubs are now under increasing pressure to develop “home-gown” players within their academies for the senior squad (UEFA, 2010). In response to this, the Premier League’s Elite Player Performance Plan (EPPP) has been introduced in England with the aim of increasing the number of home-grown soccer players gaining professional contracts and competing at the highest level (The Premier League, 2011). With this increased pressure from UEFA, and the lack of consensus regarding what is the ‘optimum’ structure of academy coaching, comes the need for soccer academies to ensure that their coaching programmes are maximising the opportunity to develop the technical proficiency of their players. 
	Traditional motor learning theory suggests that variability is required in practice in order to develop multiple movement solutions for dealing with similar situations effectively (Schmidt, 1975). However, soccer coaching is typified by training-form, drill-based activities, which are designed to practice one particular technique in isolation (Cushion et al., 2012b; Ford et al., 2010). Although research has highlighted the need for English soccer coaching to move away from this traditional approach based upon empirical evidence (Williams & Hodges, 2005), there is little evidence to quantify the extent to which the traditional approach is successful in developing talented youth soccer players.  
	If used appropriately, systematic observation tools can provide practitioners and researchers with valuable insights into the technical performance of players, thus assisting the feedback process and longitudinal tracking of performance (O’Donoghue, 2006). Therefore, it could be proposed that systematic observation tools could be utilised to assess the efficacy of soccer coaching. Ensuring that the tool used for collating performance indicator data is both valid, objective and reliable, is essential in ensuring the quality of feedback for coaches and players. Tools should be created against a ‘gold-standard’ example, or involve gold-standard input from appropriate individuals (i.e. qualified coaching staff) to ensure that operational definitions are appropriate (Brewer & Jones, 2002). To ensure objectivity, operational definitions should have sufficient clarity for operators to differentiate between each component, thus ensuring accurate observation (Hughes & Franks, 2002; O’Donoghue, 2007). The reliability of any data collected is at risk due to humans as operators being inherently flawed (James et al., 2002). If implemented correctly, a notational analysis approach to evaluating the efficacy of coaching sessions may provide a method for monitoring player development over time in relation to their systematic coaching hours, therefore ensuring that the optimum approach to coaching is utilised, and that correct decisions are being made in regards to retention and release of players from the academy system.  
In regards to existing approaches that can assess technical skill proficiency in youth soccer players, the Loughborough Soccer Passing Test could be useful for coaches in assessing the efficacy of their coaching programme (Ali et al., 2007). However, tests of this nature de-couple perception, cognition, and action), by not replicating the demands of soccer match-play, and only involve one phase in play (Serpiello et al., 2017; Wen et al., 2018). By excluding external variables such as opposition team movements that can influence the execution of soccer-specific actions (i.e. passing, shooting, etc.), tests of this nature are more suited to assessing soccer technique proficiency, rather than skill proficiency (Ali, 2011). Although an advancement on existing approaches, the small-sided game (SSG) format used by van Maarseveen et al. (2017) only accounts for attacking phases of play. Therefore, there is the need to assess technical soccer performance in a setting that closely replicates actual match-play and the dynamic nature of soccer, whereby one team attacks and relies upon the execution of attacking skills (e.g. passing and shooting), while the defending team is reliant upon defensive skills (e.g. tackling and intercepting) (Davids et al., 2005; Grehaigne et al., 1997; McGarry et al., 2002; Vilar et al., 2013).
Utilising activities such as SSGs to assess the efficacy of coaching may be more appropriate. Firstly, due to their game-based nature, which places players under spatio-temporal constraints reflective of competitive attacking and defensive match play (Hill-Haas et al., 2011) and challenges skill rather than technique (Bennett et al., 2018). Moreover, this approach has been adopted for assessing the technical skill of soccer players when combined with observational analysis techniques (Bennett et al., 2018; Fenner, Iga & Unnithan, 2016). Furthermore, utilisation of notational analysis techniques could provide more detailed and robust information regarding the development of soccer-specific skills during systematic coaching programmes rather than subjective scale assessments (Hendry et al., 2018). 
	Along with the need to assess coaching efficacy as a factor in the development of skilful performance in soccer, factors outside of systematic coaching programmes such as the volume and type of additional habitual physical activity need to be considered. Engaging in physical activity at a moderate-to-vigorous intensity both as an acute bout, and chronic programme, can enhance executive function (EF) performance in children (Best, 2010; Buck et al., 2008; Davis et al., 2007; Fisher et al., 2011; Kamijo et al., 2011). In turn, this can lead to improved soccer performance and the attainment of elite status in the sport (Verberg et al., 2014; Vestberg et al., 2017; 2012).
	With the introduction of the EPPP, the volume of systematic coaching hours has subsequently increased from 3 hours per week from U9 to U11, and 5 hours per week from U12 to U16, to 4 (rising to 8), and 12 (rising to 16) respectively (The Premier League, 2011). Therefore, there is a need to investigate the habitual physical activity levels of elite youth soccer players to ascertain whether they have been modified to enable the maintenance of regular participation in these programmes. It has been suggested that children have an innate set-point which acts as a threshold for total physical activity engagement (an “activitystat”) (Gomersall et al., 2013; Rowlands et al., 2008). The ‘ActivityStat hypothesis’ suggests that children who participate in regular sporting activity compensate the volume of moderate-to-vigorous physical activity on days immediately after partaking in structured exercise sessions to ensure that the set-point created by the activitystat is not exceeded (Ridgers et al, 2018; 2015; 2014; Rowland, 1998; Rowlands, 2009). 
The studies within this thesis will cover three main areas: methodological rigour in collecting data related to technical soccer performance, the efficacy of elite soccer coaching, and the influence of habitual physical activity. The data collected across these studies will enable greater understanding of the mechanisms underpinning technical skill acquisition and retention in elite youth soccer both in regards to systematic coaching programmes and physical activity behaviour.   
[bookmark: _Toc8991640]
1.2 Aims and Objectives of the Thesis
The aims and objectives of the thesis were as follows:

Aim 1: To develop a robust methodological procedure for assessing the technical soccer behaviour of elite youth soccer players from under-9 and under-12 age cohorts. 
Objective 1: To formulate and test a new notational analysis tool in relation to technical soccer performance. The playing philosophy of an elite soccer academy will be used as the basis for technical soccer behaviours within the tool to ensure specificity, and therefore enabling the second aim of evaluating the coaching efficacy of an elite soccer academy. 

Aim 2: To evaluate the acquisition and retention of technical soccer skills presented in Study 1 over a 12-month period in under-9 and under-12 age cohorts in an elite youth soccer academy, in relation to the coaching programme implemented by the academy. 
Objective 2: To observe technical soccer behaviours using the notational analysis tool created in Objective 1 during a series of small-sided games across three time points within a 12-month period (2013/14 pre-season: baseline test; mid-season: post 6-week coaching cycle test; and 2014/15 pre-season: retention test). 

Aim 3:  The primary aim was to evaluate the relationship between physical activity and the development of technical soccer skills.  The secondary aim was to evaluate the physical activity levels on training and non-training days in the U9 and U12 cohorts.
Objective 3 (primary aim): To establish physical activity levels of the U9 and U12 cohorts using Tri-axial accelerometers and correlate these data against the technical skill levels of the players.  
Objective 3 (secondary aim): To compare the tri-axial accelerometer data on the training and non-training days in the U9 and U12 cohort.
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The purpose of this review is to critically appraise the areas of research across the over-arching themes that have influenced the development of the original studies within this thesis. The scope of the review covers the areas of validity and reliability, the structure of practice-based and additional developmental activities, along with the role of habitual physical activity in the development of domain-specific skill and physical fitness.

[bookmark: _Toc8991644]2.2 Validity and reliability 
Validity is regarded as the most important consideration for clinical research; a domain where the health and wellbeing of patients can be at stake (George et al., 2003). Therefore, it is logical for observational analysis in soccer to follow the same level of rigour due to the newfound importance of data in enhancing the feedback provided by coaches to their teams and players, along with data being utilised to inform decisions on player recruitment and retention (Wright et al., 2013; Wright, Carling, & Collins, 2014). Validity is generally described as the credibility and accuracy of the study, and is sub-divided into two main types: internal and external. Internal validity is defined as whether the actual observations and measurements of the researcher are truly representative of what is being observed and measured, while external validity is the extent to which the data or ideas generated are applicable to other populations, settings or treatments (George et al., 2003). Reliability is defined as the quality of a measure that possesses reproducibility, and indicates the degree to which a test or measure produces the same scores when applied repeatedly in the same circumstances (Batterham and George, 2003). 
The efficacy of analysis tools is dependent upon the inter-relationship of validity, objectivity, and reliability. Humans as observers and operators of analysis tools rely on their reaction time, resistance to fatigue, and observation position when collecting data (O’Donoghue, 2007a), consequently making them susceptible to three types of error when observing performance, thus hindering their reliability (James, Jones, & Hollely, 2002):

1. Operational errors; the observer presses the wrong button (if using a computer-based system), 
2. Observational errors; the observer fails to record an event, and 
3. Definitional errors; the observer observes and records an event incorrectly.

As such, an analysis tool may have been validated appropriately and be fit for purpose, but the operator of the tool may not be reliable. Conversely, the observer may be reliable in their observation of performance, but their tool could be invalid when compared to a ‘gold-standard’ criterion measure.
Within the observational analysis of soccer domain, ensuring validity and reliability in the collection of technical and tactical soccer behaviours has been a challenge faced by researchers and practitioners alike. In regards to validity in the observational analysis of sporting performance, there is a lack of consensus on how these soccer-specific behaviours should be defined for use by researchers and practitioners (Hughes & Franks, 2004). This leads to a variety of interpretations of the same behaviour between these two domains, thus reducing the applicability of research findings in an applied context. It is only through establishing clear and transferrable definitions for all aspects of soccer performance that the validity of collected data can be ensured (Hughes & Bartlett, 2002).
Reliability testing in observational analysis assesses the consistency of analysis systems in collecting data, and is assessed on two levels; inter-observer reliability, and intra-observer reliability (Hughes et al., 2004; O’Donoghue, 2006). Implementing inter- and intra-observer reliability checks ensures that both the tool (inter-observer) and the operator (intra-observer) are objective in their assessment of performance, thus reducing the chances of the aforementioned errors having a detrimental effect on data collection (Bradley et al., 2007; Brewer & Jones, 2002; Larkin et al., 2016; Tenga et al., 2009; Van Marseveen et al., 2017). 
Despite the perceived importance of validity and reliability in observational analysis, Hughes, Cooper & Nevill (2002) reported that prior to 2002, 70% of notational analysis papers in sport, including soccer, failed to report any information regarding the reliability of notational analysis systems used to collect data. Furthermore, an absence of statistical analysis procedures were found in 26% of the aforementioned sample, with 24% of the sample using inappropriate parametric procedures for inherently non-parametric data sets.  As such, it could be suggested that the conclusions and implications of research preceding Hughes et al.’s (2002) review are questionable, and potentially unreliable with regards to their practical application in the sporting domain. However, more recent notational analysis research has begun to regularly include validity and reliability checks as part of the methodological procedure (Casal et al., 2015; Gonzalez-Rodenas et al., 2015; Larkin et al., 2016; Pratas et al., 2012; Sarmento et al., 2014; Silva et al., 2014), 
[bookmark: _Toc8991645]2.2.1 Establishing the context of analysis tools
A plausible reason for the omission of reliability testing in observational analysis could be the lack of methodological template until Brewer and Jones’ (2002) five-stage process for establishing contextually valid and reliable observation tools in sport. This process includes the previously discussed concepts associated with validity outlined by George et al. (2003); reliability outlined by Batterham and George (2003). Despite issues in regards to establishing these concepts, this process provides a detailed methodological approach that is of particular interest to this thesis, and has been used in previous research to formulate tools of a similar nature (Cushion et al., 2012a). 
To be considered contextually valid, tools should encompass all relevant behaviours within the specified context, do not give prominence to any particular behavior, or erroneously omit relevant behaviours (Brewer & Jones, 2002). According to Brewer and Jones (2002), the first phase of creating tools of this nature is to ensure that those involved in using the tool are familiar with the concept of systematic observational analysis. This is achieved through using a contextually similar analysis tool to observe the targeted behaviours of the project, with the phase being complete when inter- and intra-observer reliability reaches 85% (Siedentop, 1976). Brewer and Jones (2002) used the Arizona State University Observation Instrument (ASUOI) to orientate the observer, and after a two-week period found acceptable levels of intra-observer reliability (91% for frequency of behaviours, and 89% for duration).   
The ASUOI was contextualised to the sport of Rugby Union to become The Rugby Union Coaches Observation Instrument (RUCOI). This was achieved through three separate observations of three Rugby Union coaches from the top division of the English league, each lasting 90 minutes. It is this stage of the tool creation process that enables a tool to become ecologically valid, whereby the content of the tool is directly representative of the environment in which it is being used (Brewer & Jones, 2002). However, the ASUOI has not been previously formally validated. Therefore, its use as the template for Brewer and Jones’ (2002) RUCOI could be questioned as the behaviours within the tool may be inherently contextually invalid to coaching. A different approach at this stage was taken when developing the Coach Assessment and Intervention System (CAIS). Cushion et al. (2012a) determined that existing coaching tools were insufficient in encompassing all soccer-related coaching behaviours, and consequently consulted with experienced coaches to develop the CAIS. This negates the issues associated with utilising an invalid tool, with similar approaches being implemented by Larkin et al. (2016) and van Maarseveen et al. (2017) in the development of systematic observation tools. 
The creation of recent commercially available soccer-specific tools has not followed these initial stages of contextualisation. Prozone MatchViewer (PMV) enables analysts to collate and analyse a large volume of soccer-specific match performance data based on twenty-six independent soccer behaviours. It has been reported that 35.4% of analysts working in English professional soccer clubs utilise this tool to conduct their analyses (Wright et al., 2013). However, within the validation work of Bradley et al. (2007), the process for establishing face validity of the tool was not reported and it does not appear that an existing soccer observation tool was utilised as the framework for PMV. Therefore, the operational definitions included within the tool and their relevance to soccer is assumed. 
Tenga et al. (2009) contextualised their soccer-specific tool using ball possession as defined by Pollard and Reep (1997, p. 542). This definition considers possession to be a phase of play commencing at the point of possession being gained, continuing through a series of controlled passes, ending with the ball going out of play, the opposition touching the ball (e.g. a tackle or interception), or an infringement of the rules taking place (e.g. a player is offside, a foul is committed). The element of ‘control’ could be considered as subjective based upon the terminology used by Pollard and Reep (1997), as no limit is placed upon the notion of having ‘enough’ control over the ball. Therefore, the foundation on which the tool is constructed is inherently flawed, which may lead to consistently inaccurate data collection.  
The tools presented by Bradley et al. (2007) and Tenga et al. (2009) are match-based and may not be of use to those wishing to assess coaching efficacy. More recent research has moved towards creating tools for the assessment of technical soccer performance in a coaching, rather than competitive match-play, setting using small-sided games (van Maarseveen et al., 2017). Small-sided games (SSGs) are commonly used training modalities for the development of physiological fitness (Hill-Haas et al., 2011), and have recently emerged as a method for assessing the technical soccer ability of soccer players, particularly when identifying talented individuals (Bennett et al., 2018; Fenner, Unnithan, & Iga, 2016; Unnithan et al., 2012). Therefore, formulating valid and reliable observational analysis tools for use in SSGs could be a valuable addition to the analysis process within soccer academies by enabling the tracking of technical and tactical skill development. To date, there is no evidence to suggest that this is commonplace for practitioners in this setting (Wright et al., 2013), nor has this approach been associated with existing talent development models (Vaeyens et al., 2008; Vaeyens et al., 2006; Unnithan et al., 2012). 
However, it could be argued that recent SSG-based systems do not truly reflect the demands of soccer match play, and therefore have limited ecological validity (Bennett et al., 2018; van Maarseveen et al., 2017). Van Maarseveen et al. (2017) utilized a trial-based procedure whereby the SSG (3 attackers vs. 2 defenders + 1 goalkeeper) was broken down into independent phases of attacking play. Possession turnovers and technical actions associated with attempting to regain possession were not included in the tool. Soccer is a dynamic goal-striking invasion game that requires the continual interaction between attackers and defenders to give the game its natural ‘flow’ (i.e. both teams have the opportunity to attack and defend) (Hughes & Bartlett, 2015; Robins & Hughes, 2015). This was considered by Bennett et al., (2018) in regards to a more conventional game structure (i.e. both teams needed to attack and defend), but like van Maarseveen et al. (2017), the tool was limited by not including defensive actions.

[bookmark: _Toc8991646]2.2.2 Establishing the validity and reliability of an analysis tool
The third stage of Brewer and Jones’ (2002) five-stage process involved consulting with experienced coaches and practitioners to ensure that the tool measures what it intends to within the specified domain, and if necessary, increasing specificity of the tool by adding further behavior categories. Experienced professional coaches are considered to have a superior knowledge of the game based on the number of years’ experience in the sport. Through consultation with experienced (9 ± 2.3 years experience) Rugby Union coaches and four published observation analysis researchers, Brewer and Jones (2002) concluded that the RUCOI was a suitable tool for observing and recording coach behavior in the chosen domain. Similarly, Bennett et al. (2018), Cushion et al. (2012a), Larkin et al. (2016), and van Maarseveen et al. (2017) all consulted with experienced coaches and practitioners when formulating their respective tools. This process may enhance validity of the tool, but it should be noted that the sample of experts might not be representative of the full population of elite coaches within that particular sport, which could in turn limit the contextual validity of the tool. 
Upon establishing face validity, the objectivity of the tool is assessed through testing the tool in the desired context. Experienced (n = 5) and inexperienced (n = 5) observers were recruited to test the functionality of the RUCOI through systematically observing 44 discrete examples of coach behavior (2 of each). The observers were in agreement in excess of 85% when identifying behaviours, thus deeming the tool as reliable when observing coaches. However, observers were given feedback between examples as to which behavior the example represented prior to being shown the next example. While this may have enhanced the observer’s understanding of the behaviours as the test progressed, it could be argued that the process of elimination may have aided the observers in their decision-making. Cushion et al. (2012a) reduced the potential of the process of elimination affecting the judgement of observers by using different frequencies of occurrence for each behavior (at least 1, no more than 3). However, the most appropriate method for assessing objectivity may be the approaches of Bennett et al. (2018) and Larkin et al. (2016), whereby footage of the entire event (in this instance a SSG) is utilised. This provides opportunity for the observer to utilise the tool in its intended context, thus highlighting any potential functionality issues.
A methodological limitation to the existing literature in creating soccer observation analysis tools could be the lack of involvement of experienced performance analysts in the collection of empirical data. Although research has been successful in creating tools that are considered valid and reliable in observing soccer performance, the published research is either ambiguous in stating the experience levels of those recruited for data collection (Larkin et al., 2016; Tenga et al., 2009; van Marseveen et al., 2017), or simply do not provide background information (Bennett et al., 2018; Bradley et al., 2007). A good knowledge of the behaviours included within the tool are more important for ensuring reliability than the wording of definitions (O’Donoghue, 2007).  As such, if coaches are considered to have expertise in creating operational definitions for soccer behaviours due to their levels of experience (Brewer & Jones, 2002), performance analysts could be considered as experts in the functionality of these definitions when viewing soccer performance due to the significant proportion of their day-to-day work spent analysing soccer footage (Wright et al., 2013). If the objective of creating these tools is to enhance the day-to-day practice of performance analysts in soccer, then it is logical to suggest that those who work in the industry should be recruited to test the reliability of such tools rather than relative novices in this field (e.g. Observer 2 in Tenga et al., 2009). 
Lower levels of inter- and intra-observer reliability were reported by Tenga et al. (2009) for qualitative behaviours, in particular, ‘defensive backup’ (poor), ‘skill level’ (fair) and ‘defensive cover’ (fair). Levels of inter-observer reliability were considerably lower in comparison to intra-observer reliability. This highlights potential issues with the experience levels of the observers as the lead observer was considered to be experienced in the process of observational analysis, while the secondary observer was a novice. This bypasses the first-stage considerations of Brewer and Jones (2002) which suggests that orientation to the process of observational analysis should precede any orientation or training with the use of a ‘new’ tool. Therefore the use of observers with comparable levels of experience in the domain of observational analysis may negate this issue when assessing the objectivity and reliability of similar tools. 
Additionally, it is noticeable within the Brewer and Jones (2002) reliability checks that the lead researcher was in agreement with 87% of the original observations after a one-week period when viewing the same video footage. Based on this rate of decline, the lead researcher would not be a reliable user of the RUCOI beyond the first week of use, and could suggest that additional intra-observer checks using the same video footage are required over a longer period of time to ensure that the observer remains within the acceptable 85% threshold of agreement (Siedentop, 1976).

[bookmark: _Toc8991647]2.2.3 Functionality of the analysis tool
With regards to the position of performance analysis within the soccer coaching process (Wright et al., 2014), and the limited time available to produce post-match analysis for coaches and players (Wright et al., 2013), it is unclear as to whether the Prozone MatchViewer system is appropriate for analysts in the industry as Information regarding the time taken to collate data for a full match was not reported. Bradley et al’s (2007) method involved breaking the game into equal segments to be shared between a team of four analysts. Not all soccer clubs will have four performance analysts, and as such, the labour of recording twenty-six discrete events on a 0.1 s frame-by-frame basis may be unfeasible for a small team of one to two analysts when considering the time constraints of performance analysis feedback (Wright et al., 2013). Tenga et al.’s (2009) soccer observation tool contained a total of 22 individual behaviours, 15 of which were based upon qualitative observation. Therefore, it is important to ensure that the tool is contextualised in a user-friendly and time-efficient manner. For example, after initial testing, van Maarseveen et al. (2017) used stepwise analysis to reduce the total number of components within their tool from 21 to 12. Additionally, the tools utilised by Bennett et al. (2018) and Larkin et al. (2016) contain 4 and 13 technical actions respectively, thus demonstrating the ease at which soccer observation tools can be contextualised without containing an excessive amount of actions. 
As the EPPP emphasises the development of a soccer playing ‘philosophy’ for each academy, it would be logical to suggest that any observational analysis tools that are to be used by that particular academy should be tailored to measure the efficacy of their specific soccer behaviours (Bennett et al., 2018; Larkin et al., 2016). This would maintain ecological validity and would therefore benefit from being created by using the systematic process outlined by Brewer and Jones (2002). By tailoring analysis tools to soccer behaviours specific to the academy’s playing philosophy, the tool will contain less behaviours than the more ‘general’ soccer tools discussed previously, and therefore negate the reliability issues associated with overly complex analysis tools (Bradley et al., 2007; Tenga et al., 2009; van Marseveen et al., 2017). It is therefore proposed that analysts working within professional soccer utilise the Brewer and Jones’ (2002) method as a framework to create their analysis tools, with their soccer playing philosophy being the ‘context’ in which the tool is utilised.  

[bookmark: _Toc8991648]2.2.4 Statistical approaches to determining the reliability of observational analysis tools
Following the establishment of tool validity, inter- and intra-observer reliability checks are required to determine the objectivity of the tool in practice and should receive the same level of attention as the planned analysis of the empirical data collected through use of the tool (Hughes et al., 2002). Altman and Bland (1983) and Bland and Altman (1986) are credited, along with Nevill and Atkinson (1997) and Atkinson and Nevill (1998) as providing the seminal work from which current sports science researchers base their approach to ensuring reliability in data collection. However, prior to 2007, little consideration had been given to how appropriate these methods were for assessing the data collected by observational analysis tools (Cooper et al., 2007). 
	Data collected through observational analysis is based upon the frequency of occurrence of the variables of interest. This results in inherently non-parametric ratio data, or frequency counts that can be placed into discrete categories (Cooper et al., 2007; James et al., 2007). Two particular methods for quantifying the magnitude of reliability were the levels of percentage agreement and the Pearson’s product-moment correlation coefficient (Hughes et al., 2001; 2002). However, these particular methods are not appropriate for dealing with non-parametric frequency count or categorical data. The level of percentage agreement between observers may be overly conservative in its assessment of reliability due to relying on a substantial sample size to enable effective percentages to be established. Some variables may occur at a far lower frequency than others, thus making the margin for error in agreements far smaller than those that occur at a higher frequency. 
The Pearson’s correlation is a test reliant upon the assumption that the data are parametric. However, frequency counts are inherently non-parametric due to the skewed nature of the data and therefore do not follow a normal distribution (Cooper et al., 2007; Hughes et al., 2002). Additionally, these approaches enable the observer to report a single summary statistic of reliability by collapsing all variables. However, this may hide variables that exceed the threshold of reliability. Therefore, the reliability of each variable should be reported independently (Hughes et al., 2002). 
Cooper at al. (2007) presented a working example of Nevill et al.’s (2001) proposed ‘limits of practical significance’ method. This approach requires the observer to calculate the proportion of differences between variables for test re-test that exceed a reference value representative of practical importance. In the example presented by Cooper at al. (2007), a reference value of ±1 is suggested, but is acknowledged to be adaptable dependent upon the frequency of occurrence for each variable. Variables that occur more frequently (e.g. a pass in soccer) may require a reference value of ±3 due to the demands placed upon the observer in maintaining concentration and recording the occurrence accurately. Infrequent variables (e.g. a corner kick set play in soccer) require a smaller value (e.g. ±1) as their observation should be relatively simple (Cooper at al., 2007; O’Donoghue, 2007a; James et al., 2007). This approach provides a more practical approach to assessing reliability in observational analysis due to the uncontrollable nature of the potential sources of observer error, and therefore does not excessively penalise the observer (or observers) for minor errors. It is however crucial that the reference value is appropriate to the nature of the variable and the experience level of the observer so an overly-lenient measure of reliability is avoided (Cooper et al., 2007). 
	While Cooper et al.’s (2007) approach accounts for frequency count based data, James et al. (2007) propose an alternative method to the commonly used percentage agreement and Kappa statistic approaches for assessing the reliability of categorical data. Yule’s Q is presented as a more appropriate measure of observer agreement in comparison to percentage agreement and Kappa. This measure is predicated on the element of luck or chance playing a part in the decision of the observer. Kappa takes luck/chance into account in its calculation and may lead to an overly conservative measure of reliability for the variables involved, potentially leading to the assumption that a variable is unreliable when it is actually reliable (James et al., 2007). This inclusion of chance/luck suggests that an observer may guess when deciding how to categorise the variables during observation. From a practical perspective, trained observers (i.e. Performance Analysts) are unlikely to agree by chance due to their sophisticated comprehension of the variables involved in their analysis. This knowledge can be assumed due to the coaches whom they work with on a regular basis sharing their advanced knowledge of the variables with the analyst during day-to-day work (Wright et al., 2014). Therefore, the use of Kappa in calculating the reliability of observational analysis tools in professional sport could be considered inappropriate. 
	Several studies which involve the observation of soccer performance using specifically designed analysis tools have measured reliability using Cohen’s Kappa (Bradley et al., 2007; Larkin et al., 2016; Silva et al., 2014; Tenga et al., 2009). κ values of 0.81-1.0 are generally interpreted as very good, 0.61-0.80 as good, 0.41-0.60 as moderate, 0.21-0.40 as fair, and less than 0.21 as poor (Altman, 1991). Expressed as a percentage, this suggests that agreement levels of 41% are moderate. This could imply the lowest level of acceptable agreement is far below the 85% benchmark for acceptable levels of agreement (Brewer & Jones, 2002; Siedentop, 1976), thus suggesting that components of the tools within the aforementioned studies may have been incorrectly accepted as reliable. Conversely, James et al (2007) suggest that a Yule’s Q value of 0.95 (95%) is a more appropriate level of acceptable agreement, particularly when a tool is used by experienced observers. 
	Low levels of agreement highlighted by the Yule’s Q calculation alerts the observer to a genuine problem with their analysis tool, as opposed to a problem that may be due to chance or luck. Combining the ease of calculation with familiarity of software, the ease of statistical interpretation, removal of chance/luck elements, and higher levels of acceptable agreement, the Yule’s Q statistic could be proposed as a more appropriate approach to determining reliability in the use of observational analysis tools. 
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To attain expertise in any practical sport domain, an individual needs to acquire requisite skills to underpin successful performance. Simon and Chase (1973) proposed that ten years worth of experience within any domain is the required amount to attain expertise. However, there is little correlation between experience and skill level, and it is in fact engagement in activities specifically designed to improve aspects of performance that determine expertise (Ericsson, 2006). Theories of skill acquisition suggest that through repetition of a particular skill, a degree of autonomy in reproducing the skill can be established, otherwise knowns as the ‘Power Law of Practice’ (Newell & Rosenbloom, 1981). One of the most prominent studies associated with establishing the relationship between practice and developing expertise, and demystifying the experience-expertise paradigm is the seminal work of Ericsson, Krampe, and Tesch-Römer (1993) in the domain of music. The term ‘Deliberate Practice’ is associated with activities described by Ericsson et al. (1993) as having the following key characteristics:

· High levels of structure, with the sole intention of improving performance by overcoming current weaknesses. 
· Performance is monitored closely to provide the individual with appropriate feedback. 
· Significant cognitive and physical effort is required to complete deliberate practice activities, and is not inherently enjoyable. Those engaging in deliberate practice activities do so through the motivation to improve performance.
· Deliberate practice does not result in immediate monetary rewards, but does incur a monetary cost in regards to accessing teachers/coaches and the practice environment.

Deliberate practice enables the individual to learn new and develop existing cognitive and motor skills within their chosen domain. By giving the task significant levels of cognitive effort, the process of ‘explicit learning’ is able to take place, which provides the individual with the parameters required to complete a task successfully. The provision of informative and relevant feedback enables the individual to identify and correct any aspects of the movement that result in unsuccessful performance (Williams & Ford, 2008).  
	Ericsson et al. (1993) suggests that it is through amassing significant time in deliberate practice activities that an individual reaches expertise in their domain, otherwise termed ‘the theory of deliberate practice’. Ericsson et al. (1993) used retrospective recall questionnaires and diaries to estimate the amount of deliberate practice engaged in by musicians of an elite academy over a ten-year period. The results showed that the ‘best’ violinists in the academy had amassed significantly greater amounts of deliberate practice (7,410 hours) compared to their ‘good’ counterparts (5,301 hours) and their teachers (3,420 hours). This was further supported in Ericsson et al.’s (1993) second study on expert pianists. Like the violinists, an average of 7,606 hours was amassed by age 18, significantly higher than the 1,606 accrued by non-expert counterparts. However, it should be noted that this is an average value for each group and the variance in total hours is not reported, therefore masking any individual variance in relation to the amount of deliberate practice hours and attaining expert status. Furthermore, the use of retrospective recall questionnaires requires adjustment to the questions in order to provide cues in assisting participants to overcome memory limitations when recalling past activities (Côte et al., 2007). 
	Hodges and Starkes (1996) were the first to apply Ericsson et al.’s (1993) theory of deliberate practice to the sporting domain, and focused upon the individual-based sport of wrestling. Current international Olympic-level (n = 15) and current provincial club-level wrestlers (n = 9) provided retrospective accounts of their practice history. Retired wrestlers from the same levels (Olympic-level: n = 10, Provincial club-level: n = 8) provided their retrospective practice history accounts as a measure of reliability, with similar amounts of reported practice being considered as reliable. Demographically, the groups were similar, having all commenced participation in wrestling at age 13, moving into systematic coaching at age 14, with a career ‘peak’ at age 25. Data were collected through questionnaires that elicited information regarding the amount of time spend practicing alone, with others, other practice-related activities, and everyday activities, along with rating these activities on a 1-to-10 scale in regards to how relevant the activity was to wrestling, how enjoyable these activities were, the amount of effort required, and how much concentration was required. 
The number of average accumulated practice hours after six-years for international standard wrestlers was found to be 5,887, with their club-level counterparts having accumulated 3,571 hours. Although this falls short of the amount reported by Ericsson et al. (1993) for elite musicians, if the amount of deliberate practice hours accumulated are converted to a per-year basis, international wrestlers accumulate more deliberate practice hours than elite musicians (Wrestlers: 981 hours per-year, Musicians: 741 hours per-year). This could imply that either wrestling requires a greater volume of deliberate practice to attain expert status, or the later start age in wrestling results in athletes needing to accrue more deliberate practice hours per year to compensate for the late start. These results seemed to set the trend for future research in team sports, in particular, soccer.
Helsen, Starkes, and Hodges (1998) were the first to investigate this concept to the team sport domain. International (n = 17; mean age = 25.6 years), semi-professional (n = 21; mean age = 24 years), and amateur (n = 35; mean age = 25.4 years) soccer players completed the same questionnaire used by Hodges and Starkes (1996). Results showed that International, National, and Provincial standard soccer players from Belgium accumulated and average of 9,332, 7,449 and 5,079 hours in deliberate practice respectively after 18 years of participation in soccer. Unlike typically individual-based activities such as wrestling or violinist, on a per year basis, based upon the results of Helsen et al. (1998), international standard soccer players accumulated 518.4 hours of deliberate per year on their pathway to expertise. However, the number of individual-based deliberate practice hours was found to be a key discriminant factor between International and Provincial players from six to twelve years into their careers, thus highlighting the importance of engaging in deliberate practice outside of scheduled coaching hours. After this point, team practice became the most important factor. 
Support for team practice as a discriminant factor in achieving expert performance is provided by Ward et al. (2007), who found that the amount of time spent in team practice activities differentiated between elite and non-elite players across age cohorts in English youth soccer players aged 8 to 18 years. Elite players were recruited from four English professional soccer academies whose senior team competed in the Premier League. Non-elite players were recruited from local elementary schools, high schools, and universities, and competed at local amateur club/school level. Participants were grouped by age depending upon birth date in the recruitment year (September to September), resulting in an average of 11 players per age group, starting at under-9 (U9), through to U18 (total sample size = 203). An adapted version of the questionnaire administered by Hodges and Starkes (1996) was used to collect data regarding the amount of time spent in practice activities, and player perceptions of activity relevance. 
By age 18, where English academy players are either retained with a professional contract, or released to find another club; elite players had accumulated around 4,500 hours of deliberate practice (team practice ≈2,500 hours; individual practice ≈2000 hours). Non-elite players had accumulated ≈2,000 hours (team practice ≈1,000; individual practice ≈1,000 hours). The difference in amount of time spent in deliberate practice activities discriminated between elite and non-elite groups, perhaps due to the systematic nature of elite academy coaching programmes. Like Helsen et al. (1997), elite players accumulated ≈500 hours per year in deliberate practice activities. Only a small percentage of elite youth soccer players in England receive a professional scholarship at age 16, before going on to reach professional status at age 18 (Ford et al., 2009a). It was not known until Ford et al. (2009a) re-visited the sample provided by Ward et al. (2007), how many of the elite players involved in the study went on to attain professional status, and therefore the actual importance of deliberate practice activities in developing expertise during the first six years of engagement with soccer.   
A subset of participants from Ward et al. (2007) were used to create three groups: still-elite (n = 11), ex-elite (n = 11), and recreational (n = 11). The still-elite group comprised of all players who had received a professional scholarship at age 16. The ex-elite group had been released from the same academy that the still-elite group had been retained at. The recreational group were recreational-level players from the Ward et al. (2007) study. Where possible, all participants were matched with an equivalent participant across groups based upon start age in playing soccer (and start age in joining the academy program if in the still-elite and ex-elite groups). Data from the Ward et al. (2007) study for the 33 participants was re-examined in regards to the amount of time spent in practice, competition, and play activities between the ages of 6 and 12. 
  Results showed that the discriminating factor between the still-elite group and their ex-elite counterparts was the amount of soccer-specific play accumulated during ages 6 to 12 outside of formal soccer academy coaching. The amount of soccer-specific practice (both team and individual) did not differentiate between still-elite and ex-elite groups. This advanced the earlier findings of Helsen et al. (1998), by suggesting that deliberate practice activities alone are not sufficient in developing professional players, and that deliberate practice in tandem with soccer-specific play activities is required. Additionally, Ford et al. (2009a) found that an additional 1.5 ±1.3 sports were undertaken by participants across ages 6 to 12, thus suggesting that expertise in soccer is developed through early engagement with the sport through both practice and play activities within the primary sport domain. 
To progress this knowledge further, Ford et al. (2012) conducted a global investigation of the developmental activities of elite youth soccer players aged 16. A total of 326 players from Brazil, England, France, Ghana, Mexico, Portugal, and Sweden (n = 50 from each country, except Ghana: n = 26) completed the Participation History Questionnaire (PHQ) (Ford, Low, McRobert, & Williams, 2010). Based on the previous work of Helsen et al. (1998), Ward et al. (2007), and Ford et al. (2009a), this questionnaire elicited information regarding the start age in soccer and other key milestones (supervised soccer training, soccer competition, and elite academy). Further information regarding the amount of time spent in soccer-specific developmental activities, along with the number of additional sports and the time spent participating in them alongside soccer was also generated from the PHQ. 
In keeping with previous research, elite soccer players across all countries engaged in high levels of deliberate practice and deliberate play activities in soccer during early childhood at the expense of partaking in other sports (Ward et al., 2007; Ford et al., 2009a). With the exception of Brazil, this developmental pathway was homogenous across all countries. Compared to other countries (with the exception of Portugal), England recruit players into academies at an earlier age (10.06 ±2.26 years), and the sustained participation in soccer academies results in the gradual decrease of deliberate play activities in favour of more deliberate practice (10 hours per week across a 40 week season). Results from Ford et al. (2012) highlight that deliberate practice is an important factor in the development of elite youth soccer players worldwide. 
A limitation to the research of Ward et al. (2007), Ford et al. (2009a) and Ford et al. (2012) is that there is a clear focus on the early years of soccer participation (age <16 years). Recent research by Hendry et al. (2018) addressed this by investigating the importance of deliberate practice on elite soccer players aged ≈15, ≈17 and ≈20. The study tracked a group of 102 elite male soccer players based at professional academies in the UK (recruited at age 14.85 ±0.63 years) over three time points. Participants completed the PHQ (Ford et al., 2010; Ford et al., 2012) at T1 (when first recruited) and at T2 when some players had been offered full-time professional contracts with their academy (n = 26; age = 17.34 ±0.69 years). Players who were offered professional contracts at T2 were referred to as the ‘youth-professionals’, while those who did not were termed ‘academy-only’ and subsequently left the study at this point (n = 76). Those who were offered professional contracts at T3 were termed ‘adult-professionals’ (n = 9), with those not achieving a contract termed ‘youth-professionals only’ (n = 17). Along with the PHQ, players and their coaches provided evaluations of their technical, tactical, creative and physical soccer-specific skills based on a 5-point scale (1 = poor, 5 = excellent). This provided novel information regarding the ability of players and was correlated with time spent in developmental activities. 
Results showed that the hours accumulated in deliberate practice (from start age to T2) were moderately positively correlated with ratings of technical (r = .50, p = .01), tactical (r = .49, p = .01), and creative skills (r = .43, p = .03) for the whole sample of professional players. Specifically for players who became adult professionals, there was a positive association between the time spent in deliberate practice during childhood and physical skill (r = .64, p = .05), but a surprising negative association between deliberate practice and technical skill (r = -.54, p > .05). Based on the amount of deliberate practice across their whole career, there was a strong correlation with physical skill (r = .75, p = .02). However, no meaningful correlation was found between accumulation of practice hours and technical skill (r = .04, p > .05). This could suggest that in order to become a professional soccer player, deliberate practice is an important factor in developing the physical skills required to attain a professional contract at age 16. Additionally, this result may suggest that drill-based deliberate practice hours are suitable for developing technique, but not skill (Williams & Hodges, 2005). At present, it is difficult to ascertain the differentiating factors between those who go on to achieve adult-professional status after the youth-professional phase, and is perhaps due to the homogeneity of players at this stage in their development due to the relative parity in accumulation of practice hours (Hendry et al., 2018). 
The implications of this research has transferred to the modernisation of developing talented youth soccer players in England. The Premier League’s Elite Player Performance Plan (EPPP) has given prominence to the concept of deliberate practice and the popularised ‘10,000 hour rule’ in formulating guidelines for professional soccer academies (The Premier League, 2011) despite the existing empirical evidence suggesting that expertise can be attained in soccer with considerably less deliberate practice hours. 
	Despite there being evidence in soccer regarding the amount of deliberate practice required to attain professional status, research has yet to evaluate the efficacy of soccer coaching in developing technical soccer skill as opposed to solely technique. Players within academy programmes are exposed to the same volume of coaching across the group. However, not all players attain professional status (Ford et al., 2009a). Therefore, further proactive approaches to research are required to determine methods for tracking player development while within the academy system in regards to coaching efficacy and additional developmental activities as opposed to retrospectively determining developmental pathways as a reactive measure for future cohorts (Ford et al., 2012; Ford et al., 2009a; Ward et al., 2007). 
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Although deliberate practice is clearly of great importance to developing expertise, there are other varieties of developmental activities that need to be given due attention. For example, the concept of deliberate play. Children’s first experience of sport is often through informal game-based activities for enjoyment. The concept of deliberate practice implies that all activities undertaken within the individual’s chosen domain that contribute to the development of expertise have to be unenjoyable and require significant levels of physical and mental effort. However, this notion has softened with the introduction of the concept of ‘deliberate play’ (Côte, Baker & Abernethy, 2007). 
	Deliberate play defines activities that are intrinsically motivating, provide immediate gratification, and are specifically designed to maximise enjoyment (Côte, 1999). These activities have been associated with enhanced decision-making (Baker et al., 2003; Berry et al., 2008; Roca, Williams, & Ford, 2012), and the successful transfer of perceptual-cognitive skills between sports that share a similar structure (Baker et al., 2003; Berry et al., 2008; Causer & Ford, 2014).
	Roca et al. (2012) investigated the influence of developmental activities on the perceptual-cognitive skills of 48 (age 20.7 ±2.4 years) semi-professional soccer players. A total of 16 (age 22.1 ±2.8 years) amateur/recreational standard players acted as the control group. All players were central defenders or central defensive midfielders. The PHQ (Ford et al., 2009a; Ford et al., 2012) was completed by all participants after undertaking a lab-based simulation protocol. Participants viewed a series of life-size video sequences of attacking play from the central defender’s perspective, with each clip being occluded at the point of a key attacking action (e.g. the player in possession of the ball about to make an attacking pass, shoot at goal, or maintain possession of the ball by dribbling forward). Participants provided verbalised responses to what they felt the player in possession was going to do, along with how the decision the participant themselves made, or were about to make, at the moment of video occlusion. The semi-professional group was sub-divided into high and low performing groups depending upon the accuracy of responses to the video clips. 
	The high performing group accumulated a significantly higher volume of hours in soccer-specific play during childhood (339.0 ±125.4 h · year-1) than the low-performing (207.6 ±50.6 h · year-1) and recreational groups (142.4 + ±39.5 h · year-1). The same trend was apparent in adolescence, with the high-performing group accumulating 194.8 ±57.6 h · year-1 in soccer-specific play activities, compared to 139.1 ±52.3 h · year-1 for the recreational group. Compared to the findings of Ford et al. (2009a), the amount of accumulated soccer-specific play activity for equivalent standard players was similar. These findings suggest that soccer-specific play activities are an important component in the development of perceptual-cognitive skills such as, advance cue utilisation, pattern recognition, scanning the environment, anticipation, and strategic decision-making (Williams & Ford, 2008).  
Although conducted with semi-professional soccer players, support for the implications of Roca et al. (2012) in regards to the importance of soccer-specific play activities was shown by Hendry et al. (2018), who reported moderate to strong positive correlations between deliberate play and the perceived ratings of tactical and physical skills in players who attained adult-professional status in soccer. However, no association was found between deliberate play and technical skill. Furthermore, in players who attained youth-professional status at age 16, hours in soccer-specific play was negatively related to tactical (r = -.55, p = .04) and technical skill ratings (r = -.52, p = .04). Although deliberate play is beneficial in developing anticipatory skills that underpin soccer performance, unless it is used in tandem with systematic deliberate practice, skilled performance is not attainable as the requisite techniques for effective skilled performance will have not been acquired (Ford et al., 2009a; Hendry et al., 2018; Ward et al., 2007). 
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Several conceptual models have been formulated based on the talent development and career transitions of elite athletes, and can help characterise practice and play patterns (Bruner et al., 2010). Bloom (1985) suggested that athletes pass through three sequential stages of development: (1) initiation, (2) development, and (3) perfection, with Salmela (1994) adding a 4th stage (discontinuation) to account for the point at which elite performance is no longer attained, and participation continues at the recreational level. More recent models have considered a broader range of external variables that impact upon talent development. Abbott and Collins (2004) have sought to address the influence of psychological factors (goal setting and self-reinforcement, imagery control, planning and organisation), while Bailey and Morley (2006) have considered the influence of sociological factors such as parental support and social values. However, these models are all limited in their ability to effectively measure and track transitions between phases through the measurement of appropriate variables (Coutinho, Mesquita & Fonseca, 2016). 
	The Foundations, Talent, Elite, Mastery (FTEM) framework proposed by Gulbin et al. (2013) includes 4 macro phases (Foundations, Talent, Elite, Mastery) sub-divided into 10 micro phases (3 foundation, 4 talent, 3 elite, 1 mastery). A key feature of the FTEM is the absence of age boundaries as a transition point between phases in order to account for the variance in individual development trajectories. However, elite youth soccer programmes are structured around distinct age boundaries (e.g. English EPPP: age 5 – 11 = Foundation, 12 – 16 = Youth Development, 17 – 21 = Professional Development). Based upon existing evidence for the accumulation of practice hours during childhood being a key factor in attaining elite performance levels in soccer (Ford et al., 2009a; Hendry et al., 2018; Ward et al., 2007), it could be suggested that chronological age boundaries are logical and appropriate for talent development models. This enables practitioners to benchmark newly recruited academy players against existing counterparts to determine whether there is a feasible amount of time available for new players to accumulate requisite amounts of practice hours prior to the age of selection for professional contracts.
The Developmental Model of Sports Participation (DMSP) is the most prominent conceptualisation of athlete development from commencing participation, through to attaining elite status (Bruner et al., 2010). The DMSP consists of three athlete development trajectories: (1) recreational participation through early diversification and deliberate play, (2) elite performance through early diversification and deliberate play, and (3) elite performance through early specialisation and deliberate practice (Côte et al., 2007). Attaining elite performance through early specialisation and deliberate practice occurs in individual-based sports such as gymnastics (Law, Côte, & Ericsson, 2007) and figure skating (Starkes, Deakin & Allard, 1996). Conversely, expert performance attainment through early diversification and deliberate play is associated with individual-based sports that are associated with adulthood peak performance such as; triathlon (Baker, Côte & Deakin, 2005; 2006), rowing (Côte, 1999), and tennis (Côte, 1999). This association is prevalent in team sports such as; ice hockey (Soberlak & Côte, 2003; Wall & Côte, 2007), field hockey (Baker, Côte & Abernethy, 2003), netball (Baker, Côte & Abernethy, 2003), basketball (Baker, Côte & Abernethy, 2003; Leite, Baker & Sampaio, 2009; Leite & Sampaio, 2012), baseball (Hill, 1993), cricket (Phillips et al., 2010; Weissensteiner, Abernethy & Farrow, 2009), Australian Rules football (Berry, Abernethy & Côte, 2008), volleyball (Barreiros, Côte & Fonseca, 2013; Countinho, Mesquita & Fonseca, 2014; Leite, Baker & Sampaio, 2009), and soccer (Ford et al., 2009a; Haugaasen, Toering & Jordet, 2014a; 2014b). 
Côte et al. (2007) considers age as a mediating factor in moving through the developmental trajectories of the DMSP. Up to age 11, children will ‘sample’ sport through high levels of play activities, before ‘specialising’ in one sport around age 12. The specialisation phase is a transitional phase that results in balanced levels of practice and play activities while the number of sports partaken in reduces. Around age 15, ‘investment’ in the primary sport occurs, resulting in the volume of practice overtaking that of play. Equally, children may choose to not pursue elite performance in sport, but remain recreationally active in a variety of sporting activities after the ‘sampling’ stage (age 12), keeping volumes of play activity high, and practice activities low. The early specialisation trajectory is an exception to the age boundaries within the DMSP, as children specialise within their chosen sport from the age of entry (prior to age 7).
However, with regards to soccer, it could be suggested that elite players do not explicitly follow either of the elite trajectories included in the DMSP. Ford et al. (2009a) proposed the ‘early engagement hypothesis’, which postulates that elite soccer players engage with soccer from an early age and accumulate high levels of soccer-specific play activities, thus combining opposing facets of the DMSP’s pathways. Further support for this notion has been reported by Ford et al. (2012), and Roca et al. (2012). 
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Although there is significant empirical data available supporting the quantity of deliberate practice and the attainment of expertise in soccer, this data does not provide detail regarding the actual structure of these activities (Ford et al., 2009a; For et al., 2012; Hendry et al., 2018; Ward et al., 2007). The Expert-Performance Approach (Ericsson & Smith, 1991) provides a framework to assess the development of talented sports performers. This framework comprises of three stages: 1) Capture Expert Performance, 2) Identify Underlying Mechanisms, and 3) Examine How Expertise Developed. 
Deliberate practice can be divided into two broad categories (Ford, Yates, & Williams, 2010). Training form activities are those which do not directly replicate the competitive structure of the sport but allow the athlete to repeat specific techniques within a ‘drill-based’ scenario, and is based on the premise that skills should be broken down into parts and practised in isolation (Schmidt et al., 2018). Conversely, playing form activities mimic the competitive nature of the sport, and provide opportunity for the athlete to apply a variety of techniques under game-based constraints. Playing form activities (such as SSGs), present an opportunity to capture expert performance for further analysis. 
Contextual interference refers to the order in which skills are practised and the amount of external interference placed upon the completion of the skill (Magill & Hall, 1990). Low levels of contextual interference are associated with drill-based training activities, whereby players are able to repeatedly perform the same technique without external stimuli constraining the movement over a prolonged period of time (e.g. passing the ball to a teammate with the same foot, over the same distance). Conversely, high levels of contextual interference is associated with playing-form activities. Players are required to select skills at random as a solution to the problem faced (e.g. playing a SSG). 
English soccer coaching is considered traditionalist in nature, and is considered reliant on low contextual interference, training-form activities that are too slow to progress to high contextual interference, playing form activities (Williams & Hodges, 2005). Elite soccer coaches typically use a greater proportion of drill-based training form activities (53 – 65%) compared to game-based playing form (35 – 47%) (Ford et al., 2010; Partington & Cushion, 2013). This appears counter-intuitive based on the premise of playing form training activities being associated with greater skill retention, which is considered the most important factor in learning skills (Schmidt, 1975). However, research has yet to investigate the efficacy of elite soccer coaching in embedding soccer-specific skills.
It has been established that low contextual interference, drill-based activities are beneficial to short-term performance (Williams & Hodges, 2005). However, high contextual interference, game-based activities are superior for the long-term retention of skills, and has been evidenced in a variety of sports, such as badminton (Goode & Magill, 1986), volleyball (Bortoli et al., 1992), baseball (Hall, Domingues, & Cavazos, 1994), and basketball (Landin & Herbert, 1997). With the increased need to produce home-grown players, it is logical to investigate the efficacy of elite soccer academy coaching in the development of technical skills based upon the structure of the coaching programme. 
Current attempts to ascertain how expertise in soccer was developed throughout childhood and adolescence has relied on retrospective recall methodologies to obtain practice history data. The depth and quality of this data is therefore reliant upon the memory limitations of the participants, and has so far struggled to create a clear understanding of the structure of practice activities undertaken by expert performers (Ford et al., 2009a; Ford et al., 2012). Therefore, there is a need to conduct research with elite soccer cohorts that are currently engaged in systematic deliberate practice activities. Collecting practice history data in conjunction with tracking changes in soccer performance over time could help investigate the intricacies of deliberate practice, and how it develops expertise.

[bookmark: _Toc8991653]2.4 Physical activity behaviour and skill development
There is a dynamic relationship between engagement in physical activity and the development of fundamental movement skills (FMS), whereby increased levels of structured physical activity present more opportunities to practice and develop FMS. Prevalent in children and adolescents (McKenzie et al., 1998; McKenzie et al., 2002), this relationship leads to an increase in perceived competence and therefore increased adherence to the activity (Stodden et al., 2008). Research has investigated how children who are motor competent are able to maintain physical activity into adolescence (Barnett, 2009; Barnett et al., 2011; Lopes et al., 2011; Lubans et al., 2010; Stodden et al., 2012). However, this relationship has not been reversed to explain whether physical activity influences the rate of skill acquisition, especially if the activity contains elements of soccer-related play. 
	Soccer is an inherently cognitively challenging activity due to the need to execute multiple FMS while operating at varying exercise intensities, thus forming a natural link between exercise participation and cognition (Best, 2010; Sibley & Etnier, 2003; Tomporowski et al., 2008). Cognitively, soccer requires complex interaction of perceptual-cognitive skills in order to be successful while operating under significant aerobic and anaerobic strain (Best, 2010; Williams & Ford, 2008). The executive function (EF) of an individual is associated with their goal-directed behaviour when performing a given task, and may explain the cognition of children when engaged with exercise activities (Banich, 2009), and can assist in the execution of skills requiring significant attention and anticipation (Verburgh et al., 2014). As EF can be enhanced through participating in physical activity in bouts at a moderate-to-vigorous level (Best, 2010), it warrants attention when investigating the mechanisms behind developing skilful soccer performance. 
	Greater EF capability has been shown to differentiate highly talented youth soccer players both from their less able counterparts, and from children who do not partake in soccer. This is characterised by superior creativity, response inhibition, cognitive flexibility (Vestberg et al., 2012), reaction time, ability to attain and maintain an alert state (Verburg et al., 2014), and working memory (Vestberg et al., 2017). Vestberg et al. (2017) correlated superior EF with a greater number of goals and assists made throughout the course of a soccer season. However, research has yet to consider the impact of habitual physical activity on enhancing EF, and therefore potentially assisting the development of general technical soccer skills (e.g. passing, dribbling, tackling) as opposed to attacking performance outcomes (i.e. goals and assists). 

[bookmark: _Toc8991654]2.5 Physical activity behaviour and health-related benefits 
It is well established that there is a dose-response relationship between duration, intensity, and frequency of physical activity levels (particularly bouts of moderate-to-vigorous and vigorous activity) and health-related benefits in relation to adiposity, cardiometabolic biomarkers (e.g. blood pressure), physical fitness (e.g. cardiorespiratory fitness, muscular strength and endurance), and bone health (Janssen and LeBlanc, 2010; Poitras et al., 2016). Although a relationship can be seen between the volume of deliberate practice and play, there is little detail regarding the level of physical/cardiorespiratory fitness required to sustain participation in systematic coaching programmes. Coupled with this, there is very limited information regarding the characteristics of physical activity that occur outside of systematic coaching programmes. 
 Rowland (1999) proposed that humans have a set point for physical activity energy expenditure, and will adjust habitual physical activity levels in order to maintain energy expenditure at this point. Evidence for this notion has been reported by Frémeaux et al. (2011) in a study of children aged 8 – 10 years, whereby engaging in physical activity at one point (e.g. during school hours), is likely to result in a reduction in physical activity at another point (e.g. outside of school hours). In children and adolescents, it is unclear as to whether regular participation in soccer contributes towards attaining requisite daily levels of moderate to vigorous physical activity (MVPA), and therefore disrupting the set point of energy expenditure, especially in elite populations (Duda et al., 2013; Fenton et al., 2015; Wold et al., 2013). Fenton et al. (2015) reported that 36.7% of recreational youth soccer players (N = 109) aged 11.98 ± 1.75 years, were able to achieve ≥60 minutes of MVPA through weekend participation, while Fenton et al. (2016) reported that only 16% of recreational youth soccer players (N = 118) aged 11.72 ± 1.60 years accrued 60 daily minutes of MVPA. Although there is evidence to suggest that recreational soccer participation results in the accumulation of requisite MVPA levels, it is unclear as to whether this leads to compensatory behaviour on non-training days. 
The activitystat hypothesis proposed by Rowland (1999) provides a rationale for the reduction in physical activity to help balance energy expenditure as a result of exercise bouts that include 60 minutes of MVPA. In children age 8 – 11 years, this may explain the reduction of physical activity in response to days involving MVPA (Ridgers et al, 2018; 2015; 2014). It has been reported that a reduction of between 5 and 9.3 minutes of MVPA, coupled with a reduction of approximately 25 minutes light physical activity (LPA) occurs on days after those involving 10 minutes of MVPA (Ridgers et al., 2014; 2018). 
Excessive levels of training at a young age may result in physical and psychological burnout. Child athletes may choose to exit formal sport as a result of excessive demands placed upon them (Côte et al., 2007). Conversely, failure to engage in sufficient additional physical activities (e.g. deliberate soccer play) outside of scheduled academy coaching hours may result in reduced development of key technical soccer skills, and subsequent release from the academy system due to insufficient progress (Ford et al., 2009a). Both outcomes may result in the potential loss of perceived competence in sport, and potentially lead to the cessation of regular, structured physical activity, and thus loss of the general health-related benefits (Barnett, 2009; Barnett et al., 2011; Lopes et al., 2011; Lubans et al., 2010; Stodden et al., 2012).
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[bookmark: _Toc8991657]3.1 Design
The thesis contains 3 inter-linked studies that have the general purpose of assessing the efficacy of a ‘Category One’ EPPP Soccer Academy’s coaching programme. The following chapter will provide an overview to the discrete components of the thesis methodology, along with how synthesis between each study was achieved via the methodological approach. Study 1 was designed to establish a valid soccer-specific behaviour measurement tool that could be used objectively and reliably by a single observer. This tool was then carried forward into Study 2, and used as the primary data collection instrument. The data collected using this tool was then used in Study 3 as a dependent variable with objectively measured habitual physical activity. Soccer-specific performance data was obtained through the use of small-sided games (SSGs).   

[bookmark: _Toc8991658]3.2 Elite Youth Soccer Players
Participants in the study were recruited from the partaking soccer academy’s under-9 and under-12 age groups. All players within each age group were recruited for potential participation across all three studies. To ensure parity between the two teams involved in the SSGs, the team coach was asked to select two teams of equivalent ability. All players were contracted to the academy, and were considered asymptomatic of illness or injury by the academy’s medical staff prior to participation. 

[bookmark: _Toc8991659]3.3 Filming of Soccer Performance
A conventional performance analysis filming approach was used to capture footage of soccer match play. This involved the human-operated use of a digital camcorder positioned on a raised platform, 5 metres from the half-way line of the playing area, thus producing a “wide angle” perspective. This enabled the operator to pan, tilt, and zoom to ensure that all relevant on-the-ball actions, along with all players in close proximity to the ball were captured. 

[bookmark: _Toc8991660]3.4 Analysing Soccer Performance
By collecting data associated with the frequency of occurrence, the aims and objectives of this thesis could be realised. Dartfish (Fribourg, Switzerland) is an industry-recognised computer-based software programme that enables the collation of frequency-based performance data (Wright et al., 2013), and was subsequently selected for use in this thesis. Study 1 utilised this approach as a means of testing the newly formulated analysis tool. By collating frequency-based data of soccer-specific behaviours, the objectivity and reliability of the tool was able to be assessed based upon any discrepancies in the frequency of observation between observers. Similarly, Study 2 utilised this approach to establish the changes in technical soccer performance over 6-week and 12-month periods based upon any observed changes in frequency-based data between data collection points. Lastly, Study 3 relied upon the collection of frequency-based technical soccer performance data in order to determine any relationships between changes in performance and the volume of habitual physical activity undertaken on a day-to-day basis. 

[bookmark: _Toc8991661]3.5 Sport Participation History
In order to estimate the amount of time spent in soccer-specific and other sporting activities, the Participation History Questionnaire (PHQ) (Appendix I) (Ford et al., 2010; Ford et al., 2012) was administered to all participants within both age groups. The PHQ consists of 3 sections designed to elicit information regarding soccer-specific milestones, engagement in soccer-specific activities, along with engagement with any additional sport and exercise activities away from the academy. This enabled a quantitative estimate of time spent in each section to be established, and the subsequent direct measurement of physical activity using accelerometers to be contextualised.   

[bookmark: _Toc8991662]3.6 Habitual Physical Activity  
Tri-axial accelerometers (ActiGraph GT3X+; ActiGraph, Pensacola, FL, USA) were distributed to all participants within each age group in order to collect a direct measure of habitual physical activity. To contextualise the data further, participants were asked to complete a daily activity diary (Appendix II). In order to be included in the subsequent analyses, data was required for a minimum of ≥8 hours of wear time on two training and two non-training days. The ActiGraph propriety software (ActiLife v.6.13.2, Pensacola, FL, USA) was used to process accelerometer data. The variables included for the analysis of physical activity were time spent sedentary, along with time spent in light physical activity, and moderate-to-vigorous activity (MVPA). Vector magnitude counts per minute (VM CPM) and steps taken were also included within the analyses.

[bookmark: _Toc8991663]3.7 Statistical Approaches
To assess the reliability of the newly formulated analysis tool in Study 1, guidelines provided by Cooper et al. (2007) and James et al. (2007) were utilised to assess inter-and intra-observer reliability. Percentage agreement with a reference value of ±1 and 95% confidence intervals were calculated for data that could not be placed into distinct categories (Cooper et al., 2007). The median sign test was used to determine any significant differences between observations (p < .05). Where data was placed into distinct categories, Yule’s Q was used to determine the level of percentage agreement between observations (James et al., 2007).  
With regards to the SSG aspects of studies 2 and 3, data was normalised on a rate per minute basis to account for variation in game duration. This was presented as mean ± standard deviation, with 90% confidence intervals. Hopkins et al.’s (2009) non-clinical inferences approach based upon the smallest worthwhile change (SWC) and odds ratio was used to determine the efficacy of the academy coaching programme. A percentage scale (0 – 4.9 = most unlikely, 0.5 – 5 = very unlikely, 5.1 – 25 = unlikely, 25.1 – 75 = possibly, 75.1 – 95 = very likely, 95.1 – 100 = most likely) was used to express coaching efficacy for each soccer-specific behaviour.   
To investigate a potential relationship between technical soccer skill development and habitual physical activity, a ‘performance index’ of arbitrary units was calculated for the degree to which technical performance changed between baseline, post-test, and retention in Study 2 based upon the SWC for each behaviour. Pearson’s product-moment correlation coefficient was utilised to assess the strength of relationship between the ‘performance index’ and physical activity variables (sedentary, light, MVPA, VM CPM, and total steps). Where assumptions of a normal distribution were violated (determined by the Shapiro-Wilk test), Spearman’s rank order correlation coefficient was used. 
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[bookmark: _Toc8991666]4.1 Abstract
The purpose of the study was to assess the validity, objectivity, and reliability of a Soccer-Specific Behaviour Measurement Tool (S-SBMT) in relation to the soccer philosophy of a Category One Premier League soccer academy. A 30 minute, 8 vs. 8 small-sided game (SSG), played by the U12 squad of the participating academy was used for analyses. Validity was ensured through formulating the S-SBMT definitions with experienced soccer coaches from the same soccer academy. Percentage agreement with a reference value of ±1, 95% Confidence Intervals, median sign and Yule’s Q were used to assess objectivity and reliability. High levels of objectivity were found for the number of passes (98.8% agreement), runs with the ball (97.5% agreement), and goal attempts (100%). Reduced objectivity was apparent for forward zonal transitions (75.3%), along with tackles (70.4%), interceptions, (63%), and loose balls (48.1%). Reliability was tested after 1- and 4-weeks, with levels of percentage agreement found to be above the 85% acceptable threshold for most behaviours (passing = 95.1%, runs with the ball = 92.6%, goal attempts = 100%, tackles = 100%).  The study demonstrated acceptable objectivity and reliability for S-SBMT behaviours and these findings demonstrate the potential utility of the S-SBMT in monitoring technical actions in a Category One Premier League soccer academy, and a methodological process for other academies to follow in ensuring the quality of performance data.



[bookmark: _Toc517806744][bookmark: _Toc8641025][bookmark: _Toc8762546][bookmark: _Toc8991667]4.2 Introduction
As the most common users of performance analysis, professional soccer clubs across the world hire multiple specialist practitioners, commonly known as Performance Analysts, to perform notational analysis on team and individual performance (Wright, Atkins, Jones, & Todd, 2013; Wright, Carling, & Collins, 2014). By systematically observing soccer performance using valid, objective, and reliable notational analysis tools, Performance Analysts are able to evaluate soccer performance, providing feedback to players and coaching staff to consequently enhance the decision-making process of coaches in relation to players and tactics (Wright et al., 2013). With advancements in modern technology, individual and team performance is captured in digital video format for subsequent use with computer-based systematic observation analysis tools and have become commonplace in professional soccer clubs (Wright et al., 2013). 
In English soccer, the recent emergence of the Premier League Elite Player Performance Plan (EPPP) has resulted in academies needing an identity in the form of their soccer playing ‘philosophy’ (The Premier League, 2011). A soccer playing philosophy can be described as a team’s ‘style of play’, and is associated with the general attacking and defensive behaviours of the team during match play. Attacking philosophies are commonly associated with ‘direct’ or ‘possession’ play, while defensive philosophies are represented by ‘high’ or ‘low’ pressure styles (Fernandez-Navarro et al., 2016). As such, it is a common role of performance analysts to establish which aspects (performance indicators) of the playing philosophy are required for analyses (Wright et al., 2013). For example, if analysing a team associated with a ‘direct’ style of play, performance analysts would be interested in the efficiency of longer passes as opposed to passes over a shorter distance (Fernandez-Navarro et al., 2016).
The performance analysis process serves to negate the issues associated with the subjective coach perception of performance, due to memory limitations (Franks & Miller, 1986; Franks, 1993; Laird & Waters, 2008; Nicholls & Worsfold, 2016) and the constraints of the viewing environment (Wright et al., 2014). The use, however, of humans as operators of computer-based notational analysis tools can result in significant measurement error due to the inherent subjective nature of systematic observation, when interpreting performance against predefined criteria (Bradley et al., 2007; O’Donoghue, 2007a). Consequently, it is important to establish content validity, objectivity, and reliability in the formulation of such tools to help reduce these issues. 
Content validity of notational analysis tools has previously been established using experienced soccer coaches, due to their contextual expertise in generating applicable operational definitions that logically measure desired performance indicators (Brewer & Jones, 2002). The reliability of any given observational tool can be established through assessment of the same performance across multiple observations of the same event (Batterham & George, 2003). The establishment of validity, objectivity, and reliability when using notational analysis tools in elite youth soccer represents the under-pinning rationale for the present study.
Prior to 2002, 70% of notational analysis papers in sport, including soccer, failed to report any information regarding the reliability of notational analysis systems used to collect data (Hughes, Cooper & Nevill, 2002). Brewer and Jones (2002) produced a five-stage process for establishing contextually valid and reliable observation tools in sport. This includes the key concepts associated with validity outlined by Thomas and Nelson (1990); reliability outlined by Batterham and George (2003), and serves to act as the primary reference point for formulating tools of a similar nature. Consequently, this approach has been used by Ford, Yates, and Williams (2010) and Cushion, Harvey, Muir and Nelson (2012) to create domain-specific behavior assessment tools in an elite soccer coaching setting. However, while these studies provide valuable information regarding coaching behaviours, the behaviours of players within coaching sessions has yet to be explored. 
Recent research has moved towards creating tools for the assessment of technical soccer performance in a coaching setting using small-sided games with elite females (age: 16 ± 1.1 years; soccer experience = 9.9 ± 2.3 years) (van Maarseveen, Oudejans & Savelsbergh, 2017). The process by which the analysis system was created ensured validity and reliability using similar principles to those of aforementioned studies (Brewer & Jones, 2002; Cushion et al., 2012a; Ford et al., 2010). Experienced professional coaches were recruited to ensure the validity of the system through checking the content of the tool, while traditional inter- and intra-observer approaches were implemented to ensure reliability. 
However, the SSG structure was broken down into independent phases of play, without the inclusion of possession turnovers. This limits the natural ‘flow’ (i.e. both teams have the opportunity to attack and defend) of soccer, thus restricting ecological validity (Hughes & Bartlett, 2015; Robins & Hughes, 2015). With regards to the soccer behaviours included in the system, it is not clear whether they are based upon the specific soccer philosophy of the team from which the players and coaches were recruited. Additionally, by only assessing inter- and intra-observer reliability for 16 and 10% of the total trials respectively, several behaviours within the tool could not be considered reliable due to their infrequency of occurrence. 
Without determining validity and reliability in notational analysis tools; performance data stakeholders (e.g. researchers, coaches, players, performance analysts) are unable to guarantee the accuracy of the data. The valid, objective, and reliable use of systematic observation tools is largely dependent upon the accuracy of the operational definitions (Brewer & Jones, 2002; Cushion et al., 2012a; James, Taylor, & Stanley, 2007; Williams, 2012). Should a tool’s definitions lack depth and accuracy with regards to what constitutes the occurrence of a particular event, or be of a length that requires the analyst to think for a significant period of time before making a judgement; data may be collected incorrectly by missing an event’s occurrence, recording an event when it did not occur, or using the functions of the tool incorrectly (Armitage, 2006; James et al., 2007; O’Donghue, 2007b). This has negative implications for professional soccer clubs, as a true reflection of player performance may be skewed either positively, or negatively, thus leading to incorrect player judgements, and a detrimental effect on the burgeoning coach-analyst relationship within soccer clubs (Wright et al., 2013; Wright et al., 2014). By investigating the reliability of Performance Analysts in their use of systematic observation tools, errors of this nature can be reduced or avoided, and establish whether the tool is contextually valid and reliable. 
[bookmark: _Toc517806745]Consequently, the aim of the study was to assess the objectivity and reliability of a contextually valid, club soccer philosophy-specific, behaviour measurement tool (S-SBMT) using two experienced Performance Analysts within a ‘Category One’ Premier League soccer academy. It was hypothesised that there would be good levels of intra and inter-observer reliability of the S-SBMT as a result of following the Brewer and Jones (2002) five-stage process.

[bookmark: _Toc8641026][bookmark: _Toc8762547][bookmark: _Toc8991668]4.3 Methods
[bookmark: _Toc8991669]4.3.1 Development of the S-SBMT
The purpose of the S-SBMT was to assess the efficacy of a Category One Premier League soccer academy coaching curriculum in the development of soccer-specific behaviours related to the academy soccer playing philosophy. Therefore, the S-SBMT needed to be created in relation to the specific behaviours of the academy playing philosophy rather than including all generic soccer behaviours. An existing observation analysis tool (or combination of multiple existing tools), with established validity and reliability, should be used as a template when formulating new systems (Brewer & Jones, 2002). Two Performance Analysts (PAs) from the same Category One English soccer academy each with an average of 4 years vocational experience were recruited to develop and test the S-SBMT. The PAs had extensive vocational experience in the use of the previously validated Prozone Match Viewer (PMV) observation tool when observing technical soccer performance indicators (e.g. passing, shooting, tackling) (Bradley et al., 2007). Therefore, the behaviours and definitions within PMV were used as the basis for the S-SBMT. The PAs collaboratively compared the PMV definitions to those within the academy soccer philosophy and proposed amendments to existing definitions. A total of 4 behaviours were directly linked to the playing philosophy. Therefore, additional definitions for absent behaviours in the PMV were created to increase specificity of the S-SBMT to the academy soccer philosophy. A total of 12 behaviours required new definitions, and were predominantly associated with the outcome of a behaviour (i.e. successful or unsuccessful attempt at performing the behaviour), as PMV definitions describe the behaviour itself, not the associated outcome (Table 4.1).


	




Table 4.1.  Soccer-specific Behaviour Measurement Tool Definitions

	Behaviour
	Developed Definition
	Original Prozone Definition

	Passing & Receiving Sequence
	A sequence of passes, starting at 1 (the first successful pass), and ending when a player was tackled, fouled, produced a shot or cross, a pass was intercepted, or the ball went out of play. The sequence increased in line with the number of successful passes.
	

	Pass
	Any attempt to move the ball to a teammate which provides the opportunity for the receiving teammate to control the ball. This includes throw-ins and distribution from the goalkeeper.
	Any attempt by a player to play the ball to a team-mate.

	Successful Pass
	A pass which is successfully brought under control by the receiving player. 
	

	Unsuccessful Pass
	A pass which is not successfully controlled by the receiving player, does not reach the intended receiver, or is intercepted by an opposing player.
	

	Ball Manipulation
	The movement of a player in possession of the ball into available space, or to move past an opposing player into available space in order to attempt a pass, cross, or shot.
	Any run with the ball that involves either (I) Multiple touches with a directional change or (II) Beating an opponent. Originally termed 'Dribble' by Prozone.

	



Table 4.1 (continued).  Soccer-specific Behaviour Measurement Tool Definitions

	Forwards Zonal Transition
	The moving of the ball via a passing sequence into a zone which is in a forward direction on the playing area in relation to the direction of attack. Examples; Defensive zone to Midfield zone, Defensive zone to Attacking zone, Midfield zone to Attacking zone.
	




	Backwards Zonal Transition
	The moving of the ball via a passing sequence into a zone which is in a backwards direction on the playing area in relation to the direction of attack. Examples; Attacking zone to Midfield zone, Attacking zone to Defensive zone, Midfield zone to Defensive zone.
	

	No Transition
	The ball does not transfer from one zone to another as a result of a passing sequence and/or a player running with the ball. No transition was also recorded if the ball transferred from one zone to another, but the end of the passing sequence was observed to be in the same zone as where the sequence originated. 
	 

	Goal Attempt
	Any attempt (shot, headed shot) directed towards the opposition goal with the intention of scoring a goal.
	Any attempt at goal with any part of the body except the head (Header Shot). Originally termed 'Shot' by Prozone.

	On Target
	A shot which is within the posts of the opposition goal and either results in a goal, or a save by the opposition goalkeeper.
	

	Off Target
	A shot which passes the goal line outside of the posts of the opposition goal, or rebounds back into/out of play off the posts.
	

	Blocked
	A shot which is stopped by an opposition player before reaching the goal.
	 



	Table 4.1 (continued).  Soccer-specific Behaviour Measurement Tool Definitions

	Tackle
	Dispossession or attempted dispossession of an opponent by physical challenge or pressure when actual challenge/tackle is attempted.
	

	Interception
	An opposing player, in close proximity, prevents the ball from reaching its intended target. This can take place anywhere on the pitch. Originally termed 'Block' by Prozone. A touch by an opposition player which does not stop the ball from reaching the intended target (team-mate via pass or opposition goal via shot). Originally termed 'Deflection' by Prozone.
	Any pass which is controlled, or deflected by an opposition player as a result of their positioning or defensive pressure on the ball.


	Loose Ball
	The ball is not under the control of any player on the pitch when possession is regained. There is no external influence which leads to the ball becoming 'loose' and available to take by either team.
	



	

[bookmark: _Toc8991670]4.3.2 Tagging Procedure
The S-SBMT was constructed using the ‘Tagging’ module within Dartfish 6 (Fribourg, Switzerland) on a laptop computer (Lenovo ThinkPad, Morrisville, United States). The tool was constructed to allow the tagging procedure to begin at the start of a team’s passing and receiving sequence with the relevant selection. At each point within the sequence where the performance analyst felt a behaviour was evident, further selections were completed on the tagging panel. Each selection created a mutually exclusive event within the Dartfish Timeline. The panel was configured to ensure that it was not possible for a single selection to place a behavior in two separate locations along the timeline. Pause, rewind, and variable playback speed functions were accessible to the observer to reduce the risk of behaviours being omitted due to the natural game tempo of the SSG. 

[bookmark: _Toc8991671]4.3.3 Establishing S-SBMT Validity                                                                   
To establish face validity of the S-SBMT, two experienced researchers in the field of notational analysis were consulted regarding the number of behaviours included within the S-SBMT, along with the accuracy of the definitions as per the process outlined by Brewer and Jones (2002). Following this process, content validity was ensured by two UEFA A-licensed coaches with an average of 12 years coaching experience from the same academy as the PAs, viewing 3 video-based examples of each behaviour included in the S-SBMT. Archived match footage of the participating age group was used to determine whether all elements of the S-SBMT were representative of the club playing philosophy in relation to match play, along with whether important technical behaviours of the playing philosophy were omitted from the behaviour categories, or unimportant elements of playing philosophy were erroneously included. The coaches viewed the video-based examples at real-time speed, but were given the option to replay any clips they felt were not initially clear, along with adjusting playback speed when necessary. The only behaviour considered by the coaches to require amendment prior to further use was Ball Manipulation. The original definition presented to the coaches did not include information as to which action ended the behaviour (e.g. pass, cross, shot). 

[bookmark: _Toc8991672]4.3.4 Determining Reliability of the S-SBMT
A small-sided game (SSG) was used as the sample of soccer performance in which to test the tool. A SSG was used as opposed to a full 11 vs. 11 game due to the inherent increase in the frequency of technical behaviours observed in SSGs (Dellal et al., 2012). Two Performance Analysts (PA1 and PA2) from the same Category One English soccer academy each with an average of 4 years vocational experience tested the reliability of the S-SBMT. Objectivity of the S-SBMT was established by comparing the frequency of observations for each behaviour between PA1 and PA2 for the SSG. Reliability was established by comparing the results of PA1’s initial observation to subsequent observations of the same SSG by PA1 after periods of 1- and 4-weeks to account for the influence of PA1’s memory on their recognition of behaviours.  

[bookmark: _Toc8991673]4.3.4.1 Small-sided game configuration 
Sixteen under-12 (U12) players (age: 11.4 ± 0.5 years, stature: 147.3 ± 7.3 cm, mass: 37.4 ± 6.8 kg) contracted to the academy were recruited to take part in the SSG. Participants trained at the academy for an average of 8.5 hours per week, 10 months per year, with an average of 4.2 years previously spent at the academy. The research procedure was conducted in accordance with the ethical guidelines of the academy, with ethical approval obtained from a Local University Ethics Committee. Participants provided written assent, with their parents/guardians providing written informed consent. All players had completed a full health check with the club’s medical staff, along with a medical questionnaire administered by the academy as part of their registration process; thus confirming that all participants were asymptomatic and fit to take part in the study.
The 8 vs. 8 SSG was 30 minutes in duration (2 x 15 minute periods), and took place at the academy on a 60 x 40 m 3rd generation artificial playing surface. The pitch was divided into three equal 20 x 40 m zones along the length of the pitch, with markers placed at 10 m intervals. Both teams were of equal playing ability based on the subjective assessment of the U12 team coaching staff. Both teams were instructed to play in a 1-2-3-2 formation, and follow conventional soccer rules. The SSG was recorded using a Sony video camera (Sony HDR, Tokyo, Japan) with a frame-rate of 30 fps and shutter speed of 1/60th placed on a tripod 1 m in height (Manfrotto, Ashby-de-la-Zouch, United Kingdom). The camera operator was positioned on a platform (Zarges TeleTower, Milton Keynes, United Kingdom) 3 m in height and 5 m from the side of the pitch (Figure 4.1). A ‘wide-angle’ filming perspective was used, with pan, tilt, and zoom functionality available to the camera operator. The zoom function was used when the ball travelled beyond the zones outlined in Figure 1 to enhance the accuracy of coding.
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Figure 4.1. Pitch dimensions and filming position for obtaining small-sided game video footage. Zones are in relation to attacking from left to right

[bookmark: _Toc8991674]4.3.5 Statistical Analysis
Two types of frequency data are produced by the S-SBMT. Consequently, two different approaches were utilised to determine reliability of the tool. Frequency count-based data for each passing and receiving sequence was concerned solely with the number of passes, and therefore did not need to be placed into distinct categories. Similarly, ball manipulation was concerned with the frequency of players travelling with the ball in their possession. Therefore, percentage agreement with a reference value of ±1 and 95% confidence intervals (CI) were calculated as per Cooper et al.’s (2007) methodology. The median sign test was then used to establish whether any differences between the observers were significant (p < .05). Statistically significant differences between observers suggest unreliable use of the systematic observation tool (Cooper et al., 2007). All other behaviours in the S-SBMT could be placed in distinct outcome categories (Table 4.2). Yule’s Q was used to calculate the percentage agreement between observers for each category as opposed to the more conventional use of Cohen’s Kappa. This was due to the calculation for Kappa including the element of luck or chance in finding concordant observations, and therefore producing an overly conservative estimate of agreement (James et al., 2007). Behaviours that exceeded 85% agreement were considered reliable (Siedentop, 1976; Brewer and Jones, 2002).





	Table 4.2. Outcome categories of S-SBMT behaviours 

	S-SBMT Behaviour 
	Outcome Categories

	
	Positive Zonal Transition

	Transition
	No Zonal Transition

	 
	Negative Zonal Transition

	
	Tackle

	Regain
	Interception

	 
	Loose Ball

	
	On Target

	Goal Attempt
	Off Target

	 
	Blocked



[bookmark: _Toc517806746][bookmark: _Toc8641027][bookmark: _Toc8762548][bookmark: _Toc8991675]4.4 Results
[bookmark: _Toc8991676]4.4.1 Objectivity of the S-SBMT
Table 4.3 shows that inter-observer objectivity was 90.1%, 95% CI [83.6, 96.6], for the number of passes per sequence, with proportional agreement calculated at 98.8%, 95% CI [96.4, 100], when the ±1 reference value was applied. Median sign test showed that the absolute difference between PA1 and PA2 was not statistically significant (p = .727), therefore suggesting objectivity in the observations. The absolute percentage agreement was 72.8%, 95% CI [63.2, 82.5], between the PA1and PA2 when observing ball manipulation with proportional agreement calculated at 97.5%, 95% [94.2, 100]. The absolute difference between PA1 and PA2 approached statistical significance (p = .052). However, the high proportional percentage agreement suggests objectivity in the observations.
Table 4.4 shows objectivity for categories associated with goal attempts were the most reliable in the S-SBMT, with 91.7% agreement for all three categories (Q = .917). Backwards zonal transitions were almost in complete agreement (Q = .975), but sequences that were recorded as having no transition, or a forward transition, were less reliable (no transition: Q = 0.728; forwards transition: Q = 0.753). Where a disagreement between observers occurs in relation to zonal transitions, it is likely to be between whether the sequence travelled forwards or did not move between zones. Categories related to possession regains were found to be the most unreliable. Of the three regain categories, tackles were found to have the highest percentage agreement (Q = .701). The main source of disagreement between the observers was whether the ball was regained via an interception (Q = .63) or loose ball (Q = .481).
	Table 4.3. Inter-observer reliability for passing and ball manipulation between PA1 and PA2

	
	Percentage Agreement
[95% CI]
(median sign)
	Proportional Agreement (%) 
[95% CI]

	Passing
	90.1 [83.6, 96.6] (p = .727)
	98.8 [96.4, 100]

	Ball Manipulation
	72.8 [63.2, 82.5] (p = .052)
	97.5 [94.2, 100]







	









	Table 4.4. Inter-observer reliability between PA1 and PA2 for categorical data

	
	S-SBMT Behaviour
	PA1
	PA2
	Yule's Q
	

	
	Forwards Zonal Transition
	43
	43
	0.753
	

	Transition
	No Zonal Transition
	34
	35
	0.728
	

	 
	Backwards Zonal Transition
	4
	3
	0.975
	

	
	Tackle
	10
	6
	0.704
	

	Regain
	Interception
	8
	5
	0.630
	

	 
	Loose Ball
	9
	16
	0.481
	

	
	On Target
	16
	16
	0.917
	

	Goal Attempt
	Off Target
	4
	4
	0.917
	

	 
	Blocked
	3
	3
	0.917
	






[bookmark: _Toc8991677]4.4.2 Observer Reliability of PA1
Table 4.5 shows the reliability for the number of passes per sequence was 95.1% (p = 1), with proportional agreement calculated at 100%, 95% CI [100, 100] after a period of 1-week. After 4-weeks, absolute percentage agreement drifted to 90.1% (p = .363), with proportional agreement calculated at 100%, 95% CI [100, 100]. Ball manipulation was also highly reliable at 92.5% (p = .656) after 1-week, before drifting to 87.7% (p = .945) after 4-weeks.
Table 4.6 shows levels of reliability between the initial PA1 observation and re-tests after 1- and 4-weeks for categorical data. PA1 coded the 23 goal attempts in the same category after both 1- and 4-weeks (Q = .917). PA1 also coded the same frequency of tackles across all three observations (Q = .929). Errors in the PA1’s coding in relation to regain behaviours can be attributed to disagreements between interceptions and loose balls. Concordant observations of interception and loose ball regains drifted from 85.2%, week 1 (Q = .852) to 77.8% (Q = .778) 4-weeks after the original observation. 











	Table 4.5. Intra-observer reliability of PA1 for passing and running with the ball after 1- and 4-weeks

	
	1-week
	4-weeks

	
	Percentage Agreement
[95% CI]
(median sign)
	Proportional Agreement [95% CI]
	Percentage Agreement
[95% CI]
(median sign)
	Proportional Agreement [95% CI]

	Passing
	95.1 [92.8, 97.3] (p = 1)
	100 [100, 100]
	90.1 [87, 93.3] (p = .363)
	100 [100, 100]

	Ball Manipulation
	92.6 [89.9, 95.3] (p = .656)
	100 [100, 100]
	87.7 [84.1, 91.2] (p = .945)
	100 [100, 100]













	Table 4.6. Intra-observer reliability of PA1 after 1- and 4-weeks for categorical data

	
	S-SBMT Behaviour
	Original
	1-week
	Yule's Q
	4-weeks
	Yule's Q

	
	Forwards Zonal Transition
	43
	45
	0.901
	41
	0.802

	Zonal Transition
	No Zonal Transition
	34
	32
	0.877
	37
	0.778

	 
	Backwards Zonal Transition
	4
	4
	0.976
	3
	0.975

	
	Tackle
	10
	10
	0.929
	10
	0.929

	Regain
	Interception
	8
	6
	0.852
	7
	0.778

	 
	Loose Ball
	9
	11
	0.852
	10
	0.778

	
	On Target
	16
	16
	0.917
	16
	0.917

	Goal Attempt
	Off Target
	4
	4
	0.917
	4
	0.917

	 
	Blocked
	3
	3
	0.917
	3
	0.917




[bookmark: _Toc8991678]4.5 Discussion
The purpose of this study was to create a soccer-specific behaviour measurement tool and assess its reliability when used by two experienced Performance Analysts. It was hypothesised that if the Brewer and Jones (2002) five-stage process was implemented appropriately, good levels of objectivity and observer reliability would be apparent. Results suggested that the S-SBMT could be regarded as having good levels of objectivity and reliability for several behaviours. However, equally, there were unreliable aspects of the S-SBMT despite the coaches and analysts who assisted in the creation of the S-SBMT working within the same academy and possessing similar levels of vocational expertise.
	The development of the S-SBMT provides additional support to the notion that following a prescribed method such as that of Brewer and Jones (2002) can result in the production of a notational analysis tool that is logically valid. The use of experienced coaches is crucial to this process due to their sophisticated knowledge of the sport. This ensures that the definitions assigned to each performance variable are logical and appropriately capture relevant performance indicators. Performance analysts often work closely with coaching staff (Wright et al., 2013; Wright et al., 2014). By involving coaches in the process of creating definitions for their notational analysis tool, the analyst can potentially develop a like-minded understanding of the sport, thus ensuring that the data collected is objective between coach and analyst. Additionally, the process outlined by Brewer and Jones (2002) has been shown in this study to be easily transferrable between sports, and as such, could be transferred between soccer clubs with differing playing philosophies to enable club-specific soccer performance data to be collected. 
	Aspects of the S-SBMT were found to be both objective and reliable in the collection of performance data. Passing and running with the ball behaviours between analysts were found to be at the acceptable 90% agreement level suggested by Cooper et al. (2007) for frequently occurring events. Application of the ±1 reference value resulted in near perfect inter-observer agreement (98.8%). Running with the ball occurred as frequently as passing, with objectivity found to be below the 90% agreement level. However, use of the ±1 reference value increased to a near perfect 97.5%. Additionally, PA1 remained a reliable observer of passing and runs with the ball after a period of 4-weeks. Again, only running with the ball required a ±1 reference value adjustment to exceed the acceptable level of 90%. 
Further support for objectivity and reliability was found in the calculation of objectivity and reliability for goal attempts. The same number of goal attempts were observed across observations, with outcomes categorised in the same manner. The high levels of objectivity and reliability may be attributed to the clarity of the definition for goal attempts and the subsequent outcomes (on target, off target, blocked) as the three outcomes differ considerably in their characteristics, therefore eliminating the potential for observer subjectivity to influence the results (Tenga et al., 2009). Therefore, the S-SBMT can be considered a valid tool for assessing the frequency of passing, running the ball, and goal attempt behaviours in youth soccer within a Category One Premier League Academy.
Although it should be noted that high levels of objectivity and reliability were found for backwards zonal transitions; there were discordant observations for both objectivity and reliability (after 4-weeks) in passing sequences that transitioned forwards, or remained in the same zone. Despite a clear definition, zonal transitions were predominantly a subjective assessment of the analyst, whose judgement was only aided by a cone along the side of the pitch as opposed to a pitch with clear markings (e.g. the penalty area) (Tenga et al., 2009). Additionally, the angle at which the game was recorded may have led to perceptual error of the observer in determining pitch location (Bradley et al., 2007). Despite these constraints, there was at least a 72.8% chance of the analysts recording the same zonal transition outcome, and could be as a result of only using 3 different zones rather than the multiple zones found in Tenga et al.’s (2009) system.
The regain behaviours, tackle, interception, and loose ball lacked objectivity. A similar issue was reported by Armitage (2006) in the observation of breaking the gain line in Rugby, whereby observers agreed strongly on going ‘over’ the gain line, but disagreed on whether line breaks were ‘around’ or ‘through’. This suggests that further work is required to investigate why the two analysts view these behaviours differently despite using the same definitions. Disagreements between observers could be attributed to the subjectivity in determining distance between opposing players prior to the behaviour, as it is not practically feasible to measure the distance between players when viewing 2-dimensional video footage. Additionally, as the footage was only 2-dimensional, observers may have been unable to detect a deflection on the ball caused by an opposing player at moments where the camera was fully zoomed out, therefore reducing the chance of an interception being correctly coded (Tenga et al., 2009). 
Despite the positive results associated with passing, running with the ball, and goal attempt behaviour, results suggest that the S-SBMT cannot currently be considered a valid and reliable measure of transition and regain behaviours in youth soccer based on its use in a single SSG. The process of creating and developing the S-SBMT followed that of previously valid and reliable observational tools; incorporating the use of highly qualified and experienced soccer coaches, whom are well-versed in the academy soccer curriculum, along with vocationally-experienced performance analysts to ensure validity and reliability in its functionality (Brewer & Jones, 2002; Cushion et al., 2012a; Ford et al., 2010). Therefore, it could be suggested that the relatively low levels of reliability found for defensive behaviours could be attributed to the nature of the behaviours rather than the functionality of the tool (van Marseveen et al., 2017). Using a larger sample of games for analysis may negate this issue, as it may allow the behaviours associated with defensive actions more opportunity to stabilise, and therefore become more recognisable to the observer, due to their reduced frequency in comparison to more reliably observed behaviours (i.e. passing) (van Marseveen et al., 2017). The process of behaviours stabilising over time is known as ‘normative profiling’, and has demonstrated how data sets evolve over time, as the volume of data increases (Hughes, Evans & Wells, 2001; Hughes, Cooper, Nevill & Brown, 2003; O’Donoghue, 2005). Therefore, it may take an analyst a significant period of the competitive season to establish whether behaviours that occur less-frequently than others are objective and reliable. It would be interesting to use the S-SBMT over a prolonged period of time to determine whether defensive behaviours follow the assumptions of normative profiling.
The external validity of the S-SBMT in relation to its use by other soccer academies could be questioned due to the tool only being used with youth soccer players in a single soccer academy, in a single age group, who play to a club-specific philosophy. Further research is required to determine whether the age, playing ability, and soccer curriculum of the participants influences the ease at which common soccer behaviours can be observed. In a wider context, by treating each behaviour as an independent variable, those with poor levels of objectivity and reliability were not masked by acceptable results from other behaviours (Cooper et al., 2007). Therefore, results of this study provide further support for the use of simple statistical approaches; specifically advocating the use of Yule’s Q in assessing observer reliability due to the ability to detect specific behaviours that are not observed reliably. However, the use of this non-parametric statistical approach, combined with the small sample, size gives rise to reduced statistical power compared to parametric analyses (Bland & Altman, 1999). 
Future research could look to explore the influence of vocational experience (expert vs. novice analyst paradigm) on an analyst’s ability to use systematic observation tools reliably. This could carry potential implications for best practice, not only in soccer clubs, but other sports where the systematic observation of performance is common. It would be interesting to evaluate how the nature of the sport being analysed influences the process of establishing these key concepts. The results of the present study have highlighted the need to ensure the concepts of validity, objectivity, and reliability when creating notational analysis tools, while accounting for practical issues associated with sample size. Additionally, practitioners are encouraged to utilise this method as a template for ensuring best practice in this vocational setting. 
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[bookmark: _Toc8991681]5.1 Abstract
Soccer academies in the UK are under increased pressure to produce home-grown players of an elite standard for the professional game. Therefore, the aim of this study was to utilise the academy-specific observation tool developed in Chapter 3: Study 1 to assess the efficacy of the coaching curriculum in developing the technical skill of U9 and U12 players. Participants were 8 under-9 (U9) players (age: 8.8 ± 0.4 years, stature: 132.9 ± 3.4 cm, mass: 27.1 ± 2.1 kg) and 14 under-12 (U12) players (age: 11.4 ± 0.5 years, stature: 147.3 ± 7.3 cm, mass: 37.4 ± 6.8 kg). Players engaged with the academy soccer coaching curriculum as per their contracted status at the academy, and participated in a series of 5 vs. 5 (U9) and 8 vs. 8 (U12) small-sided games (SSGs) at baseline, post-test (6-weeks), and retention (12-months) to assess the efficacy of a 6-week coaching block (between baseline and post-test). Magnitude-based inference analysis showed that the most likely possible positive effect from baseline to post-test for the U9 cohort was the frequency of ball manipulation (48.9% possible positive effect), and its success (43.9% possible positive effect). Ball manipulation and goal attempts were the most likely skills to have been retained after the 12-month retention test both in regards to frequency (ball manipulation = 49.5% possibly positive; goal attempts = 43.3% possibly positive) and success (ball manipulation success = 43% possibly positive; goal attempt success = 47.3% possibly positive). For the U12 cohort, passing frequency was the most likely to have been improved by the coaching curriculum from baseline to post-test (68.3% possible positive effect), post-test to retention (77.6% likely positive effect), and baseline to retention (97.4% very likely positive effect). The greater efficacy of the U12 cohort was attributed to superior perception and action skills associated with this age when compared to U9s. However, the SSG configurations used by the academy in this study may be constraining the player’s opportunity to demonstrate their technical soccer skills.
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Within English youth soccer, a modernised approach towards the development of talented players has been implemented in the form of the Premier League’s Elite Player Performance Plan (EPPP) (The Premier League, 2011), with the aim of producing a greater proportion of ‘home-grown’ players playing at the highest level of the sport in England. A key facet of this approach is the application of the theory of deliberate practice. This requires an individual to engage in domain-specific activities requiring significant cognitive and physical effort, with the aim of improving performance in their chosen domain (Ericsson, Krampe, & Tesch-Romer, 1993; Helsen, Starkes, & Hodges, 1998; Ward, Hodges, Starkes, & Williams, 2007; Ward, Hodges, Williams, & Starkes, 2004). 
Elite youth soccer players in England tend to join professional academies at age 10 and accrue 4207 hours in soccer activity by age 16 (Ford et al., 2012), with those attaining professional contracts in soccer at this age considered as ‘experts’ in their domain (Ford, et al., 2009a). Engaging in deliberate practice activities throughout childhood is a key determinant of reaching professional status (Hendry, Williams, & Hodges, 2018), along with being perceived as the most relevant and enjoyable activity for developing soccer-specific expertise (Helsen et al., 1998). Through engaging in these activities, the athlete is able to develop perceptual-cognitive skills that enable the successful application of sport-specific techniques in any given scenario. These skills include; advance cue utilisation (i.e. detecting early visual information from an opponent or teammates ahead of an event); pattern recognition (i.e. recognising common patterns of play as they evolve); visual search behaviour (i.e. searching the environment for the most relevant information and ignore irrelevant information); situational probabilities (i.e. predicting the potential future outcomes of ahead of the event occurring); and strategic decision-making (i.e. deciding upon the course of action in any given scenario) (Williams & Ford, 2008). A key component of the EPPP is the implementation of academy-specific coaching curricula that increase the amount of coaching hours available to players in English soccer academies, thus presenting players with greater opportunity to develop technical skill, game understanding, and decision-making in soccer. English soccer academies are then faced with the challenge of structuring practice within their curriculum to maximise deliberate practice opportunities, to therefore produce skilful soccer players. 
Training form (i.e. drill-based repetition of techniques, alone or in small-groups) activities provide the athlete with the opportunity to focus their attention on honing the intricacies of fundamental techniques (e.g. passing and dribbling the ball in soccer) without external interference from opposition players (Ford et al., 2010). The concept of Contextual Interference enables coaches to manipulate training form activities to maximise skill acquisition. Training form activities are often structured in a blocked, constant and massed manner (low contextual interference), while playing form activities enable a random, variable, and distributed practice structure (high contextual interference) (Cushion, Ford, & Williams, 2012; Williams & Hodges, 2005). Soccer coaches typically progress their sessions from low contextual interference training form activities to high contextual interference playing form activities in-line with perceived competency of the player through observation. However, this progression has been criticised for being too slow, often restricting the development of players by limiting their opportunity to practice in a game-based setting (Williams & Hodges, 2005). 
In contrast, playing form (i.e. activities structured in a similar manner to competition) activities provide the athlete with a greater opportunity to develop fundamental perceptual, cognitive, and motor skills (e.g. identifying a teammate in open space to receive a pass) in a dynamic environment relevant to competition (e.g. small-sided games) (Williams & Ford, 2008). Soccer coaches are faced with the challenge of creating an ecologically valid training environment that provides the opportunity to refine key techniques in training form activities while transferring them to game-based scenarios (playing form activities) (Ford et al., 2010). Therefore, there is a need to assess the efficacy of soccer coaching at the elite level in relation to the EPPP to determine whether this model is effective when implemented in elite soccer academies. 
Existing soccer-specific skill tests, such as the Loughborough Soccer Passing Test, have been used to discriminate skill level in youth soccer. However, these tests lack specificity due to them not fully replicating the actual environment and constraints of soccer match-play by de-coupling perception, cognition and action. Furthermore, these tests are limited in their sensitivity in detecting intra-individual changes in performance over time (Ali, Williams, Hulse, Strudwick, Reddin, Howarth, Eldred, Hirst & McGregor, 2007; Serpiello, Cox, Oppici, Hopkins, and Varley, 2017; Wen, Robertson, Hu, Song & Chen, 2017). Consequently, it could be argued that tests of this nature measure technique proficiency, rather than skill. Utilising playing form activities instead of such tests may be the most appropriate setting to assess soccer skill due to their replication of competitive match scenarios and the subsequent constraints placed upon time and space. 
Small-sided games (SSGs) are commonly used by soccer coaches to provide players with the opportunity to apply techniques and tactics in a competitive game and have been shown to be appropriate for assessing the technical skill of soccer players when combined with observational analysis techniques (see Chapter 3: Study 1; Fenner, Iga & Unnithan, 2016). While this approach enables coaches to assess the acquisition of soccer-specific skills in a short-term period, there is little evidence to suggest that soccer coaches consider the retention of these skills after a period without systematic soccer coaching (i.e. returning to coaching after the post-season break) (Williams & Hodges, 2005). Without this information, coaches are unable to determine the efficacy of their previous season’s coaching in developing soccer-specific skills. 
	The Developmental Model of Sports Participation (DMSP) provides a conceptual framework for assessing the rate of skill acquisition across three age-associated stages, Sampling (6 – 12 years), Specialisation (13 – 15 years), and Investment (16+ years) (Côte, Baker, & Abernethy, 2007). In regards to the sampling stage of the DMSP, elite youth soccer players in England can be recruited into academies at age 8. Therefore, a cohort of under-9 (U9) soccer players from within a professional academy are of particular interest due to their limited exposure to systematic soccer training of an elite standard, and therefore potentially greater capacity to experience gains in technical soccer performance (Côte et al., 2007; Ford et al., 2012). In contrast, aside from the differences in physical development (Malina & Bouchard, 1991), by the end of the sampling stage (age 12), young athletes are expected to have reached a plateau in the rate of technical skill development (Côte et al., 2007). At this point, developing tactical game-based understanding becomes the focus of training, thus enabling researchers to investigate whether technical skill development does indeed plateau, or continues to develop at this stage (Ford et al., 2010; Williams & Hodges, 2005). Therefore, a cohort of U12 elite soccer players provides a further group of interest in assessing the efficacy of elite soccer coaching.
	The aim of the study was to assess the efficacy of systematic soccer coaching on the acquisition and retention of technical soccer skills across age-divided cohorts (U9 & U12) within the game-based setting of SSGs. It was hypothesised that after a period of systematic soccer training, both the U9 and U12 cohorts would experience an improvement in technical soccer skill both in the acquisition, and retention phases. However, a direct statistical comparison is not formed due to the difference in current accumulation of deliberate practice hours and associated stage of the DMSP (Côte et al., 2007). 

[bookmark: _Toc8991683]5.3 Methods
[bookmark: _Toc8991684]5.3.1 Participants
Eighteen under-9 (U9) players (age: 8.8 ± 0.4 years, stature: 132.9 ± 3.4 cm, mass: 27.1 ± 2.1 kg) contracted to a Category 1, EPL academy volunteered to participate in the study. The players trained at the academy for an average of 6.9 hours per week, 10 months per year, with an average of 1.5 years previously spent at the academy. Twenty under-12 (U12) players (age: 11.4 ± 0.5 years, stature: 147.3 ± 7.3 cm, mass: 37.4 ± 6.8 kg) contracted to the same academy volunteered to participate in the study. The players trained at the academy for an average of 8.3 hours per week, 10 months per year, with an average of 4.2 years previously spent at the academy. 
	The research was conducted in accordance with the ethical guidelines of the club, with ethical approval obtained from a local University Ethics Committee. Participants provided written assent, with their parents/guardians providing written informed consent. Participants had completed a full health check with the club’s medical staff, along with a medical questionnaire administered by the academy as part of their registration process. Thus, all participants were asymptomatic and fit to take part in the study.

[bookmark: _Toc8991685]5.3.3 Study Design
[bookmark: _Toc8991686]5.3.3.1 Coaching Curriculum 
The coaching curriculum used by the academy was created and implemented in-line with EPPP guidelines. The curriculum was designed to improve the following technical behaviours: passing and receiving the ball, manipulating the ball into available space and away from opponents, shooting at goal, intercepting opposition passes, and tackling. The U9 group completed 56 sessions (4 per-week) between baseline and post-test phases, equating to 6.9 hours of soccer-specific coaching per week, of which 5.1 hours were dedicated to technical practice (74% of total coaching time). The U12 group completed 65 coaching sessions (5 per week) between baseline and post-test (acquisition), equating to 8.3 hours of soccer-specific coaching per week, of which 5.25 hours were dedicated to technical practice (67% of total coaching time). The remaining coaching hours were spent in tactical practice, individual position-specific practice, or injury prevention activities. Following the same structure, between post-test and retention phases, the U9 cohort completed a further 56 sessions (4 per-week), while the U12 cohort completed a further 70 sessions (5 per-week) in the 2013/14 soccer season. There was a post-season break of 10 weeks between the end of the 2013/14 season and the 2014/15 season for both cohorts, where no soccer coaching at the academy took place. Both cohorts completed 14 sessions (2 per-week) in the 2014/15 soccer pre-season period prior to the retention phase, and remained with the same coaching staff throughout the data collection process. Figure 1 represents the data collection process for the U9 and U12 cohorts.

[bookmark: _Toc8991687]5.3.3.2 Evaluation of Coaching Efficacy
The study comprised of three phases: baseline, post-test (acquisition phase: the degree to which technical soccer skills improved from Baseline levels), and retention (the degree to which technical soccer skills were retained from the post-test/acquisition phase). Baseline performance was collected in August of the 2013/14 English soccer season, and again in January 2014 after the post-test (acquisition) phase, followed by a 12-month retention test in August 2014. The study comprised of seven small-sided games (SSGs) per group: three at baseline, three at post-test, and one retention. Games at the start (baseline) and end of the acquisition phase were conducted within a 7-day period. Each SSG was filmed and coded using notational analysis to collate technical performance data for comparison between phases.
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Figure 5.1. Data collection timeline for U9 and U12 cohorts
	
[bookmark: _Toc8991688]5.3.3.3 Small-sided Game Configuration 
Coaches were instructed to select two teams (Team A vs. Team B) of perceived equal ability from the pool of recruited participants. The U9 group played 5 vs. 5 (1 goalkeeper, 2 defenders, 1 midfielder, 1 attacker) for 2 x 15 minute periods using conventional soccer rules on a 40 x 30 m pitch, resulting in an individual playing area of 150 m2 (Fradua, Zubillaga, Caro, Fernández-García, Ruiz-Ruiz, & Tenga, 2013). All eight outfield players participated in the seven SSGs. The average duration of the SSGs was 28.3 ± 1.7 minutes (1st period = 13.9 ± 0.74 minutes, 2nd period = 14.4 ± 1.2 minutes). The U12 group played 8 vs. 8 (1 goalkeeper, 2 defenders, 3 midfielders, 2 attackers) for 2 x 15 minute periods using conventional soccer rules on a 60 x 40 m pitch, resulting in an individual playing area of 171.4 m2 (Fradua et al., 2013). Ten of the fourteen outfield players took part in the seven SSGs. Four players were unable to partake in all SSGs due to injury, and were consequently removed from subsequent data analysis. The average duration of the SSGs was 29.8 ± 0.54 minutes (1st period = 14.9 ± 0.34 minutes, 2nd period = 14.9 ± 0.23 minutes). All SSGs took place at the club’s training ground on a 3rd generation artificial playing surface with pitch size based on English Football Association (FA) recommendations for mini-soccer (U9) and youth soccer (U12). 

[bookmark: _Toc8991689]5.3.3.4 Filming and Analysis
All SSGs were recorded using a ‘wide-angle’ perspective on a video camera (Samsung HMX-H300, Seoul, South Korea) with a frame-rate of 30 fps and shutter speed of 1/60th. The camera was mounted on a tripod (Manfrotto, Leicester, UK) from a telescopic tower (Teletower, Essex, UK); at a distance of 1 m from the side of the pitch, on the half way line. Technical performance data was collated for each SSG using the Soccer-Specific Behaviour Measurement Tool (S-SBMT) within Dartfish 6 software (Fribourg, Switzerland). Chapter 4: Study 1, outlines the process of determining this tool’s validity, objectivity and reliability, with Table 3.1 showing the definitions for each behaviour within the tool. 
One observer, with 4 years professional experience as a performance analyst was recruited to code all SSGs. The first SSG of both groups was used to check intra-observer reliability after a period of 7-days. All technical behaviours were found to be above the 85% agreement level (Siedentop, 1976), thus ensuring the consistency of the observer in using the S-SBMT.  

[bookmark: _Toc8991690]5.3.4 Statistical Analysis
To account for variation in SSG duration, frequency of performance indicators were converted to rate per minute to normalise the data for further analysis. Descriptive statistics (mean ± standard deviation) and 90% Confidence Intervals were calculated to express the likely true value of the mean. The smallest worthwhile change (SWC) for each variable was calculated as 0.2 multiplied by the between-subject standard deviation according to Cohen’s effect size thresholds (Hopkins et al., 2009).
A magnitude based inferences (MBI) approach was used to evaluate the true effects of the coaching curriculum in relation to the SWC, presenting a percentage chance of positive, trivial, or negative effects on technical performance (Hopkins et al., 2009). Standardised thresholds of 0.2 (small), 0.6 (moderate), 1.2 (large), 2.0 (very large) and 4.0 (extremely large) multiplied by the pooled between-subject SD were used to determine the magnitude of the effect. Chances were expressed with the percentage scale: 0 – 0.49 = most unlikely, 0.5 – 5 = very unlikely, 5.1 – 25 = unlikely, 25.1 – 75 = possibly, 75.1 – 95 = very likely, 95.1 – 100 = most likely. An effect was deemed unclear if the confidence interval overlapped the thresholds set by an odds ratio of 66. This ensured that >25% chance of positive and <0.5% of negative constituted a decisively useful effect. All MBI calculations were completed using a Microsoft Excel spreadsheet formulated by Hopkins (2007).

[bookmark: _Toc8991691]5.4 Results
[bookmark: _Toc8991692]5.4.1 U9
Table 5.1 shows from Baseline to Post-test that the average rate per minute for most variables was found to decrease, with the largest decrease being observed for the number of successful passes (0.07, d = 0.32). Only the number of ball manipulations remained unchanged. From Post-test to Retention, the average rate per minute increased for ball manipulations (0.02, d = 0.18), goal attempts (0.03, d = 0.25), and successful goal attempts (0.04, d = 0.51). Decreases were observed for the number of passes (0.03, d = 0.10), successful passes (0.04, d = 0.20), and defensive actions (0.04, d = 0.30). Successful ball manipulations remained unchanged. From Baseline to Retention, the average rate per minute for most variables was found to decrease, with the largest decrease (0.07) being observed for the number of passes (d = 0.24) and defensive actions (d = 0.37). Only the number of ball manipulation attempts were found to increase (0.02, d = 0.12).
Based upon the SWC for each variable, the coaching curriculum elicited performance changes in the U9 group ranging from no effect, to approaching a moderate effect, for all variables across all three phases of data collection (Table 5.1). Possible positive effects were observed for all variables with the exception of Goal Attempt Success (19.2% = unlikely positive effect) (Figure 5.4) over the 6-week period from baseline to post-test. The most likely possible positive effect was associated with the frequency of ball manipulation (48.9% possible positive effect), and its success (43.9% possible positive effect) (Figure 5.3). A possible positive effect was observed for all variables from post-test to retention, with Goal Attempt Success the most likely variable to have improved during this phase (63.2% possibly positive) (Figure 5.4). Over the 12-month period from baseline to retention, there was a possible positive effect for all variables (23.4% = unlikely positive effect). Ball manipulation and goal attempts were the most likely skills to have been retained after the 12-month retention test both in regards to frequency (ball manipulation = 49.5% possibly positive; goal attempts = 43.3% possibly positive) and success (ball manipulation success = 43% possibly positive; goal attempt success = 47.3% possibly positive). The overall non-clinical inference for all variables across all phases of data collection was unclear due to the limited sample size.  


Table 5.1. Changes in technical performance of the U9 cohort across all data collection phases (average rate per minute)
	
	Pre-test
	Post- test
	Retention
	Baseline to Post-test
	Post-test to Retention
	Baseline to Retention

	
	Mean ± SD [90% CI]
	Mean ± SD [90% CI]
	Mean ± SD [90% CI]
	SWC
	Mean Difference
	Effect Size
	SWC
	Mean Difference
	Effect Size
	SWC
	Mean Difference
	Effect Size

	Number of Passes
	1 ± 0.24 
[1.16, 0.83]
	0.95 ± 0.16
 [1.06, 0.84]
	0.92 ± 0.34 
[1.16, 0.69]
	0.05
	-0.05 
	0.22
	0.03
	-0.03 
	0.10
	0.07
	-0.07 
	0.24

	Successful Passes
	0.74 ± 0.26 
[0.92, 0.57]
	0.68 ± 0.14
[0.77, 0.58]
	0.64 ± 0.24
[0.8, 0.47]
	0.05
	-0.07 
	0.32
	0.03
	-0.04 
	0.20
	0.05
	-0.10 
	0.42

	Ball Manipulation
	0.19 ± 0.18 
[0.31, 0.07]
	0.19 ± 0.08
[0.24, 0.14]
	0.21 ± 0.10 
[0.28, 0.13]
	0.04
	0
	0.00
	0.02
	0.02 
	0.18
	0.02
	0.02 
	0.12

	Successful Ball Manipulation
	0.12 ± 0.06 
[0.17, 0.08]
	0.11 ± 0.06 
[0.15, 0.07]
	0.11 ± 0.06
[0.15, 0.07]
	0.01
	-0.01 
	0.18
	0.01
	0 
	0.01
	0.01
	-0.01 
	0.19

	Goal Attempts
	0.26 ± 0.12
[0.34, 0.18]
	0.21 ± 0.11
[0.28, 0.14]
	0.24 ± 0.11 
[0.31, 0.16]
	0.02
	-0.05 
	0.45
	0.02
	0.03 
	0.25
	0.02
	-0.02 
	0.21

	Successful Goal Attempts
	0.15 ± 0.09 
[0.21, 0.09]
	0.11 ± 0.07 
[0.15, 0.06]
	0.14 ± 0.08
[0.2, 0.09]
	0.02
	-0.04 
	0.55
	0.01
	0.04 
	0.51
	0.02
	-0.01 
	0.06

	Defensive Actions
	0.34 ± 0.14
[0.43, 0.24]
	0.31 ± 0.16 
[0.42, 0.2]
	0.27 ± 0.10
 [0.34, 0.2]
	0.03
	-0.03
	0.19
	0.03
	-0.04 
	0.30
	0.02
	-0.07 
	0.37



Figure 5.2. Percentage chance of the coaching curriculum inducing positive, trivial, or negative effects for passing frequency and success in the U9 cohortPassing
Success
Passing

Figure 5.3. Percentage chance of the coaching curriculum inducing positive, trivial, or negative effects for ball manipulation and success in the U9 cohortBall
Manipulation
Ball 
Manipulation
Success

Figure 5.4. Percentage chance of the coaching curriculum inducing positive, trivial, or negative effects for goal attempts and success in the U9 cohort Goal Attempt
Success
Goal Attempts

 Defensive
Actions


Figure 5.5. Percentage chance of the coaching curriculum inducing positive, trivial, or negative effects for defensive actions in the U9 cohort

[bookmark: _Toc8991693]5.4.2 U12 
Table 5.2 shows from Baseline to Post-test that the average rate per minute for the number of passes and successful passes increased (increase: number of passes = 0.11, d = 0.57; successful passes = 0.08, d = 0.52). The number of ball manipulations and successful ball manipulations decreased, along with defensive actions (decrease: number of ball manipulations = 0.02, d = 0.28; successful ball manipulations = 0.02, d = 0.54; defensive actions = 0.07, d = 0.35). The number of goal attempts and successful goal attempts remained unchanged. From Post-test to Retention, most variables increased, with the largest increase being observed for the number of passes (0.13, d = 0.67). Only the number of successful goal attempts remained unchanged. From Baseline to Retention, most variables increased, with the largest increase being observed for the number of passes (0.24, d = 1.12). Only the number of defensive actions decreased (0.04, d = 0.18).
Based upon the SWC for each variable, the coaching curriculum elicited performance changes in the U12 group ranging from small effects, to approaching a large effect, for all variables across all three phases of data collection (Table 5.2). Possible positive effects were observed for all variables across the 6-week period from baseline to post-test. The largest possible positive effect was for passing frequency (68.3% possible positive effect), closely followed by passing success (65% possible positive effect) (Figure 5.6). From post-test to retention, likely positive effects were observed for passing frequency (77.6% likely positive effect) (Figure 5.6) and ball manipulation success (86.5% likely positive effect) (Figure 5.7). Over the 12-month period from baseline to retention, a very likely positive effect was found for passing frequency (97.4% very likely positive effect), with a likely positive effect for passing success (92.9% likely positive effect) (Figure 5.6).  The overall non-clinical inference for all variables across all phases of data collection was unclear due to the limited sample size.  

Table 5.2. Changes in technical performance of the U12 cohort across all data collection phases (average rate per minute)
	
	Pre-test
	Post- test
	Retention
	Baseline to Post-test
	Post-test to Retention
	Baseline to Retention

	
	Mean ± SD [90% CI]
	Mean ± SD [90% CI]
	Mean ± SD [90% CI]
	SWC
	Mean Difference
	Effect Size
	SWC
	Mean Difference
	Effect Size
	SWC
	Mean Difference
	Effect Size

	Number of Passes
	0.56 ± 0.21
[0.67, 0.45]
	0.67 ± 0.17
[0.76, 0.58]
	0.81 ± 0.23
[0.93, 0.69]
	0.04
	0.11
	0.57
	0.03
	0.13 
	0.67
	0.05
	0.24 
	1.12

	Successful Passes
	0.44 ± 0.16
[0.53, 0.36]
	0.52 ± 0.16
[0.61, 0.44]
	0.61 ± 0.19
[0.71, 0.51]
	0.03
	0.08
	0.52
	0.03
	0.08 
	0.48
	0.04
	0.17 
	0.93

	Ball Manipulation
	0.12 ± 0.08
[0.16, 0.08]
	0.10 ± 0.08
[0.14, 0.06]
	0.13 ± 0.08
[0.17, 0.08]
	0.02
	-0.02
	0.28
	0.02
	0.03 
	0.36
	0.02
	0.01 
	0.08

	Successful Ball Manipulation
	0.08 ± 0.04
[0.10, 0.07]
	0.06 ± 0.04
[0.09, 0.04]
	0.11 ± 0.08
[0.15, 0.07]
	0.01
	-0.02
	0.54
	0.01
	0.05 
	0.74
	0.02
	0.03 
	0.41

	Goal Attempts
	0.09 ± 0.08
[0.13, 0.05]
	0.09 ± 0.08
[0.13, 0.05]
	0.10 ± 0.08
[0.14, 0.05]
	0.02
	0
	0.02
	0.02
	0.01 
	0.07
	0.02
	0.01 
	0.08

	Successful Goal Attempts
	0.05 ± 0.05
[0.07, 0.02]
	0.05 ± 0.04
[0.07, 0.03]
	0.05 ± 0.07
[0.09, 0.02]
	0.01
	0
	0.09
	0.01
	0 
	0.06
	0.01
	0.01 
	0.13

	Defensive Actions
	0.27 ± 0.22
[0.39, 0.16]
	0.21 ± 0.14
[0.28, 0.13]
	0.24 ± 0.17
[0.33, 0.15]
	0.03
	-0.07
	0.35
	0.03
	0.03 
	0.19
	0.04
	-0.04 
	0.18


Figure 5.6. Percentage chance of the coaching curriculum inducing positive, trivial, or negative effects for passing frequency and success in the U12 cohortPassing
Passing
Success

Figure 5.7. Percentage chance of the coaching curriculum inducing positive, trivial, or negative effects for ball manipulation and success in the U12 cohortBall
Manipulation
Ball 
Manipulation
Success

Figure 5.8. Percentage chance of the coaching curriculum inducing positive, trivial, or negative effects for goal attempts and success in the U12 cohortGoal Attempts
Goal Attempt
Success

Defensive
Actions

Figure 5.9. Percentage chance of the coaching curriculum inducing positive, trivial, or negative effects for defensive actions in the U12 cohort
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The aim of the study was to assess the efficacy of a ‘Category One’ English Premier League soccer academy’s coaching programme in improving the technical skills of U9 and U12 cohorts based on the academy soccer playing philosophy. It was predicted that both the U9 and U12 cohorts would experience improvements in the acquisition and retention of technical soccer ability. The two groups were assessed independent of one another, with no comparison being formed due to their differences in accumulated hours in soccer-specific practice, the focus of their respective coaching programmes, and associated stage of the DMSP (Côte et al., 2007).
The U9 cohort were expected to significantly increase their technical ability over the course of the training programme due to their early engagement with soccer and previous limited accumulation of soccer-specific practice hours; thus providing greater capacity for improvement (Côté et al., 2007; Ford et al., 2009a; Ford et al., 2012). However, performance remained relatively unchanged, even after a 12-month retention period, and this could be due to the limited perception and action ability of players at this age. At ages 8 and 9, players will be continuing to develop their technique, and may well show a good level of proficiency and rapid improvement in drill-based activities, where decision-making is relatively simple (Baker & Côte, 2006). However, in a SSG, there are multiple solutions to the same problem due to the inherent variability of this type of activity (Williams & Hodges, 2005). It could be that the problem representation skills of U9 cohort are still developing. Their ability to utilise strategic planning to effectively predict probable outcomes and anticipate the movements of opponents and teammates could be underdeveloped, and may not emerge until age 15/16 (French & McPherson, 1999), or develop fully until early adulthood (Chase & Simon, 1973; Ericsson et al., 1993; McPherson, 1999; Ward & Williams, 2003). 
The SSG configuration used may be too cognitively challenging for U9 players, who are unable to make effective decisions regarding which players are the best option for ball retention or chance creation, along with the best method for getting the ball to the correct player. Additional support for this notion can be seen when comparing the two age groups in regards to frequency and success rates of passing and ball manipulation. The U12s attempted fewer passes and ball manipulations per minute than the U9s, but were on average 5.5% (±1.6%) more successful at passing, and 14.2% (±15.9%) more successful at manipulating the ball compared to the U9s. Furthermore, this may suggest that the current configuration for SSGs at this age group within this particular academy may be masking any potential improvements gained through the soccer coaching curriculum. In regards to the challenge point framework (Guadagnoli & Lee, 2004), reducing the number of players involved in the SSG, along with increasing the playing area size, will increase individual player participation while reducing the number of external stimuli. This would provide players with greater opportunity to utilise technical skills in a less challenging environment, thus making any gains in technical performance easier (Clemente et al., 2014; Fenner, Iga, & Unnithan, 2016; Fradua, et al., 2013; Jones & Drust, 2007).
The U12 group appeared to improve their ability to pass the ball both in the 6-week acquisition and 12-month retention phases in regards to the number of passes attempted, and the number that successfully reached the intended team mate. Additionally, although the frequency of ball manipulation remained relatively unchanged across all three phases, the ability of the group to travel with the ball into available space successfully appeared to enhance over the 12-month data collection period. This could suggest that these players are consolidating their technical proficiency from previous years training and beginning to develop knowledge of how to effectively utilise these skills in game-based scenarios (Vaeyens et al., 2007; Ward & Williams, 2003). Additionally, the U12 cohort having an additional 21.4 m2 of individual playing area during their SSGs compared to the U9s may also explain these improvements. The additional space may have resulted in more time to make decisions, and therefore better passing and ball manipulation decisions being made (Olthof et al., 2018). 
Another factor that may explain the improvement of the U12 cohort is the accumulation of soccer-specific practice activity. The U12 players are likely to have accrued more time than their U9 counterparts in this type of activity, therefore enhancing their decision-making ability when faced with a dynamic environment – in this case, when to pass the ball, and who to pass the ball to (Ford et al., 2012; Ford et al., 2009a; Hendry et al., 2018). Results from this study could suggest that one of the first skills to undergo perception-action coupling in soccer is passing. The data may suggest that the U12 cohort are able to effectively execute the skill of passing the ball, and may suggest an improved ability to make correct decisions regarding the intended recipient of the pass in a match-play scenario. Additionally, the observed improvements may be due to implicit tactical learning through game-based activities, as the U12 coaching curriculum included a higher proportion of this type of activity compared to the U9s (Berry & Abernethy, 2003; Cote at al., 2007; Williams & Ford, 2008).
However, not all skills increased to the same extent. Attempts on goal and defensive actions remained relatively unchanged. Game-based activities help develop problem solving abilities (Ford et al., 2010; Williams & Hodges, 2005). Due to the nature of invasion games like soccer, skills such as shooting at goal, or electing to stand or slide tackle, require the player to continually assess their environment and anticipate the actions of their own team-mates and opposition players (Aquino et al., 2016). Therefore, the structure of the SSG may be constraining the players due to limited time and space, thus preventing these skills from being demonstrated successfully (Olthof et al., 2018), or at a frequency that enables reliable observation (Hughes et al., 2001; O’Donoghue, 2005).
This highlights the need for clubs to effectively monitor the efficacy of their training programmes in developing talented youth soccer players. By age 12, players will have established a successful array of techniques for effectively playing the sport and will begin to develop their decision-making ability, in-turn enhancing skillful performance. Therefore, SSGs present a game-relevant context in which to evaluate the technical skill of players at this age in relation to the club’s coaching programme. However, from a practical implication standpoint, the 5v5 SSG configuration used by the academy for the U9 cohort in this study may not provide enough individual playing area for technical skill to be demonstrated effectively (Fradua et al., 2016; Olthof et al., 2018). Coaches could reduce the number of players involved and increase the space available, along with implementing conditions to restrict the number of potential decisions facing the player in possession of the ball (Fradua et al., 2016; Guadagnoli & Lee, 2004). For example, the SSG pilot scheme conducted by Manchester United FC places less emphasis on the match result through scoring goals, and more on the frequency of opportunities to pass, dribble and shoot (Fenoglio, 2003). This highlights the importance of configuring SSGs to allow for sufficient opportunity for the targeted technical skills to occur at a stable frequency. This would reduce the impact of game-to-game variance, thus resulting in a more reliable data set from which assessments of player performance can be made (Bush et al., 2015; Hughes et al., 2001; O’Donoghue, 2005).
	The amount of time spent in drill- and game-based activities within the U9 coaching programme may be limiting the development of technical skills due to fewer opportunities to practice techniques under game-based constraints. Ford et al. (2010) reported that 13 and 9 year old youth soccer players spend 59 and 69% of deliberate practice time in drill-based practice respectively. Similar observations were found in this study, with the U12 and U9 groups spending 67 and 74% of practice in technical practice activities, which are inherently low in contextual interference, and therefore reduce successful learning of skills (Williams & Hodges, 2005). Thus, it could be suggested that the U9 group would benefit from reducing the volume of technical practice in favour of more game-based activities, thus providing a greater opportunity to practice skills under game-based constraints. However, the amount of individual playing space, manipulated through pitch size and number of players, should be considered when implementing SSGs to ensure that players have adequate opportunity to utilise their technical skills rather than utilising the English FA guidelines for SSG configuration (Fradua et al., 2016). 
The present study was able to gain access to two cohorts from within an elite soccer population and provide insight into how systematic soccer coaching affects the development of technical soccer skills within a game-specific context. This was a departure from the traditional video-based simulation or closed-drill type data collection methods found in previous research, thus increasing ecological validity as perception and action are not de-coupled. Despite the highly variable nature of SSGs, results from this study may suggest that passing occurs at a frequency that is stable enough to assess skillful performance during SSGs using these particular configurations. However, not all skills appeared with the same frequency, and it may be that different SSG configurations are more appropriate for assessing other technical skills (Fenoglio, 2003). The approach used by Manchester United FC may enable the frequency of technical soccer skills to stabilise through its larger sample size, thus increasing the chances of actual performance changes being observable (Hughes et al., 2001; O’Donoghue, 2005).
Only the soccer coaching curriculum has been considered when discussing changes in technical skill. In light of the support for a multi-sport approach to skill acquisition, a wider range of activities need to be explored in order to develop a holistic view of the environment that fosters talented youth soccer players. For example, does a greater volume of habitual physical activity through unstructured play provide a superior stimulus for developing skillful performance in youth soccer players? This may enable the inter-player variability in performance to be explained, and is a potential avenue for future research. 
To summarise the limitations of the present study, it is acknowledged that the SSG configuration may have resulted in constraining the execution of technical soccer skill due to a challenge point that was too high as a result of the amount of available individual playing area, particularly for the U9 cohort (Guadagnoli & Lee, 2004). Additionally, the number of SSGs may have prevented the stabilisation of technical skills, therefore potentially preventing the accurate assessment of some skills across both cohorts. Furthermore, growth and maturation data for the U12 cohort would have been useful in explaining the development of technical skills. Around age 10-11 years, the growth rate of boys begins to accelerate, which in turn may have a detrimental effect on the ability to perform fundamental movement skills (Malina, 2014). However, it is not known in this study whether this was a contributing factor to any changes in the U12 cohort. 
In conclusion, results may suggest that small-sided games based upon English FA recommendations for U9 cohorts may not allow us to fully capture and assess technical skill acquisition and retention. However, the U12 configuration may enable the assessment of passing frequency and success to be measured in a reliable manner. An appropriate method for assessing technical skill is required in order to determine the efficacy of soccer coaching curricula, particularly in the EPPP context where developing elite standard players is a primary objective. While Chapter 3: Study 1 demonstrated that the tool used to collect data in this study is objective and reliable, the use of SSGs as a vehicle for assessing technical skill development may be constraining player’s opportunity to demonstrate their skills if not configured to provide suitable individual playing area for each player. 
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[bookmark: _Toc8991697]6.1 Abstract
Research has suggested that engaging in appropriate levels of moderate-to-vigorous physical activity (MVPA) can enhance executive functions (EF) within the brain, and thus the ability to perform complex movement patterns in a sporting context. Therefore, the aim of this study was to investigate whether levels of habitual physical activity were linked to the development of technical soccer skill. Participants were the same U9 and U12 cohorts from Chapter 5: Study 2. Both groups wore an ActiGraph GT3X+ triaxial accelerometer for a 7-day period to collate physical activity data across sedentary, light, MVPA, vector magnitude counts per minute (VM CPM), and total steps taken on a daily basis. These data were then correlated with the technical skill acquisition and retention data from Study 2. Average wear-time was 12.9 ±1.3 (U9) and 11.9 ±2.1 (U12) hours per day. Results showed that the U9 group engaged in an average of 4.6 ±2.5 (t(7) = -5.1, p = .001, d = 1.9) MVPA minutes per hour, 492.4 ±345.3 (t(7) = -4.0, p = .005, d = 1.9) VM CPM, and 4953.7 ±2177.7 (t(7) = -6.4, p = .000, d = 2.7) steps per day more on training days compared to non-training days. Sedentary time was 4.1 ±2.9 minutes per hour (t(7) = 3.9, p = .006, d = 1.3) higher on non-training days compared to training days. There were no statistically significant differences between the training and non-training days across all measures for the U12 group. Very weak, statistically insignificant correlations were found between physical activity variables and the development of technical soccer skills for both groups. Overall, results from the study suggest that additional physical activity habits are not related to the development of technical soccer skill. Systematic soccer training may be constraining the volume of physical activity engaged with on non-training days for U9, but not U12 players. Past and current engagement with other sporting activities in both groups support the early specialisation pathway. 























[bookmark: _Toc8991698]6.2 Introduction
Engaging in structured physical activity and the development of fundamental movement skills (FMS) (e.g. throwing, catching, kicking) share a reciprocal relationship in children (McKenzie et al., 1998) and adolescents (McKenzie et al., 2002). This dynamic relationship postulates that increased levels of structured physical activity present more opportunities to practice and develop FMS, in turn leading to an increase in perceived competence and therefore increased adherence to the activity (Stodden et al., 2008).
Soccer is an activity that requires the application of several FMS while performing exercise bouts of varying intensities and in a dynamic, complex environment. Pre-pubescent soccer players have been shown to operate at heart rates in excess of 170 bpm, and have to balance this high intensity exercise with effectively performing key technical actions in order to produce effective performance (Capranica et al., 2001). The stimulus that non-soccer specific levels of physical activity can bring to FMS has not been evaluated in either recreational or highly trained youth soccer players.
 The evidence is unequivocal that regular participation in soccer during childhood and adolescence (age 9 to 16 years) can contribute towards requisite daily levels of moderate to vigorous physical activity (MVPA) (Duda et al., 2013; Fenton et al., 2015; Wold et al., 2013). Furthermore, Fenton et al. (2015) reported that in a sample of 109 recreational youth soccer players (Mean age: 11.98 ± 1.75 years), 36.7% were able to achieve ≥60 daily minutes of MVPA through weekend participation. Additionally, Fenton et al. (2016) reported that only 16% of recreational youth soccer players (N = 118; Mean age: 11.72 ± 1.60 years) accrued 60 daily minutes of MVPA.  While the benefit of participating in recreational soccer is clear, the evidence of whether this leads to compensatory behaviour (down regulation of physical activity) on the non-training days is not clear. In children age 8 – 11 years, the ActivityStat hypothesis, whereby higher levels of MVPA on one day, are compensated for on the next, may explain the down regulation of physical activity in response to days involving MVPA (Ridgers et al, 2018; 2015; 2014). Accruing 10 minutes of MVPA on any given day results in a reduction of between 5 (Ridgers et al., 2014) and 9.3 (Ridgers at al., 2018) minutes MVPA on the following day, along with a reduction of approximately 25 minutes light physical activity (LPA). Moreover, the impact of systematic soccer participation on skill acquisition also remains unanswered. 
While these issues remain interesting but unresolved in recreational soccer, they both have meaningful impacts at the elite youth soccer level. With the introduction of the Premier League’s Elite Player Performance Plan (EPPP), it is proposed that the entry age into the academy system changes from U9 to U5, resulting in an increase in the number of systematic coaching hours from 3,760 to 8,500 by the time they reach the age of 21 (The Premier League, 2011). The impact that the exposure to high levels of training may have on both compensatory physical activity behaviour on non-training days and skill acquisition remains unanswered. These findings will have implications for both sustaining the physical capacity of the elite youth soccer player and their skill acquisition.
While physical activity levels have been investigated within recreationally active paediatric populations who partake in regular soccer activity to demonstrate the health benefits that can occur (Fenton et al., 2015; Wold et al., 2013), this paradigm has not been implemented within specific sporting populations who are engaged in elite systematic coaching programmes, in this instance: elite youth soccer players. Research has established the physical activity history of elite soccer players throughout childhood and adolescence, and suggests that elite youth soccer players in the United Kingdom specialise in the sport from an early age, with those who go on to attain professional status engaging with higher levels of soccer-specific play activities away from their systematic academy coaching programmes (Ford et al., 2009a; Ford et al., 2012; Hendry & Hodges, 2018; Hendry et al., 2018; Ward et al., 2007). However, research has yet to investigate the physical activity characteristics of these activities, or any other additional physical activity, outside of the academy environment as a potential mediating factor in technical soccer skill development. 
Executive functions (EFs) are associated with the control of thought and action, and can be sub-divided into ‘Core’ and ‘Higher’ functions. Core EFs are associated with working memory, cognitive flexibility and inhibitory control, while Higher EFs control the use of information to effectively solve problems (Diamond, 2013, Luciana et al., 2005). Both Core and Higher EFs facilitate the adaptation of soccer players to the dynamic playing environment by enabling attentional focus to be directed towards appropriate environmental cues (i.e. a teammate), before processing the information and selecting an appropriate movement response (i.e. passing to a teammate who is in a suitable amount of free space). Superior EF performance in relation to soccer can be identified in elite youth soccer players and is a predictor of future success in the sport (Verburgh et al., 2014; Vestberg et al., 2017; 2012). There is evidence to suggest that engaging in aerobic physical activity can enhance EF performance in children, both as an acute bout, and as a chronic programme (Best, 2010; Buck et al., 2008; Davis et al., 2007; Fisher et al., 2011; Kamijo et al., 2011). Therefore, it could be suggested that MVPA is an important factor in enabling children to develop techniques and skills required to be successful in soccer through enhancing EF.
While Chapter 5: Study 2 provided evidence related to the efficacy of coaching in regards to the development of such techniques and skills, no information was provided in relation to the player’s habitual physical activity levels, and how this may have affected their technical skill development during a 6-week block of soccer coaching. Thus, the primary aim of the study was to determine whether there were differences in physical activity levels between non-training and training days in the same U9 and U12 cohorts investigated in Chapter 5: Study 2. The secondary aim was to determine whether there is a non-causal relationship between physical activity and the development of technical soccer skills. It was hypothesised that levels of physical activity would be higher on training days than non-training days, and those who engage in higher levels of physical activity will acquire and retain technical soccer skills to a greater extent than their less active counterparts.

[bookmark: _Toc8991699]6.3 Methods
[bookmark: _Toc8991700]6.3.1 Participants
Eight under-9 (U9) players (age: 8.8 ±0.3 years, stature: 132.4 ±3.2 cm, mass: 27.7 ±1.8 kg) and ten under-12 (U12) players (age: 11.6 ±0.4 years, stature: 148.5 ±5.2 cm, mass: 38.1 ±4.9 kg) contracted to the academy were invited to take part in this phase of the study based on their participation in Chapter 5: Study 2. The research was conducted in accordance with the ethical guidelines of the club, with ethical approval obtained from a local University Ethics Committee. Participants provided written assent, with their parents/guardians providing written informed consent. Participants had completed a full health check with the club’s medical staff, along with a medical questionnaire administered by the academy as part of their registration process. Thus, all participants were asymptomatic and fit to take part in the study.

[bookmark: _Toc8991701]6.3.2 Procedure
[bookmark: _Toc8991702]6.3.2.1 Technical Soccer Behaviour
 Both cohorts completed a series of three baseline (pre-test) small-sided games (SSGs) prior to a 6-week systematic coaching cycle before completing a series of three post-test SSGs. This was followed by a 12-month retention SSG. The configuration of these SSGs along with the associated soccer coaching curricula for each cohort is detailed in Chapter 5: Study 2. 

[bookmark: _Toc8991703]6.3.2.2 Habitual Physical Activity
Data collection took place during the 2013/14 soccer season. To ensure that both cohorts were engaged with their systematic soccer coaching programme, data were collected across both October and November for both cohorts. Participants wore an ActiGraph GT3X+ triaxial accelerometer (ActiGraph, Pensacola, FL, USA) on the right midaxillary line, level with the iliac crest, underneath their clothing for seven consecutive days (Monday to Sunday inclusive). Participants were asked to wear the accelerometer at all times except for sleeping and water-based activities. To prevent potential participant discomfort and damage to the accelerometer, goalkeepers were omitted from the data collection process. During the week of data collection, the U9 group took part in systematic soccer training at the football club on Monday, Wednesday, Friday, and Saturday of the data collection week. The U12 group took part in systematic soccer training at the football club on Monday, Tuesday, Thursday, and Saturday. At the request of the participating soccer academy, participants from both cohorts did not wear the activity monitor during their scheduled competitive matches at the end of the data collection week (Sunday).
The ActiGraph GT3X+ measures and records time-stamped accelerations over a dynamic range of ±6g, and is a widely used, validated accelerometer to assess sedentary time and physical activity in children and adolescents (Evenson et al. 2008; Robusto & Trost, 2012; Santos-Lozano et al. 2013). Data were sampled at 15-s epochs, and downloaded and processed by the ActiGraph propriety software (ActiLife v.6.13.2, Pensacola, FL, USA). To evaluate the time spent sedentary and in light physical activity (LPA) and MVPA, count thresholds based on the vector magnitude, developed by Hänggi et al. (2013), were used, due to having demonstrated acceptable validity in similarly aged cohorts. Steps taken and vector magnitude counts per minute (VM CPM) were also derived from ActiLife. To be included in the analyses, ≥8 hr of accelerometer wear time on ≥2 training days and ≥2 non-training/non-match days was required. A ≥8 hr wear criteria demonstrates acceptable reliability in children (Cain et al., 2013). No adjustment in requisite wear time for weekend days was made due to the cohorts’ academy training and competitive match schedule commencing at similar times to the normal school day (Ridgers et al., 2018). Non-wear was determined using vector magnitude data, as 90-consecutive minutes of 0 CPM, with a 2-minute spike tolerance if accompanied by a 30-consecutive minute small window length of 0 CPM (Choi et al. 2011). 


[bookmark: _Toc8991704]6.3.2.3 Technical Soccer Performance Index
Technical soccer skill performance data from Chapter 5 (Study 2) were used to create a Technical Soccer Performance Index (TSPI) based upon the increase or decrease in performance between acquisition and retention phases. The smallest worthwhile change (SWC) was calculated for each technical behaviour by multiplying 0.2 by the between-participant standard deviation as per Cohen’s effect principle (Hopkins et al., 2009). Each player’s increase or decrease for the acquisition and retention phases was transformed into points depending upon the extent to which performance changed in regards to the SWC (Table 6.1). Points were then summed to result in an overall TSPI (example data in Table 6.2).  

[bookmark: _Toc8991705]6.3.2.4 Physical Activity Questionnaire and Diaries
The Participation History Questionnaire (PHQ) was used to collect information regarding the developmental activities engaged in throughout childhood (Ford et al., 2010; Ford et al., 2012). The PHQ comprised of three sections: soccer-specific milestones (start age in: soccer, supervised practice, soccer competition, & participation in an elite soccer academy), engagement in soccer-specific activities (competition, team practice, individual-led practice, & play), along with engagement in other sporting activities (minimum of 3 months participation). Engagement in other sporting activities did not include activities experienced through school physical education lessons.
Participants completed the PHQ in a quiet room under the supervision of the lead researcher, with parents/guardians present to assist their child where required. Verbal instructions were provided regarding the purpose of the questionnaire. Instructions on how to complete each section were provided prior to each section being completed. To aid in memory recall when completing the second section, participants were instructed to provide details regarding the team played for and their coach (Ford et al., 2012). All questionnaires were completed within 45-minutes. To contextualise the accelerometer data, participants completed a daily diary that elicited information regarding the amount of time spent in soccer match-play, team practice, and soccer-specific play. Additionally, information regarding the time spent in any additional sporting or physical activity was recorded. Participants indicated whether the activity was recreational, part of a club, or part of their school physical education programme.  

Table 6.1. Technical Soccer Performance Index scoring system
	Player increased performance by (or equal to):
	Points
	Player decreased performance by (or equal to):
	Points

	The smallest worthwhile change (SWC)
	1
	The smallest worthwhile change (SWC)
	-1

	2 x SWC
	2
	2 x SWC
	-2

	3 x SWC
	3
	3 x SWC
	-3

	4 x SWC
	4
	4 x SWC
	-4

	5 x SWC
	5
	5 x SWC
	-5

	6 x SWC
	6
	6 x SWC
	-6

	7 x SWC
	7
	7 x SWC
	-7

	8 x SWC
	8
	8 x SWC
	-8

	9 x SWC
	9
	9 x SWC
	-9

	10 x SWC
	10
	10 x SWC
	-10


Where the player exceeded 10x the SWC, the scoring system continued in the same manner.




Table 6.2. Exemplar Technical Soccer Performance Index data for the acquisition phase
	Player A
	Baseline 
(rate per minute)
	Acquisition
(rate per minute)
	SWC
(rate per minute)
	Magnitude of SWC
	Points

	Passing
	0.68
	0.9
	0.042
	x6
	6

	Passing Success
	0.53
	0.68
	0.033
	x5
	5

	Ball Manipulation
	0.03
	0.07
	0.017
	x3
	3

	Ball Manipulation Success
	0.03
	0.07
	0.007
	x6
	6

	Goal Attempts
	0.02
	0.02
	0.016
	0
	0

	Goal Attempt Success
	0
	0.02
	0.010
	x2
	2

	Defensive Actions
	0.23
	0.27
	0.023
	x2
	2

	
	
	
	Acquisition phase points total
	24








[bookmark: _Toc8991706]6.3.2.5 Data Analysis
Physical activity data were normalised to total wear time per day to account for individual variation. Mean ± standard deviation with 95% confidence intervals expressed the average amount of time spent in sedentary, light, MVPA zones, VM CPM and total steps taken per day. The Shapiro-Wilk test established normality prior to paired samples t-test examining the difference between training and non-training days. Data were pooled where there were no significant differences between training and non-training days for each physical activity variable. Cohen’s d (Cohen, 1988) was used to determine any meaningful differences between training and non-training days.
Pearson’s product-moment correlation coefficient was utilised to determine any relationship between the physical activity variables on training and non-training days and technical soccer performance index. Where assumptions of a normal distribution were violated, Spearman’s rank order correlation coefficient replaced Pearson’s. Statistical analyses were performed using SPSS v.23 (SPSS, IBM, USA), with an alpha level of p<.05 was used to determine the statistical significance of correlations.
Data from the PHQ and daily diaries were combined for each cohort. Additional sporting activities were categorised as individual sports, team sports, or fitness activities, with descriptive statistics expressing the frequency of participation in these activities within the cohort. Incomplete or partially complete diaries were removed from the sample. 






[bookmark: _Toc8991707]6.4 Results
[bookmark: _Toc8991708]6.4.1 U9 Physical Activity Data
All participants met the inclusion criteria based on daily wear time. Average wear time for the cohort was 12.9 ±1.3 hours per day. Mean levels of MVPA, VM CPM, and total steps were statistically significantly higher on training days, while sedentary time was statistically significantly higher on non-training days, with all differences observed as meaningful (Table 6.3). The U9 group engaged in an average of 4.6 ±2.5 (t(7) = -5.1, p = .001, d = 1.9) MVPA minutes per hour, 492.4 ±345.3 (t(7) = -4.0, p = .005, d = 1.9) VM CPM, and 4953.7 ±2177.7 (t(7) = -6.4, p = .000, d = 2.7) steps more on training days compared to non-training days. Conversely, sedentary time was 4.1 ±2.9 minutes per hour (t(7) = 3.9, p = .006, d = 1.3) higher on non-training days compared to training days. Therefore, correlation analysis was conducted with the variables split by training and non-training day. Time spent in light physical activity was relatively unchanged and not statistically significantly different between training and non-training days, and therefore pooled for correlation analysis. All correlations observed between physical activity variables and the acquisition and retention of technical soccer skills were considered weak and statistically insignificant, with no clear trend emerging in regards to developing technical skills (Table 6.4).

[bookmark: _Toc8991709]6.4.2 U9 PHQ and Daily Diary Data
All of the U9 participants completed the PHQ (100% response rate), with only one failing to complete the daily diary (87.5% response rate). Rugby was the most common team sport, with 2 (25%) participants indicating involvement both in the PHQ and the accelerometer diary. Three of the 8 players indicated participation in snooker/pool while at home in the PHQ (Table 6.5). However, this was not evident during the week of accelerometer data collection. Half of the group indicated participation in recreational cycling activity while at home in the PHQ, but only 1 of the group reported any cycling activity during the week of accelerometer data collection (Table 6.5). 

Table 6.3. Training and non-training day physical activity levels for the U9 cohort 
	
	Sedentary*
(average mins per hour)
	Light 
(average mins per hour)
	MVPA*
(average mins per hour)
	VM CPM*
(average mins per hour)
	Steps*
(average daily total)

	Training day
	30.9 ±2.1 
[29.2, 32.7]
	7.1 ±1.0
[6.3, 7.9]
	22.0 ±1.7 
[20.5, 23.4]
	1933 ±119 
[1834, 2033]
	
17515 ±1414
[10799, 14324]


	Non-training day
	35.0 ±3.9 
[31.7, 38.2]
	7.6 ±1.3
[6.6, 8.7]
	17.4 ±2.9
[14.9, 19.8]
	1441 ±343 
[1154, 1728]
	12561.3 ±2108.3
[11100.4, 14022.3]

	Mean Difference
(mins per hour)
	4.1 ±2.9
[1.6, 6.5]
p = .006
d = 1.3
	0.5 ±0.9
[-0.2, 1.3]
p = .13
d = 0.43
	-4.6 ±2.5
[-6.7, 2.5]
p = .001
d = 1.9
	-492 ±345
[-781, 204]
p = .005
d = 1.9
	-4954 ±2178
[-6774, 3133]
p = .000
d = 2.8


* Difference significant at the p < .05 level




Table 6.4. Correlations between U9 technical skill acquisition, retention, and physical activity levels
	Training Day
	

	
	Sedentary
	Light
	MVPA
	VM CPM
	Steps

	Performance Index
(Acquisition Phase)
	rs
	0.24
	
	0.02
	0.31
	-0.48

	
	p
	.57
	
	.96
	.45
	.23

	Performance Index
(Retention Phase)
	r
	0.26
	
	-0.20
	0.10
	-0.19

	
	p
	.53
	
	.63
	.81
	.65

	Non-training Day
	

	Performance Index
(Acquisition Phase)
	rs
	-0.18
	
	0.01
	0.23
	0.10

	
	p
	.67
	
	.98
	.59
	.82

	Performance Index
(Retention Phase)
	r
	0.17
	
	-0.12
	-0.01
	0.12

	
	p
	.69
	
	.59
	.99
	.79

	Pooled
	

	Performance Index
(Acquisition Phase)
	rs
	
	-0.12
	
	
	

	
	p
	
	.78
	
	
	

	Performance Index
(Retention Phase)
	r
	
	-0.28
	
	
	

	
	p
	
	0.50
	
	
	



Table 6.5. Additional sporting and physical activities undertaken by the U9 cohort
	Team-based
	Total
	Individual-based
	Total
	Fitness-based
	Total

	Rugby
	2
	Athletics
	4
	Swimming
	7

	Basketball
	1
	Cross country
	4
	Cycling
	4

	Cricket
	1
	Snooker/Pool
	3
	Running or jogging
	3

	Handball
	1
	Gymnastics
	2
	
	

	
	
	Table tennis
	2
	
	

	
	
	Tennis
	2
	
	

	
	
	Boxing/Kick boxing
	1
	
	

	
	
	Darts
	1
	
	



[bookmark: _Toc8991710]6.4.3 U12 Physical Activity Data
All participants met the inclusion criteria based on daily wear time. Average wear time for the group was 11.9 ±2.1 hours per day. There were no statistically significant differences between training and non-training days for any physical activity variable (Table 6.6). Therefore, all physical activity data from training and non-training days was pooled for correlation analysis. All correlations observed between physical activity variables and the acquisition and retention of technical soccer skills were considered weak and statistically insignificant, with no clear trend emerging in regards to developing technical skills (Table 6.7).

[bookmark: _Toc8991711]6.4.4 U12 PHQ and Daily Diary Data
Eight of the 10 U12 participants completed the PHQ (80% response rate), with 6 out of 10 completing the daily diary (60% response rate). Five of the 8 PHQ responders indicated participation in Cricket, with three of the 5 participating through a local competitive club (Table 6.8). However, no Cricket activity was reported during the week of accelerometer data collection for any participant. No individual-based sport activity was evident within the group. Cycling and running/jogging were the most prevalent fitness-based activities, with 3 participants indicating that they participated in these activities while at home through the PHQ (Table 6.8). However, these activities were not reported during the week of accelerometer data collection. 


Table 6.6. Training and non-training day physical activity levels for the U12 cohort (pooled)
	
	Sedentary
(average mins per hour)
	Light 
(average mins per hour)
	MVPA
(average mins per hour)
	VM CPM
(average mins per hour)
	Steps
(average daily total)

	Training day
	36.5 ±3.1
 [34.3, 38.7]
	7.1 ±1.1
[6.3, 8.0]
	16.2 ±3.1
[14.0, 18.4]
	1249 ±226
[1088, 1411]
	1201 ±2309
[10363, 13667] 

	Non-training day
	38.1 ±4.4
[34.9, 41.2]
	7.2 ±1.6
[6.0, 8.3]
	14.8 ±3.4
[12.3, 17.2]
	1212 ±299
[998, 1426]
	10556 ±3282
[8208, 12903]

	Mean Difference
(mins per hour)
	1.6 ±6.2
[-2.8, 6.0]
p = .43
d = 0.42
	0.1 ±1.9
[-1.4, 1.4]
p = .99
d = 0.07
	-1.4 ±5.5
[-5.3, 2.5]
p = .44
d = 0.43
	-37 ±333
[-275, 201]
p = .73
d = 0.14
	-1460 ±4055
[-4360, 1005]
p = .28
d = 0.51

	Pooled days
	37.0 ±3.2 
[24.7, 39.4]
	7.2 ±1.2
[6.2, 8.0]
	15.7 ±2.8 
[13.7, 17.7]
	1237 ±119
[1106, 1368]
	
11519 ±2265
[9899, 13139]





Table 6.7. Correlations between U12 technical skill acquisition, retention, and physical activity levels
	
	Training and non-training days (pooled)

	
	Sedentary
	Light
	MVPA
	VM CPM
	Steps

	Performance Index
(Acquisition Phase)
	r
	-0.25
	0.52
	0.09
	0.10
	-0.49

	
	p
	.49
	.12
	.80
	.78
	.15

	Performance Index
(Retention Phase)
	r
	0.21
	-0.11
	-0.09
	-0.12
	-0.47

	
	p
	.56
	.76
	.81
	.74
	.17











Table 6.8. Additional sporting and physical activities undertaken by the U12 cohort
	Team-based
	Total
	Individual-based
	Total
	Fitness-based
	Total

	Cricket
	5
	Athletics
	5
	Running or jogging
	4

	Rugby
	3
	Cross country
	3
	Swimming
	4

	Basketball
	1
	Badminton
	2
	Cycling
	3

	
	
	Snooker/Pool
	2
	Stretching/Yoga/Pilates
	1

	
	
	Boxing/Kick boxing
	1
	
	

	
	
	Judo/Karate
	1
	
	

	
	
	Skiing/Snowboarding
	1
	
	

	
	
	Table tennis
	1
	
	

	
	
	Tennis
	1
	
	

	
	
	Squash
	1
	
	



[bookmark: _Toc8991712]6.5 Discussion
The primary aim of the study was to determine differences in physical activity levels between non-training and training days in the same U9 and U12 cohorts investigated in Chapter 5: Study 2, with the secondary aim of determining whether there was a relationship between physical activity and the development of technical soccer behaviours. It was hypothesised that physical activity levels would be higher on training days compared to non-training days, with those who engaged in higher levels of physical activity developing their technical soccer performance to a greater extent than their less active counterparts. Partial support was found for a difference between training and non-training days, with the U9 group accruing significantly higher levels of physical activity on training days. However, no difference was observed between training days and non-training days for the U12s. There were no meaningful relationships observed between levels of physical activity and the acquisition and retention of technical soccer skills for both groups.
	On non-training days, the U9 cohort may have been self-regulating their physical activity levels as a strategy for conserving energy to cope with forthcoming training sessions. Results from this cohort may be explained by the ActivityStat hypothesis, whereby higher levels of MVPA on one day, are compensated for on the next in children of a similar age (Ridgers et al, 2018; 2015; 2014). On non-training days, the amount of time spent in MVPA decreased by an average of 4.6 minutes per hour. Based on the cohort average accelerometer wear-time of 12.9 hours, this may equate to a total daily reduction in MVPA of 51.6 minutes on non-training days. As MVPA decreased on non-training days, sedentary time increased by a similar amount. Therefore, it could be suggested that the U9 cohort directly replaced MVPA time with periods of complete rest on non-training days. Combined with the PHQ and physical activity diaries obtained during the week of data collection, it could be suggested that the academy training programme is the primary reason for this compensation strategy in the U9 cohort. 
Additionally, research in physical education settings has shown that children of a similar age may not be able to perceive exercise intensity correctly due to the dynamic, rather than non-linear, changes in exercise intensity that are seen in SSGs (Cowden & Plowman, 1999; Lagally et al., 2016). This could suggest that the U9 cohort in this particular study were mis-judging their physical exertion during training sessions and compensating this with limited physical activity on non-training days. Support for self-regulation was found in the indirect physical activity assessment of the U9 group. During the week of accelerometer data collection, no additional sporting activity was reported other than those engaged with during physical education lessons, with PHQ data suggesting that any additional sports were experienced through recreational involvement at home. This supports the early-specialisation pathway associated with the practice histories of UK-based elite soccer players (Ford et al., 2010; 2012; Hendry & Hodges, 2018).   
Conversely, U12 physical activity levels were relatively unchanged between training and non-training days, with no significant differences between any physical activity behaviours, thus not supporting the activitystat hypothesis (Ridgers et al., 2018; 2015; 2014). This could suggest that the cohort had developed a level of fitness that could tolerate the demands of their academy coaching programme. Small-sided games (SSGs) are a common training modality of academy programmes, and have been shown to be an effective training method for eliciting improvements in physiological performance (Hill-Haas et al., 2009; Impellizzeri et al., 2006; Reilly & White, 2004). Therefore, in the instance of this particular academy, the U12 cohort could have developed a physiological resilience to the training demands placed upon them, whereas this resilience is not evident at the U9 age group. Conversely, the intensity of U12 coaching sessions may be lower than the U9s, thus enabling a consistent daily physical activity pattern to be maintained.
	With regards to additional sporting activity, like the U9s, the U12 cohort did not participate in a variety of additional sporting activities, thus demonstrating the early specialisation pathway (Ford et al., 2010; Ford et al., 2012). According to the DMSP, at this age, individuals develop a tactical understanding of their sport (Cote et al, 2007), which is underpinned by  the parallel development of Core and Higher EFs (Best & Miller, 2010; Crone et al., 2006; Luciana et al., 2005). Diversified participation across a range of sports with similar characteristics (e.g. invasion games) may result in an element of transfer between sports in regards to recognising patterns of play and thus being able to solve performance-based problems (Abernethy et al.,2005; Smeeton et al. 2004). Therefore, a potential factor in the lack of relationship between physical activity levels and skill development may be a lack of diversification in additional similar sporting activities and subsequent limited opportunity to further develop EFs. Furthermore, the additional activity undertaken by the U12 cohort appeared to be focused on the development of physical attributes (e.g. aerobic and anaerobic capacity). However, accumulation of activities of this type do not appear to predict future success in the sport (Hendry et al., 2018).
Although conducted with an elite sample of youth soccer players, the measures of physical activity are taken from a one-week period within the soccer season and are not truly representative of season-long physical activity behaviour. While the PHQ data goes some way towards suggesting that these levels may be consistent over the soccer season, response rate from within the cohorts was not maximised, thus making robust inferences difficult. However, the study provides insights into the habitual physical activity levels of elite youth soccer players and their potential influence on developing technical soccer skills. Further research is required to determine the extent to which types of physical activity may promote technical skill development in elite sporting populations (fitness-based vs. sporting-based). It would also be interesting to monitor the habitual physical activity levels of elite youth soccer players over a longer period of time, along with outside of their competitive season to determine whether their high levels of activity are maintained in the absence of their systematic soccer training. Furthermore, investigations into a wider range of academies is recommended so that the EPPP model can move towards a set of general guidelines for optimum physical activity levels across age groups to ensure that the model is successful in its aim of producing more home-grown talented soccer players.
In conclusion, results from the study suggest that habitual physical activity levels are not related to the development of technical soccer skill. The systematic soccer training programme implemented by the academy may have led to a restriction of the volume of physical activity engaged with on non-training days for the U9 cohort, but not for the U12s. With regards to engagement with additional sporting activities, both groups appeared to support the early specialisation pathway, with limited engagement in both individual and team sports being reported. 
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[bookmark: _Toc8991715]7.1 Aims and Realisation of Aims
The aims and realisation of these aims are articulated in the following section.

[bookmark: _Toc8991716]7.1.1 Aim 1: Develop a robust methodological procedure for assessing the technical soccer behaviour of elite youth soccer players
The first study of the thesis aimed to formulate and test a notational analysis tool that could be used to accurately record technical soccer behaviours in relation to the Youth academy’s playing philosophy. The Soccer-Specific Behaviour Measurement Tool (S-SBMT) was formulated and tested by elite practitioners within the recruited academy and was considered to be valid, objective, and reliable. This aim was successfully achieved. The S-SBMT was then taken forward for use in the second study.

[bookmark: _Toc8991717]7.1.2 Aim 2: Investigate the acquisition and retention of technical soccer skills over a 12-month period in under-9 and under-12 age cohorts
The second study utilised the S-SBMT to investigate the acquisition and retention of academy-specific technical soccer skills in U9 and U12 cohorts. Results from the study showed no changes in observed performance for the U9 cohort. However, the S-SBMT was able to track behaviour change in the U12 cohort in relation to their passing frequency and success. The results enabled the theoretical concepts underpinning technical skill acquisition and retention to be explored in relation to age, along with the configuration of SSGs as a vehicle for assessing technical skill development. 



[bookmark: _Toc8991718]7.1.3 Aim 3:  The primary aim was to evaluate the relationship between physical activity and the development of technical soccer skills.  The secondary aim was to evaluate the physical activity levels on training and non-training days in the U9 and U12 cohorts.
Study 3 had 2 independent aims. Firstly, the primary aim was to evaluate the relationship between physical activity and the development of technical soccer skills. Results did not suggest a link between habitual physical activity levels and the rate of technical skill development for both the U9 and U12 cohorts. The secondary aim was to evaluate the physical activity levels on training and non-training days for both cohorts. Results showed that the habitual physical activity levels of U9 elite youth soccer players involved a compensation strategy on non-training days, while the U12 cohort’s activity profiles remained relatively unchanged between training and non-training days. 

[bookmark: _Toc8991719]7.2 Summary of Key Findings
[bookmark: _Toc8991720]7.2.1 Methodological rigour in academy-specific systematic observation tools
Chapter 3: Study 1 sought to address the limitations of large generic soccer observation tools, and was relatively successful in doing so. Technical soccer behaviours associated with being in-possession of the ball (passing and ball manipulation), along with attacking actions (shots on goal), demonstrated good reliability between two independent observers of equivalent vocational experience. Defensive actions associated with regaining possession of the ball (tackles, interceptions, and loose balls) were less reliable, and this could be attributed to their frequency of occurrence.

[bookmark: _Toc8991721]7.2.2 The efficacy of elite academy coaching in embedding technical soccer skills
Chapter 4: Study 2 investigated the efficacy of systematic elite soccer coaching over a 12-month period by evaluating the acquisition and retention of technical soccer skills. Results showed that the U9s’ technical skills remained relatively unchanged over the data collection period both in regards to acquisition and retention (passing, ball manipulation, goal attempts, and defensive actions). The U12s acquired and retained technical skill in relation to the frequency of passes and their success. Other technical actions remained relatively unchanged (ball manipulation frequency, goal attempts, and defensive actions), with the exception of ball manipulation success, which improved between the post-acquisition phase and retention. 

[bookmark: _Toc8991722]7.2.3 Habitual physical activity levels and the development of technical soccer skill
Chapter 5: Study 3 evaluated the potential relationship between habitual physical activity levels and the development of technical soccer skill. No relationship between the volume of physical activity during a typical in-season week and technical skill development was found for both the U9 and U12 cohorts. The U9 cohort appeared to compensate for the volume of hours in soccer coaching by reducing their physical activity volumes on non-training days. The physical activity levels of the U12 cohort were relatively unchanged between training and non-training days. Data from the PHQ showed that both cohorts took part in a limited number of additional sport and exercise activities. 

[bookmark: _Toc8991723]7.3 Overarching Issues and Implications
The inception of the studies within this thesis was based upon the collaboration between academic institution and professional soccer academy, and resulted in the researcher becoming part of the full-time staff in the academy for the duration of the data collection process. The aim of the academy was to ascertain whether their playing philosophy was being successfully ingrained within their academy age groups, and the studies within this thesis represent the cumulative efforts of the researcher and academy in achieving this overall aim. The following section will address the practical implications of this thesis in relation to the collaborating academy, and youth soccer as a whole. Furthermore, a considered reflection on how each study could be improved if undertaken again will also be provided. 

[bookmark: _Toc8991724]7.3.1 Specificity of systematic observation tools
At the time of conception of this thesis, notational analysis tools were generic in relation to the technical and tactical aspects of performance and designed for match-play use. This resulted in tools that were large and time consuming to use, along with not necessarily being relevant to all practitioners based on the inclusion of every soccer match-play event (e.g. Bradley et al., 2007; Tenga et al., 2009). The tool formulated by van Maarseveen et al. (2017) was applicable to SSGs in a coaching context. However, this format was disconnected from actual match play by only using attacking phases of play. Furthermore, there is an under-utilisation of expert observers (Performance Analysts working in the industry) in empirical research. To develop the existing body of research, in particular the work of van Maarseveen et al. (2017), the Soccer-Specific Behaviour Measurement Tool (S-SBMT) from Chapter 3: Study 1 was designed to be used in a SSG setting without any disconnect between phases of play, while enabling the reliable observation of technical soccer behaviours specific to the partaking academy. Experienced practitioners within the domain of observational analysis in soccer helped develop the objectivity of the S-SBMT, thus enhancing rigour when compared to existing tools (van Maarseveen et al., 2017). 
A key strength of Study 1 was the tailoring of the tool to the academy playing philosophy, ensuring that only club-specific relevant technical skills were included, and demonstrating that analysts from within the academy can identify these skills. Therefore, in regards to practical application, it could be suggested that English EPPP academies (and others worldwide) can utilise the methodological procedure presented in Study 1 to formulate their own academy-specific notational analysis tools. Furthermore, the validity of the tool, along with the objectivity and reliability of the observers paved the way for the academy playing philosophy to be investigated in regards to existing coaching programmes in Chapter 5: Study 2. The outcome of Study 1 has left the collaborating soccer academy with a functional tool from which future player assessments can be made.
On reflection, Study 1 could have been strengthened by including a tactical aspect to the tool. Despite specificity being a focal point of the S-SBMT in relation to the academy philosophy, only technical behaviours were included. Although the tool could prove useful in assessing technical performance, this could be considered an incomplete picture of the player’s performance due to the absence of decision-making while off-the-ball. Furthermore, any adjustments to SSG pitch size could produce changes in the tactical behaviour of players that may also be missed (Olthof et al., 2018). Consequently, coaches would be unable to assess the progression of tactical behaviours of this nature when using the S-SBMT, on any SSG pitch size. 
Recent research has utilised GPS tracking systems to assess off-the-ball actions associated with tactical performance (e.g. defensive coverage). However, use of this particular methodology to assess off-the-ball actions is still developing, particularly in regards to the influence of task constraints on spatiotemporal behaviour (Ric et al., 2017). From a broader perspective, the inclusion of psychological aspects could be considered. Research by Musculus and Lobinger (2018) has highlighted that psychological characteristics of soccer performance could potentially be observed with accuracy should the same stages of ensuring validity, objectivity, and reliability be followed when formulating an analysis tool. 

[bookmark: _Toc8991725]7.3.2 Assessing the efficacy of elite youth soccer coaching
The traditionalist nature of soccer coaching in England has led to limited knowledge regarding the efficacy of coaching programmes (Williams & Hodges, 2005). Chapter 4: Study 2 provided an insight into the efficacy of an English Premier League ‘Category One’ soccer academy by utilising the S-SBMT created in Chapter 3: Study 1, and demonstrated that systematic observation through SSGs can elicit data that shows the development of technical soccer skill over time. 
The methodological approach implemented in Chapter 4: Study 2 enabled the assessment of technical soccer skills to occur in a dynamic match-related environment that ensured perception and action remained coupled throughout. Previous research regarding the assessment of technical soccer skills has involved the use of controlled drill-based or phase-of-play scenarios (e.g. The Loughborough soccer passing and shooting tests; Ali, 2007). These tests remove or restrict the number of external variables that may influence the decision-making process of the player in possession of the ball (e.g. the number of opposition players trying to regain possession, the number of available teammates to pass the ball to, etc.). Chapter 4: Study 2 showed that SSGs can be useful for assessing certain technical skills (e.g. passing) under a game-based condition that provides a better representation of technical skill as opposed to simply an assessment of technique proficiency seen in closed drill-type activities (Ali, 2011). However, not all technical skills developed in the manner anticipated, and could call into question the efficacy of SSGs as a modality for assessing technical skill. Therefore, it would be logical to suggest that a balance needs to be struck between controlled drill-based games and open SSGs to ensure an accurate assessment of technical performance. 
Small-sided games are conditioned in a manner that places constraints upon players in regards to available playing space and time on the ball. This may place excessive perceptual-cognitive demands upon young soccer players (particularly U9), and may explain the lack of improvement shown in the results of Study 2. Therefore, it could be suggested that coaches should consider utilising SSG configurations that provide a larger individual playing area (Fradua et al., 2013), or a SSG design that is non-traditional (e.g. the use of multiple goals) (Bennett et al., 2018). Conversely, the improvement in passing frequency and efficiency of the U12 group may lend support to the notion that at the specialisation stage (age 12 – 13) of the DMSP, players begin to develop a tactical understanding of their sport. The U12 group demonstrated better decision making when in possession of the ball, and could suggest to coaches that it takes until this age for meaningful gains in technical performance to become visible. 
Research has highlighted the requisite volumes of soccer-specific practice required to attain elite status (see Chapter 2), therefore it could be suggested that the U9 cohort have not accumulated enough hours in soccer-specific coaching to demonstrate significant increases in most technical skills. It may be that the development of technical skills is a longitudinal process, which has implications for coaches in the tracking and monitoring of player development in regards to retention or release from the academy programme. In regards to the structure of the academy coaching programme, it is possible that the programme used for the development of technical on-the-ball actions is eliciting positive changes in passing frequency and success, along with the ability to manipulate the ball successfully (but not necessarily at a higher frequency) in the U12 cohort. These technical skills were retained after a 10-month period post the initial 6-week coaching cycle, thus suggesting that the coaching sessions comprise of activities structured with the optimum contextual interference (Williams & Hodges, 2005). 

From a practical application standpoint, the results of Study 2 indicate that the tracking of technical soccer performance is a feasible and important procedure for soccer academies in regards to assessing the efficacy of their coaching programme. Small-sided games are a common training modality in soccer. Therefore, assessing technical performance within SSGs does not require major adaptation to already programmed coaching cycles within soccer academies, thus presenting coaches with greater opportunity to be provided with valid and reliable performance data regarding the efficacy of their coaching programme without needing to accommodate additional sessions or activities for performance analysis.
On reflection, Study 2 could have been improved by utilising a more regular data collection process. Although the methodological approach enabled data to be captured either side of a 6-week coaching programme, there was potentially too much time without additional assessments of performance to rule out the changes in performance that were observed after 12-months being as a result of the accumulation of coaching hours, or retention from the first coaching cycle. Additionally, the use of SSGs may have masked any potential changes in performance due to inter-game variability. To enable the data to normalise, a greater number of SSGs could have been utilised, potentially resulting in a clearer profile of changes in technical performance over the 12-month period. Furthermore, the lack of change in performance for the U9 cohort could suggest that the technical performance indicators are not appropriate for this age group, and a modified set of outcome metrics that better represent changes in performance could be explored.

[bookmark: _Toc8991726]7.3.3.1 Physical activity and skill development
Regular participation in structured physical activity that reaches moderate to vigorous levels of intensity can increase the executive function of participants (Best, 2010). Therefore, further research into the cohorts’ habitual physical activity levels was appropriate in order to ascertain whether these levels were contributing to the development of technical soccer skills. It was anticipated that increased levels of physical activity would provide greater opportunity to train and develop Executive Functions (EFs), which in turn, underpin successful soccer performance (Verberg et al., 2014; Vestberg et al., 2017; 2012). However, results from Chapter 6: Study 3 suggested that habitual physical activity levels were not associated with the development of technical soccer skills. PHQ data suggested that both the U9 and U12 cohorts did not engage with a wide variety of additional sporting activities, and therefore specialised in soccer from an early age (Côte et al, 2007; Ford et al., 2009a; Ford et al., 2012). Consequently, both cohorts may be constraining their development of technical soccer skills due to an absence of physical activity that promotes the development of EFs, and provides a valuable insight into the habitual physical activity behaviour of two age-independent cohorts within an elite soccer academy. 
Alternatively, both cohorts appear to be limiting their opportunities to partake in deliberate play activities outside of their academy coaching hours. The volume of accumulated deliberate play has been shown to differentiate players who go on to attain professional status and those who are released (Ford et al., 2009a; Roca et al., 2012). This may be having the greatest effect on the U9 cohort, whose technical skill development was relatively unchanged throughout the data collection period. However, the U12 cohort were found to enhance passing and ball manipulation skills with a similar limited engagement in deliberate play. A plausible explanation for this could be that the U12 cohort engaged in deliberate play activities during the foundation phase of their time in the academy (U9 – U11), but have begun to specialise in soccer upon reaching the Youth Development phase of the academy programme (U12 – U16) (Ford et al., 2012; The Premier League, 2011). 
	 Chapter 6: Study 3 may highlight that the current programming of coaching is too intense for the U9 cohort due to the apparent compensation strategy on non-training days. The Academy philosophy for this notion is that players were encouraged to engage with as many different sports and activities as possible at the Foundation stage (U9 – U11); yet empirical results from both the accelerometry and PHQ protocols suggest that this advice is not being followed. It is beyond the scope of Study 3 to establish whether this was as a result of excessive training load at the academy, or other external factors such as parental control and advice. Overall, habitual physical activity was not related to technical soccer skill development in both U9 and U12 cohorts. From a practical application perspective, the academy may be able to use accelerometry to monitor the habitual physical activity and sedentary behaviour of particular age groups to assess whether the existing coaching programme is too physically demanding, and therefore constraining opportunities for players to engage with additional sport and exercise outside of the academy that may benefit their soccer development. 
A wider perspective in regards to physical and psychological burnout for these groups could be considered. Soccer academies in England recruit players into academies earlier than other countries (Ford et al., 2012). It could be suggested that engaging with a systematic soccer coaching programme in addition to other physical activities may be excessive for children of these ages, and care should be taken with training intensities and lifestyle recommendations for children in soccer academies. On reflection, Study 3 could have been improved by collecting data throughout the coaching programme that was the focus of Study 2. This would have enabled a more accurate profile of the habitual physical activity for each age group to be developed, and greater inferences to be made between the potential impact of physical activity and the development of technical soccer ability.

[bookmark: _Toc8991727]7.3.3.2 Physical activity and health in elite youth soccer players
A broader issue associated with the aforementioned limited engagement with additional sporting activities is that of physical and psychological health. Partaking in increased levels of physical activity presents more opportunities to develop the key techniques and skills required for success in the child or adolescents’ primary sport, in turn increasing competence and adherence (McKenzie et al., 1998; 2002; Stodden et al., 2008). However, the compensation strategy shown by the U9 cohort, and the limited engagement in additional physical activity by both cohorts, may have implications for competence and adherence. 
	English soccer academies are under increasing pressure to produce players of an elite standard, with those who are not considered to be of the requisite standard at any given age being released from their contract with the academy. The results of Chapter 6: Study 3 may lend some support to the dynamic relationship between habitual physical activity and skill development. The increase in systematic coaching hours brought about by the introduction of the EPPP may be too challenging for the U9 cohort to sustain. Young English athletes partaking in sport at the elite level are at risk of overtraining, and have been shown to reduce their activity outside of their elite coaching programme (Matos et al., 2011). However, the U12 cohort may have developed a physical resilience to the demands of their coaching programme. Therefore, it could be proposed that the U9 coaching structure in this particular academy potentially needs revising in regards to both structure and intensity to prevent the ActivityStat hypothesis pattern observed in Study 3 becoming a sustained pattern throughout this cohort’s time in the academy. 
By reducing physical activity levels on non-training days, the U9 cohort are restricting their opportunity to engage in other activities that may supplement their soccer skill development, which could result in release from the academy due to the insufficient development of key skills. Early engagement with soccer through deliberate play has been highlighted as a key determinant of successful retention within the academy system (Ford et al., 2009a). Therefore, it could be suggested that deliberate play within the domain of soccer should be encouraged outside of the formal coaching hours spent at the academy to optimise skill acquisition. Furthermore, release from the academy system may lead to a lack of perceived competence in soccer and cessation of this particular activity, or physical activity in general (Stodden, 2008). However, any increase in physical activity in the U9 cohort should be monitored to prevent maintenance of an ActivityStat hypothesis pattern, as highlighted by the data in Study 3.
Cessation of participation in soccer is likely to have negative implications for an individual’s health should it not be replaced by another sport or physical activity (Barnett, 2009; Barnett et al., 2011; Lopes et al., 2011; Lubans et al., 2010; Stodden et al., 2012). In particular, the loss of moderate-to-vigorous physical activity elicited through soccer participation may result in individuals failing to reach national guidelines for this exercise intensity (Fenton et al., 2015; Wold et al., 2013). 
Conversely, the U12 cohort were able to sustain similar physical activity levels between training and non-training days. It could be suggested that this cohort have developed the physical resilience and fitness characteristics to cope with the demands of their academy coaching programme over the years spent within the academy (Hendry et al., 2018; Janssen & LeBlanc, 2010). It is worth noting that this particular cohort first entered the academy prior to the EPPP being introduced, and therefore developed their fitness levels through fewer systematic coaching hours, and thus has potential implications for the optimum number of coaching hours for soccer players during the Foundation phase (U9 – U11). However, it is not known whether additional physical activity during this time supplemented these coaching hours. Furthermore, as the U12 cohort approach their peak height velocity (PHV), it would be interesting to see whether they are able to sustain their current physical activity patterns due to the challenges faced by rapid changes in height and weight. It could be a recommendation for the academy to monitor individual PHV and tailor training intensity, along with recommendations for physical activity outside of the academy coaching programme (Philippaerts et al., 2006).
Lastly, the results of Study 3 may highlight a psychological issue with regards to psychological burnout. The lack of engagement in additional physical activities may be due to the workload of elite systematic soccer coaching being excessive for children of the ages included in this study, therefore resulting in restricted physical activity participation to prevent physical and psychological burnout, especially if the child participates in another sport at the elite youth level (Côte et al., 2007). It is important to note that these suggestions are generally speculative and are a general indicator of potential future studies based on Study 3. The data within Study 3 is limited in size and scope due to being from a specific cohort of young soccer players. It would be inappropriate at this stage to suggest that all youth soccer players are susceptible to these issues, and a research project spanning a broader range of soccer academies in regards to habitual physical activity is warranted.

[bookmark: _Toc8991728]7.4 Limitations
Conducting research of this nature within a dynamic professional soccer environment is a considerable strength in regards to the standard of participants and the level of ecological validity. However, with this strength comes the limitation of a restricted sample size through the number of contracted players within each age cohort, the availability of the participants at the proposed time of data collection, and injuries experienced through training and match-play. This resulted in a small sample size across the course of the thesis and may have contributed to the lack of statistical power when making inferences.  

[bookmark: _Toc8991729]7.5 Future Research
There are several potential directions for future research based on the outcomes of the experimental chapters of this thesis:

[bookmark: _Toc8991730]7.5.1 An expert-novice paradigm for testing notational analysis tools
As discussed, previous research validating the use of customised notational analysis tools have either used novice observers, or not declared the observer’s level of experience. In order for Performance Analysts working in the industry to maintain a productive working relationship with coaches and players, the quality of data presented needs to be of a high quality (Wright et al., 2013). The observers who took part in Chapter 3: Study 1 worked at the same soccer academy, had an average of 4 years vocational experience, and had worked alongside one another for two full soccer seasons. However, the level of agreement for some technical soccer behaviours (which should be relatively easy to identify for experienced analysts) fell below acceptable levels. Comparing experienced analysts to one another along with inexperienced counterparts will aid soccer clubs with valuable data and protocols for determining that their analysis staff are competent at observing soccer behaviour and collating performance data. Furthermore, certain aspects of performance may be too difficult to reliably identify, due to infrequency of occurrence, or constraints associated with conventional filming positions. Therefore, further research of this nature may enable unstable measures of performance to be identified and thus removed from the analysis process. In turn, this will enhance the quality of data available to coaching staff for making decisions on players in regards to being retained or released from the academy programme. 

[bookmark: _Toc8991731]7.5.2 Conditioned games for technical skill assessment
Based on the findings of Chapter 4: Study 2 and the continued need to formulate a robust procedure for assessing the efficacy of elite soccer coaching, it could be suggested that a range of conditioned games may enable a more accurate assessment of technical skills than SSGs. Due to the variance in occurrence between technical skills during SSGs, and the de-coupled nature of drill-based activities, a balance between these two approaches needs to be developed. By formulating games that emphasise the use of a particular technical skill, the frequency at which it occurs will increase, thus providing greater opportunity to observe each player with greater accuracy than in a conventional SSG due to greater frequency of occurrence under game-related constraints. Additionally, the amount of individual playing area available to players during these games needs to be considered in order to ensure that all players have sufficient opportunity to demonstrate their skill level. 

[bookmark: _Toc8991732]7.5.3 Longitudinal physical activity tracking post-release from the elite youth soccer environment
It has been highlighted that children with high levels of motor competency, and perceived motor competency, go on to be habitually active in later life. It would be interesting to investigate the impact of being released from the professional academy system during childhood and adolescence, as players may become demotivated and no longer feel competent in the sport. This may lead to pursuit of another sporting activity, recreational participation in sport, or complete cessation of sporting participation. All three of these pathways may result in significant alterations to the habitual physical activity of these children/adolescents, which could carry negative physical and mental health implications. 

[bookmark: _Toc8991733]7.6 Conclusions
This thesis has yielded some interesting and valuable results in relation to the stated aims and objectives. In study 1, a novel soccer-specific observational analysis tool was formulated based on the playing philosophy of a Category One English Premier League soccer academy, and was found to be a valid, objective, and reliable tool for assessing coaching efficacy. Study 2 showed that the academy’s systematic soccer coaching programme was effective in embedding the skill of passing within an U12 cohort, but may not be as effective for other technical soccer behaviours. Study 3 showed that there was no relationship between technical skill acquisition and habitual physical activity levels, but systematic elite academy soccer coaching results in a compensation strategy for managing physical activity in elite U9 soccer players. Therefore, with regards to studies 2 and 3; rather than producing findings that present new phenomena, these studies have presented results that may rule-out the influence of factors that theoretically have an impact on the development of expertise in the sporting domain. 
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1. ‘Milestones’

What is your name? 


What is your date of birth? 


What is your town/city of birth? 

	
Which town/city did you go to:
(i) primary school in?    
				
(i) secondary school in?  

School milestones

___ years old when you first started full-time primary school                          ____ have never done it

___ years old when you first started full-time secondary school                      ____ have never done it

Sports specific milestones

___ years old when you first started playing football (not in an organised league)
                                                                                                                         ____ have never done it

___ years old for first took part in supervised training by an adult in football	
                                                                                                                         ____ have never done it

___ years old when first began football training regularly 	
                                                                                                                         ____ have never done it

___ years old when first played in an organized football league	
                                                                                                                         ____ have never done it

___ years old when first began non-football training (e.g. running, strength, etc)        
regularly                                                                                                           ____ have never done it

       
      years old when first took part at School of Excellence level
                                                                                                                          ____ have never done it     		      
      years old when first took part at Academy level     				
                                                                                                                          ____ have never done it

      years old when first took part at international level     				   
                                                                                                                          ____ have never done it


2.  Engagement in football-related activities

The following section focuses on the football-related activities you have participated from when you began playing to the present day, the number of hours spent in these activities per week, and the number of months per year you spent in each of the activities. This will be done for each year you have participated.  

Please group the activities you have participated in into the categories listed below:

1. Match-play: 	organised competition in a group engaged in with the intention of winning and supervised by adult(s), e.g. league games.

2. Coach-led group practice: 	organised group practice engaged in with the intention of performance improvement and supervised by coach(es) or adult(s),  e.g. practice with team.

3. Individual practice: 	practice alone engaged in with the intention of performance improvement, e.g. practicing dribbling skills alone.

4. Peer-led play: 	play-type games with rules supervised by yourself/peers and engaged in with the intention of fun and enjoyment, e.g. game of football in park with friends.


Overleaf there is ‘participation history’ log, which lists these four categories and groups them into years. Please fill this in as accurately as possible, starting from this year (i.e., U12 or U9, 2013/2014) and working downwards until you have completed the first year you played football. Please do not fill in shaded areas.

For each year, please complete:

1a. The total number of hours spent taking part in activities related to each category.

1b. The number of months of the year that you spent taking part in activities related to each category.

2. The number of weeks from the relevant year that you were injured and unable to take part in the football activity. Leave blank if no injury.

NB. Please first write the name of the coach and team you played for in each season in the space provided

NB. A football season equals 9 months, whereas a year equals 12 months. 








	
Age group
	
Team and coach 
	Activities
	# of hrs/wk
	Months
/yr
	Injury
wks/yr

	e.g.
	
	[bookmark: _Toc8762549]1. Match-play 
	2
	9
	3

	
	John Smith
	2. Coach-led practice 
	5
	9
	

	
	Stoke Rovers FC
	3. Individual practice - self
	2
	12
	

	
	
	4. Peer-led play
	5
	12
	

	U12
	
	[bookmark: _Toc8762550]1. Match-play 
	
	
	

	
	
	2. Coach-led practice 
	
	
	

	
	
	3. Individual practice - self
	
	
	

	
	
	4. Peer-led play
	
	
	

	U9
	
	[bookmark: _Toc8762551]1. Match-play 
	
	
	

	
	
	2. Coach-led practice 
	
	
	

	
	
	3. Individual practice - self
	
	
	

	
	
	4. Peer-led play
	
	
	




	Categories:
	

	1. Match-play:
	organised competition in a group engaged in with the intention of winning and supervised by adult(s), e.g. league games.

	2. Coach-led group practice: 

	organised group practice engaged in with the intention of performance improvement and supervised by coach(es) or adult(s),  e.g. practice with team.

	3. Individual practice:
	practice alone engaged in with the intention of performance improvement, e.g. practicing dribbling skills alone.

	4. Peer-led play: 	



	play-type games with rules supervised by yourself/peers and engaged in with the intention of fun and enjoyment, e.g. game of football in park with friends.





3.  Engagement in other sport activities

The following section focuses on the other sporting activities you have engaged in, the period of your life in which you took part in this activity, the number of hours per week, and months per year spent in these activities, and the standard of this activity. For each activity, please complete:

1. Please place a tick next to the other sports that you have participated in during your life, outside of timetabled school physical education classes.

2a. The age you started taking part in each activity. 

2b. The age you finished taking part in each activity (if you are still participating in an activity then leave this section blank).

3. The total number of hours per week spent taking part in each activity.

4. The number of months of the year in which you took part in each activity.

5. The standard of the activity that you took part in for that sport (e.g., school, club, national, international).

NB. Please only record other sport activity that has lasted a total of three months of activity.






	Other sport activities.
	
Please tick
if  yes
	
Please cross
if  no
	Start age
	Finish
age
	Total # of hrs/wk
	Months
/yr
	Standard participated at

	[bookmark: _Toc8762552]e.g.    Cross country
	/
	x
	7
	12
	2
	8
	School

	Athletics
	
	
	
	
	
	
	

	Badminton
	
	
	
	
	
	
	

	Basketball
	
	
	
	
	
	
	

	Boxing/Kick boxing
	
	
	
	
	
	
	

	[bookmark: _Toc8762553]Canoeing
	
	
	
	
	
	
	

	[bookmark: _Toc8762554]Cricket
	
	
	
	
	
	
	

	Cycling
	
	
	
	
	
	
	

	Cross country
	
	
	
	
	
	
	

	Gymnastics
	
	
	
	
	
	
	

	Golf
	
	
	
	
	
	
	

	Handball
	
	
	
	
	
	
	

	[bookmark: _Toc8762555]Hockey
	
	
	
	
	
	
	

	Judo/Karate
	
	
	
	
	
	
	

	Rugby/Gaelic
	
	
	
	
	
	
	

	Running or jogging
	
	
	
	
	
	
	

	Snooker/Pool
	
	
	
	
	
	
	

	Swimming
	
	
	
	
	
	
	

	Skiing/Snowboarding
	
	
	
	
	
	
	

	Stretching/Yoga/Pilates
	
	
	
	
	
	
	

	Table tennis
	
	
	
	
	
	
	

	Tennis
	
	
	
	
	
	
	

	[bookmark: _Toc8762556]Volleyball
	
	
	
	
	
	
	

	Weights
	
	
	
	
	
	
	

	Other:
	
	
	
	
	
	
	

	Other:
	
	
	
	
	
	
	

	Other:
	
	
	
	
	
	
	

	Other:
	
	
	
	
	
	
	

	Other:
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Accelerometer Number_____________
       
Please use this diary to fill in the number of hours you spent in each football activity on each day this week, as well as the number of hours you spent in other sport/s activity on each day and the name of the other sport/s. Please include the start and end time of each activity. Thank you.

	Day
	Example (e.g. 1. Match ___2___hours) &  (e.g., _____Tennis_______ _____2_______hours)                                                

	Monday
	              Time  started:    Time Finished:                                         Please list other sports:    Time  started:            Time Finished:
                                                                                        or Physical Activities

1. Match                                                              hours             _______________       ___________        ____________     ______  hours 

2. Team                                                              hours              _______________       ___________        ____________     ______  hours 
    Practice
                                                                                
3. Play                                                                 hours             _______________        ___________       ____________     ______  hours

	Tuesday
	              Time  started:    Time Finished:                                         Please list other sports:    Time  started:            Time Finished:
                                                                                        or Physical Activities

1. Match                                                              hours             _______________       ___________        ____________     ______  hours 

2. Team                                                              hours              _______________       ___________        ____________     ______  hours 
    Practice
                                                                                
3. Play                                                                 hours             _______________        ___________       ____________     ______  hours

	Wednesday
	              Time  started:    Time Finished:                                         Please list other sports:    Time  started:            Time Finished:
                                                                                        or Physical Activities

1. Match                                                              hours             _______________       ___________        ____________     ______  hours 

2. Team                                                              hours              _______________       ___________        ____________     ______  hours 
    Practice
                                                                                
3. Play                                                                 hours             _______________        ___________       ____________     ______  hours



Football activities:	1. Match: against other teams in which the intention is to win, led by coach(es), e.g. 8 v 8 Sunday matches.
     2. Team practice: is activity in a group led by coach(es) that you take part  in to improve performance,  e.g. team practice.
3. Play: is activity that is engaged in for fun and is led by you or your friends with no coach(es), e.g. game of football in park with friends.
	Thursday
	              Time  started:    Time Finished:                                         Please list other sports:    Time  started:            Time Finished:
                                                                                        or Physical Activities

1. Match                                                              hours             _______________       ___________        ____________     ______  hours 

2. Team                                                              hours              _______________       ___________        ____________     ______  hours 
    Practice
                                                                                
3. Play                                                                 hours             _______________        ___________       ____________     ______  hours

	Friday
	              Time  started:    Time Finished:                                         Please list other sports:    Time  started:            Time Finished:
                                                                                        or Physical Activities

1. Match                                                              hours             _______________       ___________        ____________     ______  hours 

2. Team                                                              hours              _______________       ___________        ____________     ______  hours 
    Practice
                                                                                
3. Play                                                                 hours             _______________        ___________       ____________     ______  hours

	Saturday
	              Time  started:    Time Finished:                                         Please list other sports:    Time  started:            Time Finished:
                                                                                        or Physical Activities

1. Match                                                              hours             _______________       ___________        ____________     ______  hours 

2. Team                                                              hours              _______________       ___________        ____________     ______  hours 
    Practice
                                                                                
3. Play                                                                 hours             _______________        ___________       ____________     ______  hours

	Sunday
	              Time  started:    Time Finished:                                         Please list other sports:    Time  started:            Time Finished:
                                                                                        or Physical Activities

1. Match                                                              hours             _______________       ___________        ____________     ______  hours 

2. Team                                                              hours              _______________       ___________        ____________     ______  hours 
    Practice
                                                                                
3. Play                                                                 hours             _______________        ___________       ____________     ______  hours



Thank you for taking the time to fill out this diary.
Positive	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	43.796568955651693	47.065450662556188	35.069403639824401	33.75347553406597	44.607029702154279	23.376631865719332	Trivial	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	6.3574285498343386	3.1930272801045376	14.617766761703848	14.023984449643578	4.4446172354379883	15.295855454790875	Negative	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	49.846002494513968	49.741522057339274	50.312829598471751	52.222540016290452	50.948353062407733	61.327512679489793	



Positive	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	48.85908309303295	50.209017946403314	49.498736079337981	43.895056113711448	49.273114699269257	42.965833792235777	Trivial	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	2.3034678953806846	4.939785932952951	5.7228614154415354	6.5504408753434689	1.361925437081652	6.9722818038372552	Negative	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	48.837449011586365	44.851196120643735	44.778402505220484	49.554503010945083	49.364959863649091	50.061884403926967	



Positive	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	27.287923417014092	51.266006538223351	43.31347883661978	19.243910174526473	63.186129013363278	47.29947744350487	Trivial	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	13.541224265154462	9.9494861669966141	6.478662021414948	15.047258706751169	11.846696591118949	4.0865199595891042	Negative	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	59.170852317831446	38.784507294780035	50.207859141965272	65.708831118722358	24.967174395517773	48.614002596906026	



Positive	Pre to Post	Post to Ret	Pre to Ret	38.41420004465089	38.041284507054428	25.176743720326595	Trivial	Pre to Post	Post to Ret	Pre to Ret	11.34474782516839	23.515649182645625	9.568228224937446	Negative	Pre to Post	Post to Ret	Pre to Ret	50.241052130180719	38.443066310299947	65.255028054735959	



Positive	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	68.273948345234743	77.605430284655171	97.435511235034127	64.99570592283213	66.46262062161729	92.883674817498331	Trivial	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	14.801729862971957	9.7182928477185335	1.3033917846944865	14.436698333506516	13.850663705042528	3.959431958067098	Negative	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	16.9243217917933	12.676276867626296	1.2610969802713863	20.567595743661354	19.686715673340181	3.1568932244345707	



Positive	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	36.46862868755251	56.49245669803161	48.508354212473783	34.021514903928427	86.510793676604152	58.978636150225441	Trivial	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	11.563804512269868	13.089381963887195	5.0760036964160733	7.8244635069214183	5.4803259094325494	22.041668629360597	Negative	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	51.967566800177622	30.418161338081195	46.415642091110143	58.154021589150162	8.0088804139632987	18.979695220413962	



Positive	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	49.762556786936265	48.466333085755508	48.416459179036067	47.767981714393308	46.977254851110594	49.96426567300302	Trivial	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	0.51930940833298678	4.6481101973211878	5.3098813528760331	7.7121400232141823	10.405648729286924	0.16411097053791224	Negative	Pre to Post	Post to Ret	Pre to Ret	Pre to Post	Post to Ret	Pre to Ret	49.718133804730748	46.885556716923304	46.273659468087899	44.51987826239251	42.617096419602483	49.871623356459068	



Positive	Pre to Post	Post to Ret	Pre to Ret	26.534791801487344	50.247610677432576	39.951289511342438	Trivial	Pre to Post	Post to Ret	Pre to Ret	18.269179197406586	6.7244999942863686	9.9671958631781337	Negative	Pre to Post	Post to Ret	Pre to Ret	55.196029001106069	43.027889328281056	50.081514625479429	
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Introduction

A5 the most comman users of pedormance analyss professional
soccer clbs across the warkd fire multipe specalist practitcners,
commonly known 2 perormance anshts (PAS) to perform nota-
onal anayss on team and individualperformance Wight et al.
2013,2014). By systematically obsenving soccerperfommance using
Vol bjective, and elsbe notatonal analyi ook, PA ae able
o evaluate soccer performance, providing feedback to players
‘and aching saff to consequently enhance the decison-making
process of coaches in reltion to players ad tacics (Mackendie
and Cushion 2013; Wight et al. 2013). Wit advarcemerts in
‘modem technology, ndivdual nd team perfarmanc i aptured
n digtal video forma for subsequent use with computer based
systematic cbsenation anaysstools and has become common-
place in professional soccer cubs (Wight et al 2013 In English
soccer, therecent emergence of the Premier League Eite Mayer
Peformance Plan hs resuled n cademies needing an ey in
the fon of their soccer laying“phiosophy” The Premier League
2011). s such, it i 2 common role of PAs 1o establsh which
aspects of the playing phisophy are requied for analyses
Wight etal. 2013).

‘The performance aralysis process serves to negate the issues
associatecwith the subjective oach perception of perormance.
e to memory limitations (Fanks and Millr 1986;Franks 1993,
Laird and Waters 2008; Nicholls and Worsfold 2016) and the

constaints of the viewing environment (Wright et a. 2014).
The use, however, of humans as operators of computer based
notatcnal analyis ook can result in signfiare measurement
ertor due o the inherent subjecive nature of systematic obser-
Vation, when interpretng performance against predefined cri-
tera (Bradley et al 2007, ODonoghue 2007, 2007b).
Consequentl, tisimportant to establsh content valdy, objec-
thity, and relabilty in the formuation of such tools to help
reduce these isses.

‘Content validty of notational anaysis tools has previously
been established using experienced soccer coachesdue to
theircontectual expertise in generating applicable operational
defintions that logically measure desired perfomance indica-
tors (Brewer and Jones 2012). The relabilty of any given
observationsl tool can be established thiough assessment of
the same perormance across multiple obsenvations of the
same event (Batterham and George 2003). The establishment
of validity, objectiviy, and relsbilty when using notationsl
analysis tools in ele youth soccer represens the underpin-
ning rational for the present study.

Priort0 2002, 70% ofnctatonal anabsis papersinsport includ-
ng soccer failed to reportany information egarding th rlabilty
of notational nalysis systems used t collec data (Hughes et al.
2002). Brewer and Jones (2002)produced a ie-stage process or
establshing contextually valid and relable obsenation tools in
sport. This Includes the key concepts assodated with valdiy
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utlined by George et al (2003, relailty outlined by Batterham.
and Gecrge (2003, and serves toactas the prmary reference point
for formulating tools of a simibr nature. Consequentl, ths
approach has been used by Ford et al (2010) and Cushion et al.
2012 tocreate domain speciic behaviour assessment ool nan.
itesoccercoaching stting However, whil these studies provide
valuable irformation regarding coaching behaviours, the beha-
Viours o players within coaching sessions have yet o be explred.

Fecent resesrch has moved towards creatng todls for the
assessment of technical soccer perfarmance in coaching seting
using smallsided games ($5Ge) with elte female (age:
16 + 11 yeurs soccer experence = 99 + 23 years) (van
Maarseveen et al 2017). The process by which the analsi
system vas created ensured valdey and relabilty usig simiar
priciples to those of forementioned studies (Brewer and Jones
2002 Cushion et al. 2012 Ford et al 2010). Exparienced profes-
Sonsl cosches were recrted to ensure the validty of the system.
thiough checking the wntert ofthe tool, while taditnal nter
and inraobserver approaches were implemented 1o ensire
relsbiley.

However, the S5 strcture was broken down ino indepen-
dent phases of pay, without the indusion of possession turn-
overs. This imits the natural Tlow” (e, both teams have the
opportunity 1o atack and defend) of soccer, thus restiting
ecological valdty (Hughes and Bartett 2015; Robins and
Hughes 2015). With regards to the soccer behaviours induded
i the system, i is not clear whether they are based upon the
spediic soccer phikosophy of the team from which the players
‘and coaches were recruted. Additonal, by orly assessing nter
and ntraobserver relabilty for 16%and 10% of the ttal s,
respectivel, severa behaviours within the tool were unable to
be considered relble due to thei infrequency o occunence.

Wihout determining vality nd relbily in notationsl ansb-
sistods,perfomance datastakeholders e, researchers, aches,
players,PAS) are unable to guarantee the accuracy of the dats. The
Vald objective,and relable s of systematic obsenation todls s
argely dependent upon the accuracy ofthe operational defini
tons (Brewer and Jones 2002; Willams 2012; bmes et al 2007,
Cushion et al 2012). Shoukd a too's defiritons lack depth and.
cauracy with regards to what constiutes the occsrence of &
particulr event,or be of 3 length tha require the analyst to
think fo  sgnificart perod oftime before making 2 Judgement.
data may be collcted incorrecly by missing an events occur-
rence, recording an event when ft did not occu, o using the
functions of the tool Incorrectly (Amiage 2006; James et al
2007; ODanoghue 2007). This has egative mplicatons for pro-
fessiona soccer dubs,a a tue reflcton of player performance
may be skewed ether pasitively or negatively, thus leading o
incarect layer julgements, and 2 detimental effec on the bur-
‘geoning coach-analyst relatonship within soccer chubs (Wright
et al 2013, 2014 By nvestigating the rlbilty of PAS i their
use of systematic obsenvation tools,erors of this nature can be
reduced oraveided and establih whether the ool s contextually
valdand relable.

‘Consequenty,theaim ofthe study was to assess he objectity
and relabilty of a contextually voli, cub soccer phiosophy-
speciic, behaviour measurement tool (Socce-Specic Behaviour
Measurement Tool[5-SBMT) using two experenced PAS vithin a
“Category One” Premier League soccer academy. It was

hypotheised that thee woukd be good levesofntra and inter
observer relablty of the SSBMT a5 2 result of the following
Brewer and Jones (2002) e stage process.

Methods
Development of the 5-SEMT

The purpose of the SSBMT was to assess the eficacy of &
Cotegory One Premier League soccer sademy coaching curi
culim in the development o soccr peciic behavours reted
10 the academy soccer playing phiosophy. Therfor, the
SSEMIT needed to be crsted n reatin to the specfic beha-
Viorsofthe acadeny plying philosophy rather than nclding
Sl generk soccer behavours. An exiting obsenvtion ansyss
ol (o ombinaton of mulipe exsting tol), with stablshd
alidity and retabiky, shouk be used 35 3 tempbte when
formuating new systems (rewer and Jones 2002, Two PAs
(PA1 and PA2) from the same Category One Englsh socce
scademy coch with an sverage of 4 yers vocationsl experence
were et 1o develop and tet the SSEMT The PAs had
xensive vocaonal experence in the use of the previousy
alidated Prozone Motch Viewer (M) obseation ool when
bsening technica soccr prfomance dkators (eg. passin,
shooting, tackl) (radiy et L 2007, Therfore,the behar
viotes and defiitions within PMY were vsed 5 th bass for
the SSBMT. Tre PAS collboratvely compared the PV defin-
tions 10 those witin the acxdemy soccer phiosophy and pro-
posed amendments to_ exsting defintions. A toal of four
behaours were diect lnked t© the plying phiksophy.
Therefore. scdiiona defitons fo absent behaviowrs n the
MV were qeted to increae speciicty of the SSBMT to the
acadermy soccer philbsophy. A total o 12 behaviours requied
ew defitors and were predominanty assodated wih the
outcome of s behaviour . succesflor unsccessflatempt.
at perfoming the behaviou. 35 PMYV defnions descrie the
behaour self, ot the ssodated outeome (Table 1.

Tagging procedure

The S SBMTwas constructed using the “Tagging” module within
Dartfh 6 (Fibourg, Switzeand) ona laptop computer Lenovo.
Thinkpad, Morsvile, United States). The toolwas consructed to
Sllow the tagging procedure to begin at the start of 2 tsam’s
passing and recaiving sequence with the relevant button press.
At each point within the sequence where the PA felt that a
behaviour was evident,futthe relevant buttons were pressed
on the tigging panel Each pres of a button created a mutually
exclusive event within the Danfish Timelie. The panel was
configured toensure thatt was not possibl fo a singe button
press to place 2 behavious in two separate locations along the
timeline. Pause, rewind, and variaie playback speed fundtions
were sccessible tothe observer o reduce the isk of behaviours
being mised due to the natural game tempo ofthe SSG.

Establishing S-SBMT validity

To estabsh foce validy of the S SBMT, two experince research-
ersin e fieldof notational analysis were consulted regarding the
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numberof behaviours incuded withi the S SBMT alorg it the
accuracy of the definitons as per the process cutined by Brewer
and Jones 2002 Follwing this process, content valdiy was
ensured by two UEFA Aicensed coaches vith an average of
12 years coadiing experence fram the same academy as the
PAs, viewing three videobased examples of each behaviour
ncluded inthe S SBMT Archved match footage ofthe participat-
g 200 oraup vas used to determine vhethera elemens ofthe
SSBMIT were representatve of the cib playing phicscphy in
relation to match play, along vith whether important technical
behaviours o the playing phiksophy were omited from the
behaviour categories, or unimportant clmerts o playing phio-
sophy were emonecuslyinduded. Th coaches vewed the video-
based examples a eaktime speed but were given the ption
replay any dipsthey fet werenot nitlly dear,aong with adst-
g plyback speed when necesary.The only betaviou cons-
ered bythe coaches o requireamendment ror tofurther use was
boll manipultion.The rginal defintionpresented 1o the coaches
did o incude information a to which acion ended the beha-
Vi eg. pas G0 shat).

Determining reliability of the 5-SBMT

A SSG was used as the sample of soccer performance in
which 10 tes the tool. A SSG was used 23 opposed to a ull
11 versus 11 game due to the nherent increase in the
frequency of technical behaviours observed in S5Gs (Delal
et al. 2012). . Objectivity of the S-SBMT was established by
comparing the fiequency of absenations for each beha:
Viour between PAT and PA2 for the SSG. Relisbilty was
established by comparing the results of PAT's inital obser-
Vation o subsequent abservations of the same SSG by PAT
after periods of 1 and 4 weeks to account for the influence
of PAY's memory on their recognition of behaviours.

556
Sixteen under12 (U12) players (age 11.4 + 05 years, stature:
1473473 cm, mas: 374+ 63 ko) contracted to the academy
were requited © ke part nthe SSG. Partiparts tained at the
acadeny foran average of 85 hiweek, 10 months year, with an
average of 42 years previously spent at the academy. The
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research procedure was conductedin accordance with the ethi-
ol guidelnes of the academy, with ethical approval obtained
froma Local Universky Ethics Commitee. Participants provided
witten assent, with their parents/guardans providing witten
nformed consent. Al layers had completed a full heslth check
with the club's medical staf, along with a medical guestionnaie
‘administered by the academy a5 par of theirregisration pro-
cess, thus confirming that al particbants were asymplomatic
and it totake part i the study.

The 8 versus 8 SSG was 30 min In duation (2 x 15 min
eriods) and took plac at the academy on 3 60 x 40 m third
‘generation artficl playing surface. The pitch was divided into
three equal 20 x 40 m 2ones along the lenth ofthe pich, with
markers placed at 10 m ircenals. Both teams were of equal
playing abilty based on the subjectve assessment of the U12
team coaching staff,Bcth teams were irstructed to playina 12
3:2fomation and follow conventions! socce ule. The S5G was
recorded using a Sony video camera (Sony HDR, Tokyo, Japar)
withaffome rateof 30 psand shuter speed of 1/60th placedon
a tipod 1 m i helght (Manfrotto, Ashby-de b Zouch, United
Kingdom). The camera operator was pasitioned on a platforn.
(Zarges TeleTower, Miton Keynes, United Kingdom) 3 m in
helght and 5 m fiom the sde of the pitch (Fgure 1). A “wide-
angle” fiming perspective was used, with pan, tt, and zoom
functioralty avaibble to the camera operator. The zoom func-
tion was used whenthe ball ravelled beyond the zones outlined
i Figure 1to enhance the acauracy of oding.

Statstical analysis
Two types of frequency data are produced by the S SEM.
Consequently, two different approaches were utised to
determine relability of the tool. Frequency countbased
dato for each passing and receiving sequence were

concerned solely with the number of passes and therefore
did not need to be placed into distnct categories. Similaly,
ball manipulation was_concemed with the frequency of
players travellng with the ball i their possession.
Therefore, percentage agreement with a reference value of
41 and 95% confidence intervals (Cl) were calcubted as per
Cooper etal’s (2007) methodology. The medan sign test was.
then used to establish whether any differences between the
observers were significant (P < 0.05). Statistially significant
differences between observers suggest unrelisble use of the
systematic obsenvation tool (Cooper et al. 2007). Al other
behaviours in the S-SBMT could be placed in distinct out-
‘come categories (Table 2). Yule's Q was used to cakubte the
percentage agreement between observers for each category
a5 opposed to the more conventional use of Coher's kappa.
This was due to the calaubation for kappa including the
element of luck or chance in finding concordant observa:
tions, and therefore producing an overly consevative esti-
mate of agreement (James et al. 2007). Behaviours that
exceeded 5% agreement were consdered relisble
(Siedentop 1976; Brewer and Jones 2002

bl 2. Oucome ctagris o ST b
SSONTbevavon

pE—

Toner.
3m g0

Figure 171 dmensons s Bning poston frobsing smlded game ko fntage Zones e i et 0 scking Bom et 0 1.




image5.png
Results

Objectivity of the S.SEMT

Table 3 shows that nter-observer reabily was 90.1%, 95% I
(836, 965, for the number of passes per sequence, with
proportionsl agreement cakculated at 98.8%, 95% I (964,
100) when the +1 reference vale was appled. Median sign
test showed that the sbsolute difierence between PAT and
PA2 was not statistically significant (P = 0727), therefore
suggesting objectiviy in the observations. The absolute per-
centage agreement was 728%, 95% CI (632, 825, between
the PA1and PA2 when observing ball manipulation vith pro-
portonal agreement caculated at 97.5%, 95% 942, 100]. The
sbiolute difference between PA1 and PA2 was staisticall
signifiant (P = 0,052). However,the high proportionalpercen-
tage agreement suggests objecthty in the observations.

Table 4 shows objectvty for categories assocated with
goal attempts were the most reiable in the SSEMT, with
917% agreement for all thiee categories (@ = 0917).
Backwards zonal transiions were almost in complete gree.
ment (Q = 0.975), but sequences that were recorded as having
0 tanstion, or a forward tansition, were les reliable (no
transition: Q = 072 forwards transtion: @ = 0753, Where a
disagreement between observers occus in relation to zonal
transitons, i i likel o be between whether the sequence
travelled forwards or did not move between zones. Categories
related 1o possession regains were found o be the most
unrelabl. Of the three regain categories, tackles were found
to have the highest percentage agreement (Q = 0701). The
main source of dissgreement between the observers was
whether the ball was regained via an intercepton (Q = 063
or loose ball (@ = 0:481).

Observer reliability of PAT

Table 5 shows the relabilty for the number of passes per
sequence was 95.1% (P = 1), with proportional agreement
calcubted at 100%, 95% O (100, 100] after a period of
1 week After 4 weeks absolute percentage agreement difted
1090.1% (P = 0.363), with proportonsl agreement caculated
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at 100%, 95% 1 (100, 100, Ball manipulation was also highly
relable at 92.5% (P = 0.656 after 1 wesk, before difting to
87.7% (= 0545) fter 4 weks

Table 6 shows levels of relabilty between the iital PAT
observation and retests afer 1 and 4 weeks for categorical
data. PAT coded the 23 gosl attempts in the same category
afterboth 1 and 4 weeks (Q = 0917). PAT also coded the same.
frequency of adkes across all three observations (Q = 0929).
Errors i the PAY's coding i reation to regain behaviours can
be atirbuted to dissgreements between interceptions and
Ioose. balls. Concordant observtions of interception and
Ioose bal regains drifted from 852% week 1 (Q = 0852) to
77.8% (Q'= 0778) 4 weeks afer the orginal obsenvation.

Discussion
The purpose of this study was to create a soccerspecific
behaviour measurement tool and assess s relabilty when
used by two experienced PAS. It was hypothesised that  the
Brewer and Jones (2002) ve-stage process was implemented
appropriatel, good levels of objectivity and observer relabil-
ity would be apparent. Results suggested that the SSBMT
could be regarded s having good levels of objectivty and
relabilty for seversl behaviours. However, equaly, there were
unrelisble aspects of the SSEMT despie the coaches and
anabsts who assisted in the creation of the 5 SEMT working
within the same academy and possessing simiar levels of
Vocational experte.

‘The development of the SBMT provides additionsl sup-
port 1o the notion tha fllowing a prescibed method such a5
that of Brewer and Jones (2002) can rest inthe production of
 notational anabysi ool that is logical vald. The use of
experienced coaches is aucial o this process due to their
sophsticated knowledge of the sport. This ensures that the
defintions assigned to each performance variabe are logical
and appropriately apture relevant perforance indictors.
PAS often work closely with coaching staff (Wright et al
2013, 2014). By involving coaches i the process of creating
efinitions for their notational analsis ool, the anayst can
potentially develop a lke-minded understanding of the sport,
thus ensuring that the data collection is objective between
cosch and snalyst. Additionall, the process outined by
Brewer and Jones (2002) has been shown in this study to be
easlly tansfenable between spots and, as such, could be
transfemed between soccer clubs with differing playing phiko-
sophies to enable club-spedfic soccer perfomance data to be
collected.

Aspects of the S SBMT were faund to be beth abjective and
relablein the colletion ofperbrmance cata. Passingand rurning
with the allbehaviours between aralysts werefound o be at the
acceptablesodagreementlevel suggested by Caoper etal (2007
forfrequently occuring everss. Applicaticn of the +1 reference.
Value resulte i near perket inter-observer agreement (98.8%).
Running with the ball occuned as fiaquenty s passing, with
objectivty found to be beow the 9% sgreement level
However, useof the +1 reference value ngeased 03 nearperfct
97.5%. Addtional, PAY remained a rekable observer of passing
and runs with the ball after a period of 4 veeks. Again only
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runring with the ball required 1 reference value adustment to
‘exceed the acceptabe evel of 0%

Further support for objectivty and relabilty ws found in
the calaulation of objectivity and relailty for goal attempts.
The same number of goal attempts were obseved actoss
observations,with outcomes categarised in the same marner.
The high levels of objectivty and relabilty may be attibuted
to the clariy of the defntion for goal attempts and the
subsequent outcomes (on target, off taget, biocked) as the
thvee outcomes difer considerably in their characteristics,
therefore elminting the potenti for observer subjectvity
to influence the resuts (Tenga et al 2009). Therefore the
SSEMT can be considered 3 vald tool for assesing the fe-
quency of passing, running the bal, and goal attempt beha-
viours in youth soccer within a Category One Premier League
Acdemy.

Although it shouk be roted th high levlsof obectvty and.
relabilty were faund for badvards 2ona transitions, there were
discordant abservations for both objectity and relabiy (afer
# weeks) In passing sequences that ranstioned forwards or
remainedin the same zone. Desptea dear deition, znal ransi
ons were predominarty a subjective assessmert of the analyst,
‘whose judgement was only aded by a cone along thesde ofthe
pitch a5 opposed to a pich with clear markings (.5, the penalty
area) (Tenga et a1 2009) Additonal, the angleat which the gome.
was recorded may have e to perceptualeror of the observer in
determining pitch location (Bradley e al. 2007, Despite these.
constrints, there was at least a 728% chance of the anabsts
recordingthe same zonaltransiton atcome and coukd bes resul.
of ony using thee difrent zonesrather than the mutple zones
found in Tenga et al’s 2009)system.

‘The regain behavious, tackke, Interception, and loose ball
acked objecthity. A simlar fsue was reported by Amitage
(2006) in the observation of breaking the game fine in Rugby,
whereby observers agreed stongly on Going “over” the game.
line but disagreed on whether Iine breaks were “aound" or
“througl.Thssuggests thatfurther work s requied to nvestgate
why the two arelysts view these behaviours diferently despte
using the same defintions. Disgreements between cbseners

coud be attibuted to the subjectivty in determining dstance
between oppesing players prir to the behaviou, as it is not
practiclly feasible to measure the distance between players
when vieving twodimensonal video footage. Addiionaly, a5
the footage wes only o dimersional,obsenvers may have been
unable to detect a deflection on the bllcausd by an opposing
plyerat momerts where the amera s fuly momed o, here-
foe redueing the chance o an nterception being correcty dect
(Tenga etal. 2009,

‘Despte the posiive resus assodted with passing, ruming
with the ball and goalattemp behaviour,fesuls suggest tht the
SSBIT cann curtently be consdered 2 vold and relble mes-
sure of tansition and regain behaviours n youth soccer based an
tsuse in asingle SSG.The proces of crating and developing the
S SBUITfollowed thatof previously vald and elable bsenvational
ook inorporatng the use of highly quafied and experienced
soccer coaches, who are well versed inthe academy soccer ur-
culum, along with vocationallyexperienced PAs to ensure valcy
and relabilty in s functonaly (ever an ones 2002:Cushion
etal. 2012 Ford et 32010 Therefore, t could be suggestd that
thereltielylowlevels of elabity found fordefensive behaviours
coud beatuibuted o the natureofthe behaviours ather than the
functionalty of the ool van Marseveen etal 2017, Using a brger
sample of Gamesfor analyss may negate this ssue asit may allow
the behavicurs assocated vith deferive adions more oppart-
ity o stabilse and therefore become more recognisable to the
observer, due o thei educed frequercy in comparison to more
relobly cbsenved behaviours i passing) (Van Maarseveen et ol
2017). Th processofbeheviours stabilsing over e isknown as
“normative profing" nd has deronstated how dta sets evole
over time. s the volume of dta increases (Hughes et al. 201,
2003; Oenoghue 2005). Thereore, t may take an analyst 2
Sgpfiant period ofthe competiive season 1o establsh whether
behavioursthat occur s frequentythan others areobjectiveand
relioble. It ok be intersting 1o use the 5 SBMT over 3 pro-
onged period o time o detemnine whether efensive behaviours
folow the assumptirs of nrmatve profing.

‘The exterralvaldty of the S SEMT could be questaned due to
the ool enly being used with youth soccr players in a single
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soccer academy, inasingleage group. Furtherresearch s required
o determine whether the age, plying abilty, and soccercuricu
lum of the partidpants influences the ease at which common
soccer behaviours an be cbserved. in vider contet, by testing
‘each behaviour asan ndependent arable, those with poor levels
of objectvy ae elabilty were not masked by acceptabl resuls
fom cther behaviours (Cooper et al 2007, Therefore,resuts of
this study provide further support for the use of smple satstical
approaches specficalyadvocatig the use o Yul's Qin assessing
obsenver relabilty due o the abity to detectspedic behaviours
that are unvelably observed. However,the wse of ths nonpar
‘metc stattical approach, combined with thesmal ample sze,
g rise 10 reduced sttistical power compared to pametrc
analyses (Bond and Altman 1999).

Future research coul look to explore the influence of voca-
tonal experence fexpert vs.rovice analyst paracigm) on an ana-
ystsabilty orelabyuse systematic cbsenvaton tooks. Thiscould
cany potental impiatons for best pradice, not only in soccer
clubs, bt othe sports where the sytematc obsenation of per-
formanceis comman. twoukd beinteresting to evaluste how the
nature of the sport being analysed infuences the proces of
establshing these key concepts. The resulsof the present study
have highighted the need to ensure the concepts of vl
objecivit, and relabilty when creating notaional analysis tooks,
whik accounting forpractel sues associaed with sample sze.
‘Additonally practifoners are encouraged o utilseths method a5
5 templte for ensuring bestpractice in this vocational setting.

Practical implications.
Pafomance nshats need o be e of the procsdun for crstn|
ek, cbjcte, and ekabe obsenation s took 1o ensse thl
uatty ofthar dot Practoners my folow the mahodskgca proc |
ure o cremte and evaiate thei omn andyss toks In gt o the
Potentl s cuined tvougheut s .
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